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STUDIES ON ROUGHNESS AND ENDURANCE OF 
FLOOR SURFACES IN ANIMAL HOUSES

B y

A. B.  K o v á c s

D e p a rtm e n t o f Surgery  and  O p h tha lm ology , U n iv e rsity  of V e terinary  Science, B u d ap es t

(R eceived  A pril 2, 1973)

I t  is know n from  p rac tica l o b se rv a tio n s th a t  m an ag em en t fa ilu res are 
o ften  responsib le for diseases of th e  ex trem itie s  in  swine.

C oncrete flooring , in ad eq u a te  a tte n d a n c e  (B e h r e n s , 1961: D omán , 1972; Ma clea n , 
1968; N il s s o n , 1964; O s b o r n e , 1950; P e n n y  e t al., 1963) and  th e  lack  of exercise asso c ia ted  
w ith  closed system s of m an ag em en t (A. B. K ovács, 1972) were show n to  be causal o r p re d is 
posing  fac to rs  and, a p a r t  from  th em , feed ing  erro rs and  congenital ab n o rm alitie s  w ere also 
fo u n d  to  p lay  a p a r t  (Cla u s , 1962; H á m o r i, 1972; Me y e r , 1963; R ie c k , 1961).

A nim als m a in ta in ed  in  large-scale  u n its  req u ire  m an ag em en t system s 
a p t  to  ensure op tim a l e n v iro n m en ta l cond itions to  e lim inate  or a t  le a s t m in i
m ize deleterious fac to rs , inc lud ing  th o se  responsib le for su rg ical diseases.

In v estig a tio n s o f o p tim al flooring  in  an im al houses have  been cen tered  on th e  w earing  
surface , th e  q u a lity  o f w hich  is decisive in  re sp ec t o f th e  h e a lth  s ta te  o f th e  foo t. As y e t  no  sys
tem a tic  s tu d ies  have been rep o rted  on  th e  sm oo thness or roughness an d  ab rasiv e  resis tan ce  of 
stab le  floors, b u t  c erta in  erroneous view s are  gain ing  g round  in resp ec t o f th e  desired  q u a lity  
o f surface  fin ish . Am ong o thers Gábor (1968) h as ad v o ca ted  th e  roughen ing  of floor surfaces 
for ren d erin g  th em  skid-proof.

A p a rt from  th e  m ain  physica l p ro p e rtie s  of th e  floor (therm ic  p ro p ertie s  
an d  b ea rin g  s tren g th ), w ear re s is tan ce  an d  surface fin ish  are  th o se  m ain  
q u a lity  p a ram e te rs  w hich  should  be prec ise ly  estab lished  an d  ta k e n  in to  con
sid e ra tio n  a t  co n stru c tio n  in  o rder to  p re v e n t th e  foo t diseases re la te d  to  in a p 
p ro p ria te  flooring.

In  th e  m achine in d u s try , th e  ro u g h n ess va lues of m eta l surfaces a re  p rescrib ed  by 
w ell-defined c riteria  (B e e r  e t ah , 1968) w hich  can , how ever, by  no m eans be a d a p te d  fo r th e  
ev a lu a tio n  o f floor surfaces. As long as no m echan ical, p n eu m atic , electric  or o p tica l in s tru m e n t 
is availab le  for d irec t d e te rm in a tio n  of th e  roughness va lue  of floor surfaces, th e  in v es tig a to r is 
re so rted  to  estim ations based  on com parison  to  c e r ta in  com m only used  ob jec ts.

Materials and methods

T he roughness (sm oothness) o f floo r surfaces was assessed in d ire c tly  b y  
m easu rin g  th e  degree of a ttr i t io n  o f th e  h o rn y  p a r t  o f the foo t on th e  g ro u n d  
th a t  i t  is exposed to  a m uch g rea te r  te a r-a n d -w ea r on ro u g h  th a n  on sm o o th  
surfaces.

1 Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



2 В. KOVÁCS

The abrasive re s is tan ce  of th e  floor w as m easu red  b y  app ly ing  fric tio n  of 
a know n  value d ire c tly  to  its surface. B o th  ex am in a tio n s  were carried  o u t w ith  
a slit-phase  electric  eq u ip m en t of 130 W  o u tp u t , o p e ra ted  from  th e  m ains 
(220 Y), and c o n s tru c te d  specially for th e  pu rpose . T he c ircu la r m ovem en t of 
th e  electric  m o to r w as tran sfo rm ed  to  a lin ea r a lte rn a tin g  m otion  b y  m eans of

Fig. 1. E q u ip m e n t fo r tes tin g  of surface rou g h n ess an d  w ear resistance  of flooring

a d riv ing  rod. T he p a th  of m otion w as 8 cm  long an d  m otion  frequency  w as 
80/m in (Fig. 1).

In  b o th  e x p e rim e n ts , specim ens of th e  nail o f 8— 12-m onth- old L arge 
W h ite  pigs were u se d  as te s t  pieces. One cm  long , 0.3 cm th ick  specim ens w ere 
c u t from  th e  a n te r io r  a n d  la te ra l p a r ts  of th e  w all in  line w ith  th e  h o rn y  leaves 
(lam inae) and w ere d rie d  a t  room  te m p e ra tu re  before use. The average m o istu re  
c o n te n t of the  h o rn  specim ens was 7 .5% . T he specim ens w ere so lo ca ted  in  th e  
e q u ip m en t th a t  th e ir  long itu d in a l axis w as sq u are  w ith  th e  floor surface, w here
as th e ir  w id th  w ith  th e  d irection  of m o v em en t. T h u s a t  a single m ov em en t 
(friction) the  specim en  m ade co n tac t w ith  a 8 cm long b y  1 cm  w ide area  of th e  
floo r surface. A lo a d  o f  2.5 kp was p u t on th e  h o rn  specim ens b y  m eans of a lead  
m ouse, weighing 1 k p , an d  an arm .

The g rea te r p a r t  o f th e  floor ty p e s  ex am in ed  w ere com m only used  v a r ie 
tie s , th e  rests w ere c o n stru c ted  specially  for th e  p u rpose  of th e  exp erim en ts . 
F loors m ade of w ood , b rick , concrete, a sp h a lt, p lastics and  ru b b e r w ere te s te d . 
T h e  com position o f th e  a sp h a lt floor d esig n a ted  in  T ab le  I  w ith  “ x ”  d iffered
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considerab ly  from  th e  tra d itio n a l fo rm u la , consisting  of cold-processed b itu m e n , 
cem ent an d  fu rn ace  cinders, a b lend g iv ing  a rough  surface. O f th e  tw o s y n th e t
ic floors D y n a fa rm  was m ade in  th e  G F R , G rab o p last an d  th e  tw o ru b b e r  
floors in  H u n g a ry .

D ep en d in g  on th e  roughness or sm oo thness of th e  floor surface, m ec h a n i
cal ru b b in g  w ith  th e  ho rn  specim en w as carried  ou t for 1— 5 m inu tes. I f  th e  
surface is ex trem ely  rough , th e  h o rn  becom es so heav ily  w orn in  one m in u te  
th a t  i t  can  no longer be used. T he w ear su rface  of th e  horn  specim ens w as re n 
dered sm o o th  for th e  experim en t b y  p re lim in a ry  abrasion  for a few seconds. 
F ive  specim ens, each from  th e  a n te r io r  an d  la te ra l p a r t  o f th e  w all, w ere ru b b e d  
to  th e  floor u n d e r exam ination , th e  degree o f w ear was assessed from  th e  m ean  
w eight loss o f th e  specim ens and  th e  ro u ghness value of th e  floor w as e s tim a te d  
from  th e  degree of w ear. The specim ens w ere w eighed w ith  an  accu racy  of 
-^0.1 m g befo re  and  a fte r th e  th e  ru b b in g  te s t.

T he w ear resistance of th e  flo o r w as assessed b y  th e  sam e p ro ced u re , 
excep t th a t  in  th is  in stance  th e  a t t r i t io n  o f th e  floor surface and  n o t th a t  o f th e  
horn  w as m easured .

T he d e p th  of th e  a ttr i t io n  groove w as carefu lly  m easured  w ith  a gauge 
ru le an d  read  u n d e r a h an d  m agn ify ing  lens. T he rub b in g  te s t  was p erfo rm ed  in 
five d iffe ren t areas of th e  floor, using  fresh  h o rn  specim ens for each, an d  a m ean  
v alue  w as ca lcu la ted  from  th e  five  read in g s. A ccording to  th e  degree o f w ear, 
th e  floor w as qualified  as “ good” , “ sa tis fa c to ry ”  or “ b a d ” .

Results

R oughness values of floor su rfaces, as e s tim a ted  from  th e  ab rasio n  o f  th e  
ho rny  p a r t  o f th e  foot and  th e  w ear re s is tan ce  of floorings as e s tim a ted  from  th e  
d ep th  o f th e  a t tr i t io n  groove p ro d u ced  in  th e  ru b b in g  te s t, are show n in  T ab les  
I and  I I .  T h e  d a ta  of b o th  Tables a re  su itab le  for rea listic  es tim ates  o f floo r 
q u a lity  from  th e  surgical p o in t of view .

D iscussion

I t  is c lear from  th e  d a ta  of T ab le  I  th a t  a ttr i t io n  of th e  h o rn y  p a r t  o f th e  
foo t v a ried  w ith  th e  degree of roughness o f th e  floor surface. As th e  co n d itions 
of th e  ru b b in g  te s t  were th e  sam e fo r each  h o rn  specim en and  each  ty p e  of 
floor, th e  ex p erim en ta l d a ta  enable  a fa irly  accu ra te  rank ing  of floor ty p e s . 
The h o rn  w as m ost heav ily  w orn  on ro u g h  concrete  and  on th e  rough  a sp h a lt 
d esigna ted  w ith  “ x ” and  least w orn  on h ardw ood  and  h a rd  a sp h a lt floors. 
The en d u ran ce  o f horn  specim ens from  th e  la te ra l  wall was d is tin c t from  t h a t
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4 В. KOVÁCS

Table I

R oughness v a lues of floor surfaces as assessed from  a ttr itio n  of horn

Serial
no.

Type o f flooring
Time

of
abrasion

(min)

Weight (g) o f horn 
specimens Weight of 

abraded 
horn
(g)

Qualification o f floor

before after
good

.satis-
fact.

bad
abrasion

l . H ardw ood 5 A 0.5529 0.5516 0.0013 +
L 0.4336 0.4280 0.0056 + — —

2. Brick 5 A 0.5334 0.5306 0.0028 _L
L 0.4545 0.4446 0.0099 + — —

3. Sm ooth-surfaced 5 A 0.5039 0.4579 0.0460 _ _ +
concrete 4 L 0.3880 0.3589 0.0291 — — +

4. R ough-surfaced 1 A 0.5227 0.4266 0.0961 _ _ +
concrete 1 L 0.3619 0.2516 0.1103 — — +

5. A sphalt 5 A 0.6375 0.6342 0.0033 + _ _
(sm ooth
surfaced) L 0 3254 0.3200 0.0054 + — —

6. A sphalt “ x ” 2 A 0.5740 0.5133 0.0607 _ _
(rough
surfaced) 1 L 0.3327 0.2877 0.0350 — +

Sym bols used: A, specim en from  an terio r p a r t  o f th e  wall o f foot horn;
L , specim en  from  la te ra l p a r t  of th e  w all o f foot horn

o f  th e  an te rio r p a r t  th ro u g h o u t, w hich can  be a ttr ib u te d  to  d ifferences in  
s tre n g th  and  th ick n ess  of horn .

The degree o f  w ear of th e  h o rn y  p a r t  as assessed from  th e  te s t  re su lts  
c a n n o t be d irec tly  ap p lied  to  th e  liv ing  an im al. T he ru b b in g  force em ployed  in  
th e  experim en ts scarce ly  ab rad ed  p a r t  o f th e  specim ens, w hereas from  o th ers  
a 2 — 3 m m  long p o rtio n , well m easu rab le  also in  te rm s of w eight (m p), was 
w orn  aw ay. A n o th e r reason  o f th e  inconclusiveness of num erica l d a ta  (tim e 
o f rubb ing  an d  th ick n ess  of th e  h o rn y  p a r t)  fo r th e  liv ing an im al is th e  fa c t 
t h a t  in  the  la t te r  th e  w ear resistance of th e  fo o t h o rn  is g rea tly  in fluenced  b y  
th e  physiological s ta te  an d  by  th e  m o istu re  c o n te n t of th e  horn , w hich g re a tly  
d ep en d  on th e  co n d itio n s  of m an ag em en t (d ry  or m oist floor, soiled or c o n ta m 
in a te d  floor). In  th e  case of pigs, th e  w ear o f th e  foot horn  an d  floor surface 
a re  b o th  sub jec t to  th e  in fluence of s ta tic  a n d  dynam ic  forces. The te s t  resu lts  
unequ ivocally  show  th a t  a p a r t  from  th e  b o d y  w eigh t and  m ovem ent v e lo c ity  
o f  th e  pig, th e  ro u g h n ess  of th e  floor su rface p lay s a decisive role in  th e  ab rasio n  
o f  foot horn. Since th e  m ovem ents of pigs a re  c h a rac te ris tic a lly  slow, i t  w ould  
be d ifficult to  e s tim a te  th e  p ro p o rtio n s a t  w h ich  th e  s ta tic  and  dynam ic  forces 
com e in to  d isp lay . I t  is know n th a t  d u rin g  w alk ing , th e  foot slips fo rw ard  
(fric tion  !) w hen i t  descends on th e  g round .
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Table II

D ata  of w ear resistance tests on d ifferen t types of flooring

T-lim e Degree of floor abrasion D epth of Qualification of floor

Serial Type of flooring
of

abrasion
(min)

on
visual inspection

on
m anual inspection

attrition
groove
(mm) good

satis
factory bad

l Firewood (softwood) 5 scarcely visible scarcely tangible 0.1 + — —

2 Beechwood (hardw ood) 5 scarcely visible scarcely tangible 0.1 + — —

3 B rick (solid) 5 scarcely visible scarcely tangible + — -
4 B rick (soft) 2 well visible tang ib le  groove 3 - 5 - — +

5 Concrete w ith  sm ooth surface 
finish 5 well visible roughened 0.2 — f

6 R ough-surfaced concrete 1 well visible tang ib le  groove 1 - 2 — — 1-

7 A sphalt 5 scarcely visible scarcely tangible 0.1 + — —

8 A sphalt 2 well visible deep groove 5 - 6 — _ —

9 PVC 5 conspicuous wear tangible  groove 0.2 - +

10 G raboplast 2 conspicuous w ear tangible  groove 3 - — +

11 D ynafarm 2 conspicuous w ear tangible  groove 3 — +

12 R ubber (trefoil p a tte rn ) 5 well visible well tang ib le 0.5 + —

13 R ubber (pyram id  p a tte rn ) 5 conspicuous w ear pyram id  p a tte rn  
w orn off, sm ooth 3.5

14 R ubber (rough-surfaced) 5 well visible well tangible l — —
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6 В. KOVÁCS

T he ex p erim en ta l resu lts accord  well w ith  the  p rac tica l o b se rv a tio n  th a t  
pigs m a in ta in ed  w ith o u t bedding  on  a rough-surfaced  floor (rough concre te  
an d  a sp h a lt “ x ”  in th e  experim en t) show , a p a rt from  a m ark ed  ab rasion  o f h o rn  
fro m  th e  bearin g  su rface  (lower edge), sole an d  ex te rn a l la te ra l w all, a p a r tia l  
o r com ple te  a ttr i t io n  of th e  ho rny  p a r t  o f th e  p la n ta r  cush ion  a lread y  w ith in  
2— 4 m o n th s. T he h o rn  of th e  la te ra l w all becom es s tra ig h te n e d  by  w ear in  th e

F ig . 2. E xcessive  ab rasio n  of the  la te ra l w all o f foo t horn  and skin  in juries in  th e  reg ions of
coronet a n d  fetlock  jo in t

ly in g  an im al w hich is inclined  to  ru b  th e  ex te rn a l la te ra l p a r t  of th e  na il to  the  
flo o r (Figs 2 and  3). H eav ily  w orn  nails predispose for in fla m m a tio n  o f th e  
co rium , lam eness, loss of a p p e tite  an d  freq u en tly  even to  in fection  a g g ra v a te d  
b y  com plica tions.

I t  can  be seen from  the  d a ta  on th e  w ear resistance  of floors (T able  I I )  
t h a t  th e  m echan ical fric tion  of h o rn  specim ens caused d ifferen t degrees of 
ab ras io n  or p ittin g , depending  on th e  ty p e  of flooring. C ertain  floors o rig inally  
re g a rd e d  as s tro n g  becam e heav ily  w orn  in  a sho rt tim e . In  general, th e  degree 
o f  ab rasiveness w as g rea te r th a n  ex p ec ted  from  th e  m ate ria l, q u a lity  an d  p ro c 
essing techno logy  of th e  floor ty p e s  exam ined .

T he w ear res is tan ce  of so ftw ood  an d  hardw ood floors proved  to  be equal.
T est resu lts  w ith  brick  floors differed  considerab ly , depend ing  on th e  

ap p lica tio n  o f fric tio n  to  the  su rface  or to  th e  sides. T he surface was easily  w orn
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ROUGHNESS AND ENDURANCE OF FLOOR SURFACES 7

aw ay , w hereas th e  side and edges, a p p a re n tly  h a rd e r  in  te x tu re , resisted  w ear. 
S m ooth  concrete  b eh av ed  in every  respect s im ilar to  rough  concrete  as soon as 
th e  fin ish ing  la y e r  w as w orn aw ay. I t  was found  th a t ,  w h e th e r sm ooth  or ro u g h , 
th e  w ear re s is tan ce  o f concrete floors depends exclusively  on processing, th u s  
b o th  m ay  be re s is ta n t to  w ear, i.e. “ good” , or show  p itt in g  on w ear and  p ro v e  
a “ b a d ” floor w h ich  predisposes for foo t in ju ries.

Fig. 3. S tum plike  ap p ea ran ce  of foot horn  ow ing to  excessive w ear o f an te rio r wall

As a lready  m en tio n ed , h a rd  a sp h a lt an d  hardw ood  floors were found  to  
be th e  best in re sp e c t of w ear resistance.

T he asp h a lt f lo o r designated  w ith  “ x ”  was m ore heav ily  w orn th a n  e x 
pec ted  (Fig. 4) a n d  th e  sy n th e tic  (G rabop last an d  D y n afa rm ) an d  ru b b er floors 
also show ed little  re s is tan ce  to  w ear (Figs 5, 6). T his accords well w ith  th e  p ra c 
tica l observa tion  t h a t  D y n afarm  was m ark ed ly  w orn  aw ay  an d  peeled off a f te r  
1.5 years of use so t h a t  th e  pigs began to  chew  it. Also, D y n afarm  p roved  to  
be m arked ly  slip p ery  in  b o th  dry  and  m oist s ta te , p rev en tin g  th e  pigs from  safely  
m oving around.

All th ree  ru b b e r  floors were found  to  be h av ily  w orn a fte r  rubb ing  fo r 5 
m inu tes. The floor w ith  th e  p y ram id  p a tte rn  (F ig. 7) an d  th e  coarse-surfaced 
floor w ere b o th  w orn  sm ooth . T hus th e  q u a lifica tio n  o f ru b b e r floors as “ sa tis 
fa c to ry ” (Table I I )  is g rea tly  conditional.

Acta Veter inaria Academiae Scientiarum Hungaricae 25, 1975
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Fig. 5. Surface of D y n a fa rm  floor a f te r  m echan ical rubb ing  (friction) for tw o m in u te s

T he surface lay ers  of th e  floors b eh av ed  d ifferen tly  in  th e  ru b b in g  te s ts . 
I t  m a y  be s ta te d  on th e  basis of th e  te s t  resu lts  (Table I I )  th a t  th e  w ear re s is t
ance  o f “ good” s tab le  floors shou ld  be equal to  th a t  o f h a rd  a sp h a lt or h a rd 
w ood.

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975
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ROUGHNESS AND ENDURANCE OF FLOOR SURFACES 9

Fig. 6. R u b b e r floor (p y ra m id  p a tte rn )  a fte r  m echanical ru b b in g  (friction) for five m inu tes

Fig. 7. Surface of a sp h a lt “ x ”  floor a fte r  m echanical ru b b in g  (fric tion ) for five m inutes

T he conditions o f th e  p resen t experim en ts  can  serve as a m odel for e s ta b 
lish ing floor p a ram e te rs  b y  m eans of a techn ica lly  im p ro v ed  equ ip m en t and  
a te s t  m a te ria l (possib ly  sy n th e tic ) equal in hardness to  th e  horn  of th e  foot.

T he need for such  tech n ica l facilities seem s still m ore u rg en t in  view  of 
th e  p ra c tic a l o b se rv a tio n  th a t  floors of low s tre n g th  an d  low  w ear resistance  
are excessively w orn aw ay  in  a very  sh o rt tim e , especially  in  th e  su rround ings 
of th e  feeders and d rin k e rs , w here th e  an im als s ta n d  an d  p a t te r  ab o u t w ith  th e
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fo relegs. E .g., the  a sp h a lt “ x ”  floor show ed in  th e  m ost exposed  areas p its  f i t  to  
m a n a g e  a w alnut or an  egg and  genera l unevenness over th e  en tire  surface 
w ith in  a few m onths (F ig . 8).

In  view of th e  re su lts  o f th e  w ear resistance  te s ts , th e  q u estio n  is ju s tly  
p u t  w h e th e r any o f th e  know n  floor m ateria ls  w ould possess all c rite ria  of a 
good  floor, viz. o p tim a l th e rm ic  p ro p ertie s , e las tic ity  an d , s im u ltan eo u sly ,

Fig. 8. Heavily w orn, p i t te d  a sp h a lt “ x ” floor a fte r  use for a few m o n th s  in a pig house

en d u ran ce . Ideal e la s tic ity  should  be o f such a degree th a t  a lte ra tio n s  caused 
b y  th e  descension o f th e  fo o t on th e  floor surface should  d isap p ea r im m ed ia te ly  
a f te r  th e  foot is lifted . Im pressions an d  fo o tp rin ts  left in  a soft p la stica l floor 
in te rfe re  w ith  clean ing  a n d  d isin fection  and , a fte r a ce rta in  tim e , m ay  becom e 
th e  source of foot in ju rie s , d is to rtio n  an d  frac tu re . Soft floors are  easily  w orn 
aw ay , which is a n o th e r  reaso n  o f th e ir  u n su itab ility . I t  follows th a t  floors w ith  
id e a l elastic p ro p erties  a re  n o t a t  p re sen t availab le .

R ecent a tte m p ts  fo r in tro d u c tio n  of ru b b e r and  sy n th e tic  floorings in to  
a n im a l houses p ro v ed  to  be a fa ilu re  for th e  above reasons, as show n also b y  
th e  p resen t tests. N ew er fo rm ulas o f sy n th e tic  floor m a te ria l req u ire  th o ro u g h  
te s tin g  in the  la b o ra to ry  an d  a m inim al period  of one y e a r in  an  anim al house 
fo r  th e  evaluation  o f th e ir  p rac tica l value.

A nother p rob lem  aw aitin g  c la rifica tio n  by  ex p e rim en ta l evidence is 
w h e th e r  the p rev en tio n  o f  foot diseases in pigs does in fa c t req u ire  th e  b io logi
cal e lastic ity  of flooring . F u tu re  investig a tio n s should th e re fo re  be ex ten d ed
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to  in te rre la tio n sh ip s  of th e  ex tre m itie s  w ith  h a rd  or soft (e lastic) flooring. 
T ak in g  in to  considera tion  th e  b io logical req u irem en ts  of th e  an im al, th e  re la te d  
in v es tig a tio n s  should  be cen te red  on  th e  following tw o  m ain  p o in ts : (1) th e  
lo ad  im posed  upon  the  jo in ts , te n d o n s  and  m uscles of th e  e x tre m ity  d u ring  
w a lk in g  (slow or fa s t m ovem ent) an d  (2) th e  cond itions o f c o m fo rta b ility  in  
ly ing  positio n  (a t rest).

I t  is clear w ith o u t special in v es tig a tio n s  th a t  in  th e  case o f sw ine, th e  
h a rd n ess  of th e  floor does in  i tse lf  n o t nearly  as m uch p red ispose  for foo t 
d isease as th e  roughness of floor su rface . T his follows on th e  one h a n d  from  th e  
fa c t t h a t  th e  sw ine n e ith e r p e rfo rm s, n o r is obliged to  perfo rm , ra p id  m ove
m en ts , w hence in juries arising from  h a rd  ground , large b o d y  w eigh t an d  veloc
i ty  are  negligible; on th e  o th e r h a n d  th e  m echanism  of m o v em en t an d  th e  
a n a to m ic a l s tru c tu re  of swine fo o t g re a tly  com pensate  th e  large  b o d y  w eight 
a g a in s t h a rd  ground . I t  is know n th a t  th e  p la n ta r  cushion of sw ine is v e ry  well 
d eve loped , occupying m ore th a n  tw o  th ird s  of th e  sole.

In  th e  lig h t o f th e  above sp ecu la tio n s i t  seems h igh ly  possib le th a t  th e  
d isa d v a n ta g e s  of h a rd  flooring ch iefly  ta k e  effect in  th e  ly ing  p o sitio n . Increase  
o f  tissu e  an d  decub itus in th e  a rea  o f  th e  jo in ts  are f req u en t in ju rie s  an d  also 
p a in fu l, w hich is in  itse lf su ffic ien t to  cause reduc tion  o f feed  co m sum ption  
a n d  w eig h t gain  as well as n eu ro h o rm o n a l disorders. R o u g h  floo r surfaces 
easily  cause  erosions and in ju ries w h ich  predispose for in fec tions, v a rio u s com 
p lica tio n s, a r th r it is  and u lcera tion . T h e  in v es tig a to r exp lo ring  th e  possib ilities 
o f fo o t disease p reven tion  shou ld  a lw ays s tr ic tly  d istingu ish  be tw een  dam ages 
re la te d  to  h a rd  flooring and  th o se  re la te d  to  th e  conditions of closed m an ag e
m e n t system s.

T h e  num erica l d a ta  of th e  ex p e rim en ts  as well as th e  in sp ec tio n  an d  m a n u 
al ex a m in a tio n  of th e  floors in d ica te  th a t  a t  p resen t ac id -fast, h a rd  a sp h a lt is 
th e  floo rin g  of choice for a d u lt sw ine k e p t w ithou t bedding .

H ard w o o d  floors are in  p rin c ip le  as good as h a rd  a sp h a lt, b u t  th e ir  dis- 
in fe c ta b ility , b ac te riu m  co n ten ts  a n d  endurance  (tow ards chew ing  b y  th e  pigs) 
req u ire  fu r th e r  s tudy .

T h e  p resen t studies on pig house floors have unequ ivocally  c la rified  those  
surface q u a lity  c rite ria  w hich p re v e n t excess a ttr itio n  of th e  h o rn  of th e  foo t 
in  p ig  houses w ith o u t bedding . A n a p p ro p ria te  in s tru m e n t fo r th e  num erica l 
reco rd in g  of roughness values o f th e  vario u s floor surfaces is, how ever, s till 
lack ing  an d  u n til  i t  is m ade av a ilab le , estim ations based  on com parison  to  
dressed  hardw ood  m ight p ro b ab ly  be helpful.
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S um m ary

In adequacy  of flo o rin g  is freq u e n tly  responsib le  fo r fo o t d iseases in swine. The roughness 
o f su rface  and the  ab ras iv e  resis tan ce  of va rio u s ty p e s  o f  flo o rin g  (wood, concrete, a sp h a lt, 
p las tic s , rubber) were te s te d  by  a m echanical e q u ip m en t specia lly  c o n stru c ted  for th e  purpose. 
Specim ens of the  ho rn y  p a r t  o f sw ine fo o t, of g iven  size a n d  w e ig h t, w ere loca ted  in the  eq u ip 
m e n t an d  rubbed  to  th e  flo o r fo r 1—5 m inu tes. T he ro u g h n ess o f th e  floor surface was estim a ted  
from  th e  degree of a t t r i t io n  of h o rn , w hereas resistan ce  to  w ear fro m  th e  d e p th  of th e  a ttr i tio n  
g roove or defect p ro d u ced  b y  fric tion . The h o rn  w as found  to  be  w orn  heav ily  by  rough  floor 
su rfaces (e.g., rough co n cre te , ro u g h  asphalt), b u t  th e  floors becam e w orn  them selves to  d ifferen t 
degrees as a resu lt of ru b b in g . A m ong th e  floors te s ted , h a rd w o o d  an d  h a rd  a sp h a lt show ed 
th e  g re a te s t resistance to  f r ic tio n . I t  is proposed  th a t  u n til  an  ap p ro p ria te  m ethod  of floor 
te s tin g  is evolved, su rface  ro u g h n ess should be e s tim a te d  b y  com parison  to  dressed hardw ood.
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STUDIES ON H2S PRODUCTION BY BRUCELLA OVIS
STRAINS

В У

P . SUTKA

A rtificial In sem in a tio n  C entre, B u dapest 

(R eceived  F e b ru a ry  5, 1974)

The p ro d u c tio n  of H 2S has genera lly  been used as an  im p o r ta n t d iffe ren 
t ia t in g  fea tu re  o f Brucella  species.

Brucella ovis, th e  species responsib le  for ep id id y m itis  in  ram s was found  to  lack  H 2S- 
p rod u c in g  capacitiy  by  its  in v estig a to rs (S im m ons and  H a ll , 1953; B u d d l e  and  B o y e s , 1953; 
Gd o v in  e t al., 1955; M e y e r  and  Ca m e r o n , 1956; K la h n , 1958; Szabó and  N y ir e d y , 1967). 
M organ  and Go w er  (1966) also confirm ed  th a t  like th e  Br. m elitensis reference s tra in  “ M 16” , 
B r. ovis 63/290 is lack ing  th e  H 2S -producing  a c tiv ity  w hen m easu red  b y  H u d d l e so n ’s m eth o d  
(1928).

In  co n tra st, B u d d l e  (1956) in  a la te r  pub lica tio n  as well as T o pl ey  and W ilso n  (1966) 
a n d  T rilen k o  (1970) rep o rted  th a t  c e r ta in  s tra in s  of Br. ovis are indeed capable  o f p roducing  
a m o d era te  am o u n t o f H 2S apply ing  H u d d l e so n ’s m ethod .

T he p resen t stud ies were ca rr ied  o u t to  reconcile th e  conflic ting  opinions.

Materials and methods

A) The follow ing Brucella  s tra in s  were used:
1. 17 Br. ovis s tra in s  fresh ly  iso la ted  from  th e  sem inal flu id  of in fec ted  

ram s in  th e  la b o ra to ry  o f A rtific ia l In sem in a tio n  C entre, B u d ap est
2. Br. ovis 63/290, reference s tra in  (W eybridge)
3. Br. m elitensis “ M 16” , reference  s tra in  (W eybridge)
4. Br. suis  1330, reference s tra in  (W eybridge)
5. Escherichia coli E ck  0 141 (P rague)

B) Determ ination o f  H 2Sprod u c tio n . Ten tu b e  cu ltu res were sim u ltan eo u sly  
p repared  from  each s tra in  on  serum -dex trose  agar and  were in c u b a te d  
a t 37°C, th e  Br. ovis s tra in s  in  th e  presence of 10%  C 0 2, th e  B r. m eli
tensis an d  B r. suis  s tra in s  u n d e r aerobic cond itions. Two cu ltu res  of 
each s tra in  were te s te d  fo r H 2S p ro d u c tio n  every  o th e r d ay , using  
tw o d iffe ren t m ethods:

1. lead-acetate indicator strip procedure proposed by H uddleso n  (1928) 
and em ployed by Morgan and Gower (1966).

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



14 SUTKA

2. T he cu ltu re  w as rin sed  from  th e  m ed ium  w ith  3 to  4 m l L eib ich  b ro th , 
con ta in ing  2 0 %  b ru ce lla -n eg a tiv e  serum . T he germ  co u n t of th e  sus
pension th u s  o b ta in e d  was 107— 108/m l. M icrocultures were th en  
p rep ared  from  th e  suspensions o f B r. ovis an d  con tro l s tra in s  in  th e  
wells of T a k á ts y ’s M ic ro titra to r p la te s  as follow s: 0.1 m l suspension 
was p laced in  e ach  of 12 wells in  one row . Two drops of th e  serum - 
b ro th , also c o n ta in in g  T h i r y ’s (1960) M I-D I reag en t (R eana l, B u d a 
pest), were ad d e d  to  th e  firs t 6 wells, an d  se ru m -b ro th  w ith o u t reagen t 
w as added to  th e  rem ain ing  6 wells. E ach  p la te  was p rep ared  in  tw o 
replicas an d  w ere  p laced  in a P e tr i d ish  lined  w ith  a disc of m oist f ilte r 
paper. T hey  w ere in c u b a te d  a t 37.4°C, one in  th e  presence o f 10%  
C O ,, th e  o th e r  u n d e r  aerobic cond itions. T he aerobic m icrocu ltu res 
w ere read  a t  6, 12 an d  24 hours, th o se  in c u b a te d  in  10%  C 0 2 a tm o s
phere  a fte r 12 a n d  24 hours. T he re a c tio n  was scored on th e  basis o f 
colour shades, as follows:

R eaction — + +  + + + + +
Colour o f m icroculture L ig h t Brown B row n D ark Black

brow nish-
-yelow

“ b u tto n ” brow n

P rio r  to  use, th e  M ic ro titra to r  p la tes w ere soaked  in  5 %  su lphuric  acid 
so lu tion  for 6 hou rs, w ash ed  several tim es in  sterile  d istilled  w a te r, dried, 
an d  sterilized  e ith er w ith  a m ix tu re  of e th e r  an d  e th an o l or b y  ir ra d ia tio n  w ith  
a b ac te ric id a l lam p.

To determ ine th e  se n s itiv ity  of th e  tw o  H 2S te s ts , co m p ara tiv e  stud ies 
w ere perfo rm ed  w ith  d ilu tio n  series p rep a red  from  0 .13%  aqueous solu tions of
H 2S.

T he lead a c e ta te  s tr ip - te s t  was read  a fte r  30 m inu tes, th e  M I-D I te s t 
a f te r  an  in cu b a tio n  o f th e  reaction  m ix tu res  for 4 hours a t  37°C, w h ereafter, 
acco rd ing  to  p re lim in a ry  experim en ts, th e  re su lts  do n o t change.

Results

As can be seen in  T ab le  I , th e  M I-D I te s t  show ed a m edium  degree of 
H.,S p ro d u c tio n  b y  all ex am in ed  B r. ovis s tra in s  from  48 hours of cu ltu rin g  to  
th e  en d  of th e  o b se rv a tio n  period. R eference s tra in s  B r. m elitensis “ M 16”  
an d  B r. suis  1330 b eg an  to  show a m o d era te  or a s trong  positive reac tio n  a l
re a d y  a fte r  24 hours. T h e  tra d itio n a l lead  a c e ta te  s trip  tech n iq u e  detec ted  
H„S p rodu c tio n  exc lu siv e ly  w ith  th e  B r. su is  s tra in . T he iso la te  Br. ovis 4160 
caused  a sligh t colour ch an g e  a t  96 hours, b u t  n e ith e r  before no r a fte r  th a t  tim e. 
In  b o th  te s ts , th e  B r. su is  s tra in  show ed a s tro n g  positive  reac tio n , w hereas 
th e  E . coli s tra in  a n e g a tiv e  reaction .
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Table I

P ro d u c tio n  of H 2S by B rucella  ovis, Brucella m elitensis  44M 16” and  Brucella suis 1330 stra in s

Serial
No.

Designation of 
Brucella strains

H 2S production as measured by the M I-DI 
test a t

24 48 72

hours

96 120

l Brucella ovis: 5250 + + + + + + + +
2 Brucella ovis: 4160 +  + + + + + + +
3 614 + + + +
4 4240 + + + + + + + +
5 4150 + + + + + + + +
6 1635 + + + + + + + +
7 2030 +  + + + + + + +
8 5120 + + + + + + + +
9 5130 +  + +  + + + + +

10 4640 +  + + + + + + +
11 5310 +  + + + + + + +
12 5316 + + + + + + + +
13 2166 + + + +
14 2336 +  + + + + + + +
15 3350 + + + + + + +  +
16 3610 + + + + + + + +
17 5020 + + + + + + + +
18 B r. ovis 63/290 W eybridge + + + + + + + +
19 Br. melitensis 44M 16”

W eybridge + + +  + +  + + +
20 B r. suis 1330 W eybridge +  +  + +  +  + + + + + + + +  +  +
21 E . coli E ck 0 141 Prague —

H 2S production as measured by the 
method of Morgan e t al. a t

Serial Designation of !-------------------------------------------------------------------------------------------- -—
No. Brucella strains 24 I 48 I 72 I 96 120

hours

l Brucella ovis: 5250
2 4160 — — + —

3 614 — — — —

4 4240 — — — —

5 4150 — — — —

6 1635 — — — —

7 2030 — — — —

8 5120 — — — —

9 5130 — — — —

10 4640 — — — —

11 5310 — — — —

12 5316 — — — —

13 2166 — — — —

14 2336 — — — —

15 3350 — — — —

16 3610 — — — —

17 5020 — — — —

18 B r. ovis 63/290 W eybridge — — — —

19

20

B r. melitensis 44M 16” 
W eybridge

B r. su is  1330 W eybridge +  +  + +  +  + +  +  + +  +  + +  +
21 E. coli E ck 0 [  41 Prague — —

negative; +  s lig h tly  positive ; + +  m o dera te ly  positive; +  +  +  strongly  positive
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A ccording to  th e  con tro l ex am in a tio n s  p erfo rm ed  w ith  seria l d ilu tions of 
aq u eo u s H.,S so lu tio n , th e  M I-D I te s t is a b o u t tw e n ty  tim es as sensitive as th e  
lead  a c e ta te  p ap e r s tr ip  procedure. T he se n s itiv ity  difference was especially  
consp icuous w ith  th o se  b ac te ria  w hich a re  p o o r H 2S producers.

Discussion

P ro d u c tio n  o f  H.,S has generally  been  reg a rd ed  as an  im p o rta n t d ifferen
t ia t in g  fea tu re  o f c e r ta in  b ac te ria , an d  th e  classification  and  species and  ty p e  
d iffe ren tia tio n  o f Brucellas  has largely  been  based  on it. The p resen t s tud ies 
c lea rly  show th a t  b o th  B r. ovis and  Br. m elitensis  “ M 16” p roduce H 2S, a lth o u g h  
less th a n  d e m o n s tra te d  w ith  th e  tra d itio n a l lead  ace ta te  p ap er s trip  tech n iq u e . 
T h e  a fo rem en tioned  s tra in s  produce H 2S co n tin u o u sly , a t a low in te n s ity  an d  
in  ro u g h ly  equal a m o u n ts . The presence o f  H 2S p ro d u c tio n  in  all s tra in s  p re 
v io u sly  regarded  as non -p roducers cou ld  he u n equ ivoca lly  d em o n stra ted  w ith  
th e  M I-D I te s t, w h ich  is abou t 20 tim es as sensitiv e  as th e  tra d itio n a l m ethod . 
T h u s  th e  value o f H 2S p rodu c tio n  as a d iffe re n tia tin g  fea tu re  has been reduced  
fro m  absolu te  to  a m ere ly  q u a n tita tiv e  level. In  th is  ligh t, th e  re liab ility  of 
H 2S p rodu c tio n  as a crite rion  for Brucella  ty p e  (species) d iffe ren tia tio n  m igh t 
w ell be questioned . T h e  sam e applies to  th e  m eth o d  of H u d d l e s o n  because, 
con fo rm  to  th e  o b se rv a tio n s  of B u d d l e  a n d  o th e rs , one of ou r Br. ovis iso la tes 
show ed  a low p o s itiv e  reaction  also w ith  lead  ace ta te  p ap er tech n iq u e  a t  fo u r 
d ay s  o f cu ltu ring .

Sum m ary

In  a tte m p t to  reconcile  th e  conflicting op in ions on  th e  H 2S p ro d u c tio n  of Br. ovis s tra in s , 
17 B r. ovis isolates a n d  th e  reference stra in s  B r. ovis 63/290, B r. m elitensis “ M 16” and  Br. su is  
1330 were exam ined  w ith  th e  trad itio n a l lead  a c e ta te  p ap er strip  tech n iq u e  of H u d d l e so n  
a n d  w ith  the  M I-D I te s t .  W hile  the  form er p ro ced u re  h a d  negative  resu lts  w ith  a ll s tra in s  b u t  a 
m o d e ra te  am o u n t o f H 2S w as clearly d e tec ted  b y  M I-D I te s t  a t  all exam ined  Br. ovis and  B r. 
m elitensis  s tra ins . P ro d u c tio n  was found to  ta k e  p lace  con tinuously  a t  a low  in te n sity  a n d  th e  
a m o u n ts  p roduced  b y  th e  d ifferen t s tra in s  w ere ro u g h ly  equal. C ontrol ex am in atio n s w ith  
aq u eo u s solutions o f H ,S  show ed th a t  th e  M I-D I te s t  is ab o u t 20 tim es as sensitive  as H u d d l e - 
s o n ’s procedure . I t  is concluded  th a t  H 2S p ro d u c tio n  can n o t be regarded  as an  abso lu te  d iffe r
e n tia tin g  featu re  o f B rucella  s tra ins , its  significance being only q u a n tita tiv e . In  th is  lig h t, th e  
v a lu e  of H 2S p ro d u c tio n  in species and  ty p e  d iffe re n tia tio n  of Brucellas needs reco n sideration .
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HISTOLOGICAL AND HISTOCHEMICAL STUDIES ON THE 
ADRENAL GLANDS OF GEESE AND DUCKS

By

A. H a ssa n

D ep artm en t of A n a to m y  an d  H isto logy , U n iv ersity  o f V e terin ary  Science, B u d ap est

(R eceived  M arch 1, 1974)

The role of th e  ad rena l g land  is m ore d ifficu lt to  be e v a lu a ted  in b ird s th a n  
m am m als. The d ifficu lties are  p a r tly  re la ted  to  th e  in te rm in g lin g  o f th e  co rtica l 
an d  m edu llary  tissues.

I t  is generally  accep ted  th a t  th e  co rtex  of th e  av ian  ad renal g land  c an n o t he d iv ided  
in to  th e  th ree  d is tin c t zones o f its  m am m alian  co u n te rp a rt. Sa u eb  and  L a tim er  (1931) m en tio n  
t h a t  th e  pe rip h eral s tran d s  hav e  a g lom erulosa-like appearance, w hereas th e  in te rren a l cells of 
th e  cen tra l p a r t  o f th e  g land  resem ble those  of th e  m am m alian  re ticu la r zone. Ch e s t e r  e t al. 
(1962) suggest th a t looping of th e  in te rren a l or cortical cell cords ag a in st th e  capsule ind ica tes 
zoning. K ar (1947) reveales th a t  th e  co rtica l cells are d iffe ren tia ted  from  c e r ta in  m esenchym al 
cap su la r cells an d  m ig ra te  p rogressively  to w ards th e  cen tre  of th e  g land . F u r th e r , S ivaram  
(1964, 1965) confirm ed th e  presence of a h igher m etabolic  ra te , m itosis an d  n u c lear pyknosis in 
th e  pe rip h ery  of the g land  w hich m ig h t be acco u n ted  for such a progression. K ondics  (1971) 
d em o n s tra tes  th a t  th e  o u te r  zone of th e  pigeon’s a d ren a l gland contro ls f i r s t  o f all th e  e lectro 
ly te s  while th e  in n er zone is con tro lled  by  ACTH. A u th o rs  generally  agree t h a t  stress affecting  
th e  en tire  body, or increased  re q u ire m e n t for corticostero ids are ch arac te rized  b o th  in m am 
m als and  b irds by  ad ren a l h y p e rfu n c tio n  m an ifesting  itse lf by  d ep le tio n  of cholestero l and  
ascorb ic  acid in the  gland.

I t  seems to  be of in te re s t to  s tu d y  th e  ad ren a l gland in  geese and  ducks to  
c larify  th e  regional d ifferences of th e  co rtica l tissue as well as to  exam ine th e  
h isto log ical and  h istochem ical changes w hich occur during  th e  sexua lly  ac tiv e  
period .

Materials and methods

In  1973, tw o m ales and  tw o fem ales each of P ek in  ducks an d  R hine geese, 
o rig in a tin g  from  th e  S ta te  F a rm  in  T a ta , w ere exam ined  ev ery  m o n th  in  our 
D e p a rtm e n t. T he b ird s w ere k illed  by  b leeding, th e  ad renal g lands w ere rem oved  
im m ed ia te ly  and  processed for m icroscopic ex am in a tio n  as follow s. E ach  ad re 
nal gland was d iv ided  in to  fiv e  p a r ts , th ree  of w hich were ta k e n  fresh ly , and  
s ta in ed  d irec tly  for d e m o n s tra tio n  of ascorbic acid (B acchus-silver m ethod), 
ch rom affin  reac tio n  (po tassium  chrom ate) an d  form alin -induced  fluorescence 
(F IF )  te s t. T he rem ain ing  tw o p a r ts  were fixed  in  10%  fo rm alin , an d  one p a r t  
w as used  for frozen sections to  d e tec t n eu tra l fa ts  by th e  S u d an  b lack  m ethod  
an d  cholesterol b y  S ch u ltz ’s tech n iq u e , th e  rem ain ing  p a r t  w as em bedded  in
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p a ra ffin . The p a ra ffin -em b ed d ed  sections were s ta in e d  w ith  th e  follow ing 
tech n iq u es: M ayer’s h aem a to x y lin  an d  eosin, M asson’s trich ro m e , G om ori’s 
silver im pregnation  an d  orcein.

Results

I .  Goose adrenal g land

The gland is su rro u n d ed  by  a th in  capsu le of co n n ec tiv e  tissue , c o n ta in 
in g  blood vessels an d  n erves. T he capsule m ain ly  consists o f collagen an d  re tic 
u la r  fibres, w ith  v e ry  few  elastic e lem ents. D elicate  se p ta  arising from  the  
capsu le  and ram ify in g  betw een  p a ren ch y m ae  tissues fo rm  th e  in te rs titia l tissue

Fig. 1. S ec tio n  of ad ren a l g land  of goose. H  an d  E .  XlOO

(F ig . 3). The se p ta  are  form ed by  collagen and  re tic u la r  fibres. The in te rs ti-  
t iu m  is rich in b lood  vessels and  sinusoids. N erve fib res  are  also seen in  th e  ra m i
fied  septa. G roups o f ganglionic cells are  found  b o th  ou tside  and  inside the  
g land  p a renchym a. Foci of ly m p h o cy tes  are seen am ong  p a ren ch y m al cells.

The ad ren a l p a re n c h y m a  consists o f co rtica l an d  m ed u lla ry  tissues in te r 
m ingling w ith  each  o th e r (Fig. 1).

The cortica l tissu e  is form ed b y  anastom osing  cell cords or s tra n d s  loop
ing  tow ard  th e  capsu le . The cortica l loops passing  b e n e a th  th e  capsule form  a 
clear, th in , p e rip h e ra l o r su b cap su la r zone (Fig. 1). T he rem ain ing  cell cords
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form  a large b ro a d  in n er zone in  th e  cen tre  of th e  g land . T he subcapsu lar zone 
is com posed of lo n g  co lum nar cells w ith  sm all, ovo id  co m p act nuclei an d  p a le - 
sta in ing  h ig h ly -v acu o la ted  cy top lasm . T he cells o f th e  in n er zone are co lu m n ar 
in  shape and  h a v e  a cy top lasm  m ore acidophilic  an d  g ran u la r b u t less v a c u o 
la ted  th a n  th e  cy to p la sm  of the  su b cap su la r cells. T he nuclei are round  a n d  
co n ta in  one or m ore  nucleoli. In  b o th  th e  su b cap su la r and  th e  inner zones th e  
nucle i te n d  to  lie n ea rb y  th e  inner edge of th e  cell, viz., in  th e  cen tra l p a r t  o f 
th e  cord , being p u sh e d  th e re  by  lip id  accu m u la tin g  a t  th e  sinusoidal edge. T h e  
cortica l cells are in  close co n tac t w ith in  each cord , w ith  no in te rven ing  co n n ec
tiv e  tissue, b lood  vessels or lum en. On s ta in in g  w ith  S u d an  black, m uch few^er 
sudanophilic  d ro p le ts  appeared  in th e  cells of th e  su bcapsu la r zone th a n

F ig. 2. Section  of ad renal g land  of duck. H  an d  E . X 100

in  those  of th e  in n e r  zone (Figs 5, 6). H ow ever, sections sta ined  w ith  
S ch u ltz ’s m eth o d  show ed th a t  th e  su b cap su la r zone cells are richer in  
cholesterol and  its  esters  (Fig. 8). T he ascorbic acid  c o n te n t of the  co rtica l 
cells appeared  in  th e  fo rm  of sm all b lack  g ranules, eq u a l in  size and  d is trib u tio n  
in b o th  th e  zones (F ig . 10).

In  b irds being in  th e  sexually  ac tive  period , th e  su danoph ilic  droplets w ere 
decreased  in  a m o u n t a n d  appeared  sm aller in  size in  th e  cortical tissue cells. 
T he cholesterol an d  ascorbic acid co n ten ts  were decreased  in  b o th  co rtica l 
zones, b u t cho lestero l an d  its  esters w ere still p re se n t in  d istinctive la rg e r 
am o u n ts  in  th e  su b c a p su la r  cells (Figs 7, 9).

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



2 2 HASSAN

F ig . 3. In te r s ti t ia l  con n ec tiv e  tissue in  th e  
ad ren a l g land  of m ale  goose. Silver im preg

n a tio n . X 100

F ig . 4. In te rs titia l connective  tissu e  in th e  
ad ren a l gland of m ale duck . S ilver im preg

n a tion . X 100

F ig . 5. L ip id  c o n te n t in  th e  cortical cell 
cords o f in ac tiv e  fem ale goose. S udan  

b lack . X 100

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975

Fig. 6. L ipid c o n te n t in  th e  p e rip h era l cell 
stran d s of the  co rtica l tissue  o f fem ale goo

se. S udan  b lack . X 100



HISTOLOGICAL AND HISTOCHEMICAL STUDIES ON THE ADRENAL GLANDS 23

T he m ed u lla ry  tissue cells to o k  on basic  s ta in  an d  generally  a p p e a re d  
as b lu ish  isle ts  or sca tte red  groups in  b e tw een  th e  eosinophilic co rtica l tissu e  
(F ig. 1). A th in  lay e r of m edu llary  tissu e  fo rm ed  by  2 to  3 rows of cells, w as 
ex ten d in g  a t th e  p e rip h ery  of th e  g lan d , sep a ra tin g  th e  connective tissu e  
capsule from  th e  su b cap su la r zone of th e  co rtica l tissue. T he sca tte red  g ro u p s 
of ch ro m affin  tissu e  consist o f a t le a s t tw o  typ es of large po lygonal cells 
(ad renalin - a n d  n o rad ren a lin -co n ta in in g  cells), w ith  a basophilic  g ra n u la r  
cy to p lasm  an d  large  ro u n d  cen tra lly  lo c a te d  nuclei. The n o rad ren a lin -co n ta in in g  
cells are d e m o n s tra te d  b y  th e  d ich ro m ate  reac tio n , assum ing a d a rk  b ro w n  h u e  
(Fig. 11).

T he g ra n u la r  co n ten ts  o f th e  ca tech o lam in e-co n ta in in g  cells (ad ren a lin  
and  n o ra d rc n a lin  cells) do no t n o ta b ly  change during  th e  ac tive  period . C a te 
ch o lam in e-co n ta in in g  cells o f th e  ad ren a l m edu lla  show ed a s trong  yellow ish- 
green fluorescence  in  th e  F IF  te s t. T he m ed u lla ry  cells com prised  a m o d e ra te  
am o u n t o f ascorb ic  acid granules d is tr ib u te d  in  cy top lasm  (Fig. 9).

D u rin g  sex u a l in a c tiv ity , th e  m ed u lla ry  tissue  cells to o k  on s lig h tly  m ore 
s ta in  th a n  d u rin g  a c tiv ity . This m ay  h a v e  been  due to  th e  aggregation  o f m a n y  
basophilic  g ran u les  in  th e  cy top lasm . T h e  ascorbic acid granules are m a rk e d ly  
increased  in  am o u n t.

I I .  D uck adrenal gland

T he g land  is covered b y  a re la tiv e ly  th ic k  connective tissue cap su le  
form ed b y  collagen an d  re ticu la r fib res a n d  a few  elastic  elem ents. T h ick  se p ta  
o rig in a tin g  from  th e  capsule and  b ran ch in g  in  th e  g land p a ren ch y m a to  fo rm  
an a b u n d a n t in te rs ti t ia l  tissue (Fig. 4), are rich  in  blood vessels and  nerves. T h e  
ad ren a l p a re n c h y m a  consists of in te rm in g led  cortical an d  m edu lla ry  tissu es  
(F ig- 2).

L ike in  th e  goose th e  cortical tissu e  is com posed of anastom osing  cell 
cords, fo rm ing  loops b en ea th  th e  capsu le , w hich  c o n s titu te  th e  su b c a p su la r  
zone (Fig. 2). T he su b cap su la r zone resem bles t h a t  of th e  goose in  th e  h is to lo g i
cal an d  h is to ch em ica l fea tu res.

T he m ed u lla ry  tissue appears in  th e  fo rm  of a m eshw ork tra v e rs in g  th e  
en tire  g land , covering  an  appreciab le  a m o u n t o f th e  cu t surface. The m e d u lla ry  
cells (ad ren a lin - an d  n o rad ren a lin -co n ta in in g  cells) are po lyhed ra l, w ith  coarse  
basophilic  g ra n u la r  cy top lasm  and  large ro u n d , cen tra lly  p laced  nuclei (F ig . 12). 
The ca tech o lam in e  cells show  a yellow ish-green  fluorescence in  th e  F I F  te s t .

T he h isto lo g ica l and  h istochem ical changes re la ted  to  sexually  ac tiv e  
and  in ac tiv e  periods w ere ex ac tly  th e  sam e in  d uck  as in  goose.
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Fig. 7. C holesterol c o n te n t in  th e  ad renal F ig . 8. C holesterol co n te n t in  th e  co rtica l
co rtica l tissue of a c tiv e  fem ale goose. tis su e  of inac tive  fem ale goose. S ch u ltz ’s

Schu ltz ’s m e th o d . X 100 m ethod . X 100

jFig. 9. A scorbic acid g ran u le s  in  th e  adre- F ig . 10. A scorbic acid granules in th e  a d re 
n a l tissu e  of ac tive  m ale goose. Silver s ta in . n a l tissue of in ac tive  m ale goose. S ilver

X 250 m ethod . X 250
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F ig . 11. D istrib u tio n  of th e  ch rom affin  cells Fig. 12. D is tr ib u tio n  of th e  ch rom affin
in  th e  adrenal g land  of m ale goose. Chro- cells in th e  a d ren a l g lan d  of m ale duck ,

m affin  reac tio n . X 100 C hrom affin  re ac tio n . X 100

Discussion

The p resen t stud ies w ere perfo rm ed  to  o b ta in  m ore in fo rm a tio n  on reg ion 
al zonal differences in  ad rena l co rtica l tissue  of geese an d  d u ck s, and  on h is to 
logical and  h istochem ical changes ta k in g  p lace during th e  sex u a lly  active period . 
S everal w orkers, s tu d y in g  th e  h isto log ical s tru c tu re  of th e  a v ia n  adrenal g land  
( U o t i l a , 1939; M i l l e r  and  R i d d l e , 1942; K a r , 1947; B e n o i t , 1950) found  it  
to  consist of in te rm in g led  cortica l an d  m edu llary  tissues. T h e  cortical tissue  
is com posed of anastom osing  cell cords or stran d s, fo rm ing  loops b en ea th  th e  
connective  tissu e  capsule.

The p resen t ex am in a tio n s show ed th a t  th e  su b cap su la r cell zone o f th e  
ad ren a l g land  w as d is tin c t from  cells o f th e  inner zone b o th  h isto log ically  an d  
h istochem ically . A gainst earlier fin d in g s o f Sa u e r  and  L a t i m e r  (1931) in  our 
h an d s , n e ith e r th e  su b cap su la r n o r th e  in n e r zone of th e  a v ia n  ad renal g land  
b o re  an y  s tru c tu ra l resem blance to  e ith e r  zona granulosa o r zona re ticu la ris  o f 
th e  m am m alian  ad ren a l g land . I f  i t  is accep ted  th a t  th e  su b cap su la r loop 
fo rm atio n  of th e  co rtica l cell cords in d ica tes  zoning (Ch e s t e r  e t ah , 1962), 
th e  subcapsu la r “ zone”  can be h y p o th e tic a lly  regarded  as a species-specific 
s tru c tu re  perfo rm ing  a specific fu n c tion . K o n d ic s  (1971) d em o n stra ted  
th a t  a considerab le am o u n t of co rticoste rone  is p ro d u ced  in  b o th  zones, 
th e  inner one being  contro lled  b y  A C TH , th e  o u te r one above  all b y  th e  elec-
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t r o ly te  balance. In  th e  l ig h t of these  fin d in g s, th e  zoning o f th e  adrenal g land  
m ig h t have been p a r t ly  explained .

H istochem ical ex a m in a tio n s  show ed dep le tion  o f a d re n a l cholesterol an d  
asco rb ic  acid in th e  se x u a lly  active period , tak in g  place p ro b a b ly  in response 
to  th e  increased re lease  o f  A CTH  during  th is  phase. H isto log ica lly  the  capsu le 
a n d  th e  ram ified  in te r s t i t ia l  sep ta  o f th e  g land  were fo u n d  to  be th ick e r in  
d u ck s  th a n  in geese, a n d  ducks also h ad  a re la tiv e ly  la rg e r a m o u n t of ch rom af
f in  tissue.

The p resen t h is to lo g ica l and  h istochem ical s tu d ies  a re , n a tu ra lly , n o t 
su ffic ien t to  offer sa tis fa c to ry  ex p lan a tio n  for zoning an d  its  exact functions. 
T h e y  m ay fac ilita te  th e  b e t te r  u n d e rs tan d in g  of these p h en o m en a  if  ad d itio n a l 
ev idence is sought b y  physio logical an d  biochem ical ap p ro ach .

Summary

Studies on th e  a d re n a l g lands o f geese an d  ducks showed th a t  th e  subcapsu lar zone of 
th e  cortical tissue was d is t in c t  from  th e  inner zone b o th  histo logically  a n d  h istochem ically . D eple
t io n  of adrenal ch o lestero l a n d  ascorbic acid was found  during  th e  sex u a lly  active period  in  
b o th  species. The a d ren a l g lan d  of ducks h ad  a th ic k e r  connective tis su e  capsule and in te rs ti-  
t iu m  and a larger p ro p o r tio n  of chrom affin  tissue , com pared to  geese.
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STUDIES ON ANTIGENIC PATTERNS OF ESCHERICHIA 
COLI STRAINS ISOLATED FROM NEWBORN PIGLETS
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D ep artm en t o f E pizootio logy , U n iversity  o f V e te rin a ry  Science, B u d ap est 

(R eceived M arch 22, 1974)

Escherichia co /i-d iarrhoea o f new born p ig lets is know n to  cause g rea t 
econom ic losses. U su a lly  haem o ly tic  s tra in s  of E . coli h av e  been iso la ted  from  
sm all in te s tin a l m ucosa, m esen teric  lym ph  nodes and  occasionally  from  o th e r 
o rgans of piglets d ied  of d ia rrh o ea  betw een one to  10 day s of age. The iso lates, 
a long  w ith  p red isposing  fac to rs, h av e  been show n to  be responsib le for th e  c a u 
sa tio n  of the  disease.

T he E . coli s tra in s  invo lved  in  th e  aetiology rep re sen t as a ru le  only a  few serogroups. 
T h e  serogroups m o st freq u e n tly  iso lated  from  carcases o f su ck ling  pigs were given b y  P e s t i 
(1960) as 028 , 0 9  and  0 2 1 , by  Szabó (1964) as 0 8 , 0138  and  0 1 4 1 , b y  Se m jé n  and  P e s t i (1973) 
as 0 1 4 7  : K89, K 88ac a n d  01 4 9  : K 91, K 88ac. As to  th e  m o st f re q u e n t an tigen ic  p a tte rn s  o f 
E . coli isolates from  suck ling  pigs, th e  follow ing were re p o rte d  b y  v a rio u s au th o rs : Ö147 : K89, 
K 88ac; 0 8  : K 87, K 88ab , 0141  : K 88ab , K 88ab; 0138  : K 81, K 8 8 ac  (So jk a , 1965), 014 1  : 
K 8 5 ab ; 0139  : K82, 0 1 3 8  : K 81, 0 8  : K 87, K88, 0147 : K 89, K 88 (W it t ig , 1965), 0 8 , 0 1 4 1 , 
O101 (Sa la jk a , 1966), 0 8  : K 85, 0138  : K81 (G ossling  a n d  R h o a d e s , 1966), 0 9 , 0 8 ,  O lO l 
(M oon  e t al., 1966), 0 1 3 9  : K 82, 0 8  : K 87, 0141  : K 85ab (T r u sz c zy n sk i e t ah , 1965), 0 8 , 01 4 1 , 
0 1 4 7  (Sö d e r lin d , 1971), 0 8  : K87, K 88ac, 01 1 6 , 0147  : K 89, IC88ac (Gy les  e t al., 1971).

In  th e  p resen t s tu d y , E . coli s tra in s recen tly  iso la ted  from  affected  new 
b o rn  pig lets w ere ex am in ed  for biochem ical p ro p ertie s  an d  0  and  К  an tigens.

Materials and methods

A to ta l o f 222 coliform  s tra in s  w ere iso la ted  from  88 pig lets th a t  died  b e t 
w een  1 to  12 days o f age in  30 swine farm s. M ost s tra in s  w ere iso lated  from  th e  
m ucous m em brane o f th e  sm all in te s tin e  an d  m esen te ric  ly m p h  nodes, a few 
fro m  th e  la rg e -in te s tin a l m ucosa. B iochem ical te s ts , id en tif ic a tio n  of О an d  К  
an tig en s, p re p a ra tio n  o f 0  an d  O R  an tise ra , slide a n d  tu b e  agg lu tin a tio n  te s ts  
a n d  serum  ab so rp tio n s w ere perfo rm ed  according to  th e  m ethods of K a u f f - 
m a n n  (1966). T he О a n d  К  an tigens were exam ined  w ith  a to ta l  of 57 0  an d  
O K  an tise ra  to  in te rn a tio n a l Escherichia  ty p e  s tra in s , as described earlier

* On leave from  th e  V e terin ary  L ab o ra to ry  an d  R esearch  In s t i tu te ,  M inistry  of A gri
c u ltu re , D o k k i, Cairo, U A R .
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(Va r g a  an d  F a r i d , 1974) a n d  w ith  all know n  (1— 94) К  a n tise ra  ex cep t th ree . 
A n tig en s  K 88ab and  K 88ac w ere exam ined  w ith  absorbed  sera.

In  th e  slide a g g lu tin a tio n  te s t ,  0  an d  O K  an tise ra  w ere em ployed  in 
poo ls, as p roposed  by  E w i n g  e t al. (1956).

T h e  an tigens were p re p a re d  fro m  cu ltu res  grow n on th e  0 .1 %  glucoses- 
c o n ta in in g  m edium  (D 1j5) d esc rib ed  b y  S c h l e c h t  and  W e s t p h a l  (1966).

Results

O n th e  basis of b iochem ical te s ts , 218 of th e  222 iso lates w ere classified 
as E . coli, one s tra in  w as id e n tif ie d  as Klebsiella  and  th ree  s tra in s  could  n o t be 
classified . All E . coli s tra in s  show ed th e  b iochem ical p ro p erties  ch a rac teris tic s  
o f th e  genus, b u t a p a r t from  th is  15 s tra in s  w ere u rease-positive , one s tra in  
liq u e fie d  gelatine and  six s tra in s  p ro d u ced  H„S. T he urease a c tiv ity  o f th eu rease -

Table I

0  and  К  an tig en s o f E . coli s tra in s  iso la ted  from  new born p ig le ts

0  A ntigen No. of strains К  Antigen No. of strains
No. of strains with 

unidentifiable К  
antigen

01 4 9 53 K 91(B ), K88ac(L) 
K —

49
4

—

0147 30 K 89(B ). K 88ac(L) 30 —
041 21 — 21 K(A)

0 7 5 18 K — 18 —

0 9 10 K (A ), K88uc(L) 3 2 K(A)

0139 8 K 82(B ) 8
02 8 K — 8 —

0 8 4 K 85(B ), K 88ac(L) 2 2
020 4 — 4

0 1 3 3 K l l ( L ) 3 —
0 2 3 3 K 18(L) 3 —
0 5 6 3 — 3

0 1 5 4 3 — 3

0 7 2 — 2
0 8 6 2 K — 2 —

013 8 2 K 81(B ), K 88ab(L) 2 —
0141

T o ta ls :

2
176 (80.7% )

K 85(B ) 2

К —-, strains no t con ta in ing  К  an tigen .
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positive s tra in s  w as sim ilar in  degree to  th e  a c tiv ity  o f Klebsiella, desp ite  th a t  
the o th e r ch a rac te ris tic s  w ere in  every  respect ty p ic a l o f  E . coli. S ev en ty  per 
cen t of th e  E . coli s tra in s  caused  h e ta  haem olysis. A ll s tra in s possessing 
K 88ab  or K 88ac an tig en  w ere haem oly tic , b u t  a t th e  sam e tim e  certa in  s tra in s  
hav ing  an id en tica l an tigen ic  p a t te rn  variously  did o r d id  n o t show haem oly tic  
a c tiv ity . S tra in s  of S colony m orphology, belonging  to  d ifferen t 0  groups 
an d  no t con ta in in g  К  an tig en , were also found to  cause haem olysis. P a r t  o f th e  
s tra in s  lost h aem o ly tic  a c tiv ity  a fte r  several tran sfe rs  to  ag ar p lates.

The resu lts  of an tigen ic  stud ies are show n in  T ab le  I. O ut of th e  218
E . coli s tra in s 176 (80.2% ) could  he ty p ed  w ith  th e  av a ilab le  sera.

More th a n  th re e  q u a rte rs  of these  s tra in s  w ere fo u n d  to  belong to  seven 
serogroups. T he m ost f req u en t groups were 0149 , 0 1 4 7 , 0 4 1 , 0 7 5 , 0 9 , 0 1 3 9  and  
0 2 , th e  rest, inc lud ing  ce rta in  О groups w hich h ad  fo rm erly  been freq u en tly  
iso la ted  from  carcases of suck ling  pigs, were only  sp o rad ica lly  encoun tered . 
T he s tra in  of 0 7 5 , 0 2  and  0 8 6  did  n o t con ta in  К  a n tig e n  as — in  living s ta te  — 
all were agg lu tinab le  w ith  th e  hom ologous 0  serum . К  m inus v a ria n ts  also 
occurred  w ith in  serogroup  0 1 4 9 . P a r t  of th e  s tra in s  h a d  in  add ition  to  K (B ) 
an tigen , a K 88(L) an tig en , u su a lly  in  th e  form  o f K 8 8 ac , less often as K 88ab. 
Som e of the  0 9  s tra in s  and all 041  s tra in s  con ta ined  a th e rm o stab le , p ro b ab ly  
K (A ), an tigen  w hich , a lth o u g h  show ing cross a g g lu tin a tio n  w ith  several K(A) 
sera , could n o t be id en tified  w ith  th e  available ran g e  o f  K  sera.

Summary

A to ta l  o f 222 coliform  s tra in s , iso lated  from  th e  carcases o f  88 p ig le ts th a t  died betw een  
one and  12 days o f age in  88 sw ine fa rm s, w ere exam ined fo r b io ch em ica l p ro p e rties , an d  th e  
iso lates iden tified  as E . coli were ty p e d  serologically. О an tig en s  w ere ex am ined  w ith  a to ta l  
o f  57 0  and O K  sera, К  an tig en s w ith  all (1— 94) excep t th ree  K  sera .

Two h u n d red  an d  e ig h teen  s tra in s  were iden tified  as E . coli. S ev en ty  per cen t o f th e  
s tra in s  proved  to  be  b e ta -h a e m o ly tic  and  15 stra ins , a lth o u g h  show ing  all b iochem ical ch arac 
te ris tics  of th e  genus E scherichia , w ere u rease-positive.

On a to ta l  176 s tra in s  (8 0 .2 % ) could be ty p ed  w ith  th e  av a ilab le  sera. More th a n  two 
th ird s  o f these s tra in s  were found  to  belong to  seven serogroups.

T he serogroups m o st freq u en ly  iso lated  were 0149  : K 91. K 88ac, 0147 : K89, K 88ac, 
041  : K(A ), 075  : K - ,  0 9  : K(A ), K 88ac, 013 9  : K82, and  0 2  : K - .  N early  h a lf of th e  s tra in s  
co n ta ined  one of th e  K (B ) and  K 88(L ) an tig en s, b u t some s tra in s  h a d  a th erm o stab le , p ro b ab ly  
К  (A) surface an tig en  an d  th e re  w ere also s tra in s  con tain ing  no К  an tig e n .
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MUCORMYCOSIS (MU COR PUSILLUS)  WITH ASTEROIDS
IN A YOUNG BUUU

B y

J. V ÍTO V EC , P .  VLAD ÍK, C .  P r OKS and  P .  F r AGNER

S ta te  V e te rin a ry  In s t i tu te ,  C. B udëjovice; D e p a r tm e n t of P a th o lo g y , H o sp ita l, P isek; P u b lic  
H e a lth  S ta tio n  of the  C en tra l B o h em ian  R egion, P rague .

(Received A p ril 22, 1974)

V isceral m ucorm ycosis, e ither local o r genera lized  occurs less f req u e n tly  in c a ttle  th a n  
an y  co m p arab le  disease in h u m ans. In  m ost h i th e r to  p u b lished  v e te rin a ry  cases, how ever, th e  
diagnosis w as based on m orphological c rite ria  o n ly  or th e  iso la ted  cu ltu res  were classified as 
Mucoraceae w ith o u t closer id en tificatio n  (Co r d e s  e t a l., 1964; D o n n el ly , 1967; H o g ben , 1967). 
Less freq u e n tly , th e  fun g a l species was id en tif ie d  precisely . M ucor p u sillu s  was iso lated  from  
m yco tic  lesions of m ed ia stin a l ly m p h  nodes o f a  cow  (B ü hlm a n n  an d  W e r f f e l i , 1968) an d  
from  th e  b ra in  of a calf (A in sw o r t h  e t ah , 1955, c ited  by  A in sw o r t h  a n d  A u stw ic k , 1959) 
while A b sid ia  corymbifera w as identified  in  m y co tic  lesions o f m esen teric  ly m p h  nodes o f a 
y o u n g  c a ttle  (D avis et ah , 1955; K önig e t a h , 1967).

P u lm o n ary  m ucorm ycosis in  ca ttle  w as d escribed  by  D avis e t ah  (1955). Some of these  
cases ap p eared  as a com plica tion  of m ycotic  ab o rtio n s  (Cordes e t ah , 1964). G a s tro in te s tin a l 
m ucorm ycosis in calves w as described by Git t e r  e t  ah (1957). Cases o f com ple te ly  generalized  
m ucorm ycosis occurred  p red o m in an tly  in n ew b o rn  calves (H o g ben , 1967; Co r d e s  et ah , 1967). 
Two such  cases in o lder an im als were observed b y  D o n n el ly  (1967). A q u ite  u n u su a l loca tio n  
of g ran u lo m ato u s m ycosis, p resum ab ly  m ucorm ycosis, in  in te rv e rte b ra l discs w as observed by  
F a n k h a u se r  e t ah (1966).

Case report

Tw o enlarged  m ed iastina l ly m p h  nodes from  a 6 -m o n th -o ld  bull w ere 
su b m itte d  for ex am in a tio n . The an im al w as em ergency-slough tered  because 
of re ta rd e d  g row th  and  im paired  d igestion . T he inspecting  v e te r in a ry  suspected  
tu b e rcu lo u s  ly m p h ad en itis . R ep o rted ly , th e re  w ere no o th e r m acroscopic 
lesions e ith e r  in  lungs or elsewhere.

M acroscopically  (F ig . 1), the  specim en  consisted  of tw o ly m p h  nodes 
m easu ring  1 7 x 1 4 x 1 4  cm  and  4 x 3 x 3  cm , re spec tive ly . O n th e  cu t surface, 
th e re  w ere pa tches o f yellow ish necrosis se p a ra te d  by  s tran d s  e ith e r of fascic
u la r o r glossy and  tra n sp a re n t grey tissu e . T here  w ere densely  d issem inated  
sm all hem orrhages, especially  in  ce n tra l p a r ts  o f th e  ly m p h  nodes. T here w ere 
also sm all foci of d y stro p h ic  ca lc ification .

M icroscopically  (h ist. No. 1835/73) th e  necrosis was of th e  caseous ty p e , 
in  som e places calcified. T here  was d e fin ite  lin ing  of necro tic  foci w ith  specific 
g ra n u la tio n  tissue consisting  of fib ro b la s ts , collagen, ep ithe lo id  cells and  m ulti- 
n u c lea ted  g ian t cells (F ig . 2). There w as m o d e ra te  cellu lar in f iltra tio n  consist-
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Fig. 1. Cut surface of the  enlarged m ediastinal ly m p h  node w ith  caseous g ranu lom atous  m u c o r 
mycosis

F ig. 2. Mult inuc lea ted  g ian t  cells in the  specific g ranu la tion  tissue. Hem atoxylin-eosin .  X 420
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ing of ly m p h o cy te s  and  b o th  n eu tro p h ilic  a n d  eosinophilic g ranu locy tes. In  
some places, re c e n t necrosis was sep a ra te d  from  th e  g ran u la tio n  tissue b y  a v e ry  
narrow  d em arca tio n  zone of n eu tro p h ilic  an d  eosinophilic leucocytes. In  th e  
necro tic  tissue  an d  in  the  p lasm a b o th  of th e  fib ro b lasts  and  g ian t cells o f 
th e  in n e r lay e r o f g ran u la tio n  tissue , th e re  w ere frag m en ts  of b ranch ing , no n - 
sep ted , irre g u la rly  in d en ted  fungal h y p h a e  m easu rin g  4 .3 —6.5 pm  in d ia m e te r . 
A round  som e o f th e  fungal elem ents a d e fin ite  lin ing  of eosinophilic am o rp h o u s 
m a te ria l w as seen. T he ou ter m argins o f th is  su b stan ce  w ere e ith er lin ea r or 
irreg u la rly  o u tc ro p p ed  or even of h a iry  or “ cog-w heel” appearance  (F ig . 3). 
In  sections s ta in e d  w ith  F IT C -labelled  ra b b it  an tib o v in e  gam m a-g lobu lin  
(Fig. 4) th e re  w as positive specific fluorescence  only  in  these  linings. F o r  th is  
purpose s ta n d a rd  p ro d u c ts  of th e  firm  “ B io v e ta , n .p . Iv an o v ice”  w ere u sed . 
The c o n c e n tra ted  co n juga te  was abso rbed  to  s ta n d a rd  organ  pow der. S ta in in g  
was perfo rm ed  a f te r  cen trifuga tion  an d  p H  co n tro l in a w et cham ber a t 37°C fo r 
30 m in. S u b seq u en tly , th e  p rep ara tio n s w ere rin sed  for 10 m inu tes in  b u ffe red  
saline an d  m o u n ted  in  glycerol. N e ith e r fu n g a l elem ents nor o th e r s tru c tu re s  
show ed specific p ositive  fluorescence in  th e  exam ined  sections from  v a rio u s  
tissue b locks. T h e  fungal elem ents w ere s ta in e d  positive  b y  th e  G roco tt an d  Me 
M anus m eth o d s.

C ultu res on S ab o u rau d ’s agar y ie lded  M ucor p u sillu s  L in d t (1886). 
The id e n tif ic a tio n  w'as perform ed b y  one o f us (P .F .)  using s ta n d a rd  m ycologi- 
cal p rocedures. A deta iled  descrip tion  o f th e se  w ill he pub lished  elsew here.

D iscussion

Iso la ted  m ucorm ycosis of b ro n ch ia l, m ed ias tin a l or m esenteric  ly m p h  
nodes in  c a ttle  is no t ex trem ely  ra re  (G l e i s e r , 1953; D avis  e t al., 1955; 
B ü h l m a n n  an d  W e r f f e l i , 1968). H is to p a th o lo g ica lly  th e  m ycotic lesions in  
ou r case closely resem bled  those p rev io u sly  described . D a v is  e t al. (1955) 
observed  eosinophilic  “ astero id”  linings w ith  m ucorm yco tic  h y p h ae  in  tw o  o f 
th e ir  11 cases o f g lan d u la r m ucorm ycosis in  c a tt le . These s tru c tu res  are in te r 
esting  from  th e  g enera l p o in t of view . T h ey  re p re se n t a “ Sp lendore— H o ep p li” 
phenom enon  in  m yco tic  infections ( W il l i a m s  e t ah , 1969). T here is a g enera l 
ag reem en t as to  th e ir  basic n a tu re  as p ro te in  p re c ip ita te  caused by  a n tig e n -a n t i 
b o d y  reac tio n . “ A ste ro id ” linings are  n o t u n co m m o n  w ith  various fungal species 
in  an im als w hile r a th e r  ra re  in  m an. T his fac t, a n d  also th e  h igher freq u en cy  o f 
tr iv ia l m ycotic  in fec tions in  anim als, m ig h t be due to  d ifferen t im m u n ity  p a t 
te rn  of th e  host o rganism . In  m an, th e  re s is tan ce  against fungi is co n tro lled  
p red o m in an tly  b y  th e  cell-m ediated  im m u n ity , an d  generalized in fec tio n s 
te n d  to  occur m a in ly  in  persons w here th is  is considerab ly  im paired , as in  
H o d gk in ’s d isease, leukaem ia  and  o th e r m alignancies. The anim als, on th e  o th e r
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F ig . 3. Top figure. B ran ch in g  nonsepted h y p h a  w ith  m ark ed  eosinophilic lining an d  w ith  an  
“ a s te ro id ”  in th e  necrosis. Ilem atoxy lin -eosin . X 970 . On the  b o tto m , tran sv erse  sec tions o f 
th e  h y p h ae  w ith  eosinophilic  linings. “ Cog-wheel”  a p p ea ran ce  a t  th e  r ig h t side. H em a to x y lin

eosin. X 1450

F ig . 4. “ Splendore—H o ep p li”  around m ycotic  h y p h a e . Im m unofluorescence (F IT C -labe lled  
ra b b it  an ti-bovine g a m m a  globulin). X 1500
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h an d , m ig h t be m ore d ep en d en t on im m unog lobu lin  sy stem s, th e  cell-m ediated  
im m u n ity  being genera lly  less effective th a n  in  m an . In  ou r opinion astero id  
linings a ro u n d  fungal e lem ents m igh t ev en tu a lly  p ro v e  to  be a m orphological 
evidence o f an  im m unog lobu lin  response d iffe ren t from  cases w here no such 
s tru c tu re s  are  seen.

T he resu lts  o f im m unofluo rescen t s ta in in g  of th ese  s tru c tu re s  w ith  host- 
specific an ti-g am m a g lobu lin  were qu ite  im pressive. T he sam e m e th o d  was used 
for d em o n stra tio n  o f a s te ro id  m a te ria l w ith  A sperg illus fu m ig a tu s  F resen ius in  
pu lm o n ary  m ycosis o f h a res  ( P r o k s  e t ah , 1972). W e th in k  th a t  th is  re la tiv e ly  
simple m eth o d  will p ro v e  useful for id en tif ic a tio n  of th ese  s tru c tu re s  in  p a ra ffin  
sections, even w ith  th e  om ission of s tr ic t q u a lita tiv e  an d  q u a n tita tiv e  con tro l 
criteria .

Summary

In  tw o enlarged m ed ia s tin a l ly m p h  nodes o f a 6 -m on th -o ld  bu ll th e re  w as g ran u lo m a
tous m ycosis w ith  m orpholog ical appearance  of fungal e lem en ts suggesting  M ucor. A round  
some of th ese , th e re  w ere a ste ro id  fo rm ations w hich d isp lay ed  specific im m unofluorescence 
w ith  F IT C -labelled  host-specific  an ti-gam m a globulin . T he cu ltu res  y ie lded  M ucor p u sillu s  
L ind t (1886).
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VACCINATION EXPERIMENTS AGAINST 
TRANSMISSIBLE GASTROENTERITIS (TGE) OF SWINE
I I I .  T H E  V IR U S -N E U T R A L IZ IN G  T IT R E  O F V A C C IN A TED  SO W S’ M IL K  A N D  IT S 

P E R S IS T E N C E  D U R IN G  T H E  LA CTA TIO N  P E R IO D

By

E. M o c s á r i , J .  B e n y e d a  and  E rzséb e t S á g h y

C en tra l V eterinary  In s t i tu te ,  B u d ap est and  D e p a rtm en t o f E p izo o tio lo g y , U n iversity  o f
V eterinary  Science, B u d ap est

(R eceived A pril 25, 1974)

In  a previous ex p erim en t m ade du ring  a n a tu ra l o u tb rea k  of tran sm iss ib le  g a s tro en te r
itis  (TG E), we in v es tig a te d  th e  a n tib o d y  level o f th e  sows’ m ilk re q u ire d  fo r th e  p ro tec tio n  o f  
p ig le ts born  in an  in fec ted  en v iro n m en t and  th e  specific v iru s-n eu tra liz in g  an tibody  levels 
necessary  for stopp ing  th e  epidem ic in  th e  suckling  p ig le ts (B e n y e d a  e t ah, 1974). I t  w as 
show n th a t  th e  passive  p ro tec tio n  of th e  p ig le ts bo rn  in  an  in fec ted  e n v iro n m en t can be reckoned  
w ith  from  th e  21st d a y  a f te r  th e  T G E  o u tb rea k  in  sows w hen th e  av erag e  an tib o d y  titre  o f th e  
sows’ colostrum  and  m ilk  is 1 : 8 or h igher. H ow ever, we hav e  no d a ta  concerning th e  tim e  
w hen  th e  specific v iru s-n eu tra liz in g  an tibod ies in  th e  m ilk  o f im m unized  sows a tta in  th e  leve l 
re q u ire d  for an effec tive  p ro tec tio n  of th e  new born  p ig le ts. T he sam e applies to  the  possible 
changes of the  m ilk  a n tib o d y  level du rin g  th e  la c ta tio n  period . T he p re se n t w ork was u n d e r
ta k e n  to  clear up  these  questions. The live  T G E  v irus vaccine developed  by  Csontos e t al. 
(1973) was used. T his vacc in e  con tains th e  CKp s tra in  (Csontos an d  Sz e n t-Iv án y i, 1971).

Materials and methods

T he ex p erim en t w as carried  ou t in a sow herd  of a large-scale farm , su s
cep tib le  to  th e  T G E  v irus. T w enty -seven  sows w ere v a c c in a ted  in tran asa lly  
once w ith  a dose o f 5 ml 9— 27 days before farrow ing . T h e  t i t r e  of the vaccine 
w as 106 5 T C ID 50/m l.

Blood and m ilk  sam ples. B lood sam ples w ere collected  from  all the  sows 
before  vaccination , on th e  day  of farrow ing  an d  7 days la te r . Milk sam ples 
w ere collected on th e  d a y  of farrow ing  an d  on th e  3rd , 5 th  a n d  7 th  day  a f te r 
w ard s. F u rth e r  m ilk  sam ples w ere collected  from  9 sows w hich  had  farrow ed 
be tw een  th e  19th  a n d  27 th  day  a fte r  v acc in a tio n , till th e  en d  of th e  35-day  
long lac ta tio n  period . To o b ta in  m ilk  sam ples 15 IU  o x y to c in  were in jec ted  
in to  th e  vena cava  superio r.

Virus strain. In  th e  v iru s-n eu tra liza tio n  te s ts  th e  C K p v iru s  stra in  (C s o n 

t o s  an d  S z e n t - I v a n  y  I ,  1971) was app lied .
Virus-neutraliza tion  test. T he m ilk  w hey  w as sep a ra ted  b y  clo tting . Serum  

an d  w hey  sam ples w ere cen trifuged , in a c tiv a te d  for 30 m in u te s  a t 56°C and  
s to red  a t  —20°C u n til  te sted .

T he te s t was p erfo rm ed  w ith  a s ta n d a rd  d ilu tio n  o f v iru s  contain ing 100 
T C 1D 5o/0.1 ml and  seria l tw ofold d ilu tions of serum  or w hey , s ta rtin g  a t 1 : 2.
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E q u a l  volum es of these  w ere in c u b a te d  a t  37 °C for an  h o u r. F ina lly , tw o or 
th r e e  tu b e s  of secondary  sw ine th y ro id  cell cultures w ere in o cu la ted  w ith  0.2 
m l o f  each  m ix tu re . T he te s t  was e v a lu a te d  tw o days p o st in o cu la tio n . As a n t i 
b o d y  ti t re , the  h ighest serum  or m ilk  w hey  dilution w as considered  w hich 
e n tire ly  n eu tra lized  th e  v ira l c y to p a th ic  effect.

R esu lts

T h e  sows show ed no sy m p to m s a f te r  vaccination  an d  th e ir  p reg n an cy  
to o k  a norm al course.

Specific v iru s-n eu tra liz in g  an tib o d ie s  in the  serum  an d  m ilk w hey  of 
sow s ap p eared  10 days a f te r  v acc in a tio n . T he an tibody  ti t re s  of th e  serum  and  
m ilk  sam ples were averaged  (Fig. 1). T h e  averages w ere co m p ared  w ith  th e  
co rresp o n d in g  average t i tre s  found  d u rin g  a n a tu ra l T G E  o u tb re a k  a t  th e  tim e 
w h en  th e  o u tb reak  reach ed  an  en d  in  th e  suckling p ig le ts  (24 days a fte r  th e  
o u tb re a k  of TG E  in sows).

T he persistence of th e  average  a n tib o d y  titre  in th e  m ilk  w hey  of nine 
sow s farrow ed  betw een  th e  19 th  an d  2 7 th  day  after v a c c in a tio n  is show n in 
F ig . 2.

A sign ifican t d ifference w as fo u n d  am ong the  in d iv id u a l sow s’ w hey  and  
se ru m  titre s . The serum  titre s  o f th e  sows farrow ed 19—21 days a fte r  v a c c in a 
t io n  w ere betw een 1 : 4 an d  1 : 8 a n d  th o se  of th e  sows fa rro w ed  25— 27 days 
a f te r  v acc ina tion  w ere 1 : 32. T he w h ey  ti tre s  of the  sows fa rrow ed  19— 21 days 
a f te r  v acc in a tio n  w ere 1 : 8 or 1 : 16 on  th e  day of farro w in g  and  1 : 1 a t th e  
en d  o f th e  la c ta tio n  period , those  of th e  sows farrow ed 2 5 — 27 days a fte r  v acc i
n a tio n  were 1 : 64 or 1 : 128 an d  1 : 8, respectively .

D iscussion

A ntibodies could be d e m o n s tra te d  up to  the  10 th  p o stv acc in a tio n  d ay  
n e ith e r  in  th e  serum  n o r in  th e  m ilk  w hey . In  the  sera a n d  m ilk  w heys of sows 
fa rro w ed  betw een th e  1 0 th  an d  14 th  d a y  a fte r v acc in a tio n , th e  specific v iru s
n e u tra liz in g  an tibod ies ap p ea red  in  d iffe ren t titre s  a n d  th e  t i t re  te n d e d  to  
in c rease . The average serum  a n tib o d y  t i t r e  o f sows fa rro w ed  on th e  2 7 th  d ay  
a f te r  v accination  w as 1 : 30 an d  th a t  o f  th e  m ilk w hey w as 1 : 9. T he a n tib o d y  
t i t r e s  ob ta in ed  co rresponded  p ra c tic a lly  to  those fo u n d  in  th e  sows’ sera 
a n d  m ilk  w heys a fte r  n a tu ra l T G E  in fec tion  a t th e  tim e  w hen th e  epidem ic 
ceased  in  th e  suckling  p ig lets (24 d ay s a fte r the  o u tb re a k  of T G E  in  sows).

In v es tig a tin g  th e  p ersistence  o f th e  m ilk w hey a n tib o d y  levels, th e  resu lts  
o b ta in e d  show ed th a t  on th e  d ay  o f farrow ing  th e  m ilk  a n tib o d v  level was
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F ig . J. The an tib o d y  level o f  sera an d  m ilk w heys of sows v acc in a ted  once 10— 27 days before
farrow ing

N o te : The colum ns re p re se n t th e  average an tib o d y  t i t r e  o f sow s’ sera an d  m ilk w heys during  
a n a tu ra l  T G E infection  a t  th e  tim e  w hen th e  epidem ic reach ed  an  end  in th e  suckling p iglets

litre
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Fig. 2. T he persistence of m ilk  an tib o d y  titre s  of v acc in a ted  sows d u rin g  th e  lac ta tio n  p e rio d

h ig h er by  one lo g 2 u n it  th a n  th a t  o f the  serum . T hen  —  betw een  th e  3rd and  
5 th  d ay  a fte r fa rrow ing  — th e  m ilk an tib o d y  level fell b y  one or tw o lo g 2 
u n its  com pared  to  t h a t  o f th e  serum  and  rem ain ed  a t  t h a t  level to  th e  end  of 
the  35-day-long la c ta tio n  period .

T he resu lts h av e  show n th a t  th e  specific v iru s-n eu tra liz in g  an tibod ies in 
th e  co lostrum  and  m ilk  o f  sows p ro p erly  im m unized  an d  th u s  hav in g  a high 
a n tib o d y  level rem ain  up  to  th e  end  of th e  la c ta tio n  perio d  a t  a level w hich 
p rovides a firm  p ro te c tio n  fo r th e ir  piglets bo rn  d u rin g  a T G E  o u tb reak .
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S um m ary

T w enty -seven  sows from  a sow h e rd  of a large-scale farm  su scep tib le  to  th e  T G E  
v iru s  w ere  v acc in a ted  in tra n asa lly  once w ith  a dose of five ml 9— 27 d ay s  before farrow ing. 
T h e  v iru s-n eu tra liz in g  a n tib o d y  titre s  o f b lood  an d  m ilk sam ples co llected  w ere de te rm in ed  on 
th e  d a y  of farrow ing and  a t  d e fin ite  p o in ts  o f tim e  th ereafte r.

Specific v iru s-n eu tra liz in g  an tib o d ies  ap p eared  in  th e  sera and  m ilk  w heys of sows 10 
d a y s  a f te r  v acc ina tion  a n d  th e ir  t itre s  in c reased  g rad u ally . On th e  27 th  d a y  a f te r  v acc ina tion , 
th e  av erag e  serum  and  w hey a n tib o d y  t i t r e  w as 1 : 30 and  1 : 9, re sp ec tive ly . T hese values cor
re sp o n d ed  p ractica lly  to  those  fo u n d  in th e  sow s’ sera and m ilk wheys a f te r  n a tu ra l  T G E  infection  
a t  th e  tim e  w hen th e  epidem ic ceased in  th e  suckling  p ig lets (24 d ay s a f te r  th e  o u tb rea k  of 
T G E  in  sows).

T he persistence o f th e  m ilk  w hey a n tib o d ie s  was investiga ted  up  to  th e  end of th e  la c ta 
t io n  p e rio d  in th e  case o f nine sows fa rro w ed  betw een  th e  19th and 2 7 th  p o stv acc in a tio n  day. 
O n  th e  day  of farrow ing , th e  m ilk a n tib o d y  level was h igher by  one lo g 2 u n i t  th a n  th e  serum  
lev e l, th e n  the  m ilk a n tib o d y  level fell b y  one or tw o log2 u n its  betw een  th e  3rd and  5 th  day 
a f te r  fa rrow ing  com pared  to  th a t  of th e  se ru m  an d  rem ained a t  th a t  level u p  to  th e  end  of th e  

la c ta t io n .
T he resu lts  show ed th a t  the  specific  v iru s-n eu tra liz in g  an tibod ies in  th e  co lostrum  and 

m ilk  o f sows properly  im m unized  an d  th u s  h av in g  a high an tibody  level rem ain ed  th ro u g h o u t 
th e  la c ta tio n  period a t  a level w hich p ro v id es  a firm  p ro tec tio n  for th e ir  p ig le ts  bo rn  du rin g  a 
T G E  o u tb reak .
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VACCINATION EXPERIMENTS AGAINST 
TRANSMISSIBLE GASTROENTERITIS (TGE) OF SWINE

IV . T H E  T IT R E  AN D  P E R S IS T E N C E  O F  V IR U S -N E U T R A L IZ IN G  A N T IB O D IE S  IN  
T H E  SE R A  O F SOW S V A C C IN A TED  O N C E O R  T W IC E  AT D IF F E R E N T  IN T E R V A L S

By

E . M o c s á r i , J .  B e n y e d a  and E rzséb e t Sá g h y

C entra l V e terinary  In s t i tu te  and  D e p a rtm en t o f E pizootiology, U n iv e rsity  o f V e terin ary  Science,
B u d ap est

(R eceived A pril 25, 1974)

The resu lts  of ex p erim en ta l v acc in a tio n s carried  ou t in suscep tib le  sw ine herds of large- 
scale fa rm s as well as th e  persistence of p o stv acc in a tio n  a n tib o d y  t it re s  an d  th e  a n tib o d y  re 
sponse to  rev accin a tio n  w ere described in p rev ious pap ers  (Csontos e t ah , 1973, 1974; B en y e d a  
a n d  M ocsári, 1974; B e n y e d a  e t ah , 1974). T he persistence of th e  p o stv acc in a tio n  t itre s  was 
ex am ined  in  a single blood sam ple  ta k e n  h a lf  a y e a r a fte r vacc in a tio n . T he resu lts  o b ta in ed  
show ed th a t  th e  average  t i t r e  o f sows v acc in a ted  on a single occasion  was su b s ta n tia lly  h igher 
six  m o n th s a f te r  v a cc in a tio n  com pared  to  th e  early  p o stv acc in a tio n  m ean  t itre . T he average 
an tib o d y  level o f sows v acc in a ted  tw ice a t  a tw o-w eek in te rv a l p e rsis ted  a t  a c o n s tan t level, 
w hile  th a t  of th e  sows v acc in a ted  tw ice a t  a six-w eek in te rv a l m ark ed ly  declined . E v a lu a tin g  
th e  resu lts , we p o in ted  to  th e  necessity  o f (a) perform ing  fu r th e r  in v es tig a tio n  to  rev ea l th e  
cause  of th e  t it re  increase observed  in sows v a cc in a ted  once and  (b) d e te rm in in g  m ore ex ac tly  
th e  tim e  when th e  h igh  a n tib o d y  levels o b ta in ed  by  th e  double-dose v acc in a tio n  schedule  a t  
a six-w eek in te rv a l decline.

In  o rder to  clarify  these  questions, in  th e  p resen t s tu d y  th e  persistence of 
th e  specific v iru s-n eu tra liz in g  an tib o d ies  was followed up  in sows v acc in a ted  
once or tw ice a t d ifferen t in te rv a ls .

Materials and methods

The 132 sows of a herd  suscep tib le  to  th e  T G E  v iru s  w ere d iv ided  in to  
th re e  groups. Sows of group I (58 sows) w ere v acc in a ted  w ith  a single dose, 
th o se  of group I I  (41 sows) tw ice a t a tw o-w eek in te rv a l w hile those  of group I I I  
(33 sows) were v acc in a ted  tw ice a t a six-w eek in te rv a l. F ro m  th e  sows m arked  
in d iv id u a lly  (group  I , 20; group I I ,  20; group I I I ,  16 sows) blood sam ples 
w ere collected every  second to  fo u rth  w eek for h a lf  a yea r. T he t i t r e  of th e  sera  
w as de te rm ined  b y  th e  v iru s-n eu tra liza tio n  tes t.

The m ate ria ls  an d  m eth o d s app lied  w ere th e  sam e as described  in  th e  
p rev ious p ap er of th is  series (M o c s á r i  e t al., 1975) an d  in  o th e r  papers re la ted  
to  th e  top ic  ( B e n y e d a  e t ah , 1974; C s o n t o s  e t ah, 1973, 1974). T he t i t r e  o f th e  
vaccine was 105-75— 10f>-75 T C ID 5u/m l, th e  dose was 5 m l app lied  in tran asa lly .
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Results

T he sows rem ain ed  w ith o u t sy m p to m s a fte r  v acc in a tio n  an d  th e ir  p reg 
n an cy  to o k  a norm al course.

T he t i t re  and  p e rs is ten ce  of th e  specific v iru s-n eu tra liz in g  an tibod ies 
w hich ap p eared  in  th e  se ru m  of sows v a c c in a ted  once, or tw ice a t  an  in te rv a l 
of tw o  or six weeks, a re  d e m o n s tra te d  in  Fig. 1.

In  F igures 2a, 2 b  a n d  2c, th e  resu lts  are  com pared  w ith  th o se  o f th e  p re 
vious ex p erim en t c a rr ie d  o u t in  a sim ilar m an n e r ( B e n y e d a  e t  ah, 1974).

Weeks

Fig. 1. D ynam ics of a n tib o d y  response to  T G E  v iru s in th e  sera o f sows v acc in a ted  once or
tw ice a t  d iffe ren t in te rv a ls . E x p la n a tio n  to Figs 1, 2a, 2b and 2c: — ------ — sows v acc in a ted
on a single occasion; ---------------------  sows v acc in a ted  tw ice a t  a tw o-w eek i n te r v a l ; ..................

sows v a cc in a ted  tw ice a t  a  six-w eek in te rv a l

»

Fig. 2a. P ersis ten ce  of a n tib o d y  titre s  o f sows v acc in a ted  on a  single occasion. N ote to  Figs 
2a, 2b and  2c: T h e  co lum ns rep re sen t th e  resu lts  o f th e  p rev ious experim ents
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D iscussion

The se ru m  a n tib o d y  level of th e  sows v a c c in a ted  on a single occasion  
w as th e  h ig h es t on th e  42nd day  a f te r  v acc in a tio n  (av erag e  1 : 24). T h en  th e  
an tib o d y  level fell b y  0.5 log , u n it  d u rin g  th e  su b seq u en t four w eeks an d  
rem ained  u n ch an g ed  fo r six m o n ths (av erag e  1 : 16).

The specific  v iru s-n eu tra liz in g  a n tib o d y  level o f th e  sows v a c c in a te d  
tw ice a t  a six -w eek  in te rv a l was th e  h ig h e s t in  th e  8 th  w eek a fte r th e  f i r s t  
v acc in a tio n  (average  1 : 94). T hen i t  fell b y  1.5 lo g , u n it  du ring  th e  su b seq u en t 
four weeks an d  rem ain ed  co n stan t fo r six  m o n th s  average  (1 : 32).

Weeks

Fig. 2b. P e rsistence  o f a n tib o d y  titre s  o f sows v a cc in a ted  tw ice  a t  a tw o-w eek in te rv a l

Titre 
256 -  

128 -

---------1--------1-------- 1---------- [—*------------------1------- 1----------1----------!-------- 1----------1------------ 1 f ---------1--------------
0  2 U 6 8 10 12 14 16 18 20 22 2U 26

Weeks

Fig. 2c. P e rsis ten ce  of an tib o d y  titre s  o f sow s v a cc in a ted  tw ice a t  a six-week in te rv a l
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T he level o f th e  specific v iru s -n eu tra liz in g  an tibodies o f th e  sows v acc i
n a te d  tw ice a t  a tw o-w eek  in te rv a l w as th e  h ig h est likew ise in  th e  8 th  w eek 
a f te r  th e  f irs t v ac c in a tio n  (average 1 : 120) an d  th e  titre s  d id  n o t fa ll su b 
s ta n tia lly  for six  m o n th s  (average 1 : 100).

In  ad d itio n  to  th e se  m ain resu lts  th e  p resen t investig a tio n s h av e  c larified  
all th e  questions th a t  rem ained  u n an sw ered  a fte r th e  prev ious ex p erim en ts . 
D u rin g  th e  p rev ious experim en ts th e  p e rs is ten ce  of th e  p o s tv acc in a tio n  a n t i 
b o d y  ti t re s  of sows v a cc in a ted  once, o r tw ice  a t  a tw o-w eek or six-w eek in te rv a l, 
w as d e te rm ined  by  a single a n tib o d y  t i t r a t io n  carried  ou t six m o n th s a f te r  
v acc in a tio n . I t  w as show n th a t  th e  av e rag e  an tib o d y  t i tre  fo r sows v a cc in a ted  
on a single occasion w as su b s ta n tia lly  h ig h er a fte r h a lf  a y e a r  th a n  im m e
d ia te ly  a fte r im m u n iza tio n ; th e  m ean  a n tib o d y  t i tre  of th e  sows v acc in a ted  
tw ice  a t  a tw o-w eek  in te rv a l p e rs is ted  a t  a c o n s ta n t level, w hereas th a t  o f th e  
sows v a cc in a ted  tw ice  a t  a six-w eek in te rv a l  fell m ark ed ly  (B e n y e d a  e t a l., 
1974). T he cause o f  th is  phenom enon h as  been  revealed b y  follow ing up  th e  
ap p earan ce  an d  p ersistence  of th e  specific  v iru s-n eu tra liz in g  an tib o d ies . I t  
h as  been  show n t h a t  b o th  th e  t i t r e  in c rease  in  sows v a cc in a ted  on a single 
occasion  and  th e  p ersistence  of th e  t i t r e s  in  sows v acc in a ted  tw ice a t  a tw o- 
w eek in te rv a l observed  in  the course o f th e  previous ex p erim en t six m o n th s  
a f te r  v acc ina tion  derived  from  th e  u n tim e ly  serological co n tro l (see co lum ns 
o f F igs 2a, 2b an d  2c). The a n tib o d y  t i t r e s  o f sows v a cc in a ted  accord ing  to  
th e se  schedules in c reased  for th ree  to  fo u r w eeks following th e  tim e  o f th e  
serological con tro l an d  th en  decreased  s lig h tly  during th e  su b seq u en t 4— 8 
w eeks. T hen  th e  a n tib o d y  titre s  rem ain ed  a t  a co n stan t level for six m o n th s .

T he titre s  found  in  sows v a c c in a ted  tw ice a t an in te rv a l of tw o or six  
w eeks w ere lower d u rin g  the  p rev ious ex p e rim en t th a n  in  th e  p re se n t one 
(see th e  d ifference b e tw een  th e  s tr ip e d  co lum n  and  th e  cu rv e  of F igs 2b an d  
2c). T his d ifference w as p ro b ab ly  cau sed  by  im m unobio logical d ifferences 
b e tw een  herds.

T he resu lts  o f th e  p resen t ex p e rim e n t, in  accordance w ith  tho se  o f th e  
p rev ious one, h av e  verified  th a t  th e  double-dose v acc in a tio n  schedule  a t  an  
in te rv a l of tw o w eeks p roved  to  be th e  b e s t concern ing  th e  level and  p ersistence  
o f th e  specific v iru s-n eu tra liz in g  an tib o d ie s  in  sows’ sera. T he a n tib o d y  ti tre s  
o f sows v acc in a ted  b y  th is  schedule co rresp o n d ed  to  those found  in th e  sow s’ 
sera  a fte r  n a tu ra l T G E  ou tb reaks an d  th e  titre s  rem ained  c o n s ta n t d u rin g  
th e  su b seq u en t six m onths.
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S um m ary

A h u n d re d  an d  th ir ty -tw o  sows of a h e rd  suscep tib le  to th e  T G E  v irus were v a cc in a ted  
on  a single occasion or tw ice a t  an  in te rv a l o f tw o  or six weeks w ith  th e  live v irus T G E  vaccine 
p rep ared  from  th e  44C K p”  stra in . The ap p ea ran ce  an d  th e  persistence of th e  specific v irus- 
n eu tra liz in g  an tib o d ies  were followed up fo r six m o n th s  by  serological te s ts  carried  o u t every 
second or fo u rth  w eek.

T he serum  a n tib o d y  level o f th e  sows v a cc in a ted  on a single occasion was th e  h ig h est 
on  th e  42nd d ay  a f te r  v acc ina tion  (average, 1 : 24). T he an tib o d y  level fell by  0.5 lo g 2 u n it  
d u rin g  th e  su b seq u en t four weeks and  rem a in ed  c o n s ta n t for six  m o n th s (average, 1 : 16).

T he specific v iru s-n eu tra liz in g  an tib o d y  level o f th e  sows v acc in a ted  tw ice a t  a six- 
week in te rv a l w as th e  h ighest in the  8 th  w eek a f te r  th e  f irs t v acc in a tio n  (average, 1 : 94), th e n  
fell by  1.5 log2 u n i t  du rin g  th e  subsequen t four w eeks and  rem ained  c o n s tan t fo r six  m o n th s  
(average, 1 : 32).

The an tib o d y  level of th e  sows v acc in a ted  tw ice  a t  a tw o-w eek in te rv a l was th e  h ig h es t 
likew ise in th e  8 th  w eek a fte r  th e  f irs t v a cc in a tio n  (average 1 : 120) and  th is  did n o t fa ll su b 
s ta n tia lly  for six m o n th s  (average 1 : 100).

I t  is concluded  th a t  th e  double-dose v a cc in a tio n  schedule a t  an  in te rv a l o f tw o  w eeks 
is th e  best, concern ing  th e  level and persistence o f th e  specific v iru s-n eu tra liz in g  an tib o d ies  in 
sow s’ sera.
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THE ULTRASTRUCTURE OF THE SPERMATOZOON OF
THE DRAKE

I. H E A D  

B y

M. M a r e t t a

D e p a rtm e n t o f H isto logy and  E m b ry o lo g y , V e terin ary  U n iv e rsity  College, K osice

(R eceived  M ay 3, 1974)

T he u ltra s tru c tu re  of th e  sp e rm ato zo o n  of v e r te b ra te s  has been s tu d ie d  
by  a n u m b er of w orkers. M ost o f th e m  exam ined  m am m alian  spe rm ato zo a .

Grig g  an d  H odge (1949) an d  B o n a d o n n a  (1954) were th e  f ir s t  to  re p o rt on th e  u ltra -  
s tru c tu re  o f th e  sperm atozoon  of th e  fow l, a f te r  h av in g  stud ied  whole m o u n ts  w ith  th e  e lec tro n  
m icroscope. More d e ta iled  know ledge of th e  u l tra s tru c tu re  o f th e  fowl sperm atozoon  has been  
o b ta in ed  only since th e  in tro d u c tio n  of u ltra m ic ro to m y . (N agano , 1962; N ic a n d e r . 1968 an d  
L a k e  e t a l., 1968).

Materials and methods

Sem en w as o b ta in ed  b y  m assage  (B a b u s h k i n , 1968) and  from  k illed  
b ird s, from  th e  d u c tu s  deferens. A fte r  m icroscopical ex am in a tio n  th e  sem en 
w as fix e d  accord ing  to  B lom  an d  B i r c h -A n d e r s e n  (1963) or tra n s fe rre d  b y  
m eans o f a p ip e tte  in to  a p h o sp h a te -b u ffe red  3%  g lu ta ra ld eh y d e  f ix a tiv e  
co n ta in in g  0.2 M sucrose ( F a h i m i  a n d  D r o c h m a n s , 1965) an d  p o stfixed  in  1%  
O s 0 4in  p h o sp h a te  buffer. A fter rin sin g  in  th e  p h o sp h a te  bu ffer th e  fixed  m a te 
r ia l w as d eh y d ra te d  in  a g raded  series of acetone or alcohol an d  em b ed d ed  in  
D u rc u p a n  ACM an d  E po n  812 ( L u f t , 1961). U ltra -th in  sections w ere o b ta in e d  
b y  th e  u ltram ic ro to m e  Tesla BS 490, a n d  s ta in ed  accord ing  to  W a t s o n  (1958) 
an d  R e y n o l d s  (1963). Sections s ta in e d  w ere exam ined  w ith  th e  e lec tro n  
m icroscope T esla BS 242 E and  T esla  BS 613.

Results

S im ilar to  o th e r fowl species, th e  d rak e  sperm atozoon  appears as a long, 
narro w  cy linder, ap ically  te rm in a te d  b y  th e  acrosom e. In  its  po ste rio r reg ion  
i t  free ly  passes in to  th e  neck an d  th e  m idd le  piece of th e  ta il. I ts  len g th  an d  
d iam e te r range w ith in  10— 11 u r n ,  a n d  0 .6— 0.7/лт, respective ly . E x c e p t in  
th e  p ro x im al end w here i t  is s lig h tly  tap e rin g , th e  h ead  appears to  h av e  
th e  sam e d iam e te r along its  en tire  len g th . T he tap e rin g  is m ore m ark ed  on ly  
in  th e  p lace w here th e  acrosom e cap  is a tta c h e d  from  o u tside  to  a p o rtio n  of 
0.3 fxvci len g th .
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Figs 1— 5. 1, L o n g itu d in a l section  of an  aerosom e. A crosom e cap (AC) covers th e  acrosom e 
sp ine  (AS). Along th e  in n e r  p a r t  of th e  spine v acuo les (V) are seen. T he space betw een th e  spine 
a n d  th e  cap are filled  w ith  g ran u la r m ate ria l (GM ). X 90,000. 2 — 5, T ran sv ersa l sections o f an  
acrosom e a t d ifferen t levels. The vacuoles (V) inside  th e  acrosom e spine are well-visible. 2,

X 49,200; 3 and  4, X 51,500; 5, X 63,200
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Figs 6 —7. 6, L o n g itu d in a l section of the  c au d a l reg ion  o f th e  head . T he ch ro m atin  d isp lay s 
a coarse g ran u la r s tru c tu re  w ith  a small vacuole  p re se n t in  th e  m iddle. C ytoplasm ic m em b ran e  
closely applied  to th e  n u c le a r  surface ( \  ). X 51,000. 7, T ran sv ersa l section  of th e  head of a sp e r
m atozoon . On th e  b o tto m  of th e  picture, a sec tio n  a t  th e  in v ag in a tio n , w ith  rem n an ts  o f th e

prox im al cen trio le

T he acrosom e is com posed of tw o  p a r ts :  th e  acrosom e cap  and  th e  acro- 
som e spine, w hich d iffe r b o th  in s tru c tu re  an d  n a tu re . T he acrosom e cap consists 
of hom ogeneous m a te r ia l of m oderate d e n s ity  su rro u n d ed  by  a single m em brane ; 
i t  is reversed  “ Y ” -sh ap ed  and reaches 2.2 /a n  in  len g th . T he thickness of its  
w all is 0.1— 0.2 /a n , being  th innest a t  th e  s ite  w here the  nucleus is a tta c h e d . 
T he th ickness of th e  w all, however, is th in n e r  a t  som e sites th a n  a t  o th e rs . 
T he base of th e  acrosom e cap is a p p ro x im a te ly  as w ide as th e  la t te r  a t th e  site  
b e n e a th  th e  head . T h e  acrosom e sp ine, com posed  of e lectron-dense m ate ria l
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is n eed le -shaped , reach in g  an  average le n g th  an d  d iam eter of 2.6 fim  an d  0.2 
pm  respec tive ly . W ith  1 p m  of its  le n g th  i t  lies in  an  in v ag in a tio n  of th e  p ro x 
im a l p o rtio n  of th e  h ead , w hereas its  rem a in in g  p a r t  p ro jec ts  and  is covered  
w ith  th e  acrosom e cap . In s id e  th e  sp ine, a long  its  en tire  len g th , lo n g itu d in a lly  
ru n n in g  vacuoles are seen (Fig. 1). T h e ir n u m b e r m oves w ith in  2 to  5 a n d  som e
tim es even m ore. N e ith e r th e  size nor th e  n u m b er of vacuoles are  c o n s ta n t. 
T h e  vacuo les are able to  com m unicate  w ith  th e  o u te r space betw een  th e  ac ro 
som e cap  an d  th e  acrosom e spine. T he v acuo les ap p ear to  be e ith e r e m p ty  or 
filled  w ith  a sm all a m o u n t of a m o d e ra te ly  dense substance.

T he acrosom e cap  an d  th e  acrosom e sp ine  are sep a ra ted  from  each o th e r 
b y  a 10— 40 nm  w ide space. The w idest p o in t of th is  space is above th e  processes 
of th e  nucleus. This space becom es n a rro w e r p roxim ally . I t  is filled  w ith  a low  
e lec tron -dense  g ran u la r  su b stance . In  th e  an te rio r  p o rtion  th e  acrosom e sp ine  
to u ch es  th e  acrosom e cap , w hereas d is ta lly  i t  m ay, b u t need n o t, reach  as fa r  
as th e  base o f th e  in v ag in a tio n  of th e  n uc leus (Fig. 1).

T he ch ro m atin  o f th e  head  is com posed  of large granules of a b o u t 60 n m  
w hich  are  closely a tta c h e d  to g e th er. I t  is therefo re  d ifficu lt to  d iffe re n tia te  
its  g ra n u la r  s tru c tu re  in th e  sections. O n ly  a sm all n u m b er of th e  sp e rm a to zo a  
d isp lay ed  a m ark ed  g ran u la r  s tru c tu re . T h e  density  of ch ro m atin  is s im ila r 
a long  th e  en tire  len g th  o f  th e  head . T h e  nucleus is su rrounded  b y  a doub le  
n u c lea r  m em brane , w hich  in a d u lt sp e rm ato zo a  is so closely app lied  to  th e  
c h ro m a tin  th a t  i t  h a rd ly  can he d iffe re n tia ted  from  th e  nucleus. S om etim es 
th e  n u c lea r m em b ran e  becom es obvious o n ly  in  the  an te rio r region of th e  h e a d , 
a t  th e  site  w here th e  acrosom e cap is a tta c h e d , in th e  place of th e  in v a g in a tio n  
an d  in  th e  poste rio r p a r t  of th e  head  a t  th e  place w here th e  ta il is a r t ic u la te d  
w ith  th e  head . E v en  in  th is  p o rtion  th e  n u c lea r  m em brane follows th e  ch rom a- 
tin ic  c o n te n t and does n o t form  an y  p rocesses or folds (F ig. 6).

T he cell m em b ran e  covering th e  acrosom e cap and  th e  nucleus is e ith e r  
closely app lied  to  th is  s tru c tu re  or bu lges slightly . These hulgings are  m ore 
f re q u e n t in  th e  region o f th e  nucleus th a n  in th a t  of th e  acrosom e cap .

Discussion

T he f irs t descrip tions of th e  sh ap e  an d  s tru c tu re  of th e  fowl s p e rm a to 
zoon w ere m ade on th e  occasion of th e ir  o b se rv a tio n  in  a d istilled  M a te r  m ed ium . 
E x e rtin g  a h y p o to n ic  effect th e  ab o v e  m edium  revealed  th e  in n e r s tru c tu re  
o f  th e  h ead  in  th e  fow l sperm atozoon  (G r i g g  and  H o d g e , 1949; B o n a d o n n a , 
1954). T hese o b serv a tio n s considered m a in ly  th e  descrip tion  of th e  sh ap e  an d  
size o f th e  single p a r ts  o f th e  sp e rm ato zo o n  and  only p a r tly  th e ir  in n e r s tru c 
tu re . T he la t te r  w as observed  in  a d u lt  sp erm atozoa  as la te  as 1968 b y  L a k e  
e t al. in  sections of fow l sperm atozoa . T h e  sizes estab lished  in th e  sp e rm a to 
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zo o n  o f  th e  m a le  cluck are  in g e n e ra l  a g r e e m e n t  w i th  th o s e  r e p o r t e d  b y  B o n a - 
DONNA (1954) in  t h e  fowl s p e r m a to z o o n  a n d  d if fe r  o n ly  l i t t l e  f ro m  th e  d a t a  
r e p o r t e d  b y  L a k e  e t  al. (1968).

T he acrosom e o f the  m ale d uck  as in  th e  fowl is com posed of th e  acrosom e 
cap  and  th e  acrosom e spine, called  “ apical c ap ” and “ apical sp ine” b y  G r ig g  
an d  H o d g e  (1949). B o th  elem ents d iffer n o t only  in  shape b u t also in th e ir  in n e r 
s tru c tu re . W hereas th e  acrosom e cap  ap p ears  hom ogeneous in s tru c tu re  con
sisting  of m o d e ra te ly  dense su b stan ce , th e  acrosom e spine is com posed o f an  
elec tron-dense  su b s ta n c e  d isp lay ing  severa l lo n g itu d in a lly -a rran g ed  vacuoles 
in side  th e  spine. I n  th e  la tte r  fo rm a tio n  no lam ella r s tru c tu re s , sim ilar to  th o se  
described  by  L a k e  e t al. (1968), cou ld  be seen. I t  is possible th a t  th e  lo n g itu d i
n a lly  run n in g  v acuo les h ad  caused  th e  lam ella r ap p earan ce  of th e  acrosom e 
sp ine. A t its a n te r io r  end  th is fo rm a tio n  slig h tly  touches th e  acrosom e cap an d  
its  te rm in a tio n  is n o t well visible w hereas i t  cau d a lly  reaches as fa r as th e  base  
of th e  in v ag in a tio n . T he granu lar m a te ria l filling  th e  space betw een  th e  ac ro 
som e cap and th e  acrosom e spine is n o t p re sen t a t  th e  site  o f th e  nu c lea r 
in v ag in a tio n . L a k e  e t al. (1968) a d m it th a t  it m ay  be of cy top lasm ic origin, 
h av in g  perhaps b een  derived from  th e  Golgi zone du ring  acrosom e developm ent.

T h ro u g h o u t i ts  en tire  len g th  th e  nucleus reveals a sim ilar th ickness, 
on ly  in th e  p ro x im a l portion  it  is s lig h tly  ta p e rin g , th u s  form ing  a sm ooth  
ju n c tio n  of th e  n u c leu s  w ith  the  acrosom e cap . In  c o n tra s t to  th e  hom ogeneous 
ap p ea ran ce  in m o st m am m alian  species ( F a w c e t t , 1958; N ic a n d e r  and B a n e , 
1962a, b ; Sa a c k e  a n d  A l m q u is t , 1964; B lom  a n d  B i r c h -A n d e r s e n , 1965), 
th e  nucleus of th e  d rak e  sperm atozoon  co n ta in s  large granules of ch ro m atin . 
A g ran u la r s tru c tu re  of th e  ch ro m a tin  h ad  been observed  only  in the  h u m an  
sperm atozoon  (A n b e r g , 1957; S c h u l t z -L a r s e n , 1958; B e d f o r d , 1967; 
P e d e r s e n , 1969). C hrom atin  g ra n u la tio n  is genera lly  ascribed to  th e  presence 
of im m atu re  sp e rm a to zo a  as a re su lt of incom ple te  condensation  (A n b e r g , 
1957; H o r s t m a n n , 1961; N a g a n o , 1968). A  m ark ed  g ran u la r s tru c tu re  o f 
ch ro m a tin  could b e  w ell observed in  th e  sp e rm atozoon  of th e  m ale duck  a fte r  
exposu re  to  an iso to n ic  m edium  (M a r e t t a , 1971). T ransverse  segm en ta tio n  
o f th e  nuclear c o n te n t  of the  head  as show n by  L a k e  et al. (1968) in  th e  fowl 
sperm atozoon  w as n o t seen in  o u r m a te ria l. T he nucleus is su rro u n d ed  
b y  a double n u c lea r m em brane follow ing th e  nu c lea r surface and  even a t th e  
p lace w here th e  h e a d  a rticu la tes  w ith  th e  ta il. N o cau d a l processes of th e  nu c lear 
m em b ran e  sim ilar to  those  described b y  L a k e  e t al. (1968) and  w ich are a 
com m on fea tu re  in  m am m alian  sp e rm ato zo a  ( B e d f o r d , 1965; F a w c e t t , 1965; 
F a w c e t t  and I t o , 1965) were seen.

B o th  the  acrosom e and  th e  nucleus are su rro u n d ed  by  a cy top lasm ic  
m em b ran e  being as a ru le applied to  th e  above fo rm atio n s. L a k e  e t al. (1968) 
s ta te d  periodical b u lg in g  of the  cy to p lasm ic  m em b ran e  in th e  region of th e  
nucleus. A ccording to  th e  above a u th o rs  th ese  bulgings can form  gaps filled
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w ith  a g ran u la r su b stan ce , considered  b y  th e  au th o rs  as rem m an ts  of th e  
sp e rm a tid  cy toplasm . A lth o u g h  s ligh t b u lg ing  of th e  cy top lasm ic  m em b ran e  
in  th e  region of th e  nucleus could  be o bserved  in  som e sp erm atozoa  o f  th e  m ale 
d u ck , gaps conta in ing  g ra n u la r  m a te ria l as described b y  Lake e t al. (1968) 
w ere  n o t seen. I t  is suggested  th a t  th e  h igh  req u irem en ts  of th e  fowl sp e rm a to 
zoon to  th e  m edium  m ay  be re flec ted  in  th e  re la tio n  to  th e  fix a tiv es . In  de ta iled  
e v a lu a tio n  of the  s tru c tu re s  it  is th e re fo re  necessary  to  consider th e  above 
fa c t. E v en  so some u ltra s tru c tu ra l  d ifferences betw een  th e  acrosom e and th e  
nucleus are  p resen t in  th e  sp e rm ato zo a  of th e  d rake  an d  those  of fowls.

S um m ary

A s tu d y  was u n d e rta k e n  on th e  u l tra s tru c tu re  of th e  h ead  of th e  d ra k e jsp e rm a to zo o n . 
T he la t t e r  consists o f an  acrosom e cap, an  acrosom e spine and  th e  nucleus. The acrosom e cap 
p re sen ts  th e  an te rio r apex-like  te rm in a tio n  of th e  head  an d  ap p ears  hom ogeneous in  s tru c tu re . 
T h e  acrosom e spine is need le-shaped  d isp lay ing  a n u m b er o f vacuoles w ith in . T he space 
b e tw een  th e  spine and  th e  acrosom e cap  is filled  w ith  a g ran u la r  substance. T he nucleus is 
com posed  of ch rom atin  a rra n g e d  in to  large  g ranu les. T he nu c lear m em b ran e  is ap p lied  to  th e  
su rface  of th e  nucleus. T he cell m em b ran e  is y lose ly  applied  to  th e  acrosom e cap  a n d  th e  
nucleus.
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THE ULTRASTRUCTURE OF THE SPERMATOZOON
OF THE DRAKE

I I .  T A IL  

By

M. Ma r Etta

D ep artm en t o f H isto lo g y  and E m bryology , V e te rin a ry  U n iv e rs ity  College, Kosice

(R eceived M ay 3, 1974)

M ost of th e  k n o w ledge  of th e  u ltra s tru c tu re  o f th e  fow l sperm ato zo o n  has been supplied  
b y  th e  au th o rs  c ited  in  o u r  accom panying  p ap er d ealin g  w ith  th e  u ltra s tru c tu re  o f th e  head  of 
th e  d rake  sperm atozoon . T he fine s tru c tu re  o f th e  ta i l  o f th e  fowl sp erm atozoon  has been p a r ti 
ally  described by  N a g a n o  (1962), N ic a n d er  (1968), N ic a n d e r  a n d  H ellsthöm  (1968) and  
T in g a r i (1973).

Materials and methods

In  the  p re se n t s tu d ies  th e  sam e m ate ria l w as used  as th a t  described in  
th e  accom pany ing  p a p e r. The m ethods were co m p le ted  b y  fix a tio n  according 
to  Stefa n iin i  e t al. (1967).

Results

The tail o f th e  d rak e  sperm atozoon is com posed o f fo u r p a rts : a neck, 
a m iddle piece, a p rin c ip a l piece an d  an  end  piece.

The neck is th e  p lace of a rticu la tio n  b e tw een  th e  head  a n t th e  ta il, 
w hich m ay  com prise  th e  p rox im al cen trio le  an d  an  a d ja c e n t electron-dense 
m a te ria l filling th e  a re a  a round  th e  p ro x im al cen trio le . In  co n tra s t to  th e  
d ista l centrio le, th e  p ro x im a l centrio le m a in ta in s  its  o rig inal size. A t one end 
of its  lum en an  e lec tro n -d en se  m ateria l can  be seen. I ts  w all consists o f nine 
tr ip le t tu b u le  s tru c tu re s  and  form s a r ig h t angle to  th e  d is ta l centriole. In  
cross sections i t  a p p e a rs  as a th ick -w alled  rin g  in  w hich  som e tubu les of th e  
tr ip le ts  can be p a r t ly  iden tified . (Figs 1, 2, 3).

T he m iddle p iece is defined b y  th e  le n g th  of th e  m ito ch o n d ria l sh ea th  
m easuring  in  th e  d ra k e  sperm  3—4 pm , an d  h av in g  a d iam e te r  of 0.6— 0.7 pm . 
T he m ain  p o rtio n  o f  th e  m iddle piece consists o f th e  c en tra lly  p laced d ista l 
cen trio le  and  p a r t  o f  th e  ax ial f ilam en t com plex . In  a d u lt sperm atozoa th e  
d ista l centriole reach es a len g th  of up  to  2 pm  an d  a d iam e te r  of 0.2 pm . T he 
lum en of th e  p ro x im a l p o rtio n  of th e  cen trio le  is u su a lly  filled  w ith  electron- 
dense m ateria l (F ig . 5). T he d istal cen trio le  is co n n ec ted  w ith  th e  p roxim al 
cen trio le  b y  a dense m a te ria l, w hich also fills th e  space u n d e r  th e  p ro jec ting
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Figs 1— 3. 1, L o n g itu d in a l section of th e  n eck  an d  p a r t  of th e  m ito ch o n d ria l sh ea th . M itochon
d r ia  (M) are of irreg u lar spheric  shape. X 51,000. 2, T ransverse  section  of th e  cau d a l p a r t  o f the  
h e ad  and an te rio r region of th e  m iddle p iece. T he prox im al centrio le  is su rro u n d ed  by  e lectron- 
dense  m ateria l. X 68,800. 3, T ran sv erse  sec tio n  of the  spei m atozoon’s neck  in  th e  reg ion  of th e

p rox im al cen trio le  (PC). X 71,000
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p a r ts  o f th e  prox im al centrio le. This dense m a te ria l p a r tly  replaces th e  seg
m en ted  coarse fib res occurring  in th e  m am m alian  sperm atozoa. W ith in  its  
c au d a l end  a sm all am o u n t of e lec tro n -lu cen t m a te ria l is p laced  w herefrom  th e  
ce n tra l f ib rils  arise. The general s tru c tu re  o f th e  ax ia l com plex is well k n o w n  
from  sp erm ato zo a  of o th e r species, cilia and  flagella , hav in g  9 —)— 2 p a tte rn .  
T h e  tw o c e n tra l fib rils are c ircu lar in  cross section , a b o u t 25 nm  in d iam e te r. 
A n open lu m en  in  one of th em  was n o t a lw ays d em onstrab le . The n ine  o u te r  
d o u b le ts  are com posed of tw o sub fib rils  w hich differ in  density . T he denser 
m em ber o f th e  pa ir (subfib ril A) is sm aller an d  lies n ea re r to  th e  axis o f th e  ta il  
th a n  does th e  larger, less dense su b fib ril B . S ubfib ril A carries tw o “ a rm s”  
d irec ted  to w ard s  th e  a d jacen t d o u b le t an d  one “ spoke”  w hich runs to  th e  p a ir  
o f c e n tra l fib rils. The o u te r dense fib res w ere only  p a r tly  p reserved  reach in g  a 
d iam e te r  o f ab o u t 40 50 nm  and  are closely a tta c h e d  to  th e  d oub le ts . T h ey
are v isib le  on ly  in th e  poste rio r region of th e  m iddle piece reach ing  as fa r 
as th e  beg inn ing  of th e  p rinc ipa l piece. F ro m  ou tside m itoch o n d ria  are  a t t a 
ched  to  th e  d is ta l centrio le an d  p a r t  o f th e  axial fib res. In  th e  a n te rio r  p a r t  
o f th e  m idd le  piece m ito ch o n d ria  closely reach  th e  h ead  and  are c a u d a lly  
defined  b y  th e  annu lus. T hey  are o f irreg u la r spherica l shape (F ig. 1) an d  
th e ir  to ta l  n u m b er ranges betw een  2 4 —30. T hey  are f la tte n e d  a t th e  sides 
an d  a b o u t 0.2 pm  th ick . M itochondria l c ris tae  ru n  p ara lle l to  th e  f la t te n e d  
m ito ch o n d ria l w all (Figs 3, 4, 5).

T he annu lu s  (Jen sen ’s ring) p resen ts  a ring -shaped  fo rm atio n  lo c a te d  
betw een  th e  m itochondria l sh ea th  of th e  m iddle piece an d  th e  am o rp h o u s 
sh e a th  o f th e  princip le piece (Fig. 7). I t  is w ell-defined by  these  s tru c tu re s , its  
cross sec tio n  show ing an  alm ost tr ia n g u la r  shape w ith  a w all len g th  o f 100—  
150 nm . T he base is tu rn e d  tow ards th e  cy top lasm ic  m em brane , th e  te rm in a 
tio n  aim ing  a t  th e  cen tre  of th e  ta il. I t  is com posed of hom ogeneous m a te r ia l 
su ggesting  som etim es a fib rous s tru c tu re  (F ig. 8).

T he p rin c ip a l piece of the ta il  is defined  by  th e  len g th  of the  am o rp h o u s 
sh e a th . C ran ia lly , i t  s ta r ts  a t  th e  annu lu s  an d  passes cau d a lly  in to  th e  end  
piece. T he cen tra lly  p laced ax ia l f ila m e n t com plex is ru n n in g  th ro u g h o u t th e  
p rincipal piece. O nly in  th e  an te rio r region, rem n an ts  o f th e  o u te rm o st dense 
fib res are v isib le. The am orphous sh e a th  consists o f a m od era te ly  e lec tron - 
dense m a te ria l and  its  w all has a d iam e te r  o f 0.1 pm  in  its  p rox im al p o rtio n . 
T he am o rp h o u s sh ea th  is n o t closely app lied  to  th e  ax ia l f ilam en t h u t  ap p ea rs  
to  be  se p a ra te d  from  it  b y  a space 20 n m  in  w id th . In  cross, and  p a r t ly  also 
lo n g itu d in a l, sections th e  sh ea th  can  be seen to  be com posed of tw o lay e rs , 
n am ely , th e  in n e r layer revealing  g rea te r  d en sity  and  th e  o u te rm o st less dense 
lay e r. C audally , th e  sh ea th  g rad u a lly  becom es narrow er, w hereby  its  o u te r 
m ost lay e r d isappears f irs t;  g rad u a lly  th e  in n e rm o st lay e r d isappears, too . T h e  
site  w here th e  am orphous sh e a th  d isap p ears  p resen ts  th e  place w here th e  
p rin c ip a l piece passes in to  th e  end piece of th e  ta il  (Fig. 12).
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The end  piece is com posed of an  ax ia l f ilam en t com plex. The fib rous 
a rran g em en t as we observed  in  th is region is s im ilar to  th a t  described above. 
N ear th e  tip  o f th e  en d  piece th e  arm s of th e  d o u b le ts  d isap p ear and  sub fib ril 
A tak es  on a hollow  ap p earan ce . The doub le ts  are  red u ced  to  single fibrils. T he 
p e riphera l fib rils  g rad u a lly  decrease in  nu m b er.

T he cy top lasm ic  m em brane covering  th e  en tire  len g th  of th e  ta il  is 
closely applied  to  th e  underly ing  s tru c tu re s . I t  is f ix ed  only  to  the annu lus. 
In  th e  poste rio r p o rtio n  o f th e  p rincipal piece i t  appears to  he sep a ra ted  
from  th e  am orphous sh e a th  by  a narrow  lig h te r  space.

Discussion

The region defined  by  th e  poste rio r b o rd e r o f th e  head  an d  th e  beginning  
of th e  m ito chondria l sh e a th  or th e  m iddle piece is in  general considered as th e  
neck in  the  m am m alian  sperm atozoon . A ccord ing  to  F awcett (1958) i t  is 0.5 
urn in  leng th . In  th e  sperm ato zo a  of d rak es som e m ito ch o n d ria  reach  closely 
to  th e  head ; th e y  agree in  a rran g em en t an d  s tru c tu re  w ith  the m itochondria  
of th e  rem ain ing  p a r t  of th e  sheath . T his reg ion  m ay  there fo re  be considered 
th e  site  of a r tic u la tio n  betw een  th e  head  an d  th e  ta il  w ith o u t any  exact define- 
m en t of space.

T he nu c lea r m em b ran e  lining th e  in v a g in a tio n  of th e  nucleus closely 
follows its  surface an d  no pro jections in to  th e  neck  reg ion , sim ilar to  tho se  
seen in  m am m alian  ( B e d f o r d , 1967; F a w c e t t , 1965; F a w c e t t  and  I t o , 
1965; N ic a n d e r  an d  B a n e , 1962; 1966; P e d e r s e n , 1969, 1972) and  fowl 
sp erm atozoa  (L a k e  e t ah , 1968) are v isib le. N o segm en ted  dense fib res c h a r
ac te ris tic  o f th e  n o rm al m am m alian  sp erm ato zo a  h av e  been observed  in  th e  
fowl or d rak e  sp e rm ato zo a . In s te a d , a sm all a m o u n t o f electron-dense m a te ria l 
is p resen t. This is p laced  closely to  th e  p ro x im al cen trio le  an d  filling up  th e  
e m p ty  space a ro u n d  it ,  s im u ltaneously  p resen tin g  th e  fusion of th e  tw o cen tri- 
oles. T he d ista l cen trio le  w hich is tran sfo rm ed  in  th e  sperm ato zo a  of m am m als 
( F a w c e t t , 1958, 1965; S o t e l o  and  T r u j i l l o -C e n o z , 1958; F a w c e t t  an d  
I t o , 1965) reveals how ever a w ell-preserved s tru c tu re  in  th e  sperm atozoon  of 
th e  m ale duck. I t  ap p ears  to  be 3 —4 tim es longer th a n  th e  p rox im al centrio le. 
M ain tenance  of th e  d is ta l cen trio le  tw o or th re e  tim es longer th a n  th e  p rox im al 
cen trio le  has also been  rep o rted  b y  A u s t in  (1965) in  th e  sperm atozoa of some

-----------
Figs 4— 6. 4, L o n g itu d in a l section  th ro u g h  th e  m iddle  piece of th e  ta il. C entral fib rils (C F) 
arise  from  th e  caudal end of th e  d is ta l centrio le (DC). T he m ito ch o n d ria l cris tae  are a rran g ed  
p a ra lle l to  th e  f la tte n e d  m ito ch o n d ria l wall (M). X 53,300. 5, Cross sec tion  th ro u g h  th e  ta il in  
th e  p ro x im al p o rtio n  of th e  d is ta l centrio le. Inside  th e  cen trio le  is filled w ith  electron-dense 
m ate ria l. X 49,200. 6, Cross section  th ro u g h  th e  m iddle  piece a t  d iffe ren t levels. O u ter dense

fib res are p resen t (F ). X 43,000
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sn ak e  species. Tw o tubu les of th e  d is ta l cen trio le  ru n  cau d a lly  as doub le ts  of 
th e  ax ia l filam en t com plex (Ma r e t t a , 1971). On th e  o th e r h a n d , c e n tra l fib rils 
p roceed  from  th e  site  of caudal te rm in a tio n  of th e  d is ta l cen trio le . L a k e  e t al. 
(1968) rep o rted  th e  presence of c e n tra l  fib rils  in  th e  lum en o f th e  d is ta l cen trio le  
of th e  fowl sperm atozoa. The f in d in g s  o f  th e  p resen t s tu d y  are in  ag reem en t 
w ith  those of N a g a n o  (1962) and  N i c a n d e r  (1968) in  th e  fowl sperm ato zo o n . 
T h e  above au th o rs  failed to  ob serv e  a n y  cen tra l fibrils in  th e  d is ta l cen trio le . 
T he o u te r dense fib res, so m ark ed  in  th e  sperm atozoa of m am m als, ap p ea red  
to  be considerab ly  reduced in  size in  th e  d rak e  sperm atozoon  an d  are  visible 
on ly  in  th e  po ste rio r region of th e  m id d le  piece, or a t  th e  onset o f th e  p rincip le  
piece. T hey  are  som ew hat la rger th a n  s ta te d  b y  L a k e  e t al. (1968) in  th e  fowl 
sperm atozoon . F ro m  outside, m ito c h o n d ria  are a tta c h e d  to  th e  d is ta l cen trio le  
an d  th e  axial f ilam en t in  the  reg ion  o f  th e  m iddle piece, th u s  fo rm ing  th e  m ito 
ch o n d ria l sh ea th . T h ey  are p re d o m in a n tly  spherical in  shape an d  a rra n g e d  in  a 
w ay  th a t  th e y  seem  to  fuse. L a k e  e t al. (1968) described th e m  in  th e  fowl 
sperm ato zo o n  as rec tan g u la r p la te le ts  being a rranged  helically . N o such 
a rran g em en t, so m arked  in th e  sp e rm a to zo a  of m am m als ( F a w c e t t , 1965; 
H a n c o c k , 1967; B lom  and B i r c h - A n d e r s e n , 1960; Sa a c k e  an d  A l m q u i s t , 
1964), has been found  in th e  m ale  duck . T he m itochondria l c r is tae  in  th e  
sp e rm ato zo a  of d rakes are a rra n g e d  p a ra lle l to  th e  f la tte n e d  m ito ch o n d ria l 
w all. T he annu lus w hich is p laced  be tw een  th e  m ito chondria l an d  th e  am o r
pho u s sh ea th  is s im ila r in  shape a n d  s tru c tu re  to  th a t  described  in  th e  sp e rm a to 
zoa o f a n um ber o f m am m als. No s im ila r  find ings as to  d iffe ren t d e n s ity  of th e  
am orphous m a te ria l of the  sh e a th  could  be found  in  th e  w orks o f au th o rs  
h av in g  in v es tig a ted  th e  fine s tru c tu re  of th e  fowl sperm atozoon . T h is s tru c tu re  
seem s to  occur on ly  in  th e  sp e rm a to zo a  of th e  m ale duck. L ike in  m am m alian  
sp e rm ato zo a  th e  s tru c tu re  of th e  a x ia l fib rils  was sim ilar along th e ir  en tire  
course, excep t o f th e  te rm in a tio n .

F igs  7— 12. 7, L o n g itu d in a l section th ro u g h  th e  p rin c ip a l piece of th e  ta il in th e  a n te r io r  and  
in  th e  p osterio r region. T he m iddle piece a n d  th e  p rincipal piece are se p a ra ted  b y  an  an n u lu s 
(A n). T he sh ea th  consisting  of an  a m o rp h o u s  m a te ria l (AS) is a tta c h e d  to  th e  ax ia l f ilam en t 
com plex  (AFC). X 41,200. 8, Cross sec tion  th ro u g h  th e  ta il  in th e  region of th e  an n u lu s  (An). 
T he o u te r  dense fib res (F ) are still p re sen t. X 51,600. 9, Cross section  of th e  ta il in  th e  p rox im al 
p o rtio n  of th e  p rin c ip a l piece. The a m o rp h o u s  sh e a th  (AS) is com posed of a n  o u te r  less dense 
a n d  a n  in n er denser lay e r. X 51,600. 10, C ross sec tion  of th e  p rincipal piece o f th e  ta il  in  th e  
p o s te rio r  p a r t.  T he am orphous sh ea th  (A S) consists on ly  of an  in n er denser lay e r. X 51,600. 
11, Cross section  of th e  end piece of th e  ta i l .  T h e  s tru c tu re  of th e  ax ia l f ila m en t com plex  (AFC) 
is s im ilar to  th a t  in th e  sperm atozoa of m am m als . X 49,200. 12, T ran sv ersa l sec tion  th ro u g h  th e  
ta il in  te rm in a tio n  of th e  end piece. T h e  fu ll f ila m en t is m issing on  th e  d o u b le ts  an d  th e ir

a rran g em en t is  d is tu rb ed . X 49,200

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



6 0 MARETTA

Summary

A s tu d y  has been  c o n d u c ted  on th e  u ltra s tru c tu re  o f th e  ta il  o f th e  d rak e  sperm atozoon . 
T he ta i l  consist of a n eck , a  m id d le  piece, a p rin c ip a l piece a n d  a n  end  piece. T he neck includes 
th e  p ro x im al centriole a n d  a n  a d ja ce n t e lectron-dense m ate ria l. T he m iddle piece is defined  b y  
a  m ito ch o n d ria l sh e a th  c o n sis tin g  of 24— 30 m ito ch o n d ria  o f  irreg u la r  spheric  shape f la tte n e d  
a t  th e  sides. The axis o f th e  m id d le  piece is p resen ted  b y  a d is ta l  cen trio le , th e  p rox im al p a r t  o f 
th e  ax ia l filam en t com plex  a n d  th e  o u ter dense fib res  w hich  are  considerab ly  reduced  in size. 
T he p rin c ip a l piece co n sis ts  o f  a n  ax ia l f ilam en t com plex a n d  a n  am o rphous sh ea th  enveloping 
it.  T h e  end piece co n ta in s  o n ly  an  axial filam en t com plex  rev ea lin g  an  a rran g em en t o f 9 +  2 
p a tte rn .  The cell m em b ran e  is closely app lied  to  th e  su rface  s tru c tu re s  o f th e  tail.
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OCCURRENCE OF K80(B) ANTIGEN IN ESCHERICHIA  
COLI  STRAINS ISOLATED FROM SUCKLING CALVES

B y

J .  V a r g a  an d  A. F .  F a r i d *

D e p artm en t o f E pizootiology, U n iv e rs ity  of V eterinary  Science, B u d a p es t 

(R eceived  M ay 23, 1974)

S tra in s  show ing th e  antigenic p a t te rn  0 7 8  : K 80(B) have been freq u e n tly  iso la ted  from  
su ck ling  calves died of E . coli d ia rrh o ea , as re p o rte d  by A ldasy  (1955, 1959) from  H u n g ary  
a n d  by  W ramby  (1946), U lbrich  (1954), F e y  (1957), So jk a  (1963) an d  o th e rs  from  abroad . 
As such  stra in s  o ften  produce the  sep ticaem ic  fo rm  of the disease, th ey  hav e  been  iso lated  no t 
o n ly  from  th e  sm all in testin e  and m esen teric  ly m p h  nodes, b u t also from  o th e r  organs. In  th e  
course  o f serological ex am inations p e rfo rm ed  in  th is  lab o ra to ry  recen tly , m ain ly  w ith  th e  aim  
to  s tu d y  th e  К  an tig en s o f E . coli s tra in s  cau sin g  disease in calves, several E . coli s tra in s  have 
b een  iso lated  w ith  d iffe ren t 0  an tigen , w hich  are  inagglu tinab le  in  th e  liv ing  s ta te  w ith  th e  
hom ologous О an tise ru m  b u t  agg lu tinab le  w ith  th e  O K  serum  078  : K 80(B ) up  to  th e  end ti t r e  
o f  th e  serum . D etails o f th e  serological e x am in a tio n s  have  been rep o rted  elsew here (Varga  
an d  F a r id , 1974).

In  th is p a p e r th e  occurrence o f an tig en  K80(B) in  various E . coli s tra in s  
a n d  th e  serological exam ina tion  o f  th e  К  an tigen  of th e  in te rn a tio n a l ty p e  
s tra in  E 38 (an tigenic  p a tte rn : 0 7 8  : K 80(B ) : NM) are described .

Materials and methods

A to ta l of 288 coliform  s tra in s , iso la ted  from  th e  sm all in te s tin e  and , 
occasionally , from  o th e r organs o f 117 suckling  calves died of d ia rrh o ea  w hen 
less th a n  tw o weeks old, were ex am in ed  for biochem ical p ro p e rtie s , an d  О and  
К  an tigens. P rim a ry  iso lations as w ell as cu ltu rin g  for an tigen  p ro d u c tio n  were 
b o th  m ade on th e  D , 5 m edium  p ro p o sed  b y  S c h l e c h t  and  W e s t p h a l  (1966).

T he b iochem ical exam in a tio n s, p ro d u c tio n  of 0  and  OK an tise ra , an tigen  
p re p a ra tio n , abso rp tio n  and slide a n d  tu b e  agg lu tina tion  te s ts  w ere carried  
o u t as described b y  K a u f f m a n n  (1966). T he О and  К  an tigens of th e  stra in s 
classified  in to  th e  genus Escherichia  on th e  basis of b iochem ical p roperties 
w ere regarded  as in d en tified  w hen  th e  s tra in  was agg lu tinab le  b y  one of th e  
О or K  sera up to  th e  end t i t re  o f th e  serum .

* On leave from  th e  Vet. L ab . a n d  R es. In s t .  D O K K I, Cairo, U A R
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Results

Two h u n d red  a n d  s ix ty -th ree  iso lates w ere classified  in to  th e  genus 
Escherichia  on th e  basis  o f b iochem ical b eh av io u r. O u t of th em  33 s tra in s  
be lo n g ed  to  seven d iffe ren t О groups, a single s tra in  to  g roup  01 7 , and  fou r to  
six  s tra in s  to  each  o f th e  rem ain ing  six serogroups, b u t  all s tra in s w ere ag 
g lu tin ab le  w ith  th e  O K  an tise ru m  to  th e  in te rn a tio n a l ty p e  s tra in  E38 
(0 7 8  : K 80(B)) u p  to  th e  end t i t r e  o f th e  serum . T he О group d is trib u tio n  o f 
th e  s tra in s  as well as ag g lu tin a tio n  t i tre s  o b ta in ed  w ith  0 7 8  : K 80(B) О and  
O K  sera  are show n in  T ab le  I. S tra in s  belonging to  th e  various 0  groups w ere 
in  a liv ing  s ta te  n o t ag g lu tin ab le  e ith e r  b y  th e  hom ologous 0  serum  or th e  
0 7 8  serum , w hereas th e  0 7 8  : K 80(B ) O K  serum  ag g lu tin a ted  th em  up  to  
i t s  end  t i tre  (1 : 1280). К  ag g lu tin a tio n  was lo s t a f te r  absorp tion  of th e  
0 7 8  : K 80(B) O K  se ru m  w ith  th e  live hom ologous s tra in , b u t i t  did n o t change 
if  th e  hom ologous a n tig e n  was h e a t- tre a te d  for 2.5 hours a t 100 °C befo re  
ab so rp tio n . The 0 7 8  : K 80(B ) O K  serum , a fte r ab so rp tio n  w ith  the  live s tra in  
N o. 231, 0153 : K 80  ? lo st ag g lu tin a tin g  a c tiv ity  fo r all s tra in s  except th e  
iso la te  No. 252, 0 7 8  : K 80(B ) and  th e  in te rn a tio n a l ty p e  s tra in  E38. The la t te r  
tw o  s tra in s  w ere, in  liv in g  s ta te , ag g lu tin ab le  w ith  th e  absorbed  serum  u p  to  
1 : 80. The 078  : K 80(B ) O K  serum  how ever, lost a c tiv ity  for all ex am in ed  
s tra in s  including E 38 , i f  i t  h ad  been abso rbed  w ith  th e  live s tra in  No. 252. 
T he live stra ins lis ted  in  th e  T able I w ere te s te d  w ith  all (1— 94) K sera ex cep t 
K 65 , K90 and K 92 b u t  only th e  serum  O 78:K 80(B ) ag g lu tin a ted  th em .

Table I

A gglu tina tion  reac tio n s o f living Escherichia coli s tra ins belonging to  different 0  groups 

w ith  whole and absorbed  E38 — O K  an tise ra

Serial no. о f 
strains 0  group

E38 antisera E38 OK antisera absorbed with

0 OK E38 live
E38 killed 

(2.5 h r a t 100 C) 
antigens

231 live 252 live

45 0 1 7 _ _L _ + —

123 0 8 — - f — + —

128 0 2 0 — _L — + — —

231 015 3 — + — + — —

261 021 — + — - f — —

252 0 7 8 + — + +  a —

494 0 9 + — + — —

L38 ty p e  stra in 0 7 8 + — + +  a —

Symbols used: negative  slide ag g lu tination ; -f- 1 : 1280 tube  agg lu tination  t i t r e ;

a, 1 : 80 tube ag g lu tin atio n  t i t r e
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Since th e  v a rio u s  g roup-0  iso la te s  w ere, in th e  liv ing s ta te , ag g lu tin ab le  
b y  th e  OK an tise ru m  to  type  s tra in  E 38, w hich was found  to  m a in ta in  an  
u n ch an g ed  a g g lu tin a tin g  ac tiv ity  ev en  a fte r  abso rp tio n  w ith  the  h ea t-k illed  
(2.5 hours a t 100 °C) hom ologous s tr a in ,  i t  seem ed to  be of in te res t to ex am in e  
th e  a g g lu tin ab ility  as regards th e  К  a n tig e n  of th e  ty p e  s tra in  E38 w ith  d if
fe re n tly  p rep a red  an tigens, and  a b so rb e d  hom ologous О and  K sera. T he 
re su lts  are show n in  T ab le  II . The liv in g  ty p e  s tra in  w as n o t agg lu tin ab le  b y

Table II

A gglu tination  reactions o f E38 Escherichia ty p e  s tra in  w ith  whole and  absorbed O K  a n tise ra

E38 antigens
E38 antisera

0 OK

Live — 1280a

H ea t-trea ted , 
1 h r, 60 °C

2560 2560

H ea t-trea ted , 
2.5 h r, 100 °C 2560 2560

E th an o l-trea ted ,
50% , 20 h r ,  37 °C — 1280

E38 OK antisera absorbed w ith homologous antigen

Live H eat-treated H eat-treated E thano l-treated
1 hr, 60 C 2.5 hr, 100 °C 50%, 20 h r, 37°C

1280

-

_ 1280

— negative  slide-agglu tination ; a, tu b e-ag g lu tin a tio n  t itre

th e  0 7 8  serum , b u t th e  O K  serum  a g g lu tin a te d  it up to  1 : 1280. This К  a g g lu ti
n a tin g  cap ac ity  w as lo st after a b so rp tio n  w ith  the  hom ologous s tra in  e itlie -  
u n tre a te d  or p re in c u b a te d  for 1 ho u r a t  60 °C, or p re tre a te d  w ith  e th an o l, b u t  
m a in ta in e d  i t  if  th e  abso rb ing  an tigen  h a d  been  tre a te d  for 2.5 hours a t 100 °C. 
The h e a t- tre a te d  an tig en s were a g g lu tin a te d  up  to  sam e t i tre  b y  sera О an d  
O K , b u t  no ag g lu tin a tio n  took place in  th e  abso rbed  sera, ind ica tin g  th a t  th e  
a g g lu tin ab ility  of th e  К  antigen of th e  ty p e  s tra in  E38 w as lost upon  h e a t 
tr e a tm e n t.  The e th a n o l-tre a te d  an tig e n  re a c te d  sim ilarly  to  th e  live s tra in . 
T he an tigen  of th e  ty p e  stra in  was also  exam ined  a fte r tre a tm e n t w ith  1 N  
h y d ro ch lo rid  acid for 20 hours a t 37 °C , b u t  acid tre a tm e n t resu lted  in  a u to 
a g g lu tin a tio n  .

D iscussion

T he s tra in s  of d iffe ren t 0  g roups show n in  T able I  w ere, in  th e  liv in g  
s ta te , in ag g lu tin ab le  b y  b o th  the  hom ologous О serum  an d  th e  0 7 8  se rum . 
T he sam e s tra in s  w ere inagg lu tinab le  b y  all exam ined  K  sera excep t th e  O K  
serum  to  ty p e  s tra in  E 38 , 0 7 8  : K 80(B ), w ith  w hich  th e y  show ed an a g g lu tin a , 
tio n  up  to  its  t i t r a t io n  endpo in t. This su g g ested  th a t  th e  s tra in s  were in  p o s .
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session of a K 80(B ) an tig en , b u t a b so rp tio n  te s ts  show ed th a t  exclusively  
th o se  stra in s h av in g  th e  antigenic p a tte rn  0 7 8  : K 80(B) are capab le  of co m 
p le te  ab so rp tion , w hereas th e  various g ro u p -0  s tra in s  reac tin g  positiv e ly  
w ith  th e  078  : K 80(B ) O K  serum  are n o t. I t  follows th a t  s tra in s  hav in g  th e  
an tig en ic  p a tte rn  0 7 8  : K 80(B) possess th e  sam e К  an tig en  as ty p e  s tra in  
E 38, 0 7 8  : K 80(B ), w hereas stra ins o f d iffe ren t О groups h av e  a К  an tig en  
n o t id en tica l w ith , o n ly  closely re la ted  to , K 80(B ). The ag g lu tin a tio n  p ro d u ced  
b y  th e  stra ins show n in  T ab le  I  w ith  th e  E 38 , 0 7 8  : K 80(B) O K  serum  shou ld  
be reg a rd ed  as a К  ag g lu tin a tio n , because  th e  reac tio n  is show n only  b y  th e  
liv in g  s tra in s, th e  p resen ce  of H  ag g lu tin in s  in  th e  an tise ru m  can be excluded , 
for ty p e  s tra in  E 38 0 7 8  : K 80(B) is a v a r ia n t  h av in g  no flagella  an d  t re a tm e n t 
o f th e  ty p e  s tra in  w ith  50%  ethanol d id  n o t a lte r  th e  К  ag g lu tin a tio n  t i t r e .  
T h e  presence o f n a tu ra l  a lpha or b e ta  ag g lu tin in s  in  th e  serum  can also be 
exc luded  because th e  p re im m u n iza tio n  r a b b i t  serum  did  n o t ag g lu tin a te  th e  
ty p e  s tra in  0 7 8  : K 80(B ) and  because th e  O K  an tise ru m  could be com plete ly  
ab so rb ed  w ith  th e  liv ing  hom ologous s tra in .

T he closer s tu d y  o f th e  К  an tigen  o f ty p e  s tra in  E 38, 0 7 8  : K 80(B) h a d  a 
su rp ris in g  resu lt. A ccord ing  to  K a u f f m a n n  (1966), K (B ) an tigens m a in ta in  
a g g lu tin ab ility  an tib o d y -b in d in g  c a p a c ity  an d  im m unogen ic ity  a fte r h e a t 
t r e a tm e n t for 1 h o u r  a t  60 °C, b u t lose all p ro p ertie s  excep t an tib o d y -b in d in g  
c a p a c ity  w hen t r e a te d  fo r 2.5 hours a t  100 °C. In  our h ands, ty p e  s tra in  E 38, 
0 7 8  : K 80(B) lo s t К  ag g lu tin ab ility , b u t  m a in ta in ed  an tib o d y -b in d in g  c a p a c 
i ty  a fte r  h ea t t r e a tm e n t  for 1 hour a t  60 °C , b u t  lost all th ree  p roperties a f te r  
h e a tin g  for 2.5 h o u rs  a t  100 °C, so th a t  i t  fa iled  to  rem ove К  an tibod ies from  
th e  OK serum  b y  a b so rp tio n , the  re su lt b e in g  a pure К  serum . In  view  o f th is , 
th e re  is reason to  supp o se  th a t  th e  ty p e  s tra in  E38, 0 7 8  : K 80(B ) has a th e rm o 
sensitive , p ro b a b ly  K (L ) surface an tig en . A t th e  sam e tim e , th e  a g g lu tin a tio n  
re su lts  do n o t acco rd  w ith  those o b ta in e d  b y  O r s k o v  e t al. (1971, 1972) in  
a g a r  gel diffusion a n d  im m u n o p réc ip ita tio n  stud ies, in  w hich th e  В a n tig e n  
o f m an y  K (B ) ty p e  s tra in s , includ ing  E 38 , 0 7 8  : K 80(B ), d id  n o t fo rm  an  
in d e p e n d e n t p re c ip ita tio n  b and  in  ag a r gel, w hich w ould correspond  to  th e ir  
К  specific ity  and  th e re fo re  these В an tig en s  m ight be only p a rts  of th e  re sp ec 
tiv e  О an tigens.

Sum m ary

О and К  a n tig e n s  o f  a  to ta l of 263 E scherichia  coli s tra in s , iso lated  from  117 suck ling  
calves, were id en tified . T h irty -th ree  iso lates w ere, in  th e  liv ing  s ta te , inag g lu tin ah le  by  a ll 
(1 — 94) K sera e x cep t th e  O K  serum  to  ty p e  s tra in  E 38, 0 7 8  : K 80(B ). T he 33 s tra in s  be lo n g ed  
to  seven d ifferen t О g ro u p s  ( 0 8 ,0 9 ,0 1 7 .  0 2 0 , 0 7 8  a n d  01 5 3 ) and  К  a g g lu tin a tio n  show ed th e m  
to  possess th e  K 80(B ) an tig en . T ests w ith  ab so rb ed  E38, 0 7 8  : K 80(B ) an tise ru m  h o w ev er 
show ed th a t  only th e  iso la tes  of 078 : K 80(B ) a n tig e n ic  p a tte rn  had  a К  an tig en  id en tica l w ith  
K 80(B ) of th e  ty p e  s tra in , w hereas th e  com m on su rface  an tig en  of th e  iso lates belonging to  th e  
rem a in in g  six О g ro u p s  w as re la ted , b u t n o t id en tica l, w ith  K 80(B) of th e  ty p e  stra in .
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Closer s tu d ies  on  th e  К  an tigen  of ty p e  s tra in  E38, 0 7 8  : K 80(B ) show ed th a t ,  since th e  
an tig e n  p re tre a te d  fo r 2.5 hours a t 100°C could  n o t  abso rb  К  an tib o d ies from  th e  hom ologous 
O K  serum  th e  s tra in  m ig h t well con ta in  a th e rm o lab ile , p ro b ab ly  K (L ) surface  an tig en  to  w hich  
a n tise ru m  could  be p ro d u ced  in ra b b its  an d  ab so rp tio n  of th is  O K  serum  resu lts  in a p u re  К  
a n tise ru m .
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SWINE LYMPHADENITIS DUE TO MYCOBACTERIUM  
A V I U M  AND ATYPICAL MYCOBACTERIA

I. PA T H O L O G IC A L  ST U D IE S 

By

I. S z a b ó , S . T u b o l y  an d  A . S z é k y  

Cen tra l V e te rin a ry  In s t i tu te ,  B udapest 

(R eceived  Ju n e  6, 1974)

D uring  th e  recen t years, th e  freq u en cy  of tubercu lous in v o lv em en t of 
m esen teric  and subm ax illa ry  ly m p h  nodes has been increasing  am ong s laugh
te re d  pigs o rig ina ting  from  ce rta in  fa rm s. T he a b a tto ir  s ta tis tic s  an d  in v es tig a 
tio n s  conducted  on th e  respective h e rd s  (tu b ercu lin  te s t and  su b seq u en t p a th o 
logical and  o th e r studies) b o th  show ed th a t  th e  cond ition  also occurred  in  
som e m odern  large-scale pig u n its  w here  n e ith e r  o th e r an im als, n o r p o u ltry  
w ere k e p t and  th e  pigs h ad  no access to  c o n ta c t w ith  o th e r species. N o d a iry  
p ro d u c ts  were included  in th e  p ig  d ie ts  e ith er. The prob lem  o f tu b ercu lo u s 
in fec tio n  in swine is stressed  by  th e  fa c t th a t  th e  n a tio n a l bov ine  tubercu losis  
e ra d ic a tio n  p ro g ram  has a lready  m ade a g rea t progress.

These p rac tica l observations c o n tra d ic t  th e  earlier view  th a t  sw ine tu b e r 
culosis is caused e ith e r by  feeding o f m ilk  or da iry  p ro d u c ts  o rig in a tin g  from  
an in fec ted  cow herd  or by  ingestion  of m anures or organs o f tu b e rcu lo u s  
p o u ltry .

In  1972, investig a tio n s s ta r te d  along severa l lines to  o b ta in  m ore in fo rm atio n s on th e  
p ro b lem . T his pap er is a  rep o rt of th e  p a th o lo g ica l, h istopatho log ical an d  bacterio log ica l 
fin d in g s , w ith  special reg ard  to  th e ir  ep izoo to log ical im portance.

E nglish , D anish , G erm an and A m erican  a u th o rs  po in ted  o u t in th e  ’th ir t ie s  t h a t  M yco
bacterium  avium  in fec tion  ten d ed  to  increase am o n g  pigs, a lthough  bovine tubercu lo s is  infec
tio n s  w ere declining (cit. L u k e , 1958; L e s s l ie  e t a l., 1968; K arlson  and  T h o e n , 1971; 
R a y  e t a l., 1972). In  G rea t B rita in , M . tuberculosis w as n o t encountered  am ong 318 M ycobac
terium  s tra in s  iso lated  from  563 pigs over th e  period  1952— 1966. A m ong 45, 134 an d  139 
s tra in s  iso la ted  in th e  periods 1952— 56, 1957— 61 an d  1962— 66, 44, 81 an d  9 2 % , resp ec tiv e ly , 
w ere iden tified  as M . a v iu m , th e  re s t as M . bovis. W hile 48%  of th e  M . bovis in fec tions id en tified  
over 15 y ears was generalized , only 12%  of th e  M . av ium  infections invo lved , also th e  liver, 
sp leen  an d  lungs a p a r t  from  ly m p h  nodes o f th e  h ead , neck  and m esen tery  (L e s s l ie  e t a l., 
1968). T he low ra te  o f occurrence of th e  generalized  form  in pigs has, am ong o th ers , been  
a t t r ib u te d  to  th e  sh o rte r  lifetim e of th e  pigs com p ared  o th er species (L u k e , 1958).

B ang  estab lished  a lread y  in 1913 (cit. L u k e , 1958) th a t  swine tu b ercu lo s is  due  to  M . 
a v iu m  generally  involves only ly m p h  nodes an d  ta k e s  a m ilder course th a n  M . bovis in fec tion . 
A ccord ing  to  L u k e  (1958), M . avium  in fec tion  of pigs is charac te ris tica lly  an  a lim en ta ry  p ro c 
ess w hich  ra re ly  becom es generalized and  does n o t involve m assive shedding  of th e  b ac teria . 
R ay  e t al. (1972) rep o rte d  th a t  ex p erim en ta l in tra cu ta n eo u s  and oral in fec tion  of pigs w ith  
M . a v iu m  and  o th er M ycobacterium  s tra in s  belonging  to  th e  R unyon  I I I  group  never sp read  
to  c o n tac ts .

In  th e  G FR , Sc h l ie sse r  (1964) iso la ted  69 M . a v iu m , 14 M . fo r tu itu m ,  4 M . phlei and  
10 n o t neare r iden tified  scotochrom ogenic s tra in s  fro m  ly m p h  nodes of s lau g h te red  pigs, an d
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p o in ted  o u t th a t  th e  co n tro l o f  a v ian  tubercu losis c an n o t resolve th e  p rob lem  of th e  tu b ercu lo u s 
in v o lv em en t o f ly m p h  nodes in pigs, because possib ilities o f in fec tion  by  various sap ro p h y tic  
M ycobacterium  species c o n tin u e  to  ex ist.

P ie n in g  e t al. (1972) iden tified  71%  of 134 M . a v ium  iso la tes from  pigs as belonging 
to  se ro ty p e  I I  and  classified  th e  rest as sero type  D avis, W atso n , I I I  and  IV. On e t  (1971) 
fo u n d  th a t  20 M . a v ium  iso la tes from  slaugh tered  pigs w ere a ll p a th o g en ic  for p o u ltry  an d  in  
a n o th e r  series (On e t , 1972), iden tified  5, 61 and  3 o f 69 R u n y o n  group  I I I  stra ins as belong
ing to  sero type  I, I I  an d  D av is, respectively . In  J a p a n , M iy a s h it a  e t al. (1972) iso lated  R u n y 
on  group  I I I  s tra in s  fro m  173 m esenteric  and  16 su b m ax illa ry  ly m p h  nodes o f 6129 
clin ically  h e a lth y  pigs ex am in ed  in  th e  slaugh ter house. Y u g i e t al. (1972) rep o rted  th e  occur
rence of six  sero types, in c lu d in g  M . avium  sero type I I  an d  D avis.

In  A ustra lia , u su a lly  se ro ty p e  V I M . intracellulare  has  been  iso la ted  from  th e  freq u e n t 
m esen teric  ly m p h  node in v o lv em en t o f s laugh tered  pigs, and  in several herds lesions occurring  
exclusively  in th e  su b m a x illa ry  ly m p h  nodes of 2 —3%  of th e  an im als hav e  been th e  source of 
iso lations of several a ty p ic a l Mycobacteria, som e of w hich  occur in n a tu re  as sap ro p h y te . 
Corynebacterium equi h as b een  found  to occur in th e  a lte re d  su b m ax illa ry  ly m p h  nodes e ith e r 
alone or to g e th e r w ith  M ycobacteria  (R eznik o v  e t ah , 1971, 1973).

Iso la tions o f Corynebacleria, above all C. equi, as well as of strep tococci and s ta p h y lo 
cocci, from  tuberc le-like  o r pu ru len t-caseo u s lesions m ain ly  in th e  subm ax illa ry  ly m p h  nodes 
hav e  also been re p o rte d  fro m  o th e r countries a t  a v a ry in g  freq u en cy  (N agy , 1944; L e s s l ie  
e t a l., 1968; L u k e , 1958; R o b er ts  and  H a m ilto n , 1968).

O n histological e x a m in a tio n  of 100 ly m p h  nodes condem ned  as tubercu losis a t  m ea t 
in spection , R et zla ff  (1966) fo u n d  tubercu lous lesions in  91, o f w hich  on ly  8 show ed p ro d u c tiv e  
processes regarded  as c h a ra c te ris tic  o f av ian  tubercu losis, a lth o u g h  M . av ium  had  been iso la ted  
from  m ost of them , an d  o n ly  in  some cases could be iso la ted  a ty p ic a l Mycobacteria.

Materials and methods

T he ex am in a tio n s  w ere lim ited  to  clin ically  h e a lth y , s laugh tered  pigs 
rom  large-scale fa rm s an d  did no t include sim ilar an im als orig inating  from  

sm all herds, or p ig  show ing  clinical signs o f tu b ercu lo sis . Those lym ph  nodes 
a n d  p a re n c h y m a to u s  organs were exam ined  w hich, a t  m e a t inspection , w ere 
grossly diagnosed as tubercu losis  or su sp ec ted  o f Т В . In  a to ta l 142 su b 
m ax illa ry  ly m p h  n o des, 227 m esenteric ly m p h  nodes, 49 perib ronch ia l ly m p h  
nodes, 4 h ep a tic  ly m p h  nodes, 19 lungs an d  12 livers o f pigs from  41 farm s 
w ere exam ined.

Histological technique

L y m p h  nodes an d  o ther organ specim ens w ere fix ed  in  10%  fo rm alin  
so lu tio n  im m ed ia te ly  a fte r  slaugh te r an d  w ere em bedded  in  p ara ffin . T he 
sec tions were s ta in e d  w ith  h aem ato x y lin  an d  eosin fo r general o r ien ta tio n  
and th e  follow ing se lec tive  techn iques w ere app lied : F a rk a s— M allory’s s ta in 
ing, G öm öri’s silver im preg n a tio n  and  th e  Z ielil-N eelsen technique.

Isolation and cu lturing  o f  bacteria

To one volum e hom ogenized ly m p h  node or o rgan  specim en five vo lum es 
of 6 %  w /v su lp h u ric  ac id  were added  and  th e  m ix tu re  w as allowed to  s ta n d  
fo r 25 m inu tes a f te r  w hich  pH  was b ro u g h t up  to  7.0 b y  adding  1.0 N  N aO H .
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The flu id  decan ted  from  th e  coarse sed im ent was cen trifuged  for 10 m inu tes 
a t  3000 r.p .m ., th e  s u p e rn a ta n t was decan ted  and  th e  sed im en t was used for 
iso la tio n  experim en ts. A liquo ts of each sam ple w ere tra n sfe rre d  to  P e tra g n a n i’s 
glycerol agar, P e tra g n a n i’s glycerol-free agar, as well as D orse t and  Sula 
m edia. C ultures w ere in c u b a te d  a t 37 °C.

Positive  iso lates w ere su b cu ltu red  on L oew enstein  Jen sen  m edium , 
to  te s t  th e  m orphological p ro p erties , te m p e ra tu re  re q u ire m e n t, g row th  ra te  
an d  p igm en t p ro d u c tio n  o f th e  s tra in s.

T he b iochem ical p ro p erties  w ere assayed w ith  th e  n itra te  red u c tase , 
c a ta la se , peroxidase an d  a ry l su lp h a tase  te s ts , an d  B önicke’s carbonam ide  
decom position  te s t  (ace tam id e , benzam ide, u rea , ison ico tin ic  am ide, n ico tin  
am ide, p y raz inam ide , sa licy lam ide, a llan to in , succinic am ide, m alonic am ide). 
I f  req u ired , ad d itio n a l b iochem ical te s t  were used for ty p in g . T he b iochem ical 
te s ts  w ere perfo rm ed  accord ing  to  th e  s ta n d a rd  m eth o d s (T u b o l y , 1969).

Results
Gross and microscopic lesions

T uberculous foci o f v a rious sizes were found  in  one or m ore lym ph  nodes 
o f th e  sam e an im al. T he p resence of sm all, p in -p o in t size foci a lte red  n e ith er 
th e  size, no r th e  shape o f th e  invo lved  ly m p h  node. L arg e r foci o f th e  size of a 
bean  or groups of several sm all foci, how ever, caused  a sligh t en la rgem en t of 
th e  ly m p h  node and  m ade its  surface ap p ear defo rm ed  or k nobby . A t th is  
s tage , p a r ts  of th e  foci w ere grossly visible th ro u g h  th e  capsu le  of th e  ly m p h  
node or those in  th e  m esen teric  ly m p h  nodes — even th ro u g h  th e  p e rito 
neum . T he cav ity  of th e  focal lesions was filled b y  a yellow ish  or greyish-yellow , 
caseous or, occasionally , friab le  or calcified su b stan ce  w hich  w as as a rule 
easily  d e tach ab le  from  th e  th in , m em brane-like capsule. A d jacen t foci often  
becam e con fluen t an d  th e  capsu le becam e lobu lar.

M icroscopically, single an d  con flu en t foci w ere found  in  th e  ly m p h  
nodes. T he necro tic , or a lread y  calcified, cen tra l p a r t  of th e  foci was su rrounded  
b y  ang io fib rob last tissue an d  b y  a fib rous capsule of v a ry in g  th ickness (Fig. 1). 
In  o th e r foci, a specific lay e r o f tissue , com posed of ep ithe lo id  cells and  co n ta in 
ing a few g ian t cells, was sandw iched  betw een th e  n ecro tic  or calcified core and  
th e  ang io fib rob last o u te r  la y e r  (Fig. 2).

Less often  th e  foci show ed th e  specific s tru c tu re  of a tu b erc le , consisting 
o f ep ith e lo id  cells and  L an g h an s-ty p e  g ian t cells (Figs 3a, b). In  some of th e  
tu b erc les , a cen tra l n ecro tic  process w as a lready  in  progress. T he presence o f an 
a b u n d a n t re ticu lu m  fib re  n e tw o rk  a round  th e  tu b erc les  and , occasionally , 
o f m any  re ticu lum  fib res  inside th em , appears to  be a ch a rac te ris tic  fea tu re .

O ccasionally , tu b erc les  consisting  exclusively  of ep ithe lo id  cells, w ith  
no g ian t cells am ong th em , w ere found  (Fig. 4) an d  still few er ly m p h  nodes h ad
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F ig . 1. Focus w ith  a n ecro tic -sc lero tic  cen tre , su rrounded  by ang io fib ro b lastic  tissue  and  a 
con n ec tiv e  tissu e  capsule. H E  sta in ing . X 95

F ig . 2. N ecrotic-sclero tic  focal lesion. N ote  specific s tru c tu re  of su rro u n d in g  tissue. H aem alau n
an d  eosin sta in ing . X 600
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in  th e  lym p h o id  tissue on ly  g ia n t cells, w ith o u t ep ithe lo id  cells (Figs 5a, b). 
In  th e  p a ren ch y m a  of th e  la t te r  ty p e , a rgyrophilic  re ticu lu m  fib res were p resen t 
in  abundance , p a rtic u la r ly  a ro u n d  th e  g ian t cells (F ig. 6).

M ost o f th e  foci, above a ll th e  f irs t  tw o ty p es w ere found  to  con ta in  
acid- and  alcoho l-fast ro d -sh ap ed  b a c te r ia , occurring  e ith e r  singly  or in  groups. 
The liver an d  lung  foci, w hich  grossly  seem ed suspected  o f tubercu losis , show ed 
n e ither th e  above changes, no r co n ta in ed  acid-fast b a c te r ia , these  were id e n ti
fied on m icroscopic ex am in a tio n  as p a ra s itic  or fib ro tic  lesions.

Fig. 3a. T ubercle com posed of ep ith e lo id  Fig. 3b. Sam e as in  Fig. 3a a t  a h igher
cells and g ian t cells. H aem alau n  and  eosin m agnification . H a e in a lau n  and eosin

sta in ing . x 9 5  sta in in g . x 6 0 0

Bacteriological fin d in g s

N eith er M . bovis nor M . tuberculosis could he iso la ted  from  th e  lym ph  
nodes (142 su b m ax illa ry , 225 m esen te ric , 49 perib ronch ia l, 4 hep a tic ) ob ta in ed  
from  71 sam plings from  s lau g h te red  pigs of 41 farm s. T he 115 iso lates were 
iden tified  as follows:

M ycobacterium  avium 65
R u n y o n  I I 1
R u n y o n  IV 49

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



72 SZABÓ e t al.

F ig . 5a. Exclusively L an g h a n s- ty p e  g ian t cells are  seen in th e  ly m p h o id  tissue  of th e  changed  
ly m p h  node. H aem a lau n  an d  eosin sta in ing . X 240
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F ig . 4. Focal lesion com posed  exclusively  o f  ep ithelo id  cells. H aem a lau n  an d  eosin sta in in g .
X 240
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F ig . 6. The g ian t cells a re  surrounded  by  a n e tw o rk  of argyrophilic  fib res. G öm öri’s silver im preg
n a tio n  tech n iq u e . X 600

A cta  Veterinaria Academiae Scientiarum Hungaricae 25, 1975

F ig . 5b. Same as in  F ig . 5a a t a h igher m ag n ifica tio n . H aem alaun  an d  eosin sta in in g . X 600
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U p to полу 30 M . avium  iso lates have  been ty p e d  serologically  by  
S haefer’s m ethod  w ith  th e  follow ing resu lt:

S ch aefe r’s sero ty p e  I 
ty p e  I I  
ty p e  I I I  
ty p e  IV 
ty p e  V 
ty p e  V I 
ty p e  V II 
ty p e  D avis 
ty p e  W atson

5 s tra in s  
15 s tra in s

1 s tra in  
4 s tra in s

1 s tra in  
3 s tra in s  
1 s tra in

Т луо, th ree  or ev en  four ty p es  o f M ycobacteria  w ere found  to  occur 
sim u ltaneously  in  c e r ta in  swine herds, especially  in  th o se  fro m  tvhich a h igher 
n u m b e r of sam ples w ere  exam ined  on several occasions.

No M ycobacteria w ere dem o n strab le  in  livers an d  lungs.
Corynebacteria a n d  streptococci w ere iso la ted  from  a few  sm all abscesses 

found  in lym ph nodes o f  th e  head.

D iscussion

Gross lesion id e n tic a l w ith  tubercu losis  have  fre q u e n tly  been found  a t 
m e a t inspection  in  ly m p h  nodes o f s laugh te red  pigs o rig in a tin g  from  large 
p ig  farm s. O rganism s belong ing  to  th e  M ycobacterium av ium  group and  v a rious 
a ty p ic a l M ycobacterium  s tra in s  have  been iso la ted  from  such  lesion. I t  was 
fo u n d  th a t ,  a lth o u g h  severa l av ian  or a ty p ica l M ycobacterium  s tra in s m ay  
occu r sim ultaneously  in  th e  sam e sw ine h erd , n e ith e r  M . bovis, no r M . tuber
culosis have ever b een  iso lated .

Unlike th e  d a ta  in  th e  l ite ra tu re  on swine tu b ercu lo s is , n e ith e r M . tuber
culosis, nor M . bovis in fec tio n s have  been  en coun tered  am ong  pigs in  th e  p resen t 
s tu d y . This m igh t be  a t t r ib u te d  f irs tly , to  th e  fac t th a t  th e  te s t  m ateria ls orig i
n a te d  from  closed la rg e  p ig  u n its  in  yvhich skim  m ilk  a n d /o r  d a iry  p ro d u c ts  are 
n o t  included in  th e  d ie t, secondly , to  th e  adv an ced  s tag e  o f  th e  n a tio n a l bovine 
tubercu losis  e ra d ic a tio n  p rog ram  a t  th e  tim e  of th e  exam inations. T he 
ly m p h  nodes and  o rg an s supplied  b y  th e  a b a tto irs  h a d  also been tak en  from  
pigs from  large h e rd s , fo r th e  slaugh terhouses co llab o ra tin g  in  th e  s tu d y  do 
n o t slaugh ter com m erc ia ly  collected or b ack -y ard  pigs.

The s tru c tu re  o f  th e  ly m p h  node lesions w as id e n tic a l in  m ost cases 
w ith  th a t  o f a tu b e rc le . A lthough  th e  s tra in s  iso la ted  from  th e  ty p ica l tu b e rc le 
like lesions tvere u su a lly  id en tified  as M . avium , th e  co rre la tio n  tvas n o t reg u la r 
enough and bo rderline  cases w ere too  num erous to  dra tv  conclusions b y  h is to 
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log ica l changes on ly  on th e  M ycobacterium  species inv o lv ed . C onsequen tly  
h isto log ica l ex am in a tio n s of th e  p re p a ra tio n s , even th e  use o f special s ta in in g  
m e th o d  a t m eat in spec tion  are n o t su ffic ien t for id en tify in g  w hich species of 
M ycobacteria  are invo lved .

E pizootological d a ta  can be u se d  conclusively  ra th e r  th a n  th e  h isto log ical 
f in d in g s  on the  cau sa tiv e  role of M . avium  or a typ ica l M ycobacteria  in  tu b e r 
cu losis  of pigs. E .g . th e  origin of th e  p ig  from  a large-scale u n it  per se in fo rm s 
on  la c k  of co n tac t w ith  m am m als, a n d  on absence of m ilk  an d  d a iry  p ro d u c ts  
f ro m  th e  diet. F u rth e rm o re , th e  exclusive  occurrence o f lesions in  ly m p h  
n o d es  of the  head  a n d  m esentery  s tro n g ly  suggests th e  in v o lv em en t o f M yco
bacteria  o ther th a n  M . bovis and M . tuberculosis.

D a ta  in th e  l i te ra tu re  and o u r ow n experience show  th a t  u n d er closed 
sy s te m s  of m an ag em en t, the  M ycobacterium  infections o f pigs m ay  be a t t r i 
b u te d  to  en v iro n m en ta l factors. O u t o f  th e  la tte r , soil can  be excluded  w hen 
th e  anim als are k e p t in  closed houses w ith  solid floor, th e  m a in  sources being  
th e  l i t te r , feed an d  d rink ing  w a te r. H ow ever in d irec tly  th e  soil and  b ird s, 
in c lu d in g  dom estic fow l, can he ta k e n  in to  consideration . T he m ain  p rev en tiv e  
m easu re  is, therefo re , th e  elim ination  o f  th e  sources o f in fec tion , w ith  special 
re g a rd  to  id en tifica tio n  and e lim in a tio n  of th e  m ain source.

A ccording to  R ay- et al. (1972), transm issio n  of th e  in fec tion  by  tu b e r 
cu lin -positive  pigs w ith  th e  above ly m p h  node lesions are p ra c tic a lly  negligible, 
b u t  th is  rem ains to  be confirm ed b y  fu r th e r  study .

Sum m ary

Change in th e  epizootological co n d itio n s o f  sw ine tubercu losis u n d e r  large-scale m an ag e 
m e n t system s is ev a lu a te d  on  th e  basis of l i te r a tu re  an d  th e  a u th o rs’ ow n experience. T he h is to 
lo g ica l and  bacterio logical s tu d y  of specim ens (142 subm ax illary , 225 m esen teric , 49 p e r ib ro n 
ch ia l a n d  4 hepatic  ly m p h  nodes, 19 lungs a n d  12 livers) collected on  71 occasions in  41 large 
sw ine Herds is described. T ubercu lous lesions w ere  n o t found in livers a n d  lungs, an d  no M yco
bacteria  could be iso la ted  from  them . Iso la tes  from  ly m p h  nodes in c lu d ed  65 M . av ium  s tra in s  
a n d  1 a n d  49 stra ins belonging  to  the  R u n y o n  I I  and  IY groups, re sp ec tiv e ly . O u t o f th e  30 
M . a v iu m  isolates ty p e d  serologically up to  n ow , 5, 15, 1, 4 and 1 w ere id en tified  as Schaefer’s 
se ro ty p e  I, I I , IV, V an d  V II ,  respectively , 3 as ty p e  D avis and 1 as ty p e  W atso n . Two, th ree  
o r e v en  four d ifferent s tra in s  were found to  b e  p re sen t sim ultaneously  in  several herds. U n d e r 
closed  m anagem en t sy s tem s th e  litte r, feed a n d  p robab ly , th e  d rin k in g  w a te r, seem  to  be  th e  
m a in  sources of in fection , dom estic  po u ltry , w ild  b irds and  soil being on ly  in d ire c t t ra n s m itte r . 
I n  n o t  fu lly  closed sw ine herds, however, n e a rb y  flocks of dom estic  p o u ltry  as well as wild 
b ird s  a n d  soil m ay serve as th e  p rim ary  sou rce  of transm ission .
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SWINE LYMPHADENITIS DUE TO MYCOBACTERIUM  
A V I U M  AND ATYPICAL MYCOBACTERIA

I I .  ST U D IE S  ON T H E  R O L E  O F L IT T E R IN G  IN  M Y C O B A C TER IA L L Y M P H A D E N IT IS  
IN C ID E N C E  IN  L A R G E -SC A L E  P IG  U N IT S

B y

I. Sz a b ó , S. T u b o l y , A. S z é k y , J. K e r e k e s  and N. U d v a r d y

C entral V e te rin a ry  In s t i tu te ,  B udapest 

(R eceived  Ju n e  6, 1974)

Iso la tion  o f M ycobacterium avium  an d  various a ty p ic a l m yco b ac te ria  
fro m  m ore or less tubercu losis-like changes of lym ph  nodes o f b reed ing  and  
fa tte n in g  pigs o rig in a tin g  from  large-scale  u n its  was re p o rte d  earlie r. T he p re s 
e n t  stud ies w ere focused on th e  tran sm iss io n  of th e  in fec tio n  th ro u g h  th e  
e n v iro n m en t, above all by  th e  l i t te r ,  because the  rising inc idence  of ly m p h 
ad en itis  was observed  in those u n its  in  w hich saw d u st l i t te r in g  h ad  been 
em ployed  a fte r th e  failure of keep ing  w ith o u t litte r.

Swine tubercu lo s is  incidence b egan  to  increase  sim ultaneously  w ith  th e  conclusion of 
th e  bovine tubercu losis e rad ica tio n  p ro g ram m es and  th e  aetiological ro le o f  M . av ium  was soon 
recognized , b u t th e n  a lread y  i t  was su spec ted  th a t  th e  source of in fec tio n  shou ld  also be sough t 
in  fac to rs  o th er th a n  p o u ltry  (Sc h l ie s s e r , 1964).

K l e e b e r g  a n d  N e l  (1969) found  th a t  th e  b u lk  of the  m y co b acte ria  a re  ta k e n  up  by  th e  
p igs fro m  th e  en v iro n m en t. L oveday  (1969) o bserved  th a t  th e  in fec tio n  u su a lly  occurs a fte r  
w ean in g  and  th e  process is ten d in g  fo r sp o n tan eo u s  recovery.

On exam in ing  th e  role of saw d u st l i t t e r  a n d  feed, K a u k e r  a n d  R h e in w a l d  (1972) 
iso la ted  sero type I I  M . avium  from  11.8%  of 59 saw dust sam ples, a n d  se ro ty p e  I I ,  and  in  a 
single case sero type  I I I ,  M . avium  from  19 o u t  o f 58 various feed sam ples (fish  m eal, 6; con
c e n tra te , 7; an im al p ro te in , 3; p lan t p ro te in  3). T he m ycobacteria l c o n ta m in a tio n  of saw dust 
l i t t e r  an d  its role in  th e  sp read  of m y cobacte rios is h as chiefly been s tu d ie d  b y  G erm an (B e e r - 
w e r t h  an d  P o pp , 1971; P o pp , 1971; K a u k e r  a n d  R h e in w a ld , 1972) a n d  A u s tra lia n  a u th o rs  
(T am m em agi and  S im m o n s , 1968; R e s n ik o v , 1970; B rooks, 1971). T he la t te r  d e m o n s tra ted  
a p a r t  from  o th er m y co b acte ria , th e  sero logical ty p e  V I (Schaefer’s ty p e )  in  deep lit te r ,  d rink ing  
w a te r  an d  in pa th o lo g ica lly  a lte red  m esen teric  ly m p h  nodes of th e  a n im a ls  as well.

B e e r w e r t h  a n d  P o pp  (1971) iso la ted  ty p e  I I ,  I I I  and IV R u n y o n -g ro u p  m y co b acte ria  
fro m  57.4, 52.5 an d  61.8%  of 108 tree  b a rk  sam ples, 440 saw dust sam ples a n d  285 faecal sam 
ples fro m  pigs, respec tive ly .

T he epizootological role of fresh w a te r (large  rivers) (Via l l ie r  an d  V ia l l ie r , 1971) an d  
su rface  w aters (m u d d y  sw am ps) (K azda , 1973) in  th e  spread of fa c u lta tiv e  p a th o g en ic  m yco
b a c te r ia  has also been  investiga ted .

Materials and methods

Sam ples su b m itte d  for bac te rio lo g ica l exam ination  w ere d eco n tam in a ted  
b y  various m e th o d s  depending  on th e ir  n a tu re .

Sam ples o f  saw d u st, s traw  l i t te r  a n d  soil were t re a te d  w ith  five  volum es 
o f  3 %  N aO H , allow ed to  s ta n d  fo r 20 m in u tes  and n eu tra liz e d  w ith  2 %  HC1.
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T he coarse sed im en t w as d iscarded  an d  th e  flu id  ph ase  w as centrifuged fo r 
10 m inu tes a t 3000 r. p . m.

Sam ples of feed  a n d  fish  m eal w ere d eco n ta m in a te d  w ith  trisod ium  
p h o sp h a te  (N a3P 0 4 =  T N P ). One vo lum e of te s t  m a te ria l w as hom ogenized 
in  fiv e  volum es o f T N P  and  k e p t a t  room  te m p e ra tu re  fo r 16 hours. S u b 
seq u en tly , n e u tra liz a tio n  w as m ade w ith  10%  HC1, th e  ro u g h  sed im ent w as 
d iscarded  and  th e  s u p e rn a ta n t  cen trifuged  for 10 m in u te s  a t  3000 r.p .m . T he 
sed im en t was used  fo r iso la tio n  a t te m p t. T he p rim ary  a n d  subcu ltu res w ere 
p rep a red  as described  p rev io u sly  ( S z a b ó  e t al., 1974).

S ta tis tica l an a ly sis  o f  m ycobac te ria l ly m p h ad en itis  incidence was m ade 
in  farm s in  w hich

(A) saw dust l i t te r  w as a b u n d a n tly  em ployed to  ab so rb  hum id ity ,
(B) th e  pigs w ere e ith e r  k e p t w ith o u t li t te r  or on ly  s tra w  was used for 

litte rin g  an d
(C) saw dust l i t te r  w as only tem p o ra rily  used or sa w d u s t was occasion

ally s trew n  o v e r w et floor areas.
D a ta  on th e  p o s tm o rte m  find ings w ere k in d ly  supp lied  by  the  a b a tto irs  

an d  o f th em  only th o se  w ere considered  in  th is  s tu d y  w h ich  re flec ted  th e  con
d itions of en v iro n m en t a n d  m an ag em en t checked b y  ourse lves d irectly  in  th e  
h e rd  of origin. In  v a rio u s  in fec ted  pig fa rm s, w here sa w d u s t li t te r  was u sed , 
th e  offspring or p a r t  o f  th e  offspring of tu b e rc u lin -te s te d  sows were them selves 
te s te d  w ith  tu b e rc u lin  before  w eaning, viz ., before g roup ing  and , if  req u ired , 
also la te r, and  as fa r  as possib le  these  an im als were follow ed u p  u n til s lau g h te r, 
a f te r  w hich we ex am in ed  th em  for gross and  m icroscopic lesions, and  bacterio - 
logically .

The tu b ercu lin  te s ts  w ere perfo rm ed  b y  in tra d e rm a  ad m in is tra tio n  o f  
m am m alian  tu b e rc u lin  on  th e  left side an d  av ian  tu b e rc u lin  on th e  righ t side, 
or o f av ian  tu b e rc u lin  alone, in to  th e  zone of tra n s it io n  betw een  head and  
ear skin. The re a c tio n  w as read  48 hours a fte r  a d m in is tra tio n . Sw elling, 
e ry th em a , necrosis a n d  oedem a were d iagnosed by  v isua l an d  m anual ex am in a
tio n  and  th icken ing  o f  th e  skin fold or th e  d iam ete r of th e  cu taneous reac tion  
w ere m easured in  m ost cases w ith  a slide gauge.

R esults

The frequency  o f ly m p h  node m ycobacteriosis inc idence  in d ifferen t 
litte r in g  conditions can  be  seen in  T ab le  I.

In  th e  course o f th e  read ing  of tu b e rcu lin  te s ts  i t  w as found th a t  th e  
ev a lu a tio n  by  slide gauge th ick en in g  is n o t w ith o u t d iff ic u lty  because, ow ing 
to  th e  g rea t v a ria tio n s  in  skin  th ickness even in  n e a rb y  a reas, the  basic d a ta  
c an n o t be alw ays p rec ise ly  tak en . T he d iam eter o f th e  cu taneous reac tio n
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Table I

Incidence of lym ph-node m ycobacteriosis in pig un d er d iffe ren t conditions o f littering

L itte r No. of units No. of slaughtered 
pigs

Lym ph- node mycobacteriosis

No. of pigs 
involved

Mean incidence
%

E xtrem e values
%

A 17 14, 419 4054 28.1 (6.7— 53.2)

В 21 36, 550 808 2.2 (0— 7.3)

C 10 31, 476 629 2.0 (1.0— 6.0)

can be m ore p recisely  m easured , b u t  a basis for co rre la tio n  is lack ing . A ccord
ing ly , these  m easu rem en ts  were o m itted  a fte r th e  e v a lu a tio n  o f several h u n d red  
reac tions and  read in g  w as fu r th e r  on  based  on v isu a l an d  m anual ex am in a
tio n . W hen av ian  an d  m am m alian  tu b e rcu lin  w ere ap p lied  s im u ltaneously , 
positive  reactions to  m am m alian  tu b e rcu lin  w ere less an d  less pronounced .

In  one of th e  fa rm s s tu d ied  (F a rm  N ), tw o  h e rd s  o f th e  sam e origin and  
id en tica l in n u m b er, w ere k e p t in  tw o  in d e p e n d e n t u n its  (K  and  T) (Table I I )

Table II

R esults o f tu b ercu lin  te s t in tw o pig herds k e p t  on d ifferen t l it te r

U nit L itte r
Positive reactions to  tuberculin/anim als in the  group

Sows Piglets

к saw dust in farrow ing  house 28/40 =  7 0 .0 % 58/110 =  4 8 .7%
rji* straw 15/52 =  2 8 .8 % 0 / 1 0 5 =  0 .0%

* The sows in  u n it  T  were of the  sam e origin as those in  u n it  К  and the  g rea ter p a r t  o f 
them  had  been tran sp o rted  from  К  to T

In  u n it  К  th e  an im als w ere k e p t u n d e r a closed sy s tem  of m an ag em en t and  
a b u n d a n t saw dust l i t te r  w as used w ith  reg ard  to  d y se n te ry  am ong th e  p ig lets 
and  to  th e  p rev en tio n  of foot in juries caused b y  h a rd  floo r. In  u n it  T , th e  m a n 
agem en t system  w as s till tra d itio n a l, includ ing  y a rd s  a tta c h e d  to  th e  houses, 
th e  hygienic cond itions w ere accep tab le  and  s traw  w as u sed  as l itte r . In  n e ith e r 
u n it w ere k ep t p o u ltry  b y  th e  a tte n d a n ts  serv ing  th e  area. M ycobacterium  
in fec tion  teas s ig n ifican tly  low er in  th e  la t te r  u n it.

In  farm  R  (T able I I I ) ,  tw o large groups of sw ine w ere fo rm ed  in  a closed 
u n it fo r litte rin g  ex p erim en ts  w ith  s traw  and  saw d u st. No p o u ltry  w ere k e p t 
in  th e  u n it. A m ong g roup  I  pigs w hich  h ad  been k e p t on straw ' l i t te r  in  th e  
farrow ing  house an d  w ith o u t l i t te r  d u rin g  th e  fa tte n in g  period , M ycobacterium  
in fec tion  was less th a n  10%  th ro u g h o u t, w hereas am ong  group I I  sw ine,
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Table III

R e su lts  of tubercu lin  te s t  o f sows and  p rogeny  u n d e r conditions o f keeping on s traw  and

saw d u st litte rin g

R

G roup Bedding
Response of sows to 

tuberculin
Response of piglets to  tuberculin  a t  th e  age of

75-90 days 6-8 m onths

i / i straw 27/29 =  93.0% 4/236 =  1.7% 6/109 =  5.5%

2 straw N .t. 0/38 =  0 —

3 straw N .t. 0/251 =  0 4/47 =  8.5%

4 straw N .t. 0/251 =  0 —

I I / l sawdust 26/30 =  86.7% 28/232 =- 12.1% 10/53 =  19.0%

2 sawdust N .t. 13/54 =  24.1% —

3 sawdust N .t. N .t. J 07/330 =  32.4%

4 sawdust N .t. N .t. 32/135 =  23.7%

N .t., no t tested . See foo tno te  Table II

w h ich  had  been k e p t on saw d u st l i t te r ,  it  figured  20 — 30%  by  th e  age of 6 —8 
m o n th s .

In  th ree  farrow ing  houses of fa rm  К  (Table IY), p ig lets w ere k e p t (a) 
o n  saw d u st, (b) on s tra w  and  (c) w ith o u t litte r . F a tte n e rs  w ere k e p t  w ith o u t 
l i t t e r  th ro u g h o u t. T he floo r of th e  p ig  houses was heav ily  w orn , th e  hygienic 
co n d itio n s were poor an d  co n seq u en tly  th e  floor w as covered w ith  u rin e  an d  in  
so m e  places also w ith  d u n g , especially  u n d e r th e  h eav ie r an im als. T he m anage- 
sy s te m  was sem i-closed an d  no p o u ltry  were k e p t on th e  fa rm .

Table IV

R esponse to  tu b ercu lin  o f sows and  p rogeny  k ep t under d ifferent conditions o f litte rin g

К

Farrow ing
house

No.
L itter

Sows
positive/No.

Piglets
positive/No. at the  age of 

60 — 70 days 6 8 m onths

8 sawdust 24/33 96/269 =  36.4% 191/228 =  84.2%

6 straw 28/32 7/304 =  2.3% 41/171 =  23.9%

1 w ithout bedding 22/30 19/245 =  7.7% 111/183 =  56.9%

In  farm  S t (T able  Y), th e  sw ine herd  was un d er a closed sy stem  of 
m an ag em en t, s traw  l i t te r  was alw ays used  in  th e  farrow ing  houses an d  in 
th e  fa tten in g  house a b u n d a n t saw d u st l i t te r  w as sp read  on a single occasion
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for each new ly fo rm ed  group. S aw d u st was reg u la rly  s tro w n  over th e  d iv id in g  
co rrido r be tw een  th e  tw o rows o f farrow ing  pens. I t  is clear from  th e  d a ta  
show n in T ab le  V  th a t  th e  rep ea ted  use o f saw dust p ro m o ted  th e  sp read  o f th e  
infection .

Table V

M ycobacteriosis follow ed up  from  weaning in to  th e  fa tten in g  period  under different cond itions

o f littering

Farrowing
house

No.
L itte r

Weanlings 
(7 2 - 80

days)

F attener
house

No.
L itter

F atteners 
(160 200 days) 
incidence in %

I straw 0/297 VIII No lit te r 23.1

VI saw dust -f- straw 7/311 VIII saw dust for one week 47.9

IX straw 3/298 III saw dust for one week 25.6

X straw 3/295 VI No lit te r 23.6

The resu lts  o f iso lation  ex p erim en ts  from  sam ples of th e  litte r, feed an d  
soil were th e  fo llow ing:

S aw d u st sam ples (26)

S traw  sam ples (3)
F ish  m eal sam ples (3) 
F o d d e r sam ples (23) 
Soil sam ples (4)

6 s tra in s

1 s tra in
1 s tra in
2 s tra in s  
1 s tra in

M . avium.  
R u n y o n -IV  
M . avium  
R u n y o n -IV  
R u n y o n -IV  
R unyon-IV

D isc u ss io n

T he ex p e rim en ts  conducted  in  in fec ted  large p ig  herds located  in  d if
feren t geograph ica l areas of H u n g ary  h av e  u n eq u iv o ca lly  show n th a t  l itte r in g , 
especially  saw d u st l i t te r , p lays an  im p o r ta n t role in  th e  incidence of m y co 
b a c te ria l ly m p h a d e n itis  o f pigs (T ables I I —V). Inc idence  o f m ycobacteriosis 
w as m uch h igher th a n  elsewhere in  u n its  in w hich saw d u st litte r  was used . 
In  ce rta in  fa rm s, om ission of sawrd u s t litte r in g  w as follow ed b y  a sin g ifican t 
decrease in  m ycobacteriosis am ong th e  p rogeny  of th e  in fec ted  sows, w hereas 
in  o thers th e  red u c tio n  of its incidence did no t exceed ab o u t one h a lf o f th e  
o rig inal level. In  th e  la tte r  herds a source o th e r th a n  saw d u st m ay also h av e  
p lay ed  a role. W e agree w ith  B e e r w e r t h  an d  P o p p  (1971) th a t  th e  origin o f  
th e  saw dust (fo re s try  b y p ro d u c t, co n ta in in g  also th e  so il-con tam ina ted  b a rk  
or in d u str ia l b y p ro d u c tio n ) as w7ell as its  sto rage an d  th e  frequency  of m an u re  
rem oval are fu r th e r  decisive fac to rs. S c h l ie s s e r  an d  W e b e r  (1973) found
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t h a t  in  ex p erim en ta lly  in fec ted  saw d u st, tw o  M . avium  s tra in s  v iru le n t to  
p o u ltry  (serological ty p e  I I )  su rv ived  fo r 153— 160 days a t 18— 22 °C w hereas 
tw o  o th e r  s tra in s , a v iru le n t to  p o id try  (D avis-serological ty p e  s tra in s  of th e  
in te rm e d ia ry  group), su rv iv ed  for 169— 214 days under id en tica l conditions. 
T h e  resp ec tiv e  su rv iv a l tim es  were 35— 42 an d  49— 63 days in  th e  in c u b a to r 
a t  37 °C. No m u ltip lica tio n  of M ycobacteria  in th e  saw d u st w as observed 
u n d e r  th e  given co n d itions o f ex p e rim e n t; th e  higher (37 °C) te m p e ra tu re  
even  seem ed to  p rom ote  th e  g radual decrease  of M ycobacterium  co u n ts . St o l l  
(1973) how ever holds th e  v iew  th a t  c e r ta in  a ty p ica l M ycobacteria  do n o t only 
occu r u b iq u ito u sly  o u ts id e  an im al re se rv o irs  h u t m ay even m u ltip ly  th e re  if  
th e  co n d itions are fav o u rab le . In  v iew  o f th is  i t  canno t be exc luded  th a t  in  
w et saw d u st or in sa w d u s t li t te r  long re ta in e d  in the  p ig  house, a ty p ica l 
M ycobacteria  m ay  m u ltip ly  a t  th e  sam e ra te  as in  surface w a te r  ( K a z d a , 
1974) or in  fresh w ater (V i a l l i e r  and  V i a l l i e r , 1971). In g estio n  o f saw dust 
b y  th e  pigs has often  been observed. T h is w eighs in favour o f th e  view  (St o l l , 
1973) th a t  m echanical in ju ry  of th e  m u co u s m em branes b y  sa w d u s t favours 
th e  e s tab lish m en t of M ycobacteria  in th e m , to  the  analogy of silico -tubercu- 
Iosis in  m an . Also, while w ith  s traw  l i t te r in g  th e  m anure is rem o v ed  a t  least 
once da ily , th ere  is no such  technological req u irem en t w ith  saw d u st litte rin g .

T he a ty p ica l M ycobacterium  s tra in s  iso la ted  from  sam ples o f saw dust 
s tra w , etc., were sim ilar to  those d e m o n s tra te d  in the affec ted  ly m p h  nodes 
o f pigs. H ow ever, in  th o se  u n its  in w h ich  a tte n d a n ts  liv ing in  th e  fa rm  keep 
th e ir  ow n p o u ltry  flocks, an d  M . avium  in fec tio n  occurs am ong  th e  b irds, th e  
m a in  source of sw ine m ycobacteriosis shou ld  of course be so u g h t in  th is. 
W ild  b ird s  m ay also sp read  th e  in fec tio n  e ith e r d irec tly  or in d irec tly , by  
c o n ta m in a tin g  the  fodder or th e  saw d u st o r s traw  used as l itte r .

In  swine groups k e p t w ith o u t l i t te r ,  m ycobacteriosis incidence was 
h ig h e r th a n  am ong tho se  k e p t on s tra w  l i t te r ,  from  w hich i t  is concluded  th a t  
th e  m o istu re  of th e  l i t te r ,  th e  freq u en cy  of m anure rem o v al an d  general 
h y g ien e  also p lay  a role in  th e  freq u en cy  o f  infection .

N a tu ra lly , tran sm iss io n  by  c o n ta c t w ith in  th e  herd  shou ld  also be tak en  
in to  considera tion . T he questio n  arises w h e th e r  th e  anim als shed  th e  m icro
o rgan ism s only as long as th e y  m ay ta k e  th e m  from  th e  en v iro n m en t or food. 
W e h av e  perform ed several ex p erim en ts  to  o b ta in  m ore in fo rm a tio n , h u t no 
u n eq u iv o ca l evidence w as em erging to  th e  role of sows in  tra n s m ittin g  th e  
in fec tio n . E x p erim en ts  b ased  on a d iffe ren t approach  are  now  in progress 
an d  i t  also rem ains to  be clarified  w h e th e r  M . avium  and  th e  o th e r a ty p ica l 
M ycobacteria  p lay  an  eq u a lly  im p o r ta n t ro le in swine tubercu losis .
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Sum m ary

T he role o f l it te r  as an  en v iro n m en ta l fac to r in the  incidence o f m y co b acte ria l sw ine 
ly m p h a d e n itis  was stu d ied  chiefly  u n d e r field  conditions. A typ ical M ycobacteria  were d em o n 
s tr a te d  in  sam ples of l it te r  and  in d iffe ren t food ra tio n s as well. E x p erim en ts  con d u cted  in 
sev era l pig u n its  clearly  show ed th a t  u n d e r  large-scale m anagem en t sy stem s, l it te r  p lay s an  
im p o r ta n t  role in th e  spread  and  incidence of ly m p h-node  m ycobacteriosis in  sw ine. The h ighest 
incidence  was fo u n d  in those u n its  in  w hich  saw d u st was used as l it te r ,  i t  w as lower am ong 
pigs k e p t w ith o u t l it te r ,  b u t still h igher co m pared  to  those k ep t on straw . I t  ap p ears th a t  th e  
orig in  and  storage cond itions of saw d u st as well as th e  frequency of m an u re  rem oval also have  
a s ig n ifican t influence on th e  incidence of sw ine m ycobacteriosis. Since, how ever, th e  in fec tion  
—  a lth o u g h  a t  a lower ra te  — also occurred  in those  u n its  in w hich no sa w d u s t l it te r  had  been 
used , o th e r sources o f infection  should also be ta k e n  in to  consideration . O ne m ain  source is th e  
soil w hich  m ay c o n tam in a te  th e  food an d  d rin k in g  w ater. M . avium  in fec tio n  m ay  be tra n s m it
te d  by  in fected  p o u ltry  k ep t nearb y  th e  pig u n it.  Also o th er dom estic  b ird s or wild b irds m ay  
sp read  th e  infection  in d irectly , by  co n ta m in a tin g  th e  l it te r  or the  fodder ra tio n  of th e  pigs w ith  
th e ir  d roppings. Such in d irec t c o n tam in a tio n  can , o f course, tak e  p lace n o t  on ly  in th e  pig u n it  
itse lf, b u t  also in th e  food-m ixing p la n t or food sto re . I t  appears th a t  sp read  of M . avium  or 
a ty p ic a l Mycobacterium  infection by  p ig -to -p ig  c o n ta c t p lays l ittle  role in  h e rd  infections, b u t 
its  im p o rta n ce  c a n n o t be d isregarded .
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SERO-GROUPING OF ESCHERICHIA COLI STRAINS 
ISOLATED FROM CASES OF WHITE SCOURS IN EGYPT

By

A. F . F a r i d **, J . M é s z á r o s , J . V a r g a , Z. S. L o t f i* and A. S. A b d . El M a l e k *

D ep artm en t o f E pizootiology, U n iv e rs ity  o f V eterinary  Science, B u d ap es t 

(R eceived  J u ly  4, 1974)

T he econom ic losses due to  n e o n a ta l diseases in y o ung  calves w ere rec 
ogn ized  m any y ea rs  ago. D iarrh o ea  d u rin g  th e  f irs t tw o w eeks of life is con
sid e red  th e  com m onest sym ptom  o f  th ese  diseases. B y n a tu re  of its  h a b ita ts , 
Escherichia coli can  be iso lated  from  th e  faeces in d ifferen t d iseased cond itions 
an d  ro u tin e  cu ltu ra l m ethods te n d  to  select for it. For th is  reason , i t  is d ifficu lt 
to  assess the  sign ificance of an iso la tio n  o f E . coli from  a specim en, especially  
w ith  diseases m an ifested  p rim arily  b y  d ia rrhoea . Y et, th e  m a jo r aspect o f th is  
o rg an ism  in th e  pa thogenesis  of d ia rrh o e a  of new born calves has been c learly  
d e lin ea ted .

Escherichia coli h a s  been in crim in a ted  by  m an y  au th o rs  to  be m o st im p o r ta n t b ac teria l 
a g e n t causing  scours o f calves. D ifferent О groups have  been iso lated  fro m  diseased  or dead  
calves. W ramby  (1948) fo u n d  О groups 15, 8, 9, 30W , 78, 45 and 27W  in  calves.

B okh a ri and  0RSKOV (1952) re p o rte d  t h a t  th e  О groups m o st f re q u e n tly  en co u tered  
w ere 78, 15, 27W, 30W , 8, 9, 45 and 26. S ince th e n  th e  27W  and 30W  s tra in s  h av e  been  accep ted  
as in te rn a tio n a l ty p e  s tra in s  0115 and  0 1 1 7 , re sp ec tiv e ly  (O rskov , 1952). F e y  (1957) re p o rte d  
t h a t  О groups 78, 115, 86, 15 and  117 w ere  d o m in a n t in  coli sep ticaem ia  in  calves, A ld á sy  
(1959) fo u n d  th e  О g ro u p s 41, 8, 9 and  101 m o st freq u e n tly , w hereas acco rd ing  to  D am (1960) 
th e  О g ro u p s 78, 115 a n d  15 were responsib le  fo r 57%  of colisepticaem ic cases. G o ssling  e t al. 
(1964) fo u n d  9, 101,15 a n d  17 as th e  co m m o n est groups w ith  th e  absence of 0 7 8 . Glantz e t  al. 
(1968) re p o rte d  th a t  th re e  О groups O X  28, a n d  117 were associated  w ith  ca lf m o rta lity  in  a 
te s te d  h e rd . R ecen tly , th e  m o st com m only o ccu rrin g  О groups have been 78, 8 an d  20 (Ma n z , 
1971) a n d  101, 20, 41, 8 a n d  7 (Varga an d  F a r id , 1974). In  E g y p t, th e  f ir s t  tr ia l  was done by 
A b d  E l  Gh affar  e t al. (1972) and eleven s tra in s  (resem ble 11 dead  calves) cou ld  by  ty p e d  as 
О g ro u p s  8, 26 (two fro m  each), 10, 20, 45, 73, 78, 114 and  135 (one from  each), b u t  no fu th e r 
in v e s tig a tio n s  have b een  done so far.

T h e  p resen t w ork  deals w ith  o th er s tra in s  iso lated  from  dead y oung  calves w ith  en te ritis .

M ater ia ls a n d  m eth o d s

O ne hundred  s tra in s  were sen t fro m  th e  V eterinary  and  R esearch  L a b 
o ra to rie s  a t  Cairo to  be  iden tified . T h ese  s tra in s  were iso la ted  from  100 dead  
calves w ith  en teritis  a t  d ifferen t fa rm s in  E g y p t.

* F ro m  th e  V e te rin a ry  and  R esearch  L ab o ra to rie s  (A nim al H e a lth  In s t i tu te ) ,  D O K K I, 
Cairo, U A R .

** I n  a fellowship a t  th is  In s ti tu te .
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B iochem ical s tu d ie s  an d  serogrouping  w ere done accord ing  to  K a u f f - 

m a n n  (1966). The n i t r a te  red u c tio n , lactose decom position , c itra te  u tiliza tio n , 
indole  and  urease p ro d u c tio n , hydrogen  su lph ide  p ro d u c tio n  an d  gelatine liq u e
fac tio n  as well as th e  Y oges-P roskauer an d  m eth y l red  te s ts  were perform ed.

F o r serological id e n tif ic a tio n , s tra in s  w ere cu ltu red  on D j 5 m edia sug
gested  b y  Sc h l e c h t  an d  W e s t p h a l  (1966) and  used in  liv ing , boiled and  a u to 
c laved  form s. In te rn a tio n a l  0  ty p e  s tra in s , n am ely , 2— 5, 7— 11, 13, 15, 17, 
20, 21, 23, 25, 28, 41, 44 , 56, 69, 75, 78, 86, 93, 101, 111— 113, 115, 117. 119, 
124— 126, 128, 136— 139 an d  141— 157 an d  all in te rn a tio n a l К  ty p e  s tra in s  
(1-94) except K65, K 90 a n d  K92 were used to  p roduce  О an d /o r OK serum  for 
serological typ ing . A n tig en s w ere te s ted  w ith  pooled a n tise ra  on slide. E ach  
pool con ta ined  ab o u t f iv e  d ifferen t an tise ra . T he s tra in s  giv ing positive reac 
tio n  w ith  th e  pools w ere th e n  te s ted  w ith  th e  sera w ith in  th e  pool sep ara te ly . 
T he slide agg lu tin a tio n  w as confirm ed in  every  case b y  th e  tube  agg lu tin a tio n  
te s t  an d  stra ins w ere o n ly  ap p ro v ed  to  be id en tified  if  th e y  gave th e  sam e t i t re  
as th e  in te rn a tio n a l s ta n d a rd  ty p e  s tra in  w ith  th e  hom ologous serum ; o th e r
w ise th e  ag g lu tin a tio n  w as considered a cross- reac tion .

R esu lts

O u t of the  100 co liform  stra in s, 91 could be id en tified  as follows: 85 
Escherichia coli, 3 K lebsiella , 2 Citobacter and  one Proteus.

T he resu lts o f th e  b iochem ical te s ts  are  show n in  T ab le  I. The rem ain ing  
9 s tra in s  were d iscard ed  as th e y  d iffered in  some o f th e  b iochem ical reac tio n  
an d  could no t be a t t r ib u te d  to  any  genus.

Table I

T h e  biochem ical behav iour of 91 iso lated  stra ins

No. of 
strains n itra te lactose indole M.R. Y.P. urea citrate H 2S gelatine

Escherichia 85 + + — —
(8+)

—
(3 +

Citrobacter 2 + _L — + — — + + —

Klebsiella 3 + + — — + + + — —

Proteus 1 + — — — + + + +

U sing 57 О a n d /o r  O K  sera th ir ty  s tra in s  could  be ty p e d  w ith in  16 О 
groups. Table I I  show s th e  O K  grouping  of th e  s tra in s . I t  is ev iden t th a t  7 
s tra in s  were К  m inus a n d  23 co n ta ined  cap su la r an tig en  e ith e r a th e rm o stab le  
A (in 4 stra ins o f 0 4 1 )  o r a therm olab ile  В an d /o r L  an tig en  (in 19 s tra in s).
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M oreover, 14 s tra in s gave a slide an d  tu b e  ag g lu tin a tio n  reac tio n  w ith  
6 d ifferen t O sera . These resu lts  w ere o m itte d  and  considered  “ cross- re a c tio n ” 
as none of th e  s tra in s  were a g g lu tin a te d  up  to  th e  end t i t r e  o f th e  co rrespond ing  
se ru m .

Table II

shows th e  0  and К  ty p in g  of th e  identified E. coli s tra ins

0  group No. o f strains К  antigen No. of strains
No. of strains w ith 

unidentifiable К  antigen

08 4 K — 2 2

041 4 4K(A)

0145 4 K — 2 2

0128 3 K67(B) 3

015 2 K 14(L) 2

020 2 2

0115 2 2

02 1 K — 1

017 1 K 16(L) 1

023 1 1

028 1 K — 1

0125 1 K70(B) 1

0142 1 K — 1

0147 1 K 89(B ) 1

0152 1 1

0154 1 K94(B) 1

T o ta l: 30 К  m inus 7

W ith  К  an tig en 23

D is c u s s io n

E.coli d ia rrh o ea  of calves d u rin g  th e  f irs t tw o weeks of life m ay  be associ
a te d  w ith  a n u m b er of factors (B a r n u m  e t al., 1967; M e b u s  e t al., 1969). T he 
ro le  of E.coli in  n eo n a ta l diseases of calves has been  rev iew ed  b y  sev era l 
a u th o rs  (Ga y , 1965; So j k a , 1965; B a r n u m  e t ah, 1967).

C lassification  of coliform  iso la tes b y  biochem ical reac tio n s has a lw ays 
been  useful. T he m a jo rity  (91) of o u r 100 s tra in s  could be classified in to  fo u r 
gen era  viz., Escherichia, Citrobacter, K lebsiella  and  Proteus.

I t  has been  rep o rted  th a t  c e r ta in  serogroups are  fre q u e n tly  assoc ia ted  
w ith  ca lf  diseases ( W r a m b y , 1948; F e y , 1957; D a m , 1960), w hile re c e n t
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re p o rts  have  show n th a t  th e re  are geograph ica l differences as to  th e  im p o rta n t 
g roups, in  some co u n trie s  being  one of th e  serogroups d o m in a n t in  o thers n o t 
(G o s s l in g  et al., 1964; V a r g a  and F a r i d , 1974). In  th e  p re se n t s tu d y  groups 
0 8  a n d  0 2 0  seem to  p la y  an  im p o rta n t p a r t  in  ca lf diseases in  E g y p t as show n 
by  th e ir  repeated  iso la tio n  during th e  f i r s t  tr ia l (A b d  E l  G h a f f a r  e t ah , 
1972), while all o th e r  g ro u p s have been iso la ted  for th e  f irs t tim e. S tra in s  
belonging  to  0 8 , 0 4 1 , 0 1 4 5  and  0128 c o n tr ib u te  50%  o f th e  iden tified  s tra in s . 
T he serogroup 041  w as recorded to  be associa ted  to  calves ( F e y , 1957; 
Á l d á s y , 1959; V a r g a  a n d  F a r i d , 1974). In  ad d itio n , s tra in s  belonging to  
0 1 5  a n d  0115 show ed som e im portance  as th e y  am o u n t to  13 .3%  of th e  id e n 
tif ied  s tra in s  and th e ir  im p o rtan ce  has been  rep o rted  b y  several au th o rs  
( W r a m b y , 1948; O r s k o v , 1951; D a m , 1960; Ső d e r l i n d , 1965).

Tw o different sero g ro u p s 0128  : K 67 (B12) and  01 2 5  : K70 (B15) could 
be fo u n d  in 3 and  one case, respectively . T h is find ing  is in  ag reem ent w ith  
o th e r  repo rts  (O r s k o v , 1951; G u i n é e , 1963) w hich reco rded  th a t  c e rta in  
g roups w hich are k n o w n  to  be re la ted  to  h u m a n  disease could  be iso la ted  from  
cases o f  w hite scours.

T he group 0 7 8  cou ld  n o t be found in  th e se  s tra in s , th o u g h  it  was recorded  
before  (A bd  E l G h a f f a r  e t al., 1972). I t  is also w o rth  to  deno te  th a t  0 9 , 
O101 an d  0117 w hich  a re  know n to  be im p o r ta n t in  E u ro p e  could n o t be 
iso la ted  up to  now in  E g y p t while 0147  : K 89(B ), w hich is alw ays re la te d  to  
pigs, w as encoun tered  in  one case.

T he im p o rtan ce  o f th e  capsu lar an tig en  in  m ask ing  0  ag g lu tin a tio n  is 
w ell-know n (So j k a , 1965; K a u f f m a n n , 1966; G l a n t z , 1968) while its  su s
p ec ted  im portance  in  pa thogenesis  has n o t been  proved  y e t  (S m it h  an d  L i n g - 
g o o d , 1972). H ere 7 6 .7 %  o f our iden tified  s tra in s  co n ta in ed  К  an tigens. T he 
A fo rm  could be fo u n d  o n ly  associated w ith  041  while o th e r  groups con ta ined  
В o r L  form s. D u rin g  o u r investiga tions s tra in s  of 0 8  an d  0145  signed as К  
m inus seems th a t  th e y  m a y  have lost th e ir  cap su la r an tig en s due to  rep ea ted  
su b cu ltu rin g .

I t  is w orth  to  m e n tio n  th a t  in th e  p re se n t w ork serogroups never iso la ted  
in  E g y p t before h av e  b een  iso lated  from  ca lf  scours an d  som e ligh t has been 
th ro w n  on the  p resence  o f  К  an tigens in  th ese  s tra in s . F u r th e r  efforts are 
n eed ed  for c larify ing  th e  im p o rta n t se ro ty p es before in tro d u c in g  new  p ro 
p h y la c tic  m easures.

*
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S u m m ary

O ne h u n d re d  coliform  stra in s  iso lated  fro m  dead  calves w ith  e n te ritis  in E g y p t, were 
sen t to  be  iden tified . B iochem ical stud ies show ed  th a t  85 s tra in s  w ere E. coli. Serologically , 
u sing  57 О an d /o r O K  sera th ir ty  stra in s  cou ld  b e  grouped. The m o st im p o rta n t О g ro u p s w ere 
8, 41, 145, 128, 15, 20 a n d  115.

As th e  О groups 8 and  20 had  a lready  b een  iso lated  in E g y p t, th ey  were considered  to  be 
im p o r ta n t, 77%  of th e  О grouped stra in s  c o n ta in ed  К  antigens, 4 o f w hich as A form  w hile th e  
re s t as В or L.
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EXPERIMENTAL INFECTION OF LAMBS WITH AN 
ADENOVIRUS ISOLATED FROM SHEEP AND RELATED 

TO BOVINE ADENOVIRUS TYPE 2.
I. V IR O L O G IC A L  ST U D IE S

By

S. B é l á k , V. P á l f i  and E . T u r y

D e p artm en t o f Epizootio logy, U n iv e rs ity  o f  V e te rin a ry  Science; C en tra l V e te rin a ry  In s t i tu te ;
D e p a rtm en t of P a th o lo g y , U n iv e rs ity  o f V e terinary  Science, B u d a p es t

(R eceived  O ctober 12, 1974)

N a tu ra l  re sp ira to ry  diseases o f m am m alian  dom estic  an im als, c au sed  by  adenoviruses, 
hav e  been  rep o rte d  only in calves ( A l d á s y  e t al., 1964), in  horses ( J o h n s t o n  an d  H u t c h i n s , 
1967) and  in dogs ( D i t c h f i e l d  e t ah , 1962) so far.

A denovirus iso lations from  sheep h a v e  been done only in N o rth e rn  Ire la n d  (McF erra n  
e t ah , 1969, 1971). T he aetio logical role o f these  s tra in s  is unknow n.

In  la te  O ctober, 1973, an  ad en o v iru s, desig n ated  H et/3  was iso la ted  from  th e  n asa l d is
charges of 6— 8 weeks old m erino  lam bs show ing m ild resp ira to ry  sy m p to m s ( B é l á k  and  P á l f i , 
1974). T he flock of lam bs h a d  no co n n ec tio n  w ith  ca ttle . The H e t/3  v iru s  could read ily  be 
d is tin g u ish ed  from  any  of th e  p ro to ty p e  s tra in s  of ovine adenoviruses, b u t  p ro v ed  to  be closely 
re la te d  to , if  n o t id en tica l w ith  ty p e  2 bovine  adenovirus. T he iso la te  ap p ea red  to  p lay  an  
aetio logical role in th e  disease, so i t  seem ed to  be ju s tified  to  s tu d y  its  p a th o g e n ic ity  in  lam bs 
in fec ted  experim en tally .
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M ateria ls and  m ethods

E xperim enta l anim als. T h ir te e n  co lostrum -deprived  m erino  lam bs, aged 
one week, were used. T he lam b s h ad  p roved  free of n eu tra liz in g  an tibod ies 
a g a in s t th e  H et/3  v iru s s tra in .

V irus. The H et/3  v iru s  w as p ro p a g a te d  in  secondary  fe ta l lam b k id n ey  
cu ltu res  as described elsew here ( B é l á k  an d  P á l f i , 1974). As inocu lu m  th e  th ird  
passage of th e  v iru s w as used.

Experim ental infection. S even  lam bs w ere given 1 m l suspension  of v irus 
(10:! T C ID 50) in tra tra c h e a lly  an d  1.5 m l in tran asa lly . T hese inocu la tions were 
rep ea ted  on th e  su b seq u en t day . Tw o fu r th e r  lam bs were k e p t to g e th e r w ith  
th e  in fec ted  group from  th e  second  d ay  a fte r  inocu la tion  to  serve as c o n ta c t 
con tro l. F o u r con tro l lam bs w ere in o cu la ted  w ith  th e  s u p e rn a ta n t  of u n in 
fec ted  tissue cu ltu res in  th e  sam e w ay  as th e  f irs t group. N asa l an d  rec ta l sw abs 
w ere collected daily  an d  te m p e ra tu re s  w ere ta k e n  tw ice a d ay . T hree an im als 
o f  th e  in fec ted  group died , th e  o th e r  lam bs were k illed b e tw een  4 — 13th days 
p o st in fection  (p.i.). One co n tro l an im al was killed on each  o f 2, 4, 7 an d  13 
days p.i.

E ig h t in fec ted  lam bs an d  th e  con tro ls w ere invo lved  in to  d e ta iled  p a th o 
logical an d  h is topa tho log ica l s tu d ie s . T he lungs, th e  p e rib ro n ch ia l an d  in te s tin a l
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ly m p h  nodes, th e  in te s t in a l  tra c ts  an d  th e  spleens w ere exam ined  bac te rio - 
logically . R eisolation  o f  th e  v iru s from  th e  re sp ira to ry  an d  in tes tin a l t ra c ts  as 
w ell as from  the  n asa l a n d  re c ta l swabs w as a tte m p te d  in  secondary  fe ta l lam b  
k id n ey  cultures.

The p re inocu la tion  se ra  and  the  sera collected  from  ex san g u in a ted  lam bs 
w ere te s ted  for v iru s -n e u tra liz in g  an tibod ies, using lam b  k id n ey  cell cu ltu res , 
an d  100 T C ID 5u/tu b e .

R esults

Clinical signs. O ne la m b  (No. 1639) w hich died on th e  f irs t day  following 
in fec tio n  was n o t in v o lv e d  in to  the  de ta iled  stud ies. A fu r th e r  lam b (No. 
1640) showing no c lin ica l signs died on th e  second d ay . F ro m  th e  second d ay  
all an im als except one show ed  raised  te m p e ra tu re , w hich  reach ed  th e  m ax im um  
g enera lly  3—4 days p .i. (a  rise of 0.7— 1.5 °C). D e ta iled  resu lts  are p resen ted  
in  T ab le  I.

Table I

The re su lt o f  experim ental infection w ith  H e t/3  v irus

Maximum
tem perature

day C,

R e
spira
to ry

sym p
tom s

D iar
rhoea

Killed
on day

Died
p.i.

V irus reisolation from

Lamb
No.

organs nose 
on days

faeces
p.i.

** 1636 3rd 39.3 + + 7 re sp .tra c t 3— 6 3— 4
ü& 1590 3rd 40.0 + + 13 — 3— 8 3— 4

.5 1638 — + + 9 — 3— 7 3— 4

.ï 1640 — — — — 2 re sp .tra c t — —

an
d 1593 3rd 40.2 + + 4 re sp .tra c t — —

1639 — — — — 1 N T NT NT
1—1 1591 3rd 39.9 + + 7 — — —

оa 1637 3rd* 39.8 + + 7 (4*) re sp .tra c t — —

оU
1589 5th* 39.5 + + 13 (10*) — 5— 7 5— 6

N T, not tested ; * A fter supposed  up take  of v irus; ** In tran a sa l an d  in tra trach ea l in fection

Serous nasal d isch arg e , sneezing an d  dyspnoea w ere observed  from  th e  
second  day  p.i. on fiv e  la m b s  infected  in tra tra c h e a lly  and  in tran asa lly . R esp ir
a to ry  signs were acco m p an ied  by  d iarrhoea from  d ay  4 p.i.

Clinical signs show ing  th e  dysfunction  of th e  in te s tin a l t r a c t  were seen 
fo r 3— 4 days. The re s p ira to ry  signs were still p resen t in  th e  fin a l phase of th e  
ex p erim en t.
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In  th e  lam bs exposed to  c o n ta c t in fec tion  (Nos 1589 and  1637) s im ila r 
re s p ira to ry  and  en te ric  sym ptom s w ere observed  from  days 3 — 5 p.i. on.

T he lam bs in o cu la ted  w ith  u n in fe c te d  su p e rn a ta n t show ed no clin ical
signs.

Pathological and  liistopathological studies. T h e r e su lt  o f  th e s e  o b s e r v a t io n s  
w ill b e  p r e se n te d  in  d e ta il in  th e  s e c o n d  a r tic le  o f  th is  ser ie s  (T u r y  e t  a h , in  
p ress).

Bacteriological fin d in g s . No b a c te r ia  could be c u ltiv a te d  from  th e  lungs, 
p e rib ro n ch ia l and  in te s tin a l lym ph  nodes an d  spleens. F ro m  th e  sm all in te s tin e s  
non -haem olyzing  E . coli bac te ria  a n d  en terococci were cu ltiv a te d .

Virological studies. Shedding o f  v iru s  w ith  the  nasa l d ischarge w as d em 
o n s tra te d  in th ree  lam bs (Nos 1590, 1636 and 1589), one of w hich h ad  been  
exposed  to  c o n ta c t in fection . On d ay s  3— 7 p.i. th e  v iru s  w as also re iso la ted  
from  lam b  No. 1638, w hich show ed re sp ira to ry  and in te s tin a l sym ptom s, b u t 
no  e lev a ted  te m p e ra tu re .

T he v irus was reiso lated  from  th e  rec ta l swabs o f four anim als (N os 
1636, 1590, 1638 an d  1589). The p resence  o f th e  v irus in  th e  faeces was d em o n 
s tra te d  betw een  days 3 and 6 p .i.

V irus was d e tec ted  in the  h om ogen ized  lower re sp ira to ry  tra c ts  of fou r 
lam bs (Nos 1636, 1640, 1593 and  1637), b u t  i t  could n o t be iso la ted  from  th e  
hom ogenized  in testin es  and in te s tin a l ly m p h  nodes of th e  sam e anim als.

T h e  re iso lates p roved  to  be id e n tic a l w ith  the  H et/3  v iru s in th e  v iru s- 
n e u tra liz a tio n  te s t.

Serological observations. V iru s-n eu tra liz in g  an tibod ies (a t i t re  o f 1 : 8 )  
could  be firs t tim e dem o n stra ted  in  th e  b lood of the  lam b killed  on d ay  7 p .i. 
In  th e  sera  collected la te r  (from  an im als  N os 1638, 1589, 1590) a n tib o d y  ti tre s  
up  to  1 : 3 2 —1 : 128 were found. T h e  sam e titres  were observed  ag a in st 100 
T C ID j,) o f e ith er H et/3  v irus or bo v in e  adenov irus ty p e  2.

D iscussion

No d a ta  are availab le  on n a tu ra l  d iseases or successful exp erim en ta l in fec 
tions o f sheep as fa r  as adenoviruses are  concerned. The p a th o g en ic ity  o f ov ine 
aden o v iru s  iso lates to  o ther species is also  unknow n. The adenoviruses iso la ted  
from  d iffe ren t species are regarded  to  be h igh ly  host-specific. T he m ost d e ta iled  
s tud ies h av e  been m ade w ith h u m a n  s tra in s  of the  adenov irus fam ily . E x c e p t 
for th e  oncogenicity  of some s tra in s —  genera lly  anim als could  no t be in fec ted  
ex p e rim en ta lly  w ith  h u m an  isolates (A n d r e w e s  and  P e r e i r a , 1972). A m ong  
th e  lim ited  n u m b er o f  successful e x p e rim e n ta l infections can  be m en tio n ed  th e  
w ork  o f B e t t s  e t al. (1962), who w ere ab le  to  produce p n eu m o n ia  w ith  a h u m a n  
s tra in  in  co lostrum -deprived  p ig lets. L a te n t  infection  o f ra b b its  ( P e r e i r a
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a n d  K e l l y , 1957) a n d  i n a p p a r e n t  in fe c t io n  o f  dogs (S i n h a  e t  al .,  1960) w e r e  
a lso  r e p o r te d .  G e n o v  e t  al. (1971) in fe c te d  l a m b s  w i th  t h e  b o v in e  a d e n o v i ru s  
s t r a i n  Sofia  4/67 a n d  o b s e rv e d  an  a n t i b o d y  re sp o n se ,  b u t  no  p a th o lo g ic a l  a l t e r 
a t io n s .

T he n a tu ra l tra n sm iss io n  of an ad en o v iru s  betw een  d iffe ren t species h a s  
b een  very  rare ly  fo u n d  (Cabasso  an d  W i l n e r , 1969; K a p p  and  L e h o c z k i , 
1966).

The H et/3  v iru s , w hich  was iso la ted  from  a n a tu ra lly  d iseased sheep, w as 
u n re la te d  to  th e  sheep  adenov irus ty p es  know n  so fa r  b u t  closely re la ted  to  
ty p e  2 of bovine ad en o v iru ses . T ype 2 bo v in e  adenov irus w as originally  iso la ted  
f ro m  th e  faeces of a c lin ica lly  norm al ca lf  ( K l e i n  et ah. 1960). D a r b y s h i r e  
(1968) observed sero log ica l response a g a in s t th is  ty p e  a fte r re sp ira to ry  
d isea se  of ca ttle . M ild re sp ira to ry  sy m p to m s and  d ia rrhoea  were observed in  
ca lv es  in fected  e x p e rim e n ta lly  w ith  ty p e  2 bovine adenov irus (D a r b y s h i r e  
e t a l., 1969).

In  the  ex p e rim en t p resen ted  here a serologically  closely re la ted  virus w as 
c a p a b le  of causing  m o d e ra te  re sp ira to ry  an d  in te s tin a l sy m ptom s in  lam b s. 
F ro m  th e  second d a y  a f te r  infection  th e  lam b s show ed sim ilar re sp ira to ry  
d isease  as in th e  f ie ld . T hese  sym ptom s w ere la te r  accom panied  by  rise of te m 
p e ra tu re  and d ia rrh o e a . The virus sp read  to  susceptib le lam bs by c o n ta c t, 
c a u s in g  sim ilar sy m p to m s  in the  la tte r .

F rom  th e  th ird  d a y  p.i. on, th e  lam b s shed th e  v iru s  in  th e ir  nasal secre 
tio n s  and  faeces. I t  is w o rth  to  no te, th a t  in  th e  nasal d ischarge th e  v irus w as 
p re se n t for a longer tim e  th a n  in th e  faeces, and th e  re sp ira to ry  sym p to m s 
p rev a iled  longer, to o . T h e  v irus could be re iso la ted  from  th e  tissues of th e  
low er re sp ira to ry  t r a c ts  o f th e  anim als d ied  or killed d u rin g  th e  firs t week o f 
th e  ex p erim en t. T hese  fin d in g s in co rre la tio n  w ith  th e  clin ical observations in  
th e  f ie ld  suggest, t h a t  th e  H et/3  virus causes m ore severe processes in th e  r e 
s p ira to ry  tra c t  th a n  in  th e  in testines.

F u rth e r  e x p e rim e n ts  are in progress to  s tu d y  th e  re la tio n sh ip  or id e n ti ty  
of H e t/3  virus to  b o v in e  adenovirus ty p e  2 an d  to  in v es tig a te  th e  p a th o g en ic 
i ty  o f th e  form er in  calves.

S um m ary

C olostrum -deprived  lam b s  were ex p erim en ta lly  in fected  w ith  ad en o v iru s stra in  I ie t /3 . 
T he s tra in , isolated from  sh eep  w ith  resp ira to ry  sy m p to m s, is re la ted  to  ty p e  2 bovine ad en o 
v iru s . T he virus was fo u n d  to  be pathogenic  for lam b s. R esp ira to ry  a n d  in te s tin a l sy m p to m s 
w ere observed  w ith  a m ild  rise  o f  tem p era tu re . S u scep tib le  lam bs show ed sim ila r sym ptom s a f te r  
c o n ta c t  infection. T h ree  o u t  o f  nine infected an im a ls  died  on post- in fec tion  days 1, 2 and  9, 
th e  o th e rs  were killed b e tw ee n  days 4 and 13. T he lam b s shed th e  v iru s b o th  in th e ir n a sa l 
d isch arg es and faeces. V iru s-n eu tra liz in g  an tib o d ies  u p  to  a serum  d ilu tio n  of 1 : 8 — 1 : 128 
a p p ea red  in the  sera o f th e  in fec ted  anim als. On th e  basis o f deta iled  o b se rv a tio n s ev idence is 
p re sen te d  th a t  the  H e t/3  v iru s  can cause a re sp ira to ry  and  in testin al disease in lam bs.
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SOME FEATURES OF ANTIGEN DOSE-ANTIBODY 
RESPONSE RELATIONSHIP DURING THE PRIMARY 

ANTI-BSA RESPONSE IN THE CHICKEN

B y

Z. A . N a g y , G y . F e h é r  an d  E .  H o r v á t h

V ete rin a ry  M edical R esearch  In s ti tu te , H u n g a r ia n  A cadem y of Sciences, B u d a p e s t 

(R eceived S e p tem b e r 23, 1974)

A  m a th e m a tic a l e q u a tio n  describing th e  q u a n ti ta t iv e  re la tionsh ip  betw een  a n tig e n  dose 
an d  a n tib o d y  response w as fo rm u la ted  early  in  th is  c en tu ry  (Sm ith  and St. J o h n -B r o o k s , 
1912). H ow ever, th e  eq u a tio n  is no t u n iv e rsa lly  app licab le  to  an y  ex p erim en ta l sy s te m , 
ow ing to  th e  g re a t d issim ila rity  of the  m eth o d s u sed  fo r an tib o d y  d e tec tio n  on th e  one h a n d  
and  th e  re la tiv e ly  n a rrow  ran g e  of doses used  in  th e  experim en ts  on th e  o th er (St e v e n s , 1956). 
I n  vivo s tud ies concern ing  th e  re la tionsh ip  b e tw een  a n tig en  dose, n u m b er of a n tib o d y -p ro d u c 
ing cells an d  q u a n ti ty  o f an tib o d ies are also scarce  (L e v i e t al., 1973, 1973a).

In  th is  la b o ra to ry , th e  effect of o p tim a l a n d  large  doses o f an tig en  on th e  p r im a ry  r e 
sponse of ch ickens w as in v es tig a ted  (N agy  a n d  F e h é r , 1972, 1972a). I t  was show n th a t  th e  
cy to log ical changes tak in g  p lace  in the  spleen are  d o se -dependen t, th u s  closely co rre la tin g  w ith  
th e  q u a n tity  o f an tib o d ies  p roduced . In  th e  p re se n t ex p erim en ts, th e  use of a w ider dose ra n g e  
enab led  us to  c la rify  w h e th er th e  dose response d a ta  ob ta in ed  f i t  to  th e  Sm ith  an d  St. J o h n - 
B rooks’s fo rm u la . T he in fluence of d ifferen t a n tig e n  doses on th e  q u an titie s  o f a n tib o d ies  
belonging to  th e  tw o  m ain  im m unoglobulin  c lasses (IgG  and IgM ) an d  th e  k in etics o f th e i r  
p ro d u c tio n  w ere also stu d ied .

Material and methods

Chickens. A to ta l  of 118 e igh t-w eek-o ld  brow n L eghorn  S P F  ch ickens, 
w eighing 780 ^  115 g, w ere used.

A n tig en . A 10%  sterile so lu tio n  o f  bovine serum  album in  (B SA ), 
frac tio n  Y, w as used  th ro u g h o u t.

Schedule o f  experim ent. The ch ickens were d iv ided  in to  fou r g roups. 
Those in  ex p e rim en ta l groups 1, 2 an d  3 w ere given in tra p e rito n e a lly  10, 50 
an d  400 m g BSA , respective ly . T he fo u r th , non-im m unized  group se rv ed  as 
con tro l. Throe chickens from  each e x p e rim e n ta l group an d  tw o from  th e  co n tro l 
group w ere k illed  b y  b leed ing  1, 2, 3, 4 , 5, 6, 7, 9, 11, 16 an d  19 days a f te r  a n t i 
gen ad m in is tra tio n .

Serological methods. Q u a n tita tiv e  p re c ip ita tio n  was carried  o u t as d e sc rib 
ed  b y  W il l i a m s  an d  Ch a s e  (1971), in  th e  presence o f 8 %  N aCl (G o o d m a n  
e t al., 1951). T he b iu re t reac tion  was u sed  fo r th e  d e te rm in a tio n  of p ro te in  in  
th e  im m une  p rec ip ita te .

P assive haem agglutination (H A  ) .  S heep  red  b lood cells (SRBC) o b ta in e d  
th ro u g h o u t from  one a n d  th e  sam e a n im a l w ere w ashed  w ith  bu ffe red  sa line
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a n d  tre a te d  w ith  a 1 : 150,000 d ilu tio n  o f  ta n n in  (R eanal Co., B u d ap est) for 
10 m inu tes a t  37 °C. As show n b y  ou rse lves as well as b y  o thers (N é m e t h , 
1965), the  ta n n in  p re p a ra tio n  used  caused  au to a g g lu tin a tio n  of SRBC a t d ilu 
tio n s  lower th a n  1 : 100, 000. BSA so lu tio n s 0.25 or 0 .125%  were used  to  sen si
tiz e  th e  ta n n in iz e d  SR B C  a t 37 °C fo r 30 m in u tes . P assive H A  te s t  w as done 
w ith  T a k á tsy ’s m ic ro titra to r  device, u sin g  tw o  parallels o f serial tw o-fo ld  
d ilu tions for each  te s t  serum  w ith  each  sen sitized  lo t o f SR B C . T hus, four t i t r a 
tio n s  were m ade fo r  each  serum , an d  th e  geom etric  m ean  w as regarded  as th e  
a n tib o d y  titre . T h e  sera  were in a c tiv a te d  an d  absorbed  Avith norm al SR B C  
before tested .

S en sitiv ity  o f  an tibod ies to  2 -m e rc a p to e th a n o l (2-M E, Calbiochem ) w as 
de te rm in ed  by  th e  m e th o d  of H e g e  an d  Co l e  (1966), using 0.1 M  2-M E.

Histological methods. Tissue specim ens w ere tak en  from  th e  p lane o f th e  
la rg e s t tra n sv e rsa l sec tion  of th e  sp leen  a n d  w ere fixed  in  C arnoy’s so lu tio n . 
P a ra ff in  sections 4 p  th ic k  were s ta in ed  w ith  m ethy l-g reen -p y ro n in e .

P lasm o b last a n d  plasm a cell co u n ts  w ere assessed from  cell n u m b ers  
co u n ted  in 100 fie ld s  o f vision in  each sec tio n , a t  a 1260-fold m agn ifica tion .

The calculations requ ired  for s ta tis t ic a l  ev a lu a tio n  w ere m ade by  m eans 
o f a H e w le tt—P a c k a rd  Model 10 ca lcu la to r .

Results

A ntibody-producing  cells and antibodies. C hanges in  p lasm ob last and  p la sm a  
cell counts as w ell as th e  q u an titie s  o f p re c ip ita tin g  an tibod ies are show n in  
F ig . 1. I t  is e v id e n t t h a t  b o th  increased  w ith  th e  rising  an tigen  dose in  th e  dose 
ran g e  studied .

The k in e tics  o f  p lasm ob last tra n s fo rm a tio n  was also dose-dependen t. 
P e a k  values w ere reach ed  on th e  5 th  d ay  w ith  a sm all or m edium  dose an d  on 
th e  6 th  day w ith  a la rg e  dose. T he slope o f th e  ascending lim b of the  cu rve  w as 
ap p ro x im ate ly  th e  sam e for each of th e  th re e  doses. On ad m in is tra tio n  of sm all 
doses, tra n s fo rm a tio n  com m enced one d a y  la te r  (from  th e  3rd  day  on) th a n  in  
th e  o ther tw o cases (from  the  2nd d ay ); th u s  th e  peak  on day  5 was low er, d e 
sp ite  the  sim ilar r a te  o f tran sfo rm atio n . W ith  a high dose level, th e  n u m b e r of 
p lasm oblasts  an d  p la sm a  cells was as la rg e  on d ay  5 as th a t  found  w ith  m ed ium  
doses. T ran sfo rm a tio n  is, how ever, p ro longed  a t  th e  sam e ra te , re su lting  in  a 
h ig h er peak of cell c o u n t on day  6.

Minor d o se -d ep en d en t a lte ra tio n s  in  th e  k inetics of p rec ip itin  p ro d u c tio n  
w ere also found  (see F ig . 1). M axim al a n tib o d y  co n cen tra tio n  was a t ta in e d  a t  
d a y  7 w ith a m e d iu m  dose, w hereas w ith  sm all and  large doses un ifo rm ly  tw o  
d ay s  la te r  (a t d a y  9). T his phenom enon  re flec ts , to  a ce rta in  ex ten t, th e  k in e tic  
differences of p la sm o b la s t tra n sfo rm a tio n , b u t  th e  d ifferen t q u an titie s  o f a n t i 
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body  bound  b y  th e  an tig en  n o t y e t e lim in a ted  from  th e  b lood m ay  also h av e  
p lay ed  a role. M oreover, th e  p ersistence  o f an tibod ies in  th e  b lood was sligh tly  
pro longed  w ith  th e  rise  o f th e  an tig en  dose (F ig . 1). W ith  sm all an d  m edium  
doses, an tibod ies w ere dem onstrab le  in  th e  b lood  o f all an im als during  th e  
d e te c ta b ility  perio d  o f p rec ip ita tin g  an tibod ies, w ith  large  doses, how ever, one 
nonresponder w as fo u n d  on each of days 7 an d  11.

Fig. 1. D ynam ics o f p lasm o b la s t +  p lasm a  cell co u n ts  (left o rd in a te , • -------- Ф. cell No./O .l
m m 2 a rea  of spleen section ), an d  p re c ip ita tin g  a n tib o d y  ti t r e s  (r ig h t o rd in a te , ■ ------- ■ , m g
a n tib o d y  p ro te in /m l serum ) a f te r  a d m in is tra tio n  of 10, 50 or 400 m g BSA. E ach  d o t rep re sen ts  
th e  m ean  ±  S.D. fo r th re e  chickens, ex cep t th e  con tro l va lues fo r p lasm o b la st +  p lasm a cell 

counts (O . . . O), w here th e  m ean ±  S.D. for tw o an im als p e r  d o t is p resen ted

Q u a n tita tiv e  changes in  an tibod ies dem o n strab le  w ith  passive  H A  are 
show n in  Fig. 2. T h is again  ind ica tes an  increase in  m ax im al titre s  w ith  th e  
e levation  of th e  an tig e n  dose. T itre  e x a lta tio n  w as a p p ro x im a te ly  th ree-fo ld  
betw een  sm all an d  m ed ium  doses, an d  eightfo ld  b e tw een  m edium  and  large 
doses. T he tim es of m ax im a  corresponded  to  those  o b ta in e d  w ith  p rec ip ita tio n  
(see Fig. 1). No fu r th e r  sim ilarities w ere found  b e tw een  th e  tw o  groups of curves. 
A n tib o d y  w as d e te c ta b le  for longer period  th a n  w ith  th e  p rec ip ita tio n  te s t , 
b u t  by  th e  19 th  d a y  th e  H A  titre s  w ere also m in im al. O nly  a single n o n re 
sponder was found  w ith  H A ; th e  serum  h aem ag g lu tin in  t i t r e  of th e  o th e r anim als 
w ere found  to  be  re sp o n d e r while p re c ip ita tio n  w as re la tiv e ly  low. These d if
ferences p o in t to  a g re a te r  sen sitiv ity  of th e  passive H A  m ethod .
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Q u a n tita tiv e  ch an g es in  2 -M E -resis tan t (M E R ) an tib o d ies , reg a rd ed  as 
b e long ing  to  th e  Ig G  c lass, are also show n in  Fig. 2. U nlike th e  find ings ou tlined  
in  th e  foregoing, M E R  an tib o d ies  e x h ib ite d  no appreciab le  an tig en  dose d ep en d 
ence. T heir m ax im al t i t r e  was th e  h ig h es t w ith  sm all doses, an d  th e  low est 
w ith  m edium  doses. H o w ev er, th e  la rg e r th e  dose, th e  earlie r an tib o d ies  could 
b e  d e tec ted  in  th e  b lo o d . This p h en o m en o n  was p a rtic u la r ly  conspicuous w ith

50 mg B5A A00 mg B5A

F ig .
( • -

2. D ynam ics o f th e  t o ta l  an tib o d y  leve l d em onstrab le  w ith  passive  h a em ag g lu tin a tio n
-----• ) ,  and  th e  leve l o f  M E R  an tib o d ies  ( O -------- O) on a d m in is tra tio n  o f 10, 50 or 400

mg BSA. E a c h  d o t  rep resen ts  th e  — lo g 2 m ean  ti t r e  fo r  th ree  chickens

th e  la rg est dose, a f te r  w hich  M E R  an tib o d ies  reached  m ax im al t i t re  as early  
as on  th e  6 th  day .

I t  seems th e re fo re  th a t  th e  an tig en  dose-dependence of th e  p rim a ry  a n ti
b o d y  response is ch ie fly  due to  IgM  ty p e  (2-ME sensitive) an tib o d ies , a t  least 
in  th e  given e x p e rim e n ta l system . In  c o n tra s t, th e  an tig en  dose h a d  no n o tab le  
in flu e n c e  on th e  q u a n t i ty  of Ig G -ty p e  (M E R ) an tibod ies, b u t  a lte re d  th e  k in e
tic s  o f the ir p ro d u c tio n .

Statistical eva luation . A ccord ing  to  th e  S m ith  an d  S t. Jo h n -B ro o k s’ 
fo rm u la , there  is a lin e a r  re la tio n sh ip  betw een  th e  lo g arith m s o f m ax im al 
a n tib o d y  co n cen tra tio n s  and  th e  lo g arith m s of an tigen  doses. T his log-log- 
in e a r  function  is v a lid  o n ly  for a m ed iu m  dose range. A t low dose levels accord-
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ing  to  St e v e n s  (1956), th e  dose response re la tio n sh ip  is rec tilin ea r, w hile th e  
response  to  v e ry  la rg e  doses is co n s tan t, i.e ., no en h an cem en t can be ach ieved  
b y  fu r th e r  e lev a tio n  of th e  an tigen  dose. O u t of th e  above dose in te rv a ls , 
th e  m ed ium  ran g e  seem s to  be th e  w id est, th u s  a log-log-linear re la tio n sh ip  
shou ld  be v a lid  fo r m ost dose response in v es tig a tio n s . T he d a ta  o b ta in ed  in  
th e  p re se n t e x p e rim e n ts  also o rig inate  from  th e  m ed ium  dose range. The la rg e s t 
dose used  (400 m g  BSA) rep resen ted  ab o u t th e  u p p e r lim it of th is  in te rv a l as 
show n by  th e  lack  o f  response to  th is  dose b y  tw o  anim als.

5 - ,

/ /  J I I

10 50 400

Fig. 3. R e la tio n s o f v a rio u s  m an ifes ta tio n s of im m u n e  response  to  th e  an tig en  dose. L eft o rd i
n a te : m ax im a  fo r p la sm o b la s t +  p lasm a cell co u n ts  (■ , X 102 cell/0.1 m m 2 area  of sp leen  sec
tio n ) a n d  p re c ip ita tin g  a n tib o d y  con cen tra tio n s ( # ,  m g an tib o d y  p ro te in /m l serum ), on  th e  
r ig h t o rd in a te , m ax im a l — lo g 2 titre s  o f passive h a e m ag g lu tin a tio n  (д )  are d e m o n s tra ted , in  

function  of th e  lo g arith m  of an tig e n  dose

On th e  basis o f th e  foregoing co n sid era tio n s, a tte m p t w as m ade a t  f i t t in g  
our ex p erim en ta l d a ta  to  a log-log re la tio n sh ip . M axim a of th e  an tib o d y -p ro 
ducing  cells and  th o se  o f  p rec ip ita tin g  and  h a e m a g g lu tin a tin g  an tibod ies w ere 
p lo tte d  against th e  logarithm s of th e  an tig en  doses (Fig. 3). As can be seen in  
F ig . 3, th e  m ax im u m  counts of p lasm o b lasts  a n d  p lasm a cells as well as th e  
m ax im u m  p rec ip itin  concen tra tions f i t te d  well to  a log-linear system , and on ly  
th e  m ax im al p assive  H A  titre s  f i t te d  m ore or less precisely  to  th e  log-log- 
lin ea r  re la tio n sh ip  accep ted  in th e  lite ra tu re .

T his u n e x p e c te d  resu lt was also checked  b y  ca lcu la tions. The th ree  g roups 
of d a ta  w ere f i t te d  to  b o th  log-linear an d  log-log-linear system s by  m eans o f 
regression , and  th e  “ goodness” of f i t t in g  w as checked  b y  correlation  analysis  
(T able I).
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Table I

P aram e te rs  of regression and  values o f co rre la tion  ob ta ined  by f i ttin g  of th e  ex p erim en ta l 
d a ta  to  b o th  log-lin an d  log-log relationships

Regression

Experim ental
d a ta Slope Ordinate mtercept

correlation ^r‘)

log-linear log-log log-linear log-log log-linear log-log

M ax. an tibody- 
producing  
cells 9.29 +  10' 3 .4 0 x 1 0 - ' — 7 .8 5 X 1 0 1 6 .6 1 x 1 0 ' 0.9997 0.9631

M ax. p re c ip ita t
ing an tibodies 8 .8 1 x 1 0 - ' 4 .0 6 Х Ю -' 1 .1 2 x 1 0 ° 3 .9 7 X 1 0 - ' 0.9999 0.9567

M ax. passive 
H A  titre s 1.34 X 103 7 .7 6 Х Ю -' — 3.39 x 1 0 s 4 .57X 10 ' 0.8810 0.9913

T he v alues o b ta in e d  proved  th e  co rrec tness of th e  re la tio n sh ip s  re p re 
sen ted  g rap h ica lly  in  F ig . 3. A ccordingly , th e  f irs t tw o groups of d a ta  f i t  b e t te r  
w ith  log-linear th a n  w ith  log-log-linear re la tio n sh ip , w hile th e  reverse  is tru e  
fo r th e  th ird  g roup  o f d a ta .

I t  appears th e re fo re  th a t  th e  log-log-linear re la tionsh ip  w hich has gener
a lly  been  accep ted  b y  th e  au th o rs  does n o t  alw ays p recisely  ch a rac te rize  th e  
an tig e n  d o se -a n tib o d y  response re la tio n sh ip , a log-linear re la tio n sh ip  b e ing  in  
c e r ta in  cases m ore conclusive.

Discussion

M any w orkers (S m it h  and  S t. J o h n - B r o o k s , 1912; M a r k o v ic h  an d  
V o r o b y e v , 1952; E d s a l l , 1955; S t e v e n s , 1956; B a c k h a u s z , 1967) h av e  
ag reed  th a t  th e  q u a n ti ta t iv e  re la tio n sh ip  betw een  an tigen  dose an d  a n tib o d y  
response  can  be described  w ith  a rea so n ab le  ex ac titu d e  as a log-log-linear 
fu n c tio n  in  th e  m ed iu m  dose range. T he p re se n t in v estiga tions, how ever, have  
show n th a t  th e  dose-dependence o f th e  n u m b er of a n tib o d y -p ro d u c in g  cells 
a n d  th e  q u a n t i ty  of p rec ip ita tin g  an tib o d ie s  are m ore precisely ch a rac te rized  
b y  a log-linear fu n c tio n , w hich has a c h a ra c te r  of s a tu ra tio n  cu rves, being 
fa ir ly  general for a v a r ie ty  of n a tu ra l  ph en o m en a . H ow ever, a d isc rim in a tio n  
b e tw een  th e  co rrec tness o f th e  tw o th e o re tic a l curves requires scores o f ex p e ri
m e n ta l ev idence, because  certa in  p a r ts  o f  th e  log-linear fu nc tion  m ay  be re 
p laced  w ith  a sa tis fa c to ry  accuracy  b y  a log-log-linear fu nc tion  h av in g  an  ex p o 
n e n t less th a n  1. In  p rincip le , how ever, i t  is n o t ind iffe ren t w hich  o f  th e  tw o  
re la tio n sh ip s  is in  fa c t va lid . The co rrec tn ess  of th e  log-linear re la tio n sh ip  d id  
n o t  ap p e a r unequivocally^ un iversa l ev en  in  our stud ies, for one g roup  of th e  
d a ta  (passive H A  titre s )  f its  b e tte r  to  th e  log-log function . T his d isc rep an cy
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m ig h t be ex p la in ed  b y  th e  find ing  o f B e n e d i c t  e t al. (1962) th a t  th e  tw o sero 
logical m ethods u sed  (q u a n tita tiv e  p re c ip ita tio n  and  passive HA) d e tec t a n t i 
bodies of d iffe ren t physicochem ical p roperties.

W e believe, how ever, th a t  th e  crucial p o in t o f th e  p resen t observations 
is n o t as m uch th e  fa c t th a t  an tibod ies o f d iffe ren t physicochem ical p roperties 
h ad  been d e tec ted , b u t  ra th e r  th a t  a possible d isc rep an cy  betw een  th e  accu 
ra c y  o f th e  tw o m eth o d s  has em erged. In  th e  case o f passive H A , supposing  a 
tw ofo ld  d ilu tion  series of ideal accu racy , th e  c o n cen tra tio n  difference of serum  
an d  accord ing ly  also o f specific an tib o d ies  be tw een  tw o  a d ja c e n t wells is 100% . 
In  princip le , end  t i t r e  d e te rm in a tio n  m eans th a t  th e  t i t re  is w ith in  th e  con
c e n tra tio n  in te rv a l be tw een  th e  la s t p o sitive  an d  th e  f irs t  nega tive  well. T hus 
even  in  th e  ideal case, th e  range o f th e  re la tiv e  e rro r o f m easu rem en t is % 5 0 % .

A ccord ingly , th e  h igher th e  t i t r e ,  th e  g rea te r  th e  abso lu te  error. This 
considerab le  source o f erro r is concealed , b u t  n o t e lim ina ted , by  th e  u su a l 
lo g arith m ic  expression  of t i tre . C onsequen tly , i t  is p o s tu la te d  th a t  selection  of 
va lu es  co rrespond ing  to  th e  log-linear re la tio n sh ip  w ould  also be possible even 
w ith in  these  th e o re tic a l lim its of accu racy . Q u a n tita tiv e  p rec ip ita tio n  is, 
how ever, free from  a sim ilar source of e rro r, hence its  re la tiv e  e rro r is as little  
as 1 - 2 % .

Notv if  th e  log-linear re la tio n sh ip  is co rrec t, th e  p resen t stud ies also p e r
m it th e  conclusion th a t  a rec tilin ear re la tio n sh ip  ex ists  betw een  th e  n u m b er of 
an tib o d y -p ro d u c in g  cells and  th e  q u a n ti ty  of an tib o d ies  produced . This w ould  
m ean  th a t  each  an tib o d y -p ro d u c in g  cell secretes an tib o d ies  a t  an  ap p ro x i
m a te ly  c o n s ta n t ra te , as suggested , a lth o u g h  n o t p ro v ed , by  U hr (1964).

O ut of th e  effects of an tigen  dose on k inetics o f a n tib o d y  p ro d u c tio n , 
th e  ea rly  IgG  response  induced  b y  large  doses is m ost conspicuous. T his phen o m 
enon resem bles, to  a ce rta in  e x te n t, th e  fin d in g  o f I v a n y i  e t al. (1966) and  
Ce r n y  an d  I v á n y i  (1966) th a t  large doses o f h u m a n  serum  a lbum in  induced  
a s tro n g  IgG  response , accom panied  a t  tim es b y  th e  selective in h ib itio n  of IgM  
a n tib o d y  p ro d u c tio n .

F o r b o th  p h en o m en a  th e  follow ing ex p lan a tio n s  m ay  be offered:
(a) A n tibod ies belonging to  th e  classes IgG  an d  IgM  are p roduced  b y  

d iffe ren t cells w ith  d issim ilar an tigen  sen sitiv ity .
(b) IgM - an d  IgG -type  an tib o d ies  are p ro d u ced  by  th e  sam e cells, b u t  

la rge  doses cause an  earlier “ sw itchover”  ( N o s sa l  e t  ah , 1964) from  IgM  to  
IgG  p rod u c tio n .

I t  seems possib le th a t  b o th  (a) a n d  (b) m ay  occur in  a cell p o p u la tio n  in  re 
sponse to  one and  th e  sam e an tigen . H ow ever, th e  v a lid ity  of these exp lana tions 
dem an d s fu r th e r  ex p erim en ta l su p p o rt.
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S um m ary

T h e  q u a n tita tiv e  a n d  k in e tic  changes o f  p lasm a  cell re ac tio n  in  chicken spleen , an d  a n ti
b o d ies  dem onstrab le  w ith  q u a n ti ta t iv e  p re c ip ita tio n  and  passive  h aem ag g lu tin a tio n  te s ts  were 
s tu d ie d  a f te r  ad m in is tra tio n  o f 10, 50 or 400 m g bovine serum  a lbum in  (BSA ). I t  w as show n 
t h a t  in  case of m axim um  c o u n ts  o f p lasm o b la sts  +  p lasm a cells and  m ax im u m  c o n cen tra tio n s  
o f  p re c ip ita tin g  an tibod ies , th e  dose response re la tio n sh ip  is log-linear a n d  on ly  m ax im u m  
p ass iv e  h aem ag g lu tin a tio n  t i t r e s  f i t  b e tte r  to  th e  log-log-linear fu n c tio n  genera lly  accep ted  in 
l i te r a tu r e .

I t  w as also d e m o n s tra te d  th a t  in th e  m odel in v estig a ted , th e  an tig en  dose -d ep en d en t 
in c rease  o f p rim ary  a n tib o d y  response  w as ch iefly  due to  IgM  ty p e  an tibod ies . A n e lev atio n  
of th e  an tig en  dose did n o t n o ta b ly  influence th e  q u a n tity  of IgG  ty p e  an tib o d ies , b u t  a lte red  
th e  k in e tic s  o f th e ir p ro d u c tio n .
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M ebendazole (m ethy l-5 -benzoy l-benzim idazo le-2 -carbam ate) syn thesized  
b y  th e  Jan ssen  P h a rm a c e u tic a  has been show n a p o te n t  an the lm in tic  ag a in s t 
num erous species o f  w orm s in  m an , dom estic as w ell as zoo anim als. B iochem i
cally  its  action  in  th e  helm in th s  is to  in h ib it th e  u p ta k e  and /o r tra n s p o r t  of
glycose (Va n  d e n  B o s s c h e , 1972).

A p a rt from  th e  m an u fa c tu re r’s in te rim  records, th e  e fficacy  of m ebendazole ag a in st 
g a s tro in te s tin a l n em a to d es in  sheep w as f irs t rep o rted  b y  G u il h o n  e t al. in 1972. T rea tin g  
groups of 3 to  5 an im als  each  w ith  a single dose of 35 dow n to  8 m g /k g  of body w eight p roved  
h igh ly  effective as ju d g ed  by  th e  re d u c tio n  of faecal egg o u tp u t.  N e x t experim en t on a to ta l  of 
12 sheep of Gu ilh o n  a n d  B a r n a b e  (1973) a tte s te d  to  sim ilar re su lts . U sing a m inim um  dosage 
r a te  o f 10 m g/kg, T a bbaa  (1972) co rro b o ra ted  th e  rem ark ab le  a n th e lm in tic  a c tiv ity  o f m eb en d 
azole in  field  tria ls  c a rried  o u t on four flocks of sheep. M ore re ce n tly , K u tzer  e t al. (1974) 
re p o rte d  on fav o u rab le  re su lts  o b ta in ed  w ith  several species o f  w ild  ru m in a n ts  and  also th ree  
sheep being trea te d  a t  15 m g/kg  on th ree  consecutive days.

The aim  of o u r fie ld  tr ia ls  w as to  convey som e fu r th e r  assessm ent of th is  
co m p ara tiv e ly  new  an th e lm in tic  p roduced  b y  th e  G. R ic h te r  P h a rm aceu tica l 
C om pany (H u n g ary ) in  coopera tion  w ith  th e  Jan sse n  P h a rm a c e u tic a  (B elgium ).

M ateria l and m ethods

H u n g arian  m erino  ewes, aged betw een 2 an d  5 y e a rs , w ith  m ild n a tu ra lly  
acq u ired  g a s tro in te s tin a l n em ato d e  infection on d iffe re n t farm s were used in  
these  tria ls .

In  a p ilo t e x p e rim en t designed to  determ ine  th e  o p tim u m  dose ra te  and  
th e  to le ran ce  of m ebendazo le , m ore or less heav ily  p re g n a n t ewes were em ployed. 
T he anim als w ere ran d o m ized  in to  subgroups o f 10 an im als  each, ea r-tagged , 
w eighed a t, and  one w eek a fte r, th e  tre a tm e n t be ing  ca rr ied  ou t on in d iv id u a l 
b o d y  w eight basis. T h e  sheep w ere observed for ab n o rm a l behav iour for tw o 
hou rs  a fte r  th e  t r e a tm e n t  an d  th e n  daily  for a w eek.
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In  o th e r exp erim en ts , on ly  som e re p re sen ta tiv es  of th e  flo ck  w ere w eighed, 
a n d  th e  body  w eight o f th e  re s t o f an im als w as m erely e s tim a te d  an d  th e  
dose accord ing ly  ad ju s ted . T he sheep  w ere a t  ran d o m  allocated  to  ap p ro p ria te  
g ro u p s , m arked , and  d ren ch ed  b y  a single a d m in is tra tio n  o f  m ebendazo le  in 
1 0 %  (occasionally  5% ) suspension  using  a sem i-au tom atic  d ren ch in g  gun or a 
sy rin g e  fo r a d m in is tra tio n  o f sm all vo lum es o f th e  drugs. One g ro u p  o f anim als 
w ere  tr e a te d  by  feeding p u lv e ro u s  m ebendazo le  m ixed in to  a re d u c e d  am oun t 
o f feed . As reference d ru g , 10%  so lu tio n  o f te tram iso le  w as su b cu tan eo u sly  
in je c te d  in to  ewes a t a dose ra te  o f 10 m g/kg  o f te tram iso le  h y d ro ch lo rid e , and  
u n tr e a te d  anim als served  as con tro ls .

R ec ta l sam ples o f faeces w ere co llec ted  from  possibly each  exp erim en ta l 
a n im a l on th e  day  of, and  b e tw een  4 to  7 days a fte r, th e  tr e a tm e n t.  S trongy lo id  
n e m a to d e  egg counts in  3 g faecal sam ples w ere determ ined  by  s lig h tly  m odified 
M cM aste r techn ique. T he a n th e lm in tic  efficacy  in  d ifferent g ro u p s w as calcu
la te d  from  the  m ean egg co u n ts  in  1 g of faeces (E PG ) p rio r to , an d  a fte r  the  
t r e a tm e n t ,  and w as exp ressed  as p e r cen t reduc tion .

C ontrolled  a n th e lm in tic  te s t  w as also perfo rm ed  in  one tr ia l .  To preclude 
a n ew ly  acquired  in fec tion , th ese  sheep  were m ain ta in ed  in d o o rs  on concrete 
pens follow ing th e  m ed ica tio n  w ith  m ebendazo le  or te tram iso le , an d  11 to  14 
a n im a ls  were s laugh te red  from  d iffe ren t g roups 4 to  7 days la te r . T h e  abom asa 
a n d  sm all in testines w ere s e p a ra te ly  w ashed  o u t and  th e  w ash ings w ere sedi
m e n te d  in  ja rs  for 30 m in u tes . T he su p e rn a ta n t  was su b seq u en tly  sucked  off, 
a n d  th e  sed im ents w ere m ade u p  to  0.5 or 1 litre . W hile th o ro u g h ly  m ixing the  
c o n te n ts  of abom asa and  th e  sm all in te s tin e s  20%  and  10%  a liq u o ts , respec
t iv e ly , w ere w ithd raw n  an d  s ta in e d  w ith  iodine to  fac ilita te  th e  sea rch  for worms 
w ith  th e  aid of a stereom icroscope. T h e  w orm s were tra n s fe r re d  to  form ol 
sa lin e , iden tified  on generic level and  co un ted . The a n th e lm in tic  efficacy 
w as assessed by  co m p arin g  th e  m ean  w orm  counts recovered  from  the  the  
t r e a te d  anim als to  tho se  o f  u n m e d ic a te d  contro ls.

P re g n a n t ewes, lam b in g  an d  th e  offspring were ca re fu lly  observed  for 
sy m p to m s  of to x ic ity .

B o d y  w eight d a ta  w ere su b jec ted  to  analysis of S tu d e n t’s i- te s t.

R esults

In  th e  p ilo t ex p e rim en t on p re g n a n t ewes tre a te d  w ith  m ebendazo le  o ra l
ly  o r  w ith  te tram iso le  su b cu ta n e o u s ly  (T able I), no side effects w ere  to  be seen. 
F ig u re s  p e rta in ing  to  b o d y  w eig h t changes seem  to  in d ica te  som e reduced 
w e ig h t “ gain” in groups dosed w ith  m ebendazo le  a t  5, 10 a n d  320 m g/kg or 
te tra m iso le  as com pared  to  u n m e d ic a te d  con tro ls. The a n th e lm in tic  efficacy 
re v e a le d  by  faeces e x a m in a tio n  p ro v ed  com plete  in  all th e  g roups.
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Table I

B ody w eigh t and faecal egg counts (E P G ) o f gastro in testinal nem atodes in groups o f ten  
p re g n an t ewes on th e  day of (0), and  7 d ay s a f te r  (A), th e  tre a tm e n t w ith  m ebendazole (M) or

te tram iso le  (T)

Dose
mg/kg

Body weight (kg) 

Mean +  SD

No. of animals 
Positive/Total

Mean EPG E ffi
ciency

%
0 A “ Gain” 0 A 0 A

м 5 5 8 .8 ± 3 .6 b 5 9 .8 ± 4 .1 b 1.0 ± 1 .0 b 8/10 0/10 225 0 100
м 10 5 5 .3 ± 6 .8 a 55.4 ± 7 .4 “ 0.1 ± 1 .4 C 7/10 0/10 120 0 100
м 20 50.4 ± 6 .4 “ 5 2 .6 ± 6 .8 a 2.1 ± 1 .9 a 8/10 0/10 160 0 100
м 40 5 3 .6 ± 5 .3 a 5 6 .5 ± 5 .9 a 2 .9 ± 1 .8 a 6/10 0/10 75 0 100
м 80 54.1 ± 7 .5 “ 5 6 .4 ± 6 .7 “ 2 .3 ± 1 .5 a 7/10 0/9 80 0 100
м 160 5 3 .8 ± 7 .1 a 55.9 ±  6.1“ 2.1 ± 1 .6 a 7/10 0/10 160 0 100
м 320 5 4 .2 ± 4 .4 a 5 5 .7 ± 5 .2 a 1.5 ±  1.2b 9/10 0/10 140 0 100
т 10 5 7 .0 ± 2 .2 b 5 8 .7 ± 2 .7 a 1 .7 ± 1 .7 b 10/10 0/10 140 0 100
C ontrol 4 9 .9 ± 9 .5 5 3 .0± 8 .7 3 .2 ± 1 .0 7/10 8/10 100 135 —

S uperscrip t le tters indicate th e  level o f significance: a, p >  0.05; b , p <  0.05; c, p  <  0.01

T h u s, to  check upon th e  e fficacy  o f  low dose ra te s  o f m ebendazole, dosages 
o f  5 an d  10 m g/kg of m ebendazole w ere only  used on m ore ad eq u a te  n u m b e r of 
an im als (T able I I ) . A lthough th e  ex p e rim en ta l g roups each  inc luded  80 ewes 
in  m ilk , th e  tab le  refers to  re d u c e d  num bers of an im als from  w hich  faecal 
sam ples could  be o b ta ined  (also app lies to  fu rth e r tab les). T he dose o f 5m g/kg  
p ro v ed  n ea rly  as efficient as th a t  o f  10 m g/kg  in  te rm s o f egg coun t red u c tio n , 
b u t  a r a th e r  h igh  p roportion  o f an im a ls  rem ained  p o sitive  in  th e  fo rm er g roup .

T able  II

A n the lm in tic  efficacy of m ebendazole a g a in s t gastro in testina l nem atodes in sheep, ju d g ed  by  
faecal egg counts on the  d ay  of (0), an d  7 days a fte r (A), th e  trea tm e n t

Dose
mg/kg

No. of animals EPG

Efficiency
(%)

Positive/Total Mean Max. Mean Max.

0 A 0 A

5 67/70 15/58 382.8 1400 13.8 100 96.4

10 68/69 8/71 412.3 1600 12.7 500 96.9

Control 68/70 72/79 337.1 1550 499.4 2400 —

W e h av e , therefo re , reco u rsed  to  dose ra tes  o f 10 a n d  20 m g/kg  in  th e  
n e x t t r ia l  (T able I I I ) .  I t  is n o te w o rth y  th a t  the  bu lk  o f sheep in each o f  th e se  
g roups h a d  been  in jec ted  w ith  H őgyes s tra in  of rabies v iru s  before th e  a d m in 
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is tr a t io n  of an th e lm in tic s  an d  were m oribund  a t  th e  tim e  of faecal sam pling 
a f te r  th e  tre a tm e n t. I t  is assum ed  th a t  th e ir  po o r cond ition  m ay  account fo r 
th e  m a rk e d  rise in egg p ro d u c tio n  of w orm s in  th e  u n m ed ica ted  sheep.

Table I I I

F aeca l egg counts and d rug  efficacies in sheep tre a te d  w ith  m ebendazole (M) or tetram isole (T)

Dose
rag/kg

No. of animals 
Positive/Total

EPG

Mean (range) Efficiency
%

0* A 0 A

M 10 28/28 4/28 516.1 (50— 2600) 8.9 (0—  100) 98.3

M 20 23/23 2/23 414.0 (50— 2600) 4.0 (0—  50) 99.0
T  10 19/20 1/20 520.0 ( 0— 2100) 2.5 (0—  50) 99.5
C ontro l 23/23 22/23 804.5 (50— 4400) 1902.3 (0— 3600) —

* 0, day  0; A, 5 d ay s a f te r  trea tm en t

Beside th e  faeces ex am in a tio n , co n tro lled  te s t  was also carried  ou t on 
sev e ra l o f these sheep. As im m atu re  w orm s w ere found  in  less th a n  0 .5%  o f 
th e  p a ra s ite  bu rdens, th e se  were neglected ; m a tu re  w orm  coun ts and  efficacy 
f ig u re s  are sum m arized  in  th e  Table IV .

Table IV

N ecropsy  worm  counts an d  d ru g  efficacies (°0 ) ca lcu la ted  by  com paring th e  m ean  worm burdens 
in  th e  trea ted  groups w ith  th a t  of the control g ro u p ; au topsy  was perform ed 4—7 days

afte r the  tre a tm e n t

Dose
m g/kg

No. of 
animals

Number o f w orm s recovered*
Mean

H. 0 . T.a. T.c. C. N. B. s.

M 10 и 0 0 0 0 0 22.7 0 63.6 86.4

%  eff.: 100 100 100 100 100 94.8 100 32.7 96.3

M 20 14 0 0.7 0 0.7 0 13.9 0 6.8 22.1

%  eff.: 100 99.7 100 98.6 100 96.8 100 92.8 99.1

T  10 14 0 0.3 0 0 1.1 0 0 0 1.4

%  eff.: 100 99.8 100 100 99.8 100 100 100 99.9

C ontro l 13 16.9 281.1 185.8 502.3 743.1 441.9 37.3 94.6 2303.8

* II , Haemonchus; O, Ostertagia; T .a ., Trichostrongylus axei; T .c ., Trichoslrongylus 
colubriform is; C, Cooperia; N , N em atodirus; B, B unostom um , S, Strongyloides

W ith  a view  o f p ra c tic a l req u irem en ts , a s ta n d a rd  dose ra te  of 5 or 10 
m g /k g  calcu la ted  fo r th e  h eav ie s t sheep in  flock  o f ewes in  m ilk  was given e ith e r 
in d iv id u a lly , or m ebendazo le  was m ixed in  co n cen tra te  ra tio n  for a group o f
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e x p e rim e n ta l an im als. T his was consum ed b y  th e  sheep w ith o u t any  h e s ita tio n . 
T h e  dose ra te s  s ta te d  in  T ab le  Y are obv iously  to  be considered as m in im u m  
dosages, m ore  or less ex ac tly  only received  b y  th e  h eav iest ind iv iduals, w h ils t 
sheep  o f sm alle st bo d y  w eight m ay  well h av e  received  a dose as h igh  as 6.5 
an d  13 m g /kg  in s te a d  o f 5 an d  10 m g/kg, re spec tive ly .

Table Y

Faecal egg co u n ts  and drug  efficacies in ewes trea te d  ind iv idually  w ith  m ebendazole (M) or 
te tram iso le  (T) a t  a s tan d ard  dose ra te . M 10F designates group of ewes receiving m ebendazole

m ixed in th e  feed

M inimum
dose

mg/kg

No. o f animals 
Positive/Total

EPG
Efficiency

(%)Mean Max. Mean Max.

0* A 0 A

М 5 32/40 1/40 378.7 3700 1.2 50 99.7

M 10 29/39 1/39 244.9 1750 1.3 50 99.5

М 10F 39/50 0/50 294.0 1300 0 0 100

Т  10 73/102 3/98 296.6 3400 2.5 100 99.1
Control 41/49 36/49 294.9 1300 385.0 1950 —

* 0, d ay  0; A , 5 days a fte r  trea tm en t

In  th e  la s t  t r ia l  o f th e  series, o f 580 ewes in  3rd  to  5 th  m on th  of p reg n an cy  
1 0 0  an im als w ere m ark ed  and  in d iv id u a lly  t r e a te d  w ith  m ebendazole a t  a 
s ta n d a rd  m in im u m  dose ra te  of 20 m g/kg. As v e ry  low w orm  egg coun ts w ere 
d e tec ted  on th e  d ay  of tre a tm e n t, su b seq u en t sam pling  of faeces was o m itte d , 
an d  th e  ewes w ere observed  only  to  see i f  a n y  to x ic  effect was produced . T h ere  
could  n o t, how ever, be discovered sy m p to m s of to x ic ity  in  the  ewes or a n y  
ab n o rm alitie s  in  th e ir  o ffspring e ither. N o rm al lam bing  occurred in  all th e  
tr e a te d  an im als .

D iscussion

As show n b y  M a r s b o o m  (1973), m ebendazo le  is a new an th e lm in tic  
ex trem e ly  w ell to le ra te d  b y  m an y  species o f an im als. In  a single dose as h igh  
as 320 m g/kg , i t  fa iled  to  p roduce an y  a p p a re n t side effect in  the  sheep. T h is 
agreed  also in  th e  lig h t o f th e  p resen t s tu d y  n o tw ith s ta n d in g  th a t  som e b o d y  
w eigh t changes w ere reco rded  in  ou r acu te  to x ic ity  tr ia l  (Table I). I t  w ould  
ce rta in ly  be e rra tic  to  ascribe th e  d ifferences in  w eigh t “ gain” over th e  one 
w eek period  in  sm all g roups of ewes to  a tru e  d ru g  ac tion . The d ifference is 
in co n sis ten t a n d  p ro b ab ly  due to  th e  d isp a r ity  o f in itia l m ean  body w eights in  
th e  co n tro l a n d  tre a te d  groups. A p a rt from  th e  groups of ewes in  th e  p ilo t
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ex p e rim en t, th ere  could  n o t be show n to x ic ity  in  th e  exp erim en t in  w hich  a 
to ta l  o f  one h u n d red  p re g n a n t ewes w ere tr e a te d  a t  a dose ra te  o f 20 m g/kg.

T e tram iso le  in jec ted  su b cu tan eo u sly  w as used  as reference d ru g  fo r th e  
e s tim a tio n  o f th e  a n th e lm in tic  a c tiv ity  o f m ebendazo le. P a re n te ra l a d m in is tra 
tio n  o f te tram iso le  (or levam isole) a t  a dose ran g in g  from  5.5 to  15 m g/kg  w as 
fo u n d  harm less an d  effective earlie r also b y  P u c c in i  (1968), S in y u k o v a  
(1970), Ch k o u s t  (1972), T u r t o n  (1972) an d  F u r m a g a  et al. (1974).

As w ith  te tram iso le , sim ilarly  h igh p e rcen tag e  efficacies ag a in s t com m on 
g a s tro in te s tin a l n em ato d es were o b ta in ed  w ith  m ebendazole in  th e  p resen t 
tr ia ls . T h is co rro b o ra tes  th e  d a ta  d e riv ed  from  sm all scale ex p erim en ts  of 
G u i l h o n  e t al. (1972), T a b b a a  (1972), a n d  G u i l h o n  and  H a r n a b é  (1973). 
A lth o u g h  i t  is effective a t  a dose as sm all as 5 m g/kg, th e  use of a m in im um  
dose o f 10 m g/kg is r a th e r  recom m ended  to  get a reasonable  h igh  p ro p o rtio n  
of an im als  w ith  n eg a tiv e  faecal egg co u n ts . F u r th e r  increase of th e  dosage, 
say  to  20 m g/kg, seem s li ttle  rew ard ing  e x c e p t for th e  e lim ination  o f less sensi
tiv e  species, n am ely , N em atodirus  an d  Strongyloides in p a r tic u la r  (T able IV ), 
an d  also fo r tapew orm s an d  lungw orm s (T a b b a a , 1973). Som e resis tan ce  of 
Strongyloides to  m ebendazole was re p o rte d  also by  T a b b a a  (1972).

T h e  use o f m ebendazole caused  n o t on ly  in h ib itio n  of th e  egg p ro d u c tio n  
in  w orm s h u t  also th e ir  su b s ta n tia l rem o v a l from  th e  host as in d ica ted  b y  th e  
con tro lled  te s t  (Table IY ). P ercen tage  efficacies based  on th e  faecal egg co u n t 
re d u c tio n  (Table I I I )  ap p e a r to show  a good co rre la tion  w ith  those  ju d g e d  b y  
n ecro p sy  w orm  b u rd en s. I t  is ev id en t from  th ese  tria ls  th a t  th e  single a d m in 
is tra tio n  o f th e  d ru g  prov ides s a tis fa c to ry  cure, so, dosing sheep on  th re e  
consecu tive  days(K uTZER e t al., 1974) seem s q u ite  unnecessary . As th e  m eb en d 
azole a t  a dose ra te  of 10 m g/kg o f b o d y  w e ig h t was read ily  ta k e n  in  th e  feed, 
i t  can  be reg a rd ed  as a d ru g  of choice fo r m ass tre a tm e n t of th e  sheep. T he m ore 
so, as i t  has a large sa fe ty  index  (L D 5o />  320 mg/kg).

F u r th e r  tr ia ls  w ith  m ebendazole on sheep  suffering o f severe p a ra s itic  
g a s tro e n te ritis , an d  te s tin g  its  effic iency  a g a in s t b o th  im m atu re  w orm s an d  
p o p u la tio n s  re s is ta n t to  o th e r benzim idazo les, m igh t co n trib u te  to  th e  in fo r
m atio n s c u rre n tly  availab le  on th is  p ro m isin g  an thelm in tic .
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Sum m ary

A n th e lm in tic  a c tiv ity  as well as th e  to le ran ce  of m ebendazole  by  p reg n an t ewes w as 
te s te d  on a to ta l  o f 786 sheep w ith m ild n a tu ra lly  acq u ired  g a s tro in te s tin a l nem atode in fec tion .

H u n g a rian  m erino  sheep, m ainly  p re g n an t o r ewes in  m ilk, 2— 5 years old, w eigh ing  
45— 60 kg, w ere a llo ca ted  to  groups of 10— 105 an im als  a n d  tre a te d  w ith  single oral doses o f 
m ebendazole in 10%  suspension or m ebendazole p u lv is w as m ixed in to  th e  feed. As re fe ren ce  
drug, te tram iso le  a t  10 m g/kg  was su b cu taneously  in jec ted  in to  groups of anim als. E ffic ien cy  
o f th e  tre a tm e n t w as ev a lu a te d  by com paring  th e  w orm  egg co u n ts  before, and  4 —7 d ay s a f te r , 
th e  m ed ication , a n d  also th e  necropsy w orm  b u rd en s recovered  from  th e  abom asum  a n d  th e  
sm all in testin e  o f t r e a te d  and  control groups of 11— 13 sheep each  (con tro lled  tes t). T oxic e ffec t 
was checked u p o n  b y  carefu l inspection fo r side e ffects in  groups of 10 p reg n an t ewes dosed  
w ith  5— 320 m g /k g  o f  m ebendazole, in 100 ewes tre a te d  w ith  single 20 m g/kg dose of m eb e n 
dazole a t  3rd to  5 th  m o n th  of p regnancy, and  by  e x am in a tio n  for obvious abnorm alities in th e  
offspring.

The m ean  a n th e lm in tic  efficacy (% ) figures in  d iffe ren t ex p erim en tal groups w ere as 
follows:

m ebendazole  a t  dose ra te  of 5 m g/kg: w orm  egg co u n ts : 100, 96.4, 99.7, 
m ebendazole  a t  10 m g/kg: egg co u n ts : 100, 96.9, 98.3, 99.5; worm  counts: 96.3, 
m ebendazole  a t  10 m g/kg bodyw eight m ixed in to  feed: 100, 
m ebendazole  a t  20 m g/kg: egg coun ts: 100, 99.0; w orm  co u n ts : 99.1, 
te tram iso le  a t  10 m g/kg  s/c: egg coun ts: 100, 99.5, 99.1; w orm  counts: 99.9.
Species o f N em a to d iru s , and Strongyloides p a r tic u la r ly , p roved  m ore re s is tan t to  th e  

action  of m ebendazo le  in com parison w ith  o th e r g a s tro in te s tin a l nem atodes.
No to x ic ity  w as seen in any of th e  tre a te d  an im als . L am b in g  occurred  norm ally . F eed  

m ixed w ith  m eb en d azo le  was readily  consum ed b y  th e  sheep. T he oral L D 5n value of m eb e n 
dazole for sheep is o v e r 320 m g/kg.

R eferences

Ch r o u st , K .: A c ta  v e t. (B rno) 41 (1972), 19. F u rm a g a , S., Gu n d la ch , J .  L. a n d  S o b i- 
e s z e w s k i, K .: M ed y cy n a  W ete ry n a ry jn a , 1974, 460. Gu il h o n , J .  an d  Ba r n a b e , R .: B u ll. 
A cad . V ét. 46 (1973), 299. Gu ilh o n , J . ,  Ca il l ie r , R . an d  H u b e r t , J . :  Bull. A cad. V ét. 45 
(1972), 445. K u t z e r , E ., P rosl , H . and  F r e y , H .: D t. T ie rä rz tl. W schr., 1974, 117. Ma r s - 
boom , R .: T oxicol. A p p l. Pharm aco l. 24 (1973), 371. P u c c in i, V.: A cta  m ed. v e t. (N apoli) 14 
(1968), 851. (c it.: H e lm . A b s tr. 40 (1971), 4168.). S in y u k o v a , Y u . P .: Bull. Vses. In s t .  G elm . 
K . I. S zk jab in a  4 (1970), 123. T abbaa , M.: F e ld v ersu ch e  m it dem  A n th e lm in tik u m  M eb en d a 
zole bei Schafen . T h esis . H annover, 1972. T u r to n , J .  A .: R es. v e t.  Sei. 13 (1972), 160. V a n  
D e n  B o ssch e , H .: B io ch em ical effects of th e  a n th e lm in tic  d ru g  m ebendazole. In : C o m p ara tiv e  
b io ch em istry  o f p a ra s i te s  (ed.: Van  D e n  B o ssch e , H ). N ew  Y o rk , 1972.

A ddress o f  th e  a u th o rs : Dr. Is tv á n  Varga , M iklós J a n is c h , 1078 B u d ap est, L a n d le r  
J .  u. 2, H u n g a ry

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



%



Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 25 (1), pp. 113 —114 (1975)

EFFECT OF THYROID STIMUFATING HORMONE ON THE 
CIRCULATING THYROXINE CONCENTRATION IN

DUCKS
( S H O R T  C O M M U N IC A T IO N )

By

G. PETHES and C. G. SCANES

U n iv ersity  o f V e te rin a ry  Science, B u d a p es t an d  D e p a rtm en t o f A n im al Physiology a n d  N u 
tr it io n , U n iv e rsity  o f Leeds

(R eceived  D ecem ber 12, 1974)

T here  is considerable in d ire c t ev idence th a t  th y ro id a l secretion o f  t h y 
rox ine  in  b ird s  is contro lled  b y  th e  a n te r io r  p itu i ta ry  g land  (As s e n m a c h e r , 
1973). H ow ever, un til re c e n tly  i t  has n o t been  possible to  te s t the  a b ili ty  of 
av ian  th y ro id -  stim u la tin g  ho rm one  (TSH ) to  stim u la te  th y ro x in e  secre tion . In  
th e  p resen t re p o r t  th is is in v es tig a ted .

T he ex perim en ts w ere p erfo rm ed  in  th re e  12-w eek-old dom estic d u cks. 
Serial 1 m l b lood  sam ples w ere collected  in to  hep arin ized  syringes fro m  an  
indw elling  siliconized ru b b e r  c a th e te r  (S ilastic , Esco R u b b e r  Co., L ondon) in  
th e  b ra n c h ia l vein . The p lasm a  was se p a ra te d , rap id ly  frozen and s to re d  a t

Fig. 1. P lasm a  th y ro x in e  co n ce n tra tio n  in dom estic  ducks follow ing th e  ad m in is tra tio n  of
av ian  th y ro id -  s tim u la tin g  horm one
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— 20 °C p rio r to  assay . Chicken T SH  (200 pg) w as in jected  iu to  the  h ird  via  
th e  c a th e te r . T he p re p a ra tio n  of th y ro tro p h in  (S canes  an d  F o l l e t t , 1972) 
h a d  a p o ten cy  o f 127.8 (88.2— 174.4) pg e q u iv a le n t N IH — T S H — S6/m g in  a 
ch ick  th y ro id a l 32P -p h o sp h a te  in co rp o ra tio n  assay  (Gr e e n s p a n  et al., 1956). 
T he p lasm a  th y ro x in e  level was es tim a ted  b y  a com petitive  p ro te in -b in d in g  
assay  (T hyropac 4 k it, R ad iochem ical C en tre , A m ersham ).

T he effect of av ian  T S H  on th y ro x in e  secretion  in  th e  duck  is show n in 
th e  fig u re . No v e ry  d ra m a tic  changes in  th y ro x in e  level w ere observed. In  all 
d u c k s , how ever, th e  th y ro x in e  co n c e n tra tio n  w as elevated  fo r one hour fo llow 
ing th y ro tro p h in  a d m in is tra tio n  (s ig n ifican tly , P  <  0.05 over p re - tre a tm e n t 
an d  in it ia l  p o s t- tre a tm e n t levels). This w as eq u iv a len t to  an  increase of 22.7 +  
+  9 .0  (S .E .M .)%  over th e  p re - tre a tm e n t level, or 25.5 +  14.5 (S .E .M .)%  over 
th e  in it ia l  p o s t- tre a tm e n t level.

T he exp erim en t adds some evidence to  th e  concept th a t  th y ro x in e  secre 
tio n  in  th e  b ird  can he in fluenced  b y  th e  a n te r io r  p itu ita ry  g land .
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László P. P e l l Ér d y : Coccidia and coccidiosis, Second rev ised  and com pleted  ed itio n , 
com m on p u b lica tio n  of A kadém iai K iadó (B u d ap est) an d  P a u l P a re y  Verlag (B erlin), 1974. 
959 pages, 224 illu s tra tio n s . P rice: F t  550.— .

The f irs t  ed itio n  of th is  volum e was published u n d e r  th e  sam e title  by A kadém iai K iadó  
in  1965. The f irs t  te x tb o o k , 657 pages, was a g rea t success all o v er th e  world so th a t  p ra c tica lly  
all copies were sold o u t  in  five  years. T his and th e  rap id  ex p an s io n  of know ledge on coccidia 
s tim u la ted  th e  p u b lish in g  com pany  P au l P a rey  to  p rep are  a new  ed ition  in co llabora tion  w ith  
A kadém iai K iadó , th e  o rig ina l publisher. In  1970, th e  a u th o r  w as in stru c ted  to  com pile th e  
m anu scrip t.

The te x t  h ad  to  be rea rran g ed  for th e  second edition . T he f i r s t  ed ition  was the  f irs t a t te m p t  
on  a w orld scale to  p re se n t descrip tions of all coccidia o f all an im als (and m an), and  to  deal 
w ith  th e  p a th o lo g ica l im p o rta n ce  of coccidia and  coccidiosis p rev en tio n  in a single vo lum e. 
A p a rt  from  species d e sc rip tio n s, th e  biological p rop erties  o f  coccidia were discussed in as a 
g re a t de ta il as p e rm itte d  b y  th e  co n tem porary  know ledge of th e  topic, u n d e r th e  h ead ing  
“ genera l coccidiohrgy” .

In  th e  second ed itio n , th e  original s tru c tu re  of th e  boo k  could  no longer be m ain ta in ed , 
ow ing to  lim ita tio n s  p u t  to  th e  expansion  of th e  volum e. So m a n y  new  coccidia were described 
in  th e  m ean tim e t h a t  to  include th em  all, th e  au th o r was ob liged  to  om it the  chap ters  dealing  
w ith  general coccidiology an d  as a resu lt, p rac tica lly  all k n o w n  species are dea lt w ith  in th e  
te x tb o o k  on n early  1000 pages.

I t  should be m en tio n ed  th a t  species descrip tions m ake  u p  on ly  one p a r t  of th e  book and  
these  are chiefly  o f fa u n is tic  value . F rom  th e  p o in t o f view  o f p a th o lo g y , th e  chap ters  dealing  
in  g rea t deta il w ith  d am ag es of coccidiosis in  dom estic  and  w ild anim als, pathogenesis of coc- 
cidial infections, im m u n ity  to , and  th e ra p y  and  p rev en tio n  of, coccidiosis, are  of an o u ts tan d in g  
im p o rtance . These p a r ts  a re  u p -to -d a te  review s of p resen t know ledge on th e  topic. A lthough  
th ere  was som e d e lay  in  p u b lic a tio n  (the  a u th o r su b m itted  th e  m an u scrip t to  th e  p u b lish er in  
F e b ru a ry  1972), i t  seem s t h a t  th e  au th o r was able to  include n ew es t research  resu lts  and in fo r
m atio n  even d u rin g  th e  p e rio d  of p rin ting .

A p a rt from  th e  ab o v e  changes, th e  co n ten ts  of th e  v o lu m e follow the  a rran g em en t p u r 
sued  in th e  f irs t  vo lum e. I n  accordance w ith  zoological sy s tem atics , th e  descrip tions o f know n  
coccid ian  p a ras ite s  a re  p re sen te d  in  th e  sequence from  low est to  h ig h est anim als. In  a d d itio n  
to  th e  m orphological d esc rip tio n  of species, th e  a u th o r  ta k e s  g re a t  care in discussing b iological 
p rop erties  and  p a th o lo g ica l aspects. T his is a g rea t help to  v e te r in a r ia n s  engaged in coccidial 
diseases, especially  o f u sefu l an im als and  p o u ltry : th e  a u th o r  h a s  devo ted  ab o u t 50 pages to  
chicken coccidiosis, a b o u t 10 pages each to  ra b b it  and c a ttle  coccidiosis, ap art, of course, from  
d e ta iled  descrip tions o f a ll coccid ian  pa rasites  of these  h o sts. T h e  coccidioses of o th e r u sefu l 
an im als are d ea lt w ith  p ro p o rtio n a lly  to  th e ir  im p o rtance . I t  is u n u su a l th a t  th e  coccidia of 
m an  (H om o) and h u m an  coccidioses are, in  accordance w ith  S im pson’s system atics, discussed 
in  th e  m iddle of th e  bo o k  a t  th e  end of th e  o rder Prim ates w h ich  h ad  been placed before th e  
o rder Edentata. In  th is  p a r t  th e  read er misses th e  descrip tion  o f th e  new est research  re su lts  on 
sarcosporid ia , even if  th e  a u th o r , as in th e  en tire  book, is c au tio u s  n o t to  s ta te  a final p osition  
in m a tte rs  of d isp u te . T he ex p erim en ts  in question  ind ica te  t h a t  a n  Isospora  of m an is a c tu a lly  
a sarcosporid ium  (or vice versa). Some tim e a fte r  th e  ingestion  of sa rcocystis  cysts, h um an  v o lu n 
teers began  to  pass oocysts in  th e  sam e m an n er as sim ilarly  in fec ted  cats. The au th o r is sim ilarly  
cau tious in  discussing th e  to x o p la sm a  problem . I t  is now an  estab lish ed  fac t th a t  th e  final h o st 
of Toxoplasm a gondii is th e  c a t an d  th a t  th e  oocysts passed  by  i t  on  ex p erim en tal in fection  are  
in every  respec t sim ilar to  th e  oocysts of th e  coccidium  fo rm erly  kno w n  as Isospora bigemina. 
In  th is  ligh t, th e  sy s te m atic  po sitio n  of, or v a lid ity  of, Isospora bigem ina  m igh t well be regarded  
as doub tfu l. T he re ad e r m isses th e  a u th o r’s opin ion on th is  p o in t, a lthough  i t  was p ro b ab ly  
w ithheld  for lack  of f in a l ev idence a t  ih e  tim e of subm ission of th e  m anuscrip t.
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I t  is th e  a u th o r’s g re a t m erit th a t ,  d esp ite  th e  nom en c la tu ra l confusion still p re v a ilin  
in  th e  l i te ra tu re ,  he insisted  on  keep ing  th e  ru les  o f th e  In te rn a tio n a l Code of Z oological N om en
c la tu re  issu ed  in L ondon in 1961. T his m ay  n o t h av e  been easy in several cases in  w hich  nam es 
fo rm u la te d  w ith  an  aston ish ing  a rb itra rin e ss  h a d  to  be le ft u n a lte red  because  o f re stric tio n s 
im p o sed  u p o n  em endation  by th e  Code. Also, i t  w as im possible to avoid th e  a d o p tio n  of certa in  
G reek— L a tin  hyb rid  nam es.

I t  seem s th a t  th e  a u th o r  avo ided  to  m ak e  suggestions for a sy s tem atic  rev is ion . This 
re se rv a tio n  seem s n a tu ra l in  v iew  of th e  re ce n t ch an g es in  th e  taxonom ic  c la ss if ica tio n  of coc- 
c id ia , s till  in  progress in these  days. A t all ev en ts , sy s tem atics  is no t th e  m ain  line  o f  th e  book, 
b e in g  o n ly  a m eans for p ro p e rly  a rran g in g  th e  biological in fo rm ation  p resen ted .

O ne serious sho rtcom ing  of th e  f irs t  e d itio n  w as th e  lack  of a su b jec t in d ex , fo r lack  of 
space. T h is  failure has been co rrec ted  in th e  second ed ition  in w hich a d e ta iled  a n d  w ell-elab
o ra te d  su b je c t index fac ilita te s  o rien ta tio n  b e tw een  top ics and  groups.

T h e  g rea ter p a r t  o f th e  excellen t illu s tra tio n  m ate ria l are th e  a u th o r’s ow n draw ings 
an d  p h o to s . The reader reg re ts  th a t  m ore a b u n d a n t  illu stra tio n , above all co lour p h o to s , could 
n o t be  in cluded  in such a larg e  volum e p re p a re d  w ith  such an  excellent p r in tin g  techn ique.

T h e  v a s t m ate ria l d e a lt  w ith  in th e  te x tb o o k  is com pleted  by a list o f sev era l h u n d red  
references. T his lis t is, o f course, n o t com ple te , because  th e  available re ferences w ould fill a 
co m p le te  volum e, b u t i t  is n evertheless th e  m o st com plete  b ib liography  of i ts  k in d  published 
so fa r.

I t  is expected  th a t  b o th  v e te rin a ry  sc ien tis ts  an d  p ractitio n ers will p ro f i t  m uch  from  
th is  b o o k  an d  we hope t h a t  a n e x t ed ition  — p ro b a b ly  in co-au thorsh ip  w ith  o th e r  in v estig a to rs  
— can  be com piled in th e  n o t too fa r fu tu re .

T . K O B U L E J

Acta Veterinaria Academiae Scientiarum Hungaricae 1975
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РЕЗЮМЕ

ИЗУЧЕНИЕ ИЗНАШИВАЕМОСТИ ПОВЕРХНОСТИ ПОЛА
Б. КОВАЧ А.

На основании литературных данных и собственного опыта автором подчеркивается 
тот факт, что из-за несоответствующих условий содержания, в первую очередь из-за пола, 
среди свиней часто наблюдается заболеваемость конечностей. Для хирургической оценки 
поверхностного слоя пола сконструирован электрический прибор, при помощи которого, 
применением рога копыта свиней изучалась шероховатость и изнашиваемость пола. По
верхность пола из разного материала (дерево, бетон, асфальт, пластмасса, резина) терлась 
1 — 5 минут кусочками рога разной поверхности и веса. Из степени изношения рога и об
разующегося от трения углубления делалось заключение о шероховатости пола и его из
нашиваемости. В первой части исследований обнаружено, что на полу шероховатой по
верхности (шероховатый бетон, такой же асфальт) рог слишком быстро изнашивается, во 
второй же части, —что на поверхности пола за данное время возникает определенное углуб
ление (износ). Данные исследований собраны в таблице. Автор рекомендует, чтобы до того 
времени, пока нет у нас соответствующего метода, за надежную гладкость принималась 
таковая поверхности скобленного твердого дерева. Что касается изнашиваемости пола при 
определенном трении наиболее удовлетворяющим считается или таковаяю дерева или твер
дого асфальта.

ИЗУЧЕНИЕ ПРОДУЦИРОВАНИЯ СЕРОВОДОРОДА ШТАММАМИ BRUCELLA OVIS

П. ШУТКА

Автором изучалась причина разногласия литературных данных о продуцировании 
сероводорода штаммами Brucella ovis. Методом бумажных полос уксусно-кислого свинца 
по Хадлесону и пробой МИ—ДИ по Тири автором изучено продуцирование сероводорода 
17 собственными штаммами, реферативным штаммом Br. ovis обозначения 63/290 и штам
мом Br. melitensis»M 16«. На основании последней пробы все штаммы оказались средними 
продуцентами сероводорода. Эта продукция сероводорода является бесперебойной, сла
бой интенсивности и одинакового количества. На основании контрольного эксперимента и 
раствором сероводорода на воде выявлено, что проба МИ—ДИ примерно в 20 раз чувстви- 
тельннее, чем метод Хадлесона. Таким образом, считающийся характерным признак про
дуцирования сероводорода у разных бруцеллезных видов и типов основывается только на 
количественном различии. В связи с этим возникает вопрос, насколько можно этот 
признак использовать в дифференциации отдельных видов и типов.

ГИСТОЛОГИЧЕСКОЕ И ГИСТОХИМИЧЕСКОЕ ИЗУЧЕНИЕ НАДПОЧЕЧНИКОВ
ГУСЕЙ И УТОК

А. ХАССАН

Изучение надпочечников гусей и уток показало, что субкапсулярная зона корковой 
ткани как гистологически, так и гистохимически отличается от внутренней зоны. Изну
рение адренального холестерола и аскорбиновой кислоты у обоих видов наблюдалось в пе
риод половой активности. Надпочечники утки снабжены более плотной соединительно
тканой капсулой и интерстицием и соотношение хромафинной ткани больше, чем у гуся.



ИЗУЧЕНИЕ АТНИГЕННОЙ СТРУКТУРЫ ИЗОЛИРОВАННЫХ ИЗ ПОДСОСНЫХ 
ПОРОСЯТ ШТАММОВ ESCHERICHIA COLI

Я. ВАРГА и АДЕЛ Ф. ФАРИД

Изучены биохимические свойства и определен серотип 222 колибациллезных 
штаммов, изолированных из тушек 88 подсосных поросят 30 хозяйств, павших в возрасте 
1—12 дней. Для изучения антигенов О имелись сыворотки 57 О и ОК, для изучения же 
антигенов К — все анти-К сыворотки (1—94).

Среди изолированных штаммов 218 оказались Escherichia coli. Больше чем две 
трети (69,7%) штаммов вызывали бета-гемолиз. На основании других биохимических 
свойств 15 штаммов принадлежали тоже к роду Escherichia, но они были уреаза-положитель- 
ными.

При помощи имеющихся сывороток удалось определить серотип 176 (80,7%) штам
мов. Больше чем две трети штаммов представляли собой только 7 серотипов.

Наичаще изолированы следующие серотипы: 0149 : К91(В) : K88ac(L), 0147 :
: К89(В) : K88ac(L), 041 : К(А?), 075 : К-, 09 : К(А?) : K88ac(L), 0139 : К82(В) и 02 : К. 
Большинство штаммов содержало некоторый К(В) и K88ac(L), поверхностный антиген; но 
обнаруживались и штаммы, содержащие термостабильный, вероятно К/A, поверхностный 
антиген и кроме них антиген, не содержащий К-варианты.

МУКОРМИКОЗ С АСТЕРОИДАМИ У МОЛОДОГО БЫКА 

И. ВИТОВЕЦ, П. ВЛАДИК, Ц. ПРОКШ и П. ФРАГНЕР

В двух увеличенных средостенных лимфатических узлах 6-месячного быка обна
ружены микотические гранулемы с морфологией элементов грибка, напоминающей пред
ставителей рода Mucor. Вокруг некоторых гранулем обнаруживались астероидные обра
зования, показывающие специфическую иммунофлуоресценцию с специфическим анти
гамма глобулином, меченным изотиоцианатом флуоресцеина. Культивированием выявлено, 
что гранулемы вызывались видом грибка Mucor pusillus Lindt (1886).

ОПЫТ ВАКЦИНАЦИИ ПРОТИВ ИНФЕКЦИОННОГО ГАСТРОЭНТЕРИТА СВИНЕЙ

III. Вируснейтрализирующий титр антител в молоке привитых свиноматок и его 
продолжительность во время лактации

Е. МОЧАРИ, я. БЕНЕДА и Е. ШАГИ

Двадцать семь свиноматок восприимчивого к вирусу заразного гастроэнтерита по
головья крупной фермы привито на 9—27 дней раньше опороса один раз вакциной в нос. 
Титры вируснейтрализирующих антител в крови и молоке определялись вдень опороса и 
в определенные сроки после него.

Специфические вируснейтрализирующие антитела в сыворотке и молоке свинома
ток появились 10 дней после вакцинации и их титры постепенно повышались. К 27-у дню 
после вакцинации средний титр антител в сыворотке и молоке равнялся 1 : 30 и 1 : 9 со
ответственно. Эти показатели соответствуют показателям титра антител в сыворотке и 
молоке свиноматок при естественном заражении вирусом заразного гастроэнтерита в мо
мент, когда эпизоотия уже прекратилась среди подсосных поросят (24 дня спустя после 
наступления заразы среди свиноматок).

Продолжительность наличия антител в молоке у 9 свиноматок опоросившихся ме
жду 19-м и 27-м поствакцинационными днями, изучалась до конца лактации.



О П Ы Т  В А К Ц И Н А Ц И И  П Р О Т И В  И Н Ф Е К Ц И О Н Н О Г О  Г А С Т Р О Э Н Т Е Р И Т А  С В И Н Е Й

IV. Вируснейтрализирующей титр антител и их продолжительность в молоке раз и в 
разные сроки два раза вакцинированных свиноматок

Э. МОЧАРИ, Я. БЕНЕДА и Е. ШАГИ

Авторы вакцинировали 132 свиноматки восприимчивого к инфекционному гастро
энтериту свиней (ИГЭС) поголовья крупного хозяйства раз и два раза с промежутком вре
мени в 2 и 6 недель соответственно живой вирус содержащей вакциной, приготовленной из 
ослабленной вирулентности вирусного штамма »CKp«. Путем исследования крови через 
2—4 недели в течение 6 месяцев следили за появлением и продолжительностью специфи
ческих, вируснейтрализирующих антител.

Уровень антител в раз вакцинированных свиноматках достиг пика (средний титр 
1 : 24) за время 6 недель. В следующие 4 недели этот уровень понизился еженедельно на 
0,5 log2 значения и потом остановился полгода на данном уровне (средний титр 1 : 16).

В свиноматках, вакцинированных два раза с промежутком времени в 6 недель, уро
вень специфических антител кульминировал (со средним титром в 1:94) на 8-й неделе 
после первой вакцинации. В последующие 4 недели этот уровень понизился еженедельно 
на 1,5 log2 значения и потом оставался полгода на данном уровне (средний титр 1 : 32)

В животных, вакцинировавшихся два раза, с промежутком времени в 2 недели, уро
вень специфических антител кульминировал (со средним титром в 1 : 120) тоже на 8-й не
деле после первой вакцинации. Этот уровень продолжался в них почти без изменения (в 
среднем 1: 100) полгода.

На основании этих данных авторы приходят к заключению, согласно которому 
уровень специфических антител наиболее надежно формируется при двухкратной вак
цинации свиноматок с промежутком времени в две недели.

УЛЬТРАСТРУКТУРА СПЕРМИЯ СЕЛЕЗНЯ

1. Головка 
М. МАРЕТТА

Изучалась ультраструктура головки спермия селезня. Она состоит из акросомаль- 
ного колпака, акросомы и ядра. Колпачок является терминальным концом головки и 
обладает гомогенной структурой. Акросома имеет вид иглы и содержит вакуоль. Щель 
между акросомой и колпачком выполнена зернистой массой. Ядро состоит из грубо- 
гранулированного хроматина. Ядерная мембрана прилегает к поверхности ядра. Кле
точная мембрана тесно прилегает к акросомальному колпачку и ядру.

УЛЬТРАСТРУКТУРА СПЕРМИЯ СЕЛЕЗНЯ 

II. Шейка, промежуточная часть, хвост и концевая часть
М. МАРЕТТА

Иузчалась ультраструктура промежуточной части и хвоста спермия селезня. 
Шейка включает в себя проксимальную центриоль и примыкающее вещество с электрон
ной плотностью. В промежуточной части можно отличить митохондриальное влагалище, 
состоящее из 24— 30 митохондриев неправильной сферической формы. Ось промежуточной 
части состоит из дистальной центриоли, из проксимальной части системы осевых фибрилл и 
наружных фибрилл меньшей электронной плотности, по объему существенно уменьшив
шихся. Хвост содержит комплекс осевых фибрилл и обволакивающую их аморфную обо
лочку. Концевая часть состоит только из комплекса осевых фибрилл, распределения 9 +  2. 
Клеточная мембрана плотно прилегает к поверхностным структурам хвоста.



ОБНАРУЖИВАЕМОСТЬ АНТИГЕНА К80(В) В ШТАММАХ ESCHERICHIA COLI, 
ИЗОЛИРОВАННЫХ ИЗ ПОДСОСНЫХ ТЕЛЯТ

Я. ВАРГА и А. Ф. ФАРИД

От 117 подсосных телят авторами изолировано 263 штаммов Escherichia coli и опре
делены их антигены О и К. Обнаружено 33 штамма, которые при изучении в живом состоя
нии не совсеми антисыворотками (1 — 94) К реагировали положительно в реакции агглюти
нации; исключением явились антисыворотки ОК, полученные против типового штамма 
Е,38, 078 : К80(В). Эти штаммы принадлежали к семи разным 0-группам (08, 09, 017, 
020, 078 и 0153) и на основании К-агглютинации они содержали антиген К80(В). На осно
вании изучения OK-антисыворотки Е38, 078 : К80(В) однако доказано, что антиген К 
только штаммов антигенной структуры 078 : К80(В) идентичен с антигеном типового 
штамма К80(В); поверхностные антигены дальнейших 6 разных штаммов группы О близко 
родственны ему, но неидентичны с ним.

На основании более тщательного изучения антигена К типового штамма Е38, 
078 : К80(В) можно предполагать, что он термолабилен, содержит вероятно поверхност
ный антиген K(L), ибо после его кипячения 2 1/2 часа при 100°С им не удалось изнурить 
антиген К гомологической сыворотки ОК. При помощи антигена K(L) в кроликах можно 
получить антисыворотку и из этой антисыворотки ОК путем абсорбции можно получить 
чистую антисыворотку К.

ОБУСЛОВЛЕННЫЕ MYCOBACTERIUM AVIUM И НЕТИПИЧНЫМИ 
МИКРОБАКТЕРИЯМИ ЛИМФАДЕНИТЫ В СВИНОПОГОЛОВЬЯХ

I. Изучение патологии процесса 
И. САБО, Ш. ТУБОЙ и А. СЕКИ

На основании анализа литературных данных и собственных наблюдений указыва
ется на изменение эпизоотологии туберкулеза свиней. Приводятся данные гистологического 
и бактериологического изучения 142 подчелюстных, 225 брыжеечных, 49 перибронхиаль- 
ных и 4 печеночных лимфоузлов, 19 легких и 12 печеней, собранных из 41 крупнохозяй
ственного свинопоголовья. В печени и легких туберкулезные изменения не обнаружены и 
из этих органов микобактерий изолировать не удалось. Из лимфоузлов изолировано 65 
штаммов Mycobacterium avium, I штамм группы Руньон II и 49 штаммов группы 
Руньон IV. Среди 30 штаммов авиум 5 принадлежали в серогруппу Шефер 1, 15 — 
в серогруппу Шефер II, I - в серогруппу Шефер IV, 4 — в серогруппу Шефер V, I — в серо
группу Шефер VII, 3 — в серогруппу Девис и I — в серогруппу Уатсон. В многих хозяй
ствах изолировано по 2, 3, даже 4 штамма. При закрытом содержании животных важней
шим источником заражения можно считать подстилку и корм, эвентуально питьевую воду. 
В таких условиях роль домашней и дикой птиц и почва могут быть только косвенным ис
точником заразы. В хозяйствах, где свиней содержат не в полностью закрытых условиях и 
близ имеются и приусадьбенные птицы, последние и почва представляют собой важный 
и опасный источник заразы.

ОБУСЛОВЛЕННЫЕ MYCOBACTERIUM AVIUM И АТИПИЧНЫМИ 
МИКОБАКТЕРИЯМИ ЛИМФАДЕНИТЫ В СВИНОПОГОЛОВЬЯХ

II. Изучение роли подстилки в возникновении микобактериальных лимфаденитов на
промышленных свинофермах

И. САБО, Ш. ТУБОЙ, А. СЕКИ ,Й. КЕРЕКЕШ и Н. УДВАРДИ

Среди факторов среды авторами изучалась роль подстилки в возникновении вызы
ваемых микобактериями изменений в лимфоузлах брыжейки и головы свиньи. В образцах 
подстилки и корма равным образом обнаруживались микобактерии. Результаты экспери
ментов, проведенных в нескольких хозяйствах, показали, что подстилка играет важную 
роль в частоте и степени поражений лимфоузлов свиней промышленных ферм микобак



териями. Поражения в лимфоузлах наичаще наблюдаются среди свиней на подстилке из 
опилок. У свиней без подстилки поражения лимфоузлов наблюдались тоже чаще, чем у 
животных на соломенной подстилке. Авторы считают, что происхождение, хранение 
опилок и частота уборки навоза играют тоже важную роль. Поскольку поражения лим
фоузлов наблюдаются и в хозяйствах, где не применяют подстилки из опилок, следует 
помнить и другие пути заражения. Последние обусловливаются главным образом условия
ми содержания и факторами среды. Наиболее важным источником заражения является 
почва, которой загрязняется обычно корм и питьевая вода. Источником заражения свино
фермы М. avium может быть близ расположенное неблагополучное птицепоголовье. Кроме 
этого разные компоненты корма могут быть загрязненными испражнениями неблагополуч
ных диких птиц и таковых приусадьбенных хозяйств. Такое косвенное заражение, разу
меется, может наступить не только в данном хозяйстве, но и в кормосмесительных и 
кормохранительных цехах. В распространении М. avium и нетипичных микобактерий в 
поголовье непосредственный контакт очевидно играет второстепенную роль, но прене
брегать им нельзя •

СЕРОЛОГИЧЕСКАЯ ПРИНАДЛЕЖНОСТЬ ШТАММОВ ESCHERICHIA COLI 
ИЗОЛИРОВАННЫХ ПРИ ПОНОСЕ ТЕЛЯТ В ЕГИПТЕ

А. Ф. ФАРИД, Я. МЕСАРОШ, Я. ВАРГА 3. С. ЛОФТИ и А. С. АБД. ЕЛ. МАЛЕК

Сто колибациллезных штаммов, изолированных из павших телят в Египте, пере
слано с целью идентификации. Биохимическим изучением выявлено, что 85 штаммов 
принадлежали к Escherichia coli. Использованием антисывороток 57 О и ОК тридцать 
штаммов удалось распределить в группы. Наиболее важными О-группами были 8, 41, 
145, 128, 15, 20 и 115.

Поскольку О группы 8 и 20 раньше уже были изолированными в Египте, их можно 
считать для этой страны наиболее важными. 77% штаммов О-группы содержали антигены 
К; 4 среди последних представляли собой форму А, остальные — В или L.

ЭКСПЕРИМЕНТАЛЬНОЕ ЗАРАЖЕНИЕ ЯГНЯТ ИЗОЛИРОВАННЫМ ИЗ ОВЕЦ 
ВИРУСОМ, БЛИЗКО РОДСТВЕННЫМ БЫЧЬЕМУ АДЕНОВИРУСУ ТИПА 2

I. Вирусологические исследования 
Ш. БЕЛАК, В. ПАЛФИ и Э. ТУРИ

Из овец, показывающих симптомы пораженности дыхательных органов, изолирован 
родственный бычьему аденовирусу типа 2 вирус Het/3, которым заражали ягнят, 
выращенных без молозива. Вирус оказался для ягнят патогенным и путем контакта за
ражал восприимчивых ягнят. У болеющих животных наблюдались подъем температу
ры, клинические признаки заболеваемости дыхательных и пищеварительных органов. 
Среди 9 зараженных ягнят 3 погибли к l -у, 2-у и 9-у дням после заражения, а остальных 
убили между 4-м и 13-м днем после заражения. Ягнята выделяли вирус носовой слизью 
и фекалиями. В сыворотке зараженных ягнят появились нейтрализирующие вирус Het/3 
антитела титра 1 : 8— 1 : 128. На основании данных эксперимента аденовирусный штамм 
Het/3 может вызвать у ягнят заболевание дыхательных и пищеварительных органов.

НЕКОТОРЫЕ СВОЙСТВА ВЗАИМОСВЯЗИ ДОЗА АНТИГЕНА -  ОТВЕТ АНТИТЕЛ 
ПРИ ПЕРВОМ ВВЕДЕНИИ БЫЧЬЕГО СЫВОРОТОЧНОГО АЛЬБУМИНА

ЦЫПЛЯТАМ
А. НАДЬ, ДЬ. ФЕХЕР и Э. ХОРВАТ

Изучались количественные и кинетические изменения в реакции плазматических 
клеток в селезенке цыпленка и антител, выявимых количественными реакциями преци
питации и пассивной гемагглютинации после введения 10, 50 и 400 мг бычьего сывороточ



ного альбумина (БСА). Доказано, что в случае максимального количества плазмаблас- 
тов +  плазматических клеток и максимальной концентрации преципитирующих антител 
взаимосвязь доза—ответ является log-прямолинейной и только максимальные титры пас
сивной гемагглютинации соответствуют функции log-log-прямолинейной, обычно принятой 
в литературе.

Кроме этого выявлено, что в данной модели усиление первичного ответа антител, 
зависящего от дозы антигена, вызывали главным образом антитела типа IgM. Повышение 
дозы антигена по сути не отразилось на количестве антител типа IgM, но изменило кине
тику их продукции.

ЭФФЕКТИВНОСТЬ МЕБЕНДАЗОЛА ПРИ ЕСТЕСТВЕННЫХ ЖЕЛУДОЧНО- 
КИШЕЧНЫХ НЕМАТОДОЗАХ ОВЕЦ

И. ВАРГА и М. ЯНИШ

Антигельминтиная активность и переносимость мебендазола беременными овцемат
ками изучены на 786 овцах с умеренной естественной инвазией.

Беременные и лактирующие овцематки возраста 2 —5 лет, живого веса 45—60 кг, 
разделенные в группы по 10 —105 животных, обрабатывались разовыми дозами мебенда
зола в виде 10%-ной суспензии или порошка в смеси с кормом. Овцам некоторых групп 
ради сравнения вводили подкожно по 10 мг/кг тетрамизола. Эффективность обработки 
оценивалась сравнением количества выделяемых яиц до и 4 — 7 дней после дегельминтиза
ции у обработанных и контрольных животных; далее вскрытием по 11—13 овец из групп 
обработанных и контрольных животных каждого критического исследования. За токси
ческим эффектом следили путем тщательного наблюдения за животными в группах по 10 
беременных овцематок, получавших 5—320 мг/кг мебендазола; на 100 овцематках в 3—5-м 
месяцах суягности, обработанных один раз дозой 20 мг/кг, и отклонениями от нормы у 
родившихся ягнят.

Эффективность мебендазола в отдельных группах животных была следующей:
при дозе 5 мг/кг количество выделяемых яиц снизилось на 100, 96,4, 99,7%;
при дозе 10 мг/кг количество выделяемых яиц снизилось на 100, 96,9, 98,3%; коли

чество же нематод — на 96,3%;
при дозе 10 мг/кг, когда препарат-порошок скармливали с кормом - 100%;
При дозе 20 мг/кг количество выделяемых яиц снизилось на 100, 99,0; количество же 

нематод — на 99,1%;
Тетрамизол при дозе 10 мг/кг, подкожно снизил количество выделяемых яиц на 

100, 99,5, 99,1%; количество же нематод — на 99,0%,.
Виды родов Nematodirus и Strongyloides были более резистентными к мебенда- 

золу, чем виды других родов.
Признаки отравления ни у одного животного не обнаруживались. Окот проходил 

нормально. Корм с мебендазолом охотно поедался овцами. LD5II при введении мебенда
зола через рот для овец находится выше дозы 320 мг/кг.

ЭФФЕКТ ГОРМОНА, СТИМУЛИРУЮЩЕГО ЩИТОВИДНУЮ ЖЕЛЕЗУ, НА 
КОНЦЕНТРАЦИЮ ЦИРКУЛИРУЮЩЕГО ТИРОКСИНА В УТКЕ

ДЬ. ПЕТЕШ и К. Г. СКЕНС

Исследования показали, что на секрецию тироксина в птице может влиять передняя 
доля гипофиза.
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INFLUENCE OF MECHANICAL SHAKING 
OF THE STOCK SUSPENSION ON THE 
RELIABILITY OF MICROBIOLOGICAL 

QUALIFICATION OF FEEDS

By

L. E t t e r  an d  I. N y i r e d y  

N atio n a l In sp ec to ra te  for Feed C ontrol, B u d a p es t 

(R eceived N ovem ber 26, 1973)

A p art from  analyses fo r feed co n stitu en ts , m icrobio logical exam inations 
have  increasing ly  com e to  th e  fore in  feed contro l. B y  an a lo g y  of food ex am i
n a tions, q u a lita tiv e  an d  q u a n tita tiv e  dete rm in a tio n s o f  various m icroo rgan 
isms are being carried  o u t. C ounts are  as a rule re la te d  to  1 g feed.

H ow ever, coun ts d e te rm in ed  in  iden tica l sam ples in  d iffe ren t lab o ra to ries  
often  differ b y  severa l o rders o f m ag n itu d e , owing to  d issim ilar m ethods of 
processing.

A s ta n d a rd  p rocedure  was evolved  in  th is  la b o ra to ry  m ore th a n  a decade 
ago and  has been em ployed  ever since for processing o f feed sam ples for m ic ro 
biological assay. A s to ck  suspension , consisting  of 1 g sam ple  in 9 m l sterile  
saline, is p rep a red  in  a te s t  tu b e , an d  th e  tu b e  is ro ta te d  3 or 4 tim es betw een  
th e  palm s of th e  h an d  to  ensure even d is trib u tio n .

In  th e  G F R , 10-g feed sam ple is added  to  90 m l d ilu e n t, and hom ogen- 
iza tion  is m ade b y  m echan ica l shak ing  for 15 m in. In  th e  U SA , hom ogen ization  is 
m ade e ith e r  b y  m echan ical m ix ing  fo r 1— 2 m in a t  a v e ry  high r.p .m . or by  
25 revolu tions along th e  circum ference of a v e rtica l circle o f 30 cm rad iu s . All 
these m echan ical p rocedures should  ensure an  even  d is tr ib u tio n  o f v iab le  
m icroorganism s, w hich orig inally  form  chains or agg rega tions in  th e  te s t  su b 
stance.

W ith  an even m icrobiological s ta tu s  of th e  sam ple , th e  rep ro d u c tio n  of 
th e  te s t  resu lts  is th eo re tica lly  possible.

Since various feedstuffs are reg u la rly  im p o rted  to  H u n g ary , checking of 
th e  m icrobiological q u a lity  g u a ran teed  by  th e  firm  has becom e necessary  and , 
on th e  o th e r h an d , i t  seem ed w o rth  while to  exam ine w h e th e r th e  in tro d u c tio n  
of m echanical shak in g  o f te s t  suspensions can increase  th e  re liab ility  o f our 
m icrobiological assays.
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M aterials and methods

A to ta l of 30 feed  sam ples w ere se lec ted  a t ran d o m  from  ba tches su b 
m itte d  for ro u tin e  ex am in a tio n s . E ig h teen  sam ples w ere basic  feedstuffs, the 
r e s t  were com pound  feeds. A 10-g sam ple  o f each b a tc h  w as, a f te r  an ap p ro 
p r ia te  m incing, ad d ed  to  90 m l s te rile  saline in a 250-m l E rlen m ey er flask . 
T h e  sam ple was su sp en d ed  in  th e  d ilu en t by  shaking  w ith  th e  h a n d . One m l of 
each  suspension was w ith d ra w n  an d  d ilu ted  serially  for fu r th e r  exam ination . 
C u ltu res p rep ared  from  th e  d ilu tio n s served  as contro ls.

The flask  c o n ta in in g  th e  sto ck  suspension  was closed w ith  a ru b b er 
s to p p e r  after rem oval o f  th e  sam ple , and  was p laced  in  a “ L a b o r”  shaker in 
w h ich  it  was shaken  a t  150 rev /m in  for 5 m in, th en  1-ml sam ples were w ith 
d raw n  and th e  re s t w as sh ak en  for an  ad d itio n a l 5 m in . T h e  1-m l sam ples 
sh a k e n  for 5 and  10 m in  w ere th e n  processed as usual.

Viable germ  co u n ts  an d  b ac te riu m  flo ra  com position  w ere determ ined  
a n d  com pared in  c o n tro l sam ples w ith  tho se  shaken  for 5 an d  10 m in. T o ta l 
germ  counts w ere d e te rm in ed  on m ea t-co n ta in in g  agar p la te s  ad ju s ted  to 
p H  7.2. D ilu tions o f 104— 106 w ere used  as inocula and  th e  re su lts  were read  
a f te r  incubation  for 48 h rs a t  26— 28 °C. B ac te riu m  flora co m p o n en ts  were d e te r
m in ed  by  cu ltu rin g  on m e a t-c o n ta in in g  com m ong agar an d  on K lim m er’s agar 
fo r 24 hrs a t 37 °C. M ould coun ts an d  m ould  flo ra  com position  w ere determ ined  
b y  cu ltu ring  on 4 %  glucose agar, c o n ta in in g  th e  an tib io tic  a d d itiv e  “ S tred ipen  
a .u .v .”  (500,000 IU  s tre p to m y c in  h as., 300,000 IU  pen ic illin  G —procaine, 
a n d  100,000 IU  pen ic illin  G in  th e  form  of К  or N a salt). D ilu tio n s  of 102— 103 
w ere used as inocu la  a n d  th e  re su lts  w ere read  a fte r in c u b a tio n  fo r 6 days a t 
2 4 —28 °C.

Results

In  general, h ig h er germ  co u n ts  w ere o b ta in ed  in  sam ples processed by 
m echan ica l shak ing  th a n  in  th o se  sh ak en  b y  h an d  only. A lso, th e  germ  counts 
w ere d irectly  re la te d  to  th e  d u ra tio n  o f m echan ical shak in g  in  th e  m a jo rity  
o f  th e  cases. The germ  c o u n t “ in c reas in g ” effect o f shak ing  ch ie fly  cam e in to  
d isp lay  in the  f irs t  5 -m in  perio d ; i t  w as genera lly  lost w hen  sh ak in g  was con
tin u e d  beyond 10 m in  an d  w as even equ ivocal w ith  th e  second  5-m in period, 
v iz ., th e  germ coun ts w ere low er a f te r  10-m in th a n  a fte r  5 -m in shak ing  in 
2 6 .6 %  of the  cases and  id e n tic a l w ith  th e  5-m in values in  6 .6 % .

Rises in  to ta l b a c te riu m  co u n t w ere v e ry  variab le . In  general, germ  
co u n ts  were one o rd e r h ig h er on m echan ical shaking  th a n  w ith o u t it; th is 
in c rease  was less p ro n o u n ced  w ith  basic  feedstu ffs th a n  w ith  com pound  feeds 
(T ab le  I).
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Shaking did no t a lte r  e ith e r  th e  b ac te riu m  flo ra  com position  or th e  p ro 
po rtions of the  flo ra  co m ponen ts.

Shaking also effec ted  an  increase in  m ould  co u n ts , b u t  in  th is  in s tan ce  
p rac tica lly  no co rre la tion  w ith  th e  tim e  of shak ing  w as d em o n strab le . In  th e  
second 5-m in period th e  germ  coun t increased in  on ly  5 0 %  o f th e  sam ples, 
it  did n o t change in  13 .4%  an d  decreased in  36 .6% . T h e  degree of increase 
f lu c tu a te d  in  a v e ry  w ide range , occasionally  a tta in in g  a d ifference of tw o loga
rith m ic  orders. M ould co u n ts  also rose to  a g re a te r  degree in  com pound  feeds 
th a n  in basic feedstuffs (T ab le  I I ) .

II  owever, while sh ak in g  did  no t a lte r th e  com position  of th e  b ac te riu m  
flo ra , i t  did produce ce rta in  changes in  m ould  flo ra  co m p o n en ts , som e o f w hich 
increased , others decreased , s till o thers rem ained  u n ch an g ed  (Table I I I ) .  M ould 
flo ra  com position f lu c tu a te d  also w ith  th e  degree of th e  app lied  d ilu tion . T he 
sam ples orig inally  co n ta in ed  0 to  6 m ould  species, w hereas on shak ing  1 to  
7 new species ap p eared , or 1 to  4 of those o rig ina lly  p re se n t d isappeared . 
A t h igher d ilu tions (103— 104) of th e  inoculum , w hich  generally  fac ilita te  
read ing , usually  few er species appeared  in th e  cu ltu res  th a n  w ith  102 d ilu ted  
inocula . N evertheless, th e  q u a n tita tiv e ly  d o m in an t com ponen ts w ere still 
p rev a len t a fte r shak ing , above all th e  P énicillium  an d  th e  Aspergillus  species 
form ing  long chains o f con id ia .

Discussion

The p resen t s tu d ies  w ere carried  ou t to  e lu c id a te  w h e th e r shak in g  of 
suspended  feed sam ples can  p roduce a s ta te  in w h ich  each viab le  m ic ro 
organism  presen t in  th e  sam ple  can serve as a p o te n tia l  co lony-form ing u n it 
on cu ltu ring . A tte m p ts  w ere also m ade a t d e te rm in in g  th e  op tim al period  of 
shaking . F inally , i t  rem ain ed  to  be decided w h e th e r th e  re liab ility  an d  re p ro 
ducib ility  of m icrobio logical feed assays can be im p ro v ed  by  th is  ap p ro ach .

A ccording to  th e  p re se n t stud ies, m echanical sh ak in g  is no t th e  m ethod  
of choice for a tta in in g  th is  purpose. The germ  co u n ts  d id  no t u n equ ivoca lly  
increase on shak ing  an d  decresed ra th e r  th a n  rose w hen  shak ing  was o f long 
d u ra tio n . This can be a t t r ib u te d  to  the  fac t th a t  sh ak in g  accelerates th e  disso
lu tio n  of certa in  c o n s titu e n ts  and  enhances th e  sw elling  of s ta rc h  p a rtic le s , 
which un fav o u rab ly  a lte rs  th e  consistence of th e  sam ple . V iscous sam ples are 
d ifficu lt to  hand le  an d  th e  s tic k y  m edium  arrests  th e  b a c te r ia . T hus, on ly  few 
germ s are re ta in ed  in  th e  th in  p a r t o f th e  sam ple w hich  is s till availab le  for 
m ixing by  p ip e ttin g . S h ak in g  periods n o t ra ising  v isco s ity  should  be d e te r
m ined  sep ara te ly  for each  ty p e  of feed, b u t it  rem ains to  be pursued  w h e th e r 
these  periods are su ffic ien t to  ensure th e  sep a ra tio n  o f  aggregated  m icro 
organism s; th ey  alm ost c e rta in ly  are no t.
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Table I

D istrib u tio n  of germ  counts in feed sam ples processed w ith  and  w ith o u t m echanical shaking

Sample
Total germ counts in thousands per gramme sample

<  100 101 200 2 0 1 -3 0 0 301 -4 0 0 4 0 1 -5 0 0 501 -1000 1000 2000 2000 3000 > 3000

N o t shaken (control) 15 4 l l l 3 2 l 2

Shaken for 5 m in 7 2 2 l 2 3 7 3 3

Shaken for 10 m in 6 3 1 l 2 l 9 3 4

Table II

D istribu tion  of m ould counts in feed sam ples processed w ith  and  w ith o u t m echanical shaking

Mould counts per gramme sample
Samples

<1000 1001 2000 2001 -  3000 3001 -  4000 4001 5000 5 0 0 1 -1 0  000 10 001 20 000 20 001 - 50 000 > 5 0  000

N ot shaken  (control) 13 3 5 7 2
Shaken for 5 m in 4 3 — 4 3 3 6 3 4
Shaken for 10 m in 4 3 2 1 3 2 4 8 3
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Table III

C hanges of m ould coun ts in 30 sam ples on 5-m in and 10-min shaking com pared  to  sam ples no t

shaken

Mould counts on shaking for

5 min 10 min

unchanged increased decreased unchanged increased decreased

in 1 : 100 dilution

10 12 8 6 15 9

(33% ) (40% ) (27% ) (20% ) (50% ) (30% )

in 1 : 1000 dilution

11 12 7 12 12 6

(38 .6% ) -OO
''

О

(2 8 .4 % ) (40% ) (40% )

\0O
'"

о

As to th e  va lu e  of shak ing  in  im p ro v in g  th e  re liab ility  o f m icrobio logical 
feed  assays, th e  following aspects shou ld  be tak en  in to  co n sid e ra tio n .

Shak ing  im p ro v ed  th e  b a c te r iu m  coun t w ith o u t a lte rin g  e ith e r  th e  flo ra  
co m position  or th e  p roportion  o f th e  com ponents. T hus, sh ak in g  m eans no 
im p ro v em en t in  th e  q u a lita tiv e  sense, b u t  th e  find ings suggest th a t  th e  ac 
c e p tab le  germ  co u n t th resho lds shou ld  be raised.

S hak ing  seem s to  have on ly  d isad v an tag es from  th e  m ycological p o in t 
o f  v iew . Increase  of m ould coun ts on shak ing  was chiefly  due to  th e  p revalence  
o f species ch a rac te rized  by  long chains of conidia. R eliable read in g  is possible 
o n ly  w ith  high d ilu tions of th e  in o cu la , w hich m eans th e  loss of th e  species 
be ing  p resen t a t  low counts. Som e o f these  m ay be decisive com ponen ts in  
re sp ec t of feed q u a lifica tion . A lth o u g h  new species ap p eared  on shak in g  in  40 
to  5 0 %  of th e  sam ples, the  n u m b e r o f com ponents e ith er rem ain ed  unch an g ed  
o r decreased  in  num ber in  th e  re s t. I t  should  be n o ted  th a t  th e  new  species 
a p p e a rin g  on m echan ical sh ak in g  w ere usually  those ch a rac te rized  b y  long 
chains of conid ia  (P énicillium  sp p ., A spergillus  spp.). In  su m m ary , th e  p resen t 
f in d in g s su p p o rt th e  conclusion th a t  m echanical shak ing  o f su spended  feed 
sam ples does n o t n o tab ly  im prove  th e  re liab ility  of m icrobiological feed q u a li
f ic a tio n ; it  is a surp lus o p e ra tio n  o f doub tfu l value. Since, how ever, germ  
co u n t is considerab ly  in fluenced  b y  th e  techn ique of processing, efforts should  
be cen te red  on th e  s ta n d a rd iz a tio n  o f m icrobiological food assays.
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Summary

M echanical sh ak in g  of suspended feed sam ples for 5 to  10 m in  was usually  followed 
by  a n  increase in th e  g erm  co u n ts  by ab o u t one lo g arith m ic  o rd e r (range: 1.7— 48 tim es) over 
th o se  de term ined  in sam ples n o t shaken m echanically . Shak ing  d id  n o t a lte r e ither the  b ac 
te r ia l flo ra  com position or th e  p ro p o rtio n  of th e  flo ra  com ponen ts.

M ould counts w ere also increased  by  shak ing , b u t  in  a m u ch  w ider range (1.3 to 5000 
tim es) th a n  bacterium  c o u n ts , an d  th e  increase was th e  h ig h est in those  sam ples whose original 
m ou ld  coun t was low. S h a k in g  often  a lte red  th e  com position  of th e  m ould  flo ra, v iz ., loss of 
som e species and a p p ea ran c e  of new  ones in  th e  h igh d ilu tions, req u ired  for reliable reading 
of th e  cu ltu ring  resu lts . S ince shak ing  fails to  n o tab ly  im prove th e  efficiency of m icrobiological 
feed  con tro l, its use is n o t  recom m ended  for th is  purpose.

A ddress of th e  a u th o rs :  Dr. László E t t e r , D r. Is tv á n  N y ir e d y , 1085 B u d ap est, József 
k r t .  38, H ungary .
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THE FATE OF MOULD “SPORES” IN THE 
DIGESTIVE TRACT OF CHICKS

By

I . N y i r e d y , L. E t t e r , I lo n a  F é s ű s  and  G . M a y e r  

N a tio n a l In sp ec to ra te  fo r F eed  C ontrol, B u d a p es t 

(R eceived N o v em b er 26, 1973)

T he im portance  o f  m ycotoxicoses te n d s  to  increase w ith  th e  co n cen tra tio n  
o f an im al raising, w hereas system ic m ycoses affect o n ly  ce rta in  species to  a 
g rea te r  degree th a n  p rev io u sly  w hen h e rd s  and  flocks w ere sm aller.

W hile th e  aetio log ica l role of c e r ta in  m etabo lites is m ore or less u n d e r
s to o d  in  m ycotoxicoses, little  is kn o w n  ab o u t th e  pa thogenesis  o f en teric  
diseases caused by  h yphom ycetes. N am e ly , th e  fa te  o f con id ia  — endospores 
— ingested  w ith th e  feed has been l i t t le  pursued  in th e  d igestive t r a c t ,  and 

ev idence is also lack in g  w hether th e se  can  act as d ire c t causal fac to rs  of 
m ycoses or m ycotoxicoses.

T he problem  w h e th e r th e  orally  in g ested  conidia an d  o th e r rep ro d u c tiv e  
e lem ents o f m oulds su rv iv e  in the  d ig estiv e  tra c t, w h e th e r th e y  are e lim in a ted  
w ith  th e  faeces in a v iab le  s ta te , was aw a itin g  c la rifica tion , being of im m ed ia te  
in te re s t in  respect o f b o th  m icrobiological feed con tro l an d  an im al h ea lth . 
T he p resen t experim en ts  were p erfo rm ed  to  ob ta in  m ore in fo rm atio n  on th is  
p rob lem .

M aterials a n d  m ethods

M ould strains. M ould stra ins f re q u e n tly  p resen t in  feeds and  capab le  of 
causing  m ycosis, o r m ycotoxicosis, or b o th , were selec ted  for th e  s tu d y . A l
th o u g h  grow th ab ility  a t  37 °C was reg a rd ed  as th e  th e o re tic a l c rite rio n  o f p a th o 
gen ic ity , stra ins grow ing only a t low er tem p era tu res  w ere also exam ined . 
S tra in s  grow ing a t  37 °C: Aspergillus cand idus, A . fu m ig a tu s , A .f la v u s ,  A . niger,
A . ochraceus, C ircinella  sp ., Rhizopus sp . S trains n o t grow ing  a t  3 7 °C: P én i
c illium  chrysogenum, P . fun icu lo su m , P . notatum.

The stra ins w ere p ro p ag a ted  in  4 %  glucose agar co n ta in in g  “ S tred ip en  
a .u .v .”  (s trep tom ycin  has. 500,000 IU , penicillin G — proca ine  300,000 IU , 
К  or N a sa lt of pen icillin  G, 100,000 IU ) as an tib io tic . A gar p la tes w ere p re 
p a red  in 100-ml E rlen m ey e r flasks an d  surface in o cu la tio n  was followed by 
in cu b a tio n  for seven d ays a t the op tim a l tem p era tu re . T he rich  fungal g row th  
was collected by  rin sing  w ith  90 m l s te rile  saline p er f la sk  and  “ co n id ium ”
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c o u n ts  in the  rinsing  f lu id  w ere de te rm ined  b y  th e  p o u r-p la te  techn ique. T h e  
c o u n ts  ranged b e tw een  930 th o u san d  an d  300 m illion , depend ing  on th e  
s tra in .

E xperim ental birds. A to ta l  o f 100 one-day-o ld  b ro ile r h y b rid  ch icks, 
p ro cu red  from  th e  h a tc h e ry , w ere used. T en  ex p erim en ta l groups and  one 
c o n tro l group were fo rm ed , each  consisting  of 10 bird§. T h e  chicks were k e p t 
in  sy n th e tic  ra t  boxes in  a w ell-ven tila ted  room , a t 3 0 —32 °C te m p e ra tu re  a n d  
a p p ro p ria te  air h u m id ity . F o r  th e  f irs t 6 days, ad so rb en t p ap er, la te r  good- 
q u a li ty  wood shavings w ere used  as bedd ing ; th e  l i t te r  was exchanged  accord ing  
to  requ irem en t.

The b irds w ere fed  on a com m ercial chick  s ta r te r  u n ti l  10 days of age, 
a f te r  w hich th ey  rece iv ed  a ch ick -rearing  fo rm ula . The s ta r te r  was sterilized  
to  p rev en t health  in ju ry  b y  its  high germ  coun ts. F resh  d rin k in g  w ater w as 
su p p lied  tw ice a d ay  a n d  pebb les of ap p ro p ria te  size w ere also fu rn ished .

Fungus spores w ere ad m in is te red  a t th e  sam e tim e  ev ery  d ay  by p ip e t
t in g  d irec tly  in to  th e  c rop . T he rinsing  flu id  used  for th is  p u rp o se  was sto red  in  
th e  re frig era to r an d  o n ly  th e  req u ired  a m o u n t was w ith d ra w n  from  it each  
tim e . To p reven t e x p e rim e n ta l e rro r resu lting  from  the  d e te rio ra tio n  or germ i
n a tio n  of the conidia in  th e  rinsing  flu id , th e  la t te r  was fresh ly  p repared  every  
f iv e  days. P rio r to  a d m in is tra tio n  the  rinsing flu id  was d ilu ted  to  give a spore 
c o n cen tra tio n  of 1 — 2 m illion /m l. The single dose was 0.5 m l, th u s  each ch ick  
w as given a daily  dose o f 0.5 — 1 m illion conidia. A d m in is tra tio n  on th e  above 
schedu le  was con tin u ed  fo r 10 days, followed b y  a 4-day  re s t period  and  a n o th e r 
1 0 -day  tre a tm e n t w ith  ex trem e ly  large doses, 5 —40 m illion  conidia da ily , 
rep re sen tin g  co n cen tra tio n s  n ev er occurring  in feeds.

The birds w ere c o n tin u o u sly  exam ined  for any  change in  general co n d i
t io n , m ovem ents, a p p e tite , faeces (consistency, colour, odour) as well as fo r 
occasional nervous sy m p to m s. B ody w eights w ere recorded  a t th e  beginning  
a n d  on days 10, 24 an d  31 o f ex p erim en t.

The patho log ical e ffec t o f conidia w as assessed b y  com paring  b o d y  
w e ig h ts  of tre a te d  and  co n tro l b irds and by  p o stm o rten  ex am in a tio n  of one 
ch ick  killed in each g roup  on days 1, 3 and  10. R ecta l sw abs ta k e n  from  each  
b ird  betw een  days 10 a n d  14 w ere used for m ycological s tu d ie s . A n o th er ch ick  
in  each  group was k illed  on d ay  14. One of th e  six b ird s re ta in e d  in  each g roup  
f o r a  second tre a tm e n t w as ex san g u in a ted  a fte r  10 days o f tre a tm e n t w ith  th e  
e x tre m e  doses, and from  th e  re s t  of th e  b irds rec ta l sw abs w ere ta k e n  on day  10, 
an d  five  days la te r. F in a lly , all b irds, includ ing  the  co n tro ls , were killed b y  
b leed in g  31 and 32 days a fte r  beg inning  of th e  ex p erim en t. No conidium  
tr e a tm e n t  was m ade on th e  d ay  of ex sangu ina tion .

To re-isolate th e  fu n g u s, s tre a k  p la tes w ere p rep ared  on an tib io tic -co n 
ta in in g  agar, on th e  f irs t  b y  a large loop from  co n ten ts o f crop , p ro v en tricu lu s , 
g izzard , th e  m ost a n te r io r  an d  m ost posterio r segm ents of th e  sm all in te s tin e ,
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th e  an te rio r segm ent o f  th e  large in te s tin e , from  coecum  and  re c tu m ; la te r  
p o u r-p la tes  were p re p a re d  from  h om ogenates in  a n tib io tic -co n ta in in g  agar 
m edium  of 2 cm p o rtio n s  o f the  above o rgans. S treak  p la te s  w ere also p re p a re d  
w ith  sam ples from  tra c h e a , lungs, a ir sacs, sp leen, liv er, k idneys and  h e a r t 
blood; th e  la tte r  th re e  sam ples were also used for c u ltu r in g  on D rig a lsk i’s 
agar. T he cu ltures w ere  in cu b a ted  for 6 days a t 26 °C for m ould  iso la tion  and  
for 24 hrs a t 37 °C fo r th e  isolation o f bac te ria .

To te s t the  effect o f  th e  pH  of th e  m edium  on th e  g e rm in a tio n  of con id ia , 
a liquo ts of one s tra in  each  of A . f la v u s , R hizopus  and  P én ic illium  were in o cu 
la te d  in to  1%  glucose b ro th  ad ju sted  to  pH  4.0, 4 .5 , 5.0, 5.5, 6.0 or 7.4 and  
were in cu b a ted  a t 2 6 ° C .T h e  pH  values o f in te s tin a l c o n te n t were d e te rm ined  
in  various segm ents w ith  ind ica to r s tr ip .

Results

C linical observations and postmortem f in d in g s

All chicks rem a in ed  h ea lth y  th ro u g h o u t th e  ex p e rim en t. This can  a lre a d y  
be ju d g ed  from  th e ir  b o d y  w eights th a t  ranged  be tw een  700 and  1000 g a t 
31 or 32 days of age. T h e  even g row th  ra te  req u ired  fo r reach ing  th is  w eigh t 
ca tego ry  is in  itse lf exclu siv e  of the p resence of m ycosis, m ycotoxicosis o r  an y  
o th e r disease.

B irds killed b y  b leed ing  at d iffe ren t tim es of ex p e rim en t did n o t show  
any  gross lesions.

Microbiological fin d in g s

M oulds re la ted  to  th e  conidia ad m in is te red  could n o t be iso la ted  from  
p aren ch y m ato u s o rg an s, b lood, tra c h e a  and  lungs. W e u su a lly  failed to  re-iso- 
la te  th e  m oulds from  th e  digestive t r a c t ,  excep t from  th e  crop , of chicks below  
10 days of age (T able I ) .

Effect o f the p H  o f the m edium  on germ ination  o f  conidia

W ith  all th ree  s tra in s  tested  ( A . f la v u s , R hizopus, P én ic illiu m ), ge rm i
n a tio n  failed to  occur in  glucose b ro th  a t  pH  4.0, 4.5, 5.0 an d  5.5. B o th  germ i
n a tio n  and  m ycelium  fo rm atio n  did ta k e  place, th o u g h  a t  a very  slow ra te , 
a t  pH  6.0, w hereas g ro w th  was a b u n d a n t a t p H  7.4.

Discussion

O nly p a r t of th e  fungus stra ins te s te d  could be re -iso la ted , on ra re  occa
sions, from  the  sm all a n d  large in testin es  of th e  chicks. T h is supp o rts  th e  con-
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Table I

R e-iso la tio n  of fungi from  chicks killed  a fte r oral tre a tm e n t w ith conidia for 1, 3 and 10 days

Fungus strains representing the conidia used for oral infection and colony 
counts obtained in  isolation experim ents

Organs Days

A
. 

C
a

n
d

id
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s
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.f
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vu

s
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. f

um
ig

at
.
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. o
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r
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. c
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ys

og
.

P
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ic

ul
os

P
. n
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at

um

R
hi

zo
pu

s

Crop l 6 9 2 — — 6 l 2 6 _
3

10
— — 2 — 3

6
l 5 9 —

P ro v en tricu lu s 1
3

2 — — — — —
4

— —

G izzard

10

1 3 l —
3

10

A n te rio r  segm ent of 1 — — — — — 4 — — — —

sm all intestine 3

10
13 — — — — — — — —

L arg e  intestine 1 100 2 3 _ 1 2
3

10
98 —

2
— — — — 3 4 —

C oecum 1
3

1 — i — — 2
2

— — — —

R e c tu m  (faeces)

10

1
3

— — — — — 1
1

l — — —

10 — — — — — — — —

elus ion  th a t  the orally  a d m in is te red  conidia de te r io ra ted  in  th e  proven tr icu lus  
a n d  gizzard of b o th  y o u n g  and  older chicks.

Theoretically, th e  d e te r io ra t ion  of conidia and m ycelia  reach ing  the  
d iges t ive  t rac t  by  oral r o u te  m a y  he due to  the  following reasons.

The present in  vitro  s tud ies  on p H  effect and the  re la te d  l i te ra ry  d a ta  
h a v e  unequivocally  show n th a t  an  in a p p ro p r ia te  p H  can be regarded  as th e  
m a in  fac tor  responsible for  the  inh ib ition  of  g row th and  o th e r  life functions 
o f  conidia . This accords well w ith  the  observa tion  th a t  p H  values  of 5 .0—6.0,
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5.0, 3.5— 4.0, 5.0— 5.5, 5.0 and 5 .0 —6.0 w ere m easu red  in  th e  co n ten ts of 
crop, p ro v en tricu lu s , g izzard , d u o d en u m , je ju n u m  and  rec tu m  of th e  b irds, 
respective ly , a t 10 d ays o f age. Since p H  values are s im ila r in  th e  stom ach  and  
abom asum  of n o n -ru m in a n t and ru m in a n t dom estic m am m als , respective ly , 
th ere  is reason to  p o s tu la te  th a t  th e  above conclusion also applies to  those 
anim als.

O ther factors a c tin g  tow ards th e  depression of life fu nc tions of ingested  
m oulds are the  in te s tin a l 0 ., a n d C 0 2 ten s io n  w hich are u n fav o u rab le  for m oulds, 
and o th e r poorly u n d e rs to o d  reac tions o f th e  m acroo rgan ism , w hich develop 
w ith  progressing age an d  also depress th e  g row th  of m oulds.

I f  germ ination  o f th e  ingested  con id ia  does y e t ta k e  place, owing e ith e r 
to  a g rea te r pH  to le ran ce  of the  s tra in  or species or to  im p aired  functions of 
th e  ho st, the  m ycelia  becom e d ig ested  in  th e  stom ach . M any au th o rs  have 
rep o rted  th a t  the  m yce lia  ingested  w ith  feeds m assively  c o n ta m in a te d  by  n o n 
tox ic  fungi are u n d erg o in g  a com plete  lysis; e.g., th e  m ycelia  of P. roqueforti, 
P. camemberti and  Oospora camemberti becom e d igested  in  h um ans.

F ina lly , ta k in g  in to  considera tion  th a t  re-iso la tion  o f th e  ex p erim en ta lly  
ad m in is te red  fungus s tra in s  was successfu l only in tw o cases, th e  conclusion 
lies close a t h and  th a t  th e  walls o f th e  ingested  conidia becom e lysed by  th e  
d igestive juices.

T he p resen t f in d in g s  p e rm it som e im p o rta n t conclusions in respect o f 
p o u ltry  health , w hich  seem  to  ap p ly  to  o th e r  useful an im al species as well.

In  view  of th e  p rac tica lly  co m p le te  d estru c tio n  o f conidia and  o th e r 
rep ro d u c tiv e  s tru c tu re s  o f m oulds in  th e  a lim en ta ry  t r a c t ,  oral ingestion  of 
even v e ry  large a m o u n ts  of such fu n g a l stages involves p rac tica lly  no risk  of 
m ycosis or m ycotoxicosis. A ccordingly , no m yco tox icosis develops unless th e  
ingested  feed itse lf  co n ta in s  m yco tox ins in  a to x ic  c o n cen tra tio n , and  even th e  
fungi grow ing read ily  a t  body te m p e ra tu re  do n o t cause m ycosis unless th e  
m ycelia presen t in  th e  m assively  c o n ta m in a te d  feed do n o t becom e d igested  
by  th e  digestive ju ices , viz ., if th e  co n d itio n s p revailing  in  th e  a lim en ta ry  tr a c t  
are such  as to  n o t in h ib it  the  g e rm in a tio n  of conidia, fu r th e r  developm ent of 
th e  ingested  m ycelia or th e ir  access to  th e  blood and  ly m p h  c ircu la tion . Such 
cond itions, how ever, occur only in  an im als w ith  im p a ired  h e a lth , low ered 
pow ers of resistance , o r disorders in  th e  secre tion  of d igestive  enzym es and  bile, 
viz., if  th e  gastric  m u co sa  is m echan ically  im p aired  by  feed  p artic les , b ac te riu m - 
induced  u lcera tion , etc. Mycoses alw ays h av e  a m u ltifa c to ria l aetio logy, d ep en d 
ing g rea tly  on in d iv id u a l p red isposition . T hey  p re fe rab ly  occur in young an i
m als and  in  an im als w ith  deranged  c o n s titu tio n  an d  consequen t depressed 
m etab o lic  a c tiv ity , ow ing to  u n n a tu ra l  keeping  cond itio n s. Fungus s tra in s  
n o t grow ing a t b o d y  te m p e ra tu re  a re  never responsib le for m ycosis.

M oulds re sponsib le  for lung  m ycosis never cause disease on ingestion  
w ith  th e  feed. C hicks in fec ted  in th e  p resen t s tu d y  from  2 days of age over
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20 days w ith  0.5 to  40 m illion con id ia  adm in istered  d ire c tly  in to  th e  crop 
developed  n e ith er sy m p to m s n o r gross lesions of lung m ycosis. The rea listic  
e v a lu a tio n  of m icrobio logical feed analysis , th e  im p ro v em en t of th e  ou tlook  
o f  breeders as well as aspects  o f g u a ra n te e  equally  d em an d  th a t  it  should  be 
em phasized  over an d  over again  t h a t  th e  fungus species m o st freq u en tly  re 
sponsib le  for lung m ycosis, viz ., A . fu m ig a tu s , M ucor spécit s, etc., are u b iq u ito u s 
an d  are pathogenic  on in h a la tio n  only , never on oral ingestion . I t  follows th a t  
iso la tio n  from  a given feed o f A . fu m ig a tu s  or som e o th e r fungus pa thogen ic  
fo r th e  lung is no p ro o f  of th e  re sp o n sib ility  of th e  fungus for lung  m ycosis, 
ex cep t if  th e  p la in tiff  can  p re sen t a u th o rized  evidence th a t  th e  fungus re sp o n 
sib le  for th e  pneum om ycosis h ad  n o t been p resen t in  th e  u n it , flock or herd  
p r io r  to  the  in tro d u c tio n  of th e  su spec t feed or th a t  th e  onset of th e  disease 
w as closely associated  w ith  th e  feed ing  of th is d iet. E vidence  to  th e  f irs t c r ite 
rio n  is p rac tica lly  im possib le , considering  th e  om nipresence of th e  in c rim in a ted  
fu n g i, and fu lfilm en t o f th e  second crite rio n  is fa r from  being  easy , since th e  
d isease is know n to  be m u ltifac to ria l. R e la ted  stud ies in th is  lab o ra to ry  also 
s u p p o r t th e  conclusion th a t  th e  fungal co n tam in a tio n  of com m ercial com pound 
feeds is p rac tica lly  n ev er of such a degree as could cause disease in p o u ltry .

Summary

Large doses of spores o f v arious m ou ld  species were ad m in istered  d irec tly  in to  th e  crop 
of day -o ld  chicks to  o b ta in  ev idence w h e th er o ra l ingestion  of th e  re p ro d u c tiv e  stages (conidia, 
endospores) of m oulds can  cause m ycosis o r m ycotoxicosis in  th is  species. Seven species grow ing 
w ell a t  th e  body te m p e ra tu re  o f th e  b ird s an d  th ree  species n o t grow ing a t  th a t  tem p e ra tu re  
w ere tes ted . In d iv id u a l daily  doses o f 500,000 to  1,000,000 conidia w ere ad m in iste red  fo r 10 
d a y s  an d  afte r a su b seq u en t 4 -day  re s t  period  th e  daily  dose was risen  to  5— 40 m illion conidia, 
g iv en  fo r ano ther 10 days. P a r t  o f th e  species could be re -iso la ted  fro m  th e  d igestive tr a c t ,  
ab o v e  all from  th e  crop, fo r 3 days, ex cep tio n a lly  for 10 days. Iso la tio n  fro m  visceral organs 
a n d  blood failed th ro u g h o u t. T h is su p p o rts  th e  conclusion th a t  oral ingestion  of conidia can n o t 
in  its e lf  elicit e ither m ycosis or m ycotoxicosis.

A ddress of th e  senior au th o r: D r. Is tv á n  N y ir e d y , 1085 B u d a p es t, József k rt. 38, 
H u n g a ry .
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In  1949 P a u lin g  disclosed th a t  th e  presence of a m u ta n t  haem oglobin  in h u m an s was 
associated  w ith  a resistan ce  to  m ala ria  in fec tion . W a sh b u r n  (1968) s tu d ied  th e  in te rac tio n  
of a  m inor haem oglobin  co m ponen t an d  th e  incidence of M arek’s disease (MD) in  chicken. 
The m u ta n t gene of th is haem oglobin  p ro v ed  to  be au tosom al an d  co d o m in an t; th e  presence 
of its hom ozygote form  in th e  p o p u latio n  w as parallelled  w ith  20%  h igher resistance  against 
MD th an  th a t  of the  n o rm al haem oglobins.

In  1968 Cole described  th a t  alone on  th e  basis o f in o cu la tio n  w ith  th e  MD v iru s, re s is tan t 
and  susceptible lines ag a in s t MD were se lec ted  w ith in  a sh o rt tim e  (tw o genera tions). The p e r
centage of th e  susceptib le b ird s was 12.9%  in  th e  re s is tan t line a n d  90.7%  in  th e  susceptible 
line. In  th e  original com m on p o p u la tio n  th e  suscep tib ility  w as 51 .1% .

R ecently  B r ile s  an d  B riles  (1972) have  rep o rted  on  a h igh ly  sign ifican t ad v an tag e  
of some В blood group geno types (B 2B 6 an d  B 2B7 vs. B 'B 0 an d  B 'B 7) a f te r  a  n a tu ra l o u tb reak  
of MD.

I t  is therefo re  reasonab le  to  suppose  th a t  th e  genes responsib le  for blood- 
group ch arac teris tics , being also au to so m al and  co d o m in an t, as well as the  
physiological v a r ia b ility  described  b y  Co l e , w hich  is d e te rm in ed  by  genetical 
co n stitu tio n , can  be re la te d  to  each o ther.

The possible ex istence  o f a close co rre la tion  b e tw een  a blood ty p e , o r a 
blood-group allele, an d  th e  re sis tan ce  against MD in  a p o p u la tio n , or ra th e r  
in  a pure  line of ch icken , w ould  p ro v id e  an effective m e th o d  o f selection  to  
develop a highly  re s is ta n t p o p u la tio n  w ith o u t in fec tin g  th e  anim als for th is 
purpose.

Materials and methods

In  1971, 3364 day-o ld  chicks w ere se ttled  in  an  iso la ted  farm  o f B ábolna 
A gricu ltu ra l C om binate . 1809 of th e  chicks belonged  to  L ine 1, th e  rem ainder 
to  Line 2. In  each line ab o u t h a lf  o f th e  anim als w ere v a cc in a ted  ag a in st MD, 
th e  o th e r h a lf  rem ain ed  as con tro ls. A t the  age o f 4 weeks all ind iv iduals of 
b o th  lines were in o cu la ted  w ith  th e  m ix tu re  of th e  b lood  an d  organ  hom og
enates from  p u lle ts  suffering  from  MD. W hen th e  b ird s  w ere 8 to  11 weeks
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o ld , blood was ta k e n  from  th e  w hole p o p u la tio n  for blood ty p in g . Survivors 
w ere killed a t 14 w eeks (98 days) of age. P o stm o rtem  find ings o f these  and 
o f  b irds died b y  th is  tim e  h av e  been reg istered . S ta tis tic a l s ign ificance was 
co m p u ted  by  th e  y2 m eth o d .

Results

B oth p o stm o rtem  find ings and  blood ty p e  were av a ilab le  fo r 2360 birds. 
T h e  s ta tis tic a l analysis  of th e  d a ta  show ed (Table I) th a t  n o n -v acc in a ted  
co n tro l birds o f L ines 1 and  2 did n o t differ from  each o th e r concern ing  resis
ta n c e  against MD. H ow ever, th e  v acc in a ted  b irds in L ine 1 w ere m ore re s is tan t 
th a n  those in L ine 2 (P  <7 0.05).

Table I

T he d istribu tion  of chickens w ith  an d  w ith o u t M arek’ disease lesions in L ines 1 and 2

V accinated Control I Total

Line 1 Line 2 Line 1 Line 2

n per
cent

n per
cent

n per
cent

n per I 
cent 1

C hickens w ith MD lesions

died  before the  age of

98 days 36 5.6 43 7.7 143 21.8 112 21.6
killed a t the age of

98 days 63 9.8 78 13.8 171 26.2 145 28.2

Chickens w ithout MD

lesions 541 84.6 432 78.5 337 52.0 259 50.2

T o ta l 640 100.0 553 100.0 651 100.0 516 100.0 1 2360

L ine  1 vs. Line 2 (vacc in a ted ): P  <  0.05 

L ine  1 vs. Line 2 (co n tro l): non sign ifican t

The presence o f B 10 an tig en  seem ed  to  be ad v an tag eo u s  for th e  resistance 
(T ab le  II) . Thus in  L ine 1 th e  p e rcen tag e  of v acc in a ted  ch ickens w ith  MD lesion 
w as only 6 .7%  for b ird s  h av in g  th e  B 10 an tigen  as com pared  w ith  th e  average 
fo r  Line 1, viz. 15 .5% . S im ilarly , o f th e  n o n -v acc in a ted  con tro ls  th o se  having 
th e  B 10 an tigen  show ed re la tiv e ly  low m o rb id ity  ra te s , viz. 2 8 .6%  vs. 48 .0%  
in  L ine 1 and 32 .4%  vs. 4 9 .6%  in L ine 2. H ow ever, th e  n u m b e r o f b ird s pos
sessing  the  B 10 an tig en  was too  low for a s ta tis tic a l analysis.
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Table II

Percen tage of diseased chickens in two lines re la tin g  to  each b lood-group  an tigen  tes ted

Y accinated Control

Blood-group
antigens

Line

diseased/
to tal

1

per
cent

Line

diseased/
to tal

per
cent

Line 1 Line 2

diseased/
to ta l

per
cent

diseased/
to ta l

per
cent

Aj 3/24 12.5 18/73 24.6 33/71 46.5 41/77 53.2

A3 10/33 30.3 10/51 19.7 28/71 39.5 19/48 39.6
a 4 54/348 15.5 58/329 17.6 186/374 49.6 88/185 47.5

E 5 43/276 15.5 54/296 18.3 138/293 47.2 115/249 46.2

B4 3/25 12.0 5/25 20.0 18/29 62.0 10/23 43.5

B4 49/381 12.9 59/320 18.4 184/395 46.6 118/254 46.4

®10 2/30 6.7 9/45 20.0 12/42 28.6 11/34 32.4

T otal 99/640 15.5 121/553 21.8 314/651 48.0 257/516 49.6

* T o ta l does no t m ean  th e  sum  of th e  num bers in  th e  corresponding  colum n, since in  each 

b  ird  more th a n  one an tig en  m ay  be present.

A m ong th e  o th e r b lood-group  an tigens th e  p resence o f th e  B 4 an tigen  
seem s to  be ad v an tag eo u s . The n u m b er o f chickens possessing th is  an tig en  was 
su ffic ien tly  high in b o th  lines for s ta tis tic a l analysis (T able I I I ) .  The difference 
in  m o rb id ity  ra te  was s ig n ifican t in  th ree  of th e  four g roups o f b irds.

The presence o f b lood-group  an tigens belonging to  th e  A system  did  
n o t show sign ifican t d ifferences in m o rb id ity  in any  o f th e  g roups u n d er s tu d y .

D iscussion

The p resen t re su lts  suggest th a t  a genetical re la tio n sh ip  m ay  ex ist betw een  
som e В blood-group  alleles and  th e  resistance  aga in st M D. T his is su p p o rted  
in  th e  case of an tigen  B 4 b y  th e  fac t th a t  th e  d ifferences w ere m ore d efin ite  
in  th e  con tro l groups w here  th e  in te rac tio n s  were n o t d is tu rb e d  by  im m une 
response.

F u r th e r  in v es tig a tio n s  are needed to  de tec t w h e th e r th e se  re la tionsh ips 
derive from  p le io trop ic  effect o f th e  b lood-group alleles or th e ir  linkage to  
th e  gene con tro lling  th e  resis tan ce  ag a in s t MD.
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Table i n

O ccurrence of M arek’s disease lesions am ong chickens positive and  negative for B 4 an tigen  in v acc in a ted  and  contro l groups of Lines 1 and 2

У accinated Control

Line 1 Line 2 Line 1 Line 2

No. of birds No. of birds No. of birds No. of birds

B.(+) b . ( - ) B .(+) b . ( - ) B .(+) B .(~) B .(+ ) b . ( - )

Chickens w ithou t

MD lesions 332 209 261 171 211 126 136 123

Chickens w ith  MD lesions 49 50 59 62 184 130 118 139

died before the  age

of 98 days 33 30 43 35 112 59 81 64

killed a t  the  age of 98 days 16 20 16 27 72 71 37 75

T ota l 381 259 320 233 395 256 254 262

Percen tage of chickens w ith

MD lesions 12.9 19.3 18.4 26.6 46.6 50.7 46.4 53.0

X2 5.49 8.91* 8.59* 15.42***

P  <  0.05; *** P  <  0.001

P
A

P
P

 et al.
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S um m ary

T he d a ta  of p o stm ortem  ex am in atio n  an d  blood ty p in g  for 1193 vacc ina ted  an d  1167 
n o n -v acc in a ted  chickens belonging to  2 lines w ere s ta tis tica lly  analyzed  from  th e  p o in t of 
view  of resis tan ce  ag a in st M arek’s disease (MD).

The p resence of tw o blood-group an tig en s (B 4 and  B 10) seem s to  be associated  w ith  som e 
resistance  ag a in s t MD. This re la tionsh ip  was s ign ifican t for th e  B , an tigen  only; th e  n u m b er 
of B , in d iv id u a ls  were h igh  enough fo r th e  te s t.
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STUDIES ON THE THYROID FUNCTION 
OF BURSECTOMIZED COCKERELS IN VIVO

By

Gy . P e t h e s  and A. F o d o r

D ep artm en t o f Physiology,

U n iv ersity  o f V e te rin a ry  Science, B u d ap est 

(R eceived M ay 15, 1974)

The function  of th e  b u rsa  of Fabric ius in  b ird s has been s tu d ied  from  an im m unological 
p o in t of view  for one a n d  a h a lf  decades ( C l i c k  e t ah , 1956, 1964; W a r n e r  and S z e n b e r g , 
1964; I s a k o v i c  and J a n k o v i c ,  1964). I t  was earlie r sup p o sed  to  be a n  endocrine like g land  
influencing th e  physio logical processes in vo lved  in se x u a lity  and re p ro d u c tio n  ( G l i c k , before 
1956, see in Science 180: 45— 47, 1973). Now th e  b u rsa  is know n to  p ro d u ce  an tib o d y -fo rm in g  
im m unocom peten t В cells ( C l i c k  et al.. 1956; B r a s w e l l  e t al., 1965; C l i c k , 1967, 1968), 
w hich in some cases can  fu n c tio n  a s  cells co m p e ten t in cell-m ed ia ted  im m u n ity , too ( C o l e  
e t ah , 1970; W i c k  e t ah , 1970a, b ; N i l s s o n  and R o s e , 1972). T h e  re la tions betw een  
th e  presence or absence of th e  active  b u rsa  a n d  some endocrine fu n c tio n s  are also know n. 
T estoste rone  p ro p io n ate , fo r in stan ce , is able to  i n h ib it th e  d ev elo p m en t o f  th e  em bryonic  b u rsa  
( M a y  and  C l i c k , 1964; W i l s o n  a n d  G l i c k , 1966), and th e  b u rsa  o f  rad io th y ro id ec to m ized  
b ird s is m uch  sm aller in  w eigh t th a n  th a t  of con tro ls ( S n e d e c o r , 1968a, b ; S n e d e c o r  an d  
C a m y r e , 1966; T i e n h o v e n  e t ah , 1965). OS L eghorn  chickens ch ara c te riz ed  by an in h erited  
au to im m u n e  th y ro id itis  ( T i e n h o v e n  an d  C o l e , 1962; C o l e , 1966: C o l e  e t ah , 1968; W i t e b s k y  
e t ah , 1969) grew w ith o u t an y  sy m p to m  of th e  disease if they  h ad  b een  bursectom ized  ( W i c k  
e t ah , 1970a, b, c; C o l e  e t ah , 1970). H ow ever, th e  sy m p to m s appeared  in  b ird s 
in jec ted  w ith  cells of th e ir  own b u rsa  ( N i l s s o n  an d  R o s e , 1972), in d ic a tin g  th e  im m unological, 
an d  n o t endocrinological, n a tu re  of th is  phenom enon.

O ur aim w as to  s tu d y  th e  re la tio n s betw een th e  th y ro id  function  an d  
th e  presence or absence o f th e  fu n c tio n a lly  active b u rsa  o f  F a b ric iu s  in  grow ing 
chickens. F u rth e rm o re , we w ished to  th ro w  som e ligh t on th e  re la tio n s  betw een  
th e  values of th e  th y ro id  secre tion  ra te  e s tim a ted  by  d iffe ren t in  vivo m eth o d s 
( P i p e s  e t ah, 1958; S in g h  e t ah , 1968a, b).

Materials and methods

E xperim en ta l anim als

Birds were k e p t in  a la b o ra to ry  in  w hich th e  l ig h t (12 hours/day) an d  
th e  tem p e ra tu re  (22.5 ^  1.8°C) w ere s tan d ard ized .

Group A .  E lev en  “ H u n n ia ”  b ro ile r cockerels, 10 w eeks old, w ith o u t 
an y  p re tre a tm en t.

Group B . Seven “ H u n n ia ”  b ro ile r cockerels, o f th e  sam e age, b u rse c to 
m ized surg ically  a fte r  h a tch in g .
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Group C. Seven  “ N ak ed -N eck  T ra n sy lv a n ia n ”  (Н и т т , 1949) cockerels, 
one and  a h a lf  years  old.

Group D. Seven  “ B antam ” ( P u n e t t  and  Ba ily , 1914) cockerels, one 
a n d  a h alf years old.

Group E . Seven  F 4 h y b rid  m ale progenies from  crosses betw een  B an tam  
fem ales and N ak ed -N eck  T ra n sy lv a n ia n  (N N T) m ales.

Group F . Seven  cockerels, progenies from  crosses b e tw een  F 4 fem ales 
(m en tioned  above) a n d  B a n ta m  m ales.

The birds b e long ing  to  groups C, D , E  and  F  w ere ex am in ed  to  com pare 
th e  valid ities of th e  T S R  values e s tim a ted  b y  d ifferen t m e th o d s . The th y ro id  
fu n c tio n  of these a d u lt  an im als was d e te rm in ed  by  tw o  m eth o d s  (see below ), 
one of which can be u sed  for fa s t grow ing exp erim en ta l an im als . R ep ro d u c tio n  
o f  these  experim en ts, in v o lv in g  10 ex p erim en ta l days a t  le a s t, w ould be im pos
sib le  because d u rin g  th is  tim e  m an y  physiological changes (grow th, sexual 
m a tu r i ty , etc.) occur, w hile  in  ad u lts  th e  physio logical p rocesses can be con
sidered  to  be in eq u ilib riu m . On th e  o th e r hand , th e  m ore  exact m ethod  
(“ d irec t o u tp u t”  m e th o d , S i n g h  e t al., 1968) for th e  d e te rm in a tio n  of th e  th y 
ro id  secretion ra te  is to o  slow for these  fa s t  grow ing b ird s . T herefore, a less 
e x a c t b u t qu icker m e th o d  developed  b y  P i p e s  et al. (1958), P r e m a c h a n d r a  
e t  al. (1959) and  P r e m a c h a n d r a  (1962) lias been used. To conclude th e  v a lid ity  
o f  th e  results, co m p ariso n  o f th e  values for adu lts  from  th e  tw o m ethods 
w as a ttem p ted .

Groups A an d  В w ere k e p t in  th e  la b o ra to ry  from  th e  h a tch in g  on. T he 
o th e r  groups were b ro u g h t to  th e  la b o ra to ry  six weeks b efo re  th e  experim ents 
s ta r te d . All birds w ere k e p t on a s ta n d a rd  d iet c o n ta in in g  1.1 ppm  iodine. 
T h e  tem p era tu re  an d  th e  illu m in a tio n  w ere s tan d ard ized .

Experim ent 1

E ach b ird  in  g roups C, D , E an d  F  was in jec ted  s.c . w ith  a dose of 
7 p Ci/100 g b.w. of ca rr ie r-free  N a 131I . R a d io a c tiv ity  above th e  th y ro id  region 
w as m easured in  vivo  ev e ry  d ay  accord ing  to  th e  p rincip les o f R e i n e k e  and  
S i n g h  (1955) and  P i p e s  e t  al. (1958). A fte r su itab le  co rrec tio n  (for background  
ra d io a c tiv ity , g eo m etry  a n d  iso tope decay) th e  in  vivo th y ro id a l rad io ac tiv ity  
d a ta  (expressed as ra tio s  o f  th e  in jec ted  dose) were used fo r ca lcu la tion  of th e  
th y ro id  horm one sec re tio n  ra te  (TSR) an d  th e  k inetic  p a ra m e te rs  (U, b , k4 
a n d  k 4)* of th y ro id  ho rm o n e  secretion . T he d a ta  m easu red  betw een  the  3rd

*1. U =  th y ro id a l 13lI u p ta k e , expressed  as a p ro p o rtio n  of th e  in jec ted  dose, a fte r  
e x tra p o la tio n  to zero tim e  ( S i n g h  e t al. 1968). 2 .  Ь =  slope of th e  sem ilogarithm ic  regression 
line  calcu la ted  betw een th e  tim e  (x) an d  th e  lo g arith m  of th e  th y ro id a l  131I rad io ac tiv ity . 
T h is  characterizes th e  degree o f 13II release fro m  th e  th y ro id  ( S i n g h  e t a l., 1968, 1968a, b ) .  
3. k 4 =  thy ro ida l iodine re lease -ra te  co n stan t. k 4 =  th y ro id a l re lease -ra te  (tu rn o v er ra te )  
c o n s ta n t  corrected fo r re c ircu la tio n .

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



A
cta 

V
eterinaria A

cadim
iae Scientiarum

 H
ungaricae 25, 1975

Table I

T hyro id  indices for anim als on m ethim azole d iet

Experimen
ta l groups

No.
of

birds

Age,
weeks

Body weight,
g u b,

m et
b,

m et -f-T3 ,8,I  retention
1311

* i /2  i n  d a y s

TSR according 
to P ipe s  e t al.

A и 10 1 4 2 7± 37 0 .1 8 ± 0 .0 2 — 0.07± 0 .01 — 0.05 ± 0 .0 2 0.87 ±0 .01 5 .0 ± 0 .6 3 |Ug/day
В 7 10 1725 ± 7 9 0 .3 2 ± 0 .0 4 — 0 .0 4 ± 0 .0 1 0 0.91 ± 0 .0 3 6.1 ± 0 .9 less th a n  2

C 7 79 2172 0 .1 3 ± 0 .0 1 — 0.023±0 .003 — 0.006±0.001 0 .9 4± 0 .003 1 5 .2 ± 0 .9

/tg /day

A pprox im ately

D 6 79 9 1 0 ± 3 6 0.11 ± 0 .0 2 — 0.0 4 ± 0 .0 1 — 0.0 4 ± 0 .0 1 0 .83± 0 .01 5 .6 ± 0 .7

2— 3 /ig /day 
*

E 7 79 1 7 2 0 ± 6 6 0 .1 0 ± 0 .0 0 8 — 0.0 3 ± 0 .0 0 4 — 0 .0 3± 0 .007 0.95 ± 0 .004 16.1 ± 0 .7 *

F 6 79 1097 ± 4 2 0 .1 3 ± 0 .0 2 — 0.05 ±0 .0 0 5 — 0.0 5 ± 0 .0 1 0.87 ±0 .008 5 .0 ± 0 .7 *

S ta tis tica l differ

ences betw een 

bursectom ized 

(B) and contro l 

group: (A) 0 .2 > P > 0 .1 0.2 > P  > 0 .1 0 .4 > P > 0 .2

0.01 > P > 0 .0 0 5  

highly

significant

0 .2 > P > 0 .1 0 .2 > P > 0 .1 0 .0 5 > P > 0 .0 1

m et — d a ta  re la ting  to  the  m eth im azo le-treated  b irds (2nd— 8th  days of E x p erim en ts 2 and 3).

m et +  T 3 =  d a ta  re la ting  to  m ethim azole -f- exogenous T 3-trea ted  b irds a fte r  1 day of E x p erim en ts 2 and 3.

* Im possible to  determ ine exac tly , because of th e  change in th e  th y ro id a l 131I release ra te . A fter the  release had  been inh ib ited  by  a given dose 

of T 3 following a larges dose, th e  release ra te  increased again.
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a n d  18 th  days o f th e  ex p erim en t w ere u sed  in  th e  form ulas of S i n g h  e t al. 
(1967, 1968a, b) in  th e  “ d irec t o u tp u t”  m e th o d  for th e  e s tim a tio n  of th e  T SR  
a n d  th e  m en tio n ed  th y ro id  indices.

On th e  18 th  an d  19tli days the  b ird s w ere in jec ted  s.c. w ith  0.3 I.U ./100  g 
b .w . T SH , and  th e  in  vivo  m easu rem en t o f th y ro id a l ra d io a c tiv ity  was 
co n tin u ed  in  ev e ry  second  hour for 72 ho u rs .

E xperim ent 2

E ach  b ird  in  g roups A and В w as in je c te d  w ith  a 200 p g /b ird  dose of 
ca rrie r-free  N a 131I. T he ra d io a c tiv ity  o f th e  th y ro id a l region was m easu red  
in  vivo  every  d ay  as in  E x p e rim e n t 1. A fte r  48 hours th e  food and  d rin k in g  
w a te r  of th e  b ird s  w ere su pp lem en ted  w ith  0 .1%  or 0 .05%  m eth im azo le , 
accord ing  to  th e  T S R -e s tim a tio n  m eth o d  e lab o ra ted  b y  P i p e s  et al. (1958). 
A fte r  8 days th e  b ird s  w ere in jec ted  w ith  a 2, 3 or 5 pg/100 g b .w ./d ay  dose of 
L -tr iio d o th y ro n in e  (T 3) every  second d ay . In  prac tice , on th e  8 th , 10 th  and  
1 2 th  days th e  b ird s  w ere in jec ted  w ith  4 , 6 and  10 pg/100 g b.w . T 3. A dose 
w h ich  in h ib ited  th e  decrease of th e  th y ro id a l 1311 ra d io a c tiv ity  was considered  
equal to  or la rg e r th a n  th e  spon taneous th y ro id a l horm one release.

E xperim ent 3

Two m o n th s a f te r  E x p erim en t 1 in d iv id u a ls  of groups C, D , E , F  w ere 
in je c te d  w ith  300 pg o f carrier-free N a 131I. T h e ir TSR  values were e s tim a ted  
as in  E x p e rim en t 2. T h e  only d ifference w as th a t  these  b ird s were in jec ted  
w ith  10 pg/100 g b .w ./d ay  T 3 on th e  1 3 th , 14 th , 15th days, too . The ra d io a c 
t iv i ty  d a ta  from  th is  perio d  (betw een th e  9 th  and  15th days o f th e  ex p erim en t) 
w ere used, to g e th e r  w ith  the  d a ta  for th e  earlie r exp erim en ta l period  w hen 
go itrogen  was given a lone , for ca lcu la tion  o f th e  regression lines for th e  “ m e th i
m azole  -f- T 3”  an d  “ m eth im azo le” periods. T he regressions o f release curves 
w ere ca lcu la ted  in  th e  sam e m an n er as in  th e  “ d irec t o u tp u t”  m e th o d  of 
S i n g h  e t al. (1968) an d  th y ro id  secre tion  ind ices were also ca lcu la ted  (T able  I).

The th y ro id a l re lease k inetic  ind ices,*  viz. k lmet and  k <raet + T , w ere 
co m p ared  w ith  th e  k in e tic  indices kic re la tin g  to  th e  spon taneous th y ro id a l 
io d ine  release o f u n tre a te d  b irds m easu red  as in  E x p erim en t 1.

On th e  1 5 th  d a y  b ird s were in je c te d  w ith  0.3 I.U ./100  g b.w . T S H  an d  
th e  in  vivo m easu rem en ts  of th y ro id a l ra d io a c tiv ity  w ere co n tin u ed  in  every

* fc4c =  c o n s ta n t re la tin g  to  u n trea te d  co n tro l b irds;
kimet =  c o n s ta n t re la tin g  to  birds fed w ith  m eth im azole;
k 4met+T3 =  c o n s ta n t re la tin g  to  m eth im azo le  and  tr iio d o th y ro n in e -trea ted  b ird s; 
k 4TSH =  c o n s ta n t re la tin g  to T S H -tre a ted  b ird s;
k 4TsH+met =  c o n s ta n t re la tin g  to  b irds k e p t on  m ethim azole d ie t an d  tre a te d  w ith  T S H .
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second h o u r for 48 hours an d  th e  d a ta  were used for ca lcu la tio n  of T S H  and  
o th e r th y ro id  p a ra m e te rs  concern ing  th e  T S H  effect. T he resu lts  o f E x p e ri
m en ts 1 an d  3 are p resen ted  in  T ab le  I I .

Table II

T S R  values calcu la ted  by  the  “ d irec t o u tp u t” m ethod of Sin g h  e t al. (1968a) for a d u lt b irds 

on norm al and  m ethim azole-contain ing  d ie t

Group Treatm ent
Normal diet 

jMg T»/100 g b.w./day
M ethimazole diet 

jtígTii/lOO g b.w./day

c Control 0.815 ±0 .119 1 .883±0.305

c T SH 5.021 ± 1 .220 4.441 ± 1 .3 1 2

D Control 1.111 ±0 .236 4 .5 3 3 ± 1 .6 3 6

D T SH 18.974±4.221 11.878 ± 3 .311

E Control 0.645 ± 0 .234 1 .989± 0 .640

E T SH 12.745 ± 3 .693 11 .380±4 .040

F Control 1 .918±0.401 6 .298± 1 .215

F TSH 18.276±3 .886

C T 3-supplem ented* — 0 .5 7 9 ± 0 .1 4 9

C T 3-supplem ented — 2.8 0 2 ± 0 .7 5 4

E T 3-supplem ented — 1 .414± 0 .358

F T 3-supplem ented 6.213 ± 0 .8 5 2

* The dose of T 3 (triiodo thyron ine) see in th e  te x t

Results and discussion

The com parab le  d a ta  from  th e  six groups are p re sen ted  in  T ab le  I. The 
b o d y  w eights o f th e  broilers are  a lm ost th e  sam e as th o se  o f group E 
ad u lts . The d a ta  for th e  ad u lts  can  be d iv ided , b u t n o t sh a rp ly , in to  those  for 
g roups D an d  F  an d  to  tho se  fo r g roups C an d  E . The su rg ica l b u rsec to m y  did  
n o t in fluence th e  th y ro id  fu n c tio n  d ram atica lly .

The U v alues can be considered  ch a rac te ris tic  o f th e  th y ro ia l iodine 
u p ta k e  (S i n g h  e t ah , 1968). T hese values for th e  broilers are  la rg e r th a n  those  
fo r th e  ad u lts  o f th e  d iffe ren t b reeds and  h y b rid  co m b in a tio n s, a lth o u g h  th is  
d ifference is s ta tis t ia lly  n o t sig n ifican t. T he values for g roup  В are on th e  
average  tw ice tho se  for g roup  A, nevertheless, th is d ifference is again  no t 
sign ifican t. T his ind ica tes  th a t  som e effect is exerted  by  th e  b u rsa  on th e  u p ta k e  
fu n c tio n  of th e  th y ro id , b u t th is  effect can  only be s tu d ie d  on genetically  
se lec ted  p o p u la tio n s .
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The 131I re te n tio n  a n d  biological half-life  ( t^ 2) d a ta  d iffered  sig n ifican tly  
b e tw een  groups C +  E  a n d  D F , b u t  th e re  was no sig n ifican t difference 
b e tw een  th e  bu rsec to m ized  an d  th e  con tro l b ro iler cockerels. T he T SR  values 
cacu la ted  by S i n g h ’s (1968) m eth o d  for ad u lts  k e p t on no rm al and  m eth i- 
m azo le-con tain ing  food a re  p resen ted  in  T ab le  I I .

Table II I

Slopes b of 131I  release cu rv es (regression lines) o f b irds k e p t on m ethim azole d iet 

(1 s t— 8 th  days o f E x p erim en ts 2 and 3)

b intervals
10-weeks-old

broilers
Adult breeds and hybrids

A В C D E F

— 0.01 to — 0.05 5 5 7 4 7 5

(7 0 % ) (45% ) (100% ) ( 6 6 % ) (100% ) (63% )
—0.05 to  —0.10 1 5 — — — 3

(1 5 % ) (45% ) 0 0 0 (37% )

LOо0 
о

 
о1 1 — — 2 — —

(1 5 % ) 0 0 (33% ) 0 0
—0.15 to  — 0.20 — 1 - — — —

0 (10% ) 0 0 0 0

X~ values: group A: 3.97 (n .s .); groups A + B :  1.17 (n.s.): groups A —F : 3.79 (n.s.): groups C — F: 

12.20 (n.s.); bu t the  ten d en cy  tow ards inhom ogeneity  is higher th a n  in th e  case of groups A —F.

S ta tis tic a l com parison of b  v a lu es by  S tu d en t’s l-test:

A В C D E

A n.s. n.s. n.s. n .s.

В 0 .1 > P > 0 .0 5 n.s. 0.1 > P > 0 .0 5

The d is tr ib u tio n  o f  th e  b values (S in g h  e t al., 1968) ca lcu la ted  from  birds 
fed  w ith  m eth im azo le  a re  p resen ted  in  T ab le  I I I .  A ccord ing  to  th e  analysis, 
th e  surgical b u rsec to m y  decreased  th e  ra te  of th e  secre tio n . W hile th e  b d a ta  
fo r group A could be considered  sim ilar to  those fo r g roup  D and  E  ad u lts , 
fo r group В th e y  seem  to  resem ble those  of groups C an d  E . On th e  o th e r h an d , 
th e  tendency  to w ard s in h o m o g en e ity  is th e  largest in g roups C— F, it  is sm aller 
in  groups A— F , an d  is th e  sm allest in  groups A — B. T his in d ica tes  th a t  stud ies 
on  th e  re la tionsh ip  b e tw een  th e  b u rsa  of F ab ric iu s an d  th e  th y ro id  function
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can  only be ex ac t w hen  m ade on genetica lly -selec ted  hom ogeneous popu la tions.
The T S R  d a ta  e s tim a te d  b y  th e  m e th o d  o f P i p e s  e t al. (1958) seem to  be 

su itab le  for use as indices of th y ro id  fu n c tio n  in fluenced  by  surgical bursec- 
to m y . The sm allest (2 pg/100 g/day) dose o f T 3 app lied  b y  us was enough to  
in h ib it th e  iodine secre tio n  of th e  b u rsec tom ized  (B) an im als, w hereas 3 an d  
5 pg doses of th is  ho rm o n e  w ere requ ired  to  do so in  con tro l b ro iler cockerels (A). 
U n fo rtu n a te ly , th is  in d ex  of th y ro id  fu n c tio n  can  be considered  a questionab le  
one ( R e i n e k e  a n d  S i n g h , 1955; R e i n e k e  1964, 1965; T a n a b e , 1964; S in g h  
e t a l., 1968). W e fo u n d  in  tw o instances in  group  В th a t  b ird s w hich w ere 
in h ib ited  w ith  a 2 pg  dose o f T 3, on th e  su b seq u en t days began  to  release 
iod ine from  th y ro id s  again  w hen th ey  w ere in jec ted  w ith  5 pg dose o f T 3. 
T he sam e phenom enon  was observed in one case in  g roup  A, w hen 3 pg T 3 
p roved  an in h ib itin g , an d  5 pg a “ re-re leasing”  dose. In  a d u lt birds (C—F) 
th is  phenom enon  w as observed  m ore freq u en tly . This aspecific  ty p e  of iodine- 
re lease observed  ea rlie r b y  R e i n e k e  and S i n g h  (1955) c a n n o t be considered, as 
i t  is p ro b ab ly  a non-specific  d is tu rb an ce  in  th e  in tra th y ro id a l iodine m etabolism . 
T he question  has rem ain ed  open as to  w h e th e r th e  T S R  v a lu e  e s tim a ted  b y  
th is  m ethod  and  in flu en ced  by th is phenom enon  could  be co rre la ted  w ith  th e

Table TV

C om parison of th y ro id a l iodine tu rn o v er ra te  co n stan ts k 4 de term ined  by th e  “ direct o u tp u t”  

m eth o d  fo r anim als on norm al and  m ethim azole  d iets *

Group Treatm ent klc kx k^met

c Control 0 .0256±0.0028 0 .0260±0.0099 0.0517 ±0.0061

D Control 0 .0318±0.0057 0 .0536±0.0231 0.0854±0.0217

E Control 0.0207 ±0.0047 0.0402 ± 0 .0087 0.0606±0.0079

F Control 0.0375±0.0174 0.0709±0.0265 0 .1 0 7 9 ± 0 .00207

C T S H -treated 0.1500±0.0279 0.1511 ±0.0032

D T S H -treated 0.4734±0.0423 0.2694±0.0441

E T S H -treated 0.4406 ±0.0290 0.3006 ±0.0400

F T S H -trea ted 0.4660 ±0 .0540 0.3098 ±0.0362

C m et. -f- T 3 0.0361 ±0.0217

D m et. +  T 3 0.0751 ±0.0194

E m et. ±  T 3 0.0585±0.0106

F m et. +  T 3 1.1051 ±0.0102

* k x =  — k 4 . H y p o th e tica lly , th is co n stan t characterizes th e  iodine release when it  is

blocked to  th e  degree as described b y  T a n a b e  and  K o m i y a m a  (1962). ly and iy : see in 

th e  tex t.
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T S R  values e s tim a ted  by  th e  m ore  e x a c t b u t slower “ d irec t o u tp u t” m eth o d  
(S i n g h  et ab, 1968). Some conclusions can  be d raw n from  a com parison  o f  th e  
re su lts  o f E x p erim en ts  1 and 3, b ecau se  th e  objects o f th ese  ex p erim en ts  w ere 
th e  sam e ind iv idua ls. T he d a ta  o f th e  “ d irec t o u tp u t” m eth o d  as well as those  
o f  E xp erim en t 3 used in ca lcu la tio n s  such as th e  “ d irec t o u tp u t”  m e th o d , 
a re  p resen ted  and  com pared  in  T ab les  I I ,  I I I  and  IY . As regards th e  d a ta  
m easu red  on th e  m eth im azo le  d ie t, k 4 values were used  in s te a d  o f k 4 because 
in  th is  case th e  ca lcu la tio n  o f th e  iod ine  rec ircu lation  is n o t necessary . T he 
d a ta  in  Table I I  in d ica te  th a t  th e  io d ine  secretion  o f b ird s on m eth im azo le  
d ie t was m uch m ore in tensive  th a n  o f  th o se  on no rm al d ie t. E xogenous th y ro id  
h o rm o n e  decreased  th e  th y ro id  re lease , b u t  only in  th e  case o f  g roup  C did  
th e  values of T S R  (and  k 4) ap p ro a c h  th o se  m easured  in  an im als on th e  no rm al 
d ie t an d  in  no case w as a com plete  in h ib itio n  of iodine release found . A ccording 
to  th e  hypo thesis o f P i p e s  et al. (1958), th e  horm one release on th e  m eth im azo le  
d ie t m u st exceed th e  norm al because  o f th e  in h ib ition  o f rec ircu la tio n . I f  th is  
w ere so, th e  k4 an d  k 4 should  be th e  sam e for a given in d iv id u a l. H ow ever, 
th is  is no t th e  case.

Table V

C orrelations betw een th e  in d iv id u a l values of k ,  k ,  and  k„
‘m et x

T he two indices examined All birds
Correlations

C D E F

k ,  —  к fc
k 4 —  к

4met

+ 0 .8 3 +  0.92 + 0 .7 3 +  0.86 + 0 .9 0

+ 0 .6 9 + 0 .2 3 +  0.94 + 0 .2 0 +  0.52

n.s. n.s.

k 4c —  k x + 0 .0 3 5 — 0.30 + 0 .8 9 — 0.37 +  0.007

n.s. n .s. n.s. n.s.

h  __  Ir
4TSH  4TSH +m et

+ 0 .7 9 +  0.92 n.s. + 0 .8 5 +  0.77

Indeed , th e  difference (kx) b e tw een  these tw o indices is n ea rly  th e  sam e 
as k Jc. A ccording to  th e  m eth o d  o f T a n a b e  and K o m iy a m a  (1962), n ea rly  the  
sam e values of T S R  can be c a lc u la ted  w hen using th e  “ d irec t o u tp u t”  m ethod . 
TheTANABO— K o m iy a m a  m eth o d  is a m odifica tion  of th a t  o f P i p e s ; th e  in h i
b itio n  of iodine release from  th e  th y ro id  is only p a r tia l:  th e  release is in h ib ited  
to  th e  norm al level and  no t co m p le te ly . O ur resu lts  in d ic a te  th a t  w hen  th e  
T a n a b e —K o m iy a m a  m ethod  is u sed  sim ilar to  k Jc b u t th e re  is v e ry  little  
co rre la tio n  betw een  k 4 and  k x w hen  ca lcu la ted  for th e  sam e in d iv id u a ls . On the  
o th e r  han d , th e  co rre la tion  b e tw een  k 4 and  k imet p roved  to  be h igh (-(-0.96

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



THYROID FUNCTION OF BURSECTOMIZED COCKERELS 143

on th e  av e rag e , b u t d ifferen t in  d iffe ren t groups o f anim als), show ing th a t  
a lth o u g h  th e  tw o indices of th e  th y ro id  fu n c tio n  are of d ifferen t n a tu re , th e y  
are n o t in d e p e n d e n t of each o ther.

Summary

T he effec t o f surgical b u rsecto m y  on som e p a ram ete rs  of th e  th y ro id  fu n c tio n  o f g row ing 
bro ile r cockerels w as stud ied .

I t  has  b een  found  th a t  while 2 /rg/100 g b.w . dose of exogenous triio d o th y ro n in e  w as 
com plete ly  able to  in h ib it th e  th y ro id  secre tion  of bursectom ized  b irds, as m uch as 5 //g 1 Oil g 
b. w. of th e  ho rm o n e  was incom pletely  able to  in h ib it th a t  o f th e  controls, w hen th e  an i
m als were k e p t o n  m eth im azole  diet. The com p ariso n  of som e in vivo T S R -estim a tio n  m eth o d  
show ed th e  usefulness of th e  S in g h — R e in e k e  “ d irec t o u tp u t”  m ethod  and  gave a p os
sible e x p la n a tio n  of correct T S R  d a ta  e s tim a te d  b y  th e  tech n iq u e  of T anabe  and  K om iyam a  
(1962).
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T he th y ro id  o f fowls is m ore sensitive  to  th y ro tro p in e  (TSH) th a n  th e  m am m alian  
th y ro id  ( B e r g m a n  an d  T u r n e r , 1933; B a t e s , 1962; N e w c o m e r , 1967, 1968) an d  th e re  are 
in tra sp ec ie s  genetic  differences in  th e  degree of th is  sen sitiv ity  ( F o d o r  an d  P e t h e s , 1974). 
O w ing to  th e  h igh sen sitiv ity  o f chickens, m an y  T S H  tit r a tio n  m ethods h a v e  been  evolved 
( B a t e s  e t al., 1957; L a m h e r g , 1953; F r e y  and  A l b e r t , 1959; M e s s  a n d  H á m o r i , 1961; 
W a h l b e r g , 1953; M e s s , 1962; T a k á c s , 1962; K r a w c z u k  e t al., 1963; C r e e k , 1965), b u t  no 
in vitro assay  has been  applied  to  th is  species. On th e  o th e r hand , th e  in  vitro  b io ti tra tio n  of 
T S H  p ro v ed  to  be a fa irly  good m eth o d  w hen  m am m alian  (sheep bovine, p o rc in e , etc.) th y ro id s  
were u sed  as ta rg e t. Som e of these  m eth o d s are  based  on  m easuring th e  changes in  w eigh t of 
th y ro id  slices ( B a k k e  e t a l., 1957), o thers on  th e  iodine u p ta k e  ( B a k k e  a n d  L a w r e n c e , 1954a, b )  
or re lease  (T su i and  O g u r a , 1960), by  th e  th y ro id  an d  still o thers on th e  m easu rem en t o f th e  
re lease  o f h o rm onal iodine from  th e  g lands ( B o t t a r i  an d  D o n o v a n , 1958; B o t t a r i  e t al., 
1963). T h e  use  of th y ro id  slices from  larg e r an im als w ould be m ore p ractica l, fo r  d iffe ren t T SH  
p re p a ra tio n s  can  be te s te d  on  th y ro id  slices from  a g iven  anim al. H ow ever, because  of th e  
h e te ro g en e ity  of th e  th y ro id  gland ( W o l l m a n , 1965), th e  d is tr ib u tio n  of ac tiv e  follicles w ith in  
a g lan d  is u neven . In  co n tra s t, th e  ch icken  gives a fa irly  hom ogeneous réponse  to  T S H , th e re 
fo re , th e  chance  of w ork ing  o u t a m ore e x ac t T S H  assay  seemed to  be m ore p rom ising .

T h e p resen t w ork  was aim ed a t exam in ing  th e  possib ilities o f evolving 
an  in  vitro  system  in w hich dom estic  fowl w ould  he the  te s t an im al fo r T S H  
h io titra tio n .

Materials and methods

T he in  vitro  system  em ployed was a sligh tly  m odified  v e rsion  o f an 
ea rlie r sy stem  (M o r t o n  and  Ch a i k o f f , 1943; F r a n k l in  and  Ch a i k o f f , 1943; 
F r a n k l i n  e t al., 1944).

E xperim en t 1

F iv e  1-year-old  B an tam  ( H u t t , 1949) cockerels were in jec ted  w ith  
4 juCi/lOO g b.w . o f ca rrier-free  N a 131I . A fte r 24 hours the  b ird s w ere killed, 
th e ir  th y ro id s  w ere in d iv id u a lly  sliced an d  th e  slices were d iv id ed  in to  tw o 
w hich  w ere th e n  w eighed. T he slices w ere p u t  in to  ice-cold P a rk e r ’s m ed ium  
199, w ash ed  five tim es b y  cen trifu g a tio n  in  40 m l m edium  and  tra n s fe rre d  in to  
in c u b a tio n  tub es b o th  of w hich co n ta in ed  3 ml o f P a rk e r’s m ed iu m  supple-
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m en ted  w ith  glucose an d  w a te r to  m ake it op tim u m  fo r b ird  tissues. One o f th e  
tu b es con ta ined  10“ 3 l .U . o f T SH  (“ A m binon” , O rganon) and  finally , 5 tub es 
w ere used to  te s t  th e  e ffec t of TSH  on th e  release o f ho rm o n al iodine, to g e th e r  
w ith  5 tubes c o n ta in in g  contro l slices from  th e  co rrespond ing  ind iv idua ls. 
D uring  a 6-hour in c u b a tio n  a t 40 °C, a gas m ix tu re , consisting  of 0 2 an d  5%  
C 0 2, was bubb led  th ro u g h  th e  m edium . T he m ed ia  w ere changed every  h our 
an d  m easured for 131I ra d io a c tiv ity  w ith  an  EK C O  a p p a ra tu s .

E xperim ent 2

F o u r “ H u n n ia ”  b ro ile r cockerels w ere k illed . E ach  th y ro id  was sliced, 
d iv ided  in to  four, th e se  w ere w eighed and  w ashed  an d  placed each in to  an  
in cu b a tio n  tu b e . E a c h  o f th e  16 tu b es co n ta in ed  1 pCi I31I. Two of th e  four 
p a r ts  of the  sliced th y ro id  of each b ird  w ere in c u b a te d  ind iv idually  fo r tw o 
hours as in d ica ted  in  F ig . 2. The o th e r tw o p a r ts  se rv ed  as controls. T he ra d io 
ac tiv ities  of th e  th y ro id  slices were de te rm in ed  a f te r  su itab le  w ashing in  o rder 
to  determ ine th e  degree  of iodine u p ta k e . T he p a ra lle l values were averaged .

E xperim ent 3

E x p erim en t 2 w as rep ea ted , excep t th a t  every  th y ro id  slice was 
in cu b a ted  in th e  absence  of TSH  and  a 90-m in in c u b a tio n  period was em ployed . 
T he th y ro id  slices w ere w ashed (see, E x p e rim e n t 1) and  m easured for 131I 
rad io ac tiv ity . T h ey  w ere th en  in cu b a ted  again  in  in a c tiv e  m edium , in  th e  p re 
sence and absence o f  T S H , exac tly  as in  E x p e rim e n t 2. A fter this second in c u 
b a tio n , the  ra d io a c tiv itie s  of th e  in cu b a tio n  m ed ia  w ere m easured an d  ex 
pressed as p e rcen tages o f  th e  131I ac tiv ities of th e  correspond ing  th y ro id  slices as 
de term ined  b e tw een  th e  tw o incubations.

E xperim ent 4

“ H u n n ia”  b ro ile r cockerels were in jec ted  w ith  10 p d  131I/100 g b.w . 
N a 131I. A fter 72 h rs  th e  anim als w ere k illed  an d  th e ir  lobes of th y ro id  w ere 
in cu b a ted  tw ice in  in a c tiv e  m edia as, described fo r E x p e rim en t 1 each tim e  for 
90 m in. The lobes o f th e  th y ro id  of each  an im al w ere d iv ided in to  fo u r, one 
o f w hich served as th e  con tro l, th e  second for te s tin g  th e  effect o f TSH  in a dose 
o f 1 I .U ./tu b e , th e  th ird  for te s tin g  th e  effect o f m eth im azo le  and th e  fo u rth  
for testin g  th e  e ffec t o f m eth im azole (0 .01% ) -)- T S H . To the  m edium  in  tu b es 
1 and  3 bovine a lb u m in  was added  to  equalize th e  p ro te in  co n cen tra tio n  in  all 
tu b es . A fter th e  f i r s t  and  second in cu b a tio n s th e  rad io ac tiv ities  of th e  m edia  
an d  th e  slices w ere m easured  and  th e n  th e  la t te r  w ere tre a te d  w ith  an  equal 
volum e of 30%  trich lo ro ace tic  acid (TCA) so lu tion . T he p rec ip ita te  was w ashed
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once w ith  30%  TCA and  m easu red  for 331I ra d io a c tiv ity . T h e  ac tiv ities of th e  
th y ro id  slices, th e  in c u b a tio n  m edia  an d  th e  T C A -p rec ip ita ted  p ro te in s w ere 
determ ined , an d  are given in  F ig . 4. T he s ta n d a rd  e rro r  o f  th e  m ean did  n o t 
reach  10%  in  e ith er case.

time of incubation (hours) time of incubation (hours)

time of incubation (hours) time of incubation (hours) time of incubation (hours)

Fig. 1. D em o n stra tio n  of E x p e r im e n t 1. The rad io ac tiv ities  of in c u b a tio n  m edia  as a fu n c tio n  
of the  tim e of in cu b a tio n  and  expressed  as percen tages of th e  ra d io a c tiv ity  o f th e  corresponding
th y ro id  s l ic e s .-----------------th o se  p a r ts  o f th e  th y ro id s  w hich w ere in c u b a te d  in  th e  absence
of T SH ; ---------- m edia in  w hich  p a r ts  o f th e  th y ro id s were in c u b a te d  in th e  presence of
a  dose of T SH . T he o u tp u t- ra te  decreased  considerab ly  during  th e  6 -h o u r period . 13lI  % ,  th e  

dose of 13II expressed  as pe r c en t of in vivo in je c te d  dose

Results

Experim ent 1

As show n in F ig . 1, th e  ra te  of th y ro id a l release o f  th e  cockerels is fa s t 
in  vitro, fa s te r th a n  observed  in  th e  li te ra tu re  in vivo. T h is can  be considered 
a non-specific release, an d  is in  ag reem en t w ith  th e  re su lts  o f  Molnár e t al. 
(1956a, b). I t  is there fo re  n o t a su itab le  in d ex  for te s tin g  a n y  effect (including  
th a t  of TSH ) in fluencing  th e  iod ine release b y  th e  th y ro id .

E xperim ent 2

The resu lts  o f th is  ex p e rim en t are  show n in Fig. 2. A lth o u g h  a neg a tiv e  
co rre la tion  can be observed  betw een  th e  applied  dose o f  T S H  and  th e  131I 
u p tak e  b y  th e  th y ro id , as in  th e  ex perim en ts of B a kke  an d  Lawrence 
(1954a, b), i t  seems th a t  th e  in d iv id u a l va rian ce  in sp o n tan eo u s  u p ta k e  is too  
large to  use th e  u p tak e  as an  ind ex  o f th e  applied  T S H  dose.
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Time of incubation Time of incubation
(hours) (hours)

Fig. 2. D em o n stra tio n  o f E x p e rim e n t 2. T he in  vivo  u p tak e  of 131I b y  th y ro id  slices in  th e  
p resence and absence of T S H . L eft: d a ta  o f con tro l th y ro id  slices; r ig h t:  d a ta  o f th y ro id  slices 
in cu b a ted  w ith  T SH . T he sam e ty p e  of line d em o n s tra tes  th e  th y ro id  o f th e  sam e cockerels.

—  bird  No. 1 ; -------------------- b ird  No. 2 ; -------------------b ird  No. 3. — о —  о — о — b ird
N o. 4. The effects o f d iffe ren t doses o f T S H  w ere n o t evaluab le  u n d e r  th e se  ex p erim en tal con

d itions

Dose of TSH (mU)
F ig . 3. D em o n stra tio n  of E x p e rim en t 3. In  a system  sim ilar to  t h a t  o f T su i and Ogura 
(1960), th e  th y ro id  slices o f cockerels seem  to  be a su itab le  ta rg e t fo r b io ti tra tio n  of d ifferen t

doses o f T S H . Щ T S H ; □  contro l

Experim ent 3

This ex p erim en t is rem in iscen t o f th e  system  o f T s u i  an d  Ogura (1960). 
I t  can he seen in  F ig . 3 th a t  th e  degree o f release of 131I  ta k e n  up in vitro is 
a b e tte r  index for t i t r a t io n  of T S H  th a n  th e  u p tak e . T he in d iv id u a l dev ia tions 
o f  th e  control va lues w ere also m uch  sm aller. I t  seem s t h a t  th e  m ethod  of 
T s u i  and  Ogura , a f te r  re fin ing  an d  a b e tte r  a d a p ta tio n  fo r fowl or chicken, 
m a y  be a p rom ising  b ioassay  for T SH .
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Fig. 4. D e m o n stra tio n  of E x p erim en t 4. W hile  th e  degree of release of organic 131I is n o t su it
able for d iffe re n ta tio n  betw een th e  effects o f d iffe ren t T SH  doses, th e  p ro te in -b o u n d  (P B ) 
131I ra ad io ac tiv itie s  o f th e  in cu b a tio n  m ed ia  p ro v ed  to  be su itab le  indices. T he th eo re tica l 
e x p la n a tio n  of th e  sen sitiv ity  of th is  p a ra m e te r  to  th e  presence of TSH  is n o t know n  y e t. 
O rd ina te  (left): ra d io a c tiv ity  of th y ro id  slices expressed  as percen tage of th e  131I co n te n t 
before in cu b a tio n . O rd in a te  (righ t): ra d io a c tiv ity  of PB  131I expressed as p e rcen tag e  of 
th e  ra d io a c tiv ity  of th e  in cu b a tio n  m edium . A bscissa: in cu b a tio n  tim e in  h ours. Colum ns- 

P B  131I ra d io a c tiv ity ; C urves: rad io ac tiv itie s  o f th e  th y ro id  slices

E xperim en t 4

T he resu lts  o f th is  exp erim en t are d em o n stra ted  in  Fig. 4. T he decrease 
o f th e  131I ra d io a c tiv ity  of th e  th y ro id  w as m uch m ore in tensive  th a n  in  vivo 
and  is n o t su itab le  for te s tin g  an y  effect in  T SH , ju s t  as was found  in  E x p e r i
m en t 1. H ow ever, th e  release curve declined  less rap id ly  th a n  in  E x p e rim e n t 1, 
in d ica tin g  th a t  a f te r  72 hrs th ere  w as p ra c tic a lly  only organified  or re ino rgan i- 
fied  131I in  th e  g land . This is su p p o rte d  b y  th e  fac t th a t  m eth im azo le  d id  n o t 
affect th e  degree o f release. S u rp ris in g ly , how ever, th e  ra d io a c tiv ity  o f th e  
T C A -prec ip ita ted  frac tio n  of th e  in c u b a tio n  m edium  was s ig n ifican tly  h igher 
in  th e  presence of T S H  th a n  in  its  absence.

T he m easu rem en t of th e  T C A -p rec ip ita ted  rad io ac tiv ities  o f th e  in c u b a 
tio n  m ed ia  of th y ro id  slices of b irds t r e a te d  3 days earlie r w ith  131I p roved  th e  
b es t index  for b io titra tio n  of T S H  in  ou r experim ents.
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Discussion

E x p erim en ts  1 a n d  2 it  have show n th a t  th e  princip les of th e  B akke  
an d  Lawrence m e th o d  canno t be used  for fowl. Molnár e t al. (1956a, b) 
show ed th a t  in  m am m als , too , th e  th y ro id a l iod ine release in  vitro  is m u ch  
g re a te r  th a n  th a t  in  vivo. T hey  w orked  o u t a “ g ra v ity  flow ”  m eth o d , b y  w hich  
th is  non-specific  p h en o m en o n  could be avo ided  an d  exp la ined  i t  th eo re tica lly , 
too . N everthe less, fo r ro u tin e  w ork , th e  B akke  an d  Lawrence m ethod is 
w idely used w hen m am m alian  th y ro id s  are invo lved .

The p rincip le  o f T s u i and  Ogura (1960) seem s to  be su itab le  for a p p lic a 
tio n  to  chicken, to o . C onsidering th e  h ig h er se n s itiv ity  of th is  species to  T S H  
an d  th e  p o ssib ilitiy  o f  w orking on selected  hom ogeneous s tra in s  ch a rac te rized  
by  a given degree o f  se n s itiv ity  to  T S H  (F odor an d  P ethes , 1974), it  seem s 
a p rom ising  T S H  b io ti tra t io n  m ethod .

The se n s itiv ity  to  T SH  of th e  p ro te in -b o u n d  ra d io a c tiv ity  of the  in c u b a 
tio n  m edia of th y ro id s  conta in ing  o rg an ified  iod ine is som ew hat su rp rising . 
T heore tically , i t  is d iff ic u lt to  exp la in  i t  in  th e  know ledge of th e  m echanism  of 
th y ro id  secre tion  (P astan  and  W ollmann , 1967). A possible ex p lan a tio n  
w ould  be th a t  T S H  in  vitro  has a m ore in ten s iv e  effect on th e  carriers o f follicle 
iodopro te in  d ro p le ts  th a n  on th e  p ro teo ly tic  and  d e iod ina ting  processes. F u r 
th e r  stud ies are  in  course to  exp la in  th is  p h en o m en o n  and  to  use th is  p rom ising  
in d ex  in  a T S H -b io titra tio n  m ethod  in  p rac tice .

Summary

A search fo r v a lu a b le  param ete rs  fo r b io ti tra tio n  of T S H  in an in  vitro  system , w ith  th e  
dom estic  fowl as te s t  an im a l species, show ed th e  p rin cip le  of th e  T su i and  Ogura  (1960) 
m eth o d  to  be ap p licab le  fo r th is species. T he p ro te in -b o u n d  13II a c tiv ity  o f in cu b a tio n  m edia  
o f th y ro id  slices of b ird s  p re tre a te d  w ith  131I w as found  to  be a prom ising  index  of th e  in  vitro  
effect of T SH .
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VACCINATION EXPERIMENTS ON PREVENTION 
OF E. COLI DIARRHOEA IN SUCKLING CALVES

I. U SE O F A L U M IN IU M  G E L  A D JU V A N T  

By

J. Varga and A. F. Farid

D e p artm en t of E pizootio logy, 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 28, 1974)

G astro -en te ritis  arising from  v a rio u s causes is responsib le for g rea t losses am o n g  new 
b o rn  calves in large  ca ttle  farm s. In  H u n g a ry , on th e  average 5.2 to  6 .8%  of all new born  
calves die o f diseases of digestive o rgans before tw o weeks of age (Mészáros, 1972). T he m ajo r 
p a r t  o f losses is due to  d iarrhoea  cau sed  by Escherichia coli bac teria . The disease in genera l is 
an  e n te ritis , th e  sep ticaem ic form  in  c o n tra s t  to  o th e r countries , being rare . P red isposing  
fac to rs  a n d  E . coli s tra in s  belonging as a ru le  to  several О groups p lay  a m ajor aetio log ica l role. 
F o rm erly , s tra in s  belonging to  groups 0 8 ,  0 9 ,  0 4 1 , 0 7 8  and  O lO l (Áld á sy , 1955, 1959), 
recen tly  those  h av in g  th e  an tigen ic  s tru c tu re s  0 1 01 :K 30(A ), O 101:K28(A ), O 101:K (A ), 
O 2 0 :K ',  0 4 1 :K (A ) an d  08 :K 2 8 (A ) (Varga  an d  F a r id , 1974) have been m o st freq u e n tly  
iso lated  from  carcases o f suckling  calves d ied  of en te ritis .

T he d iseased  an im als are tre a te d  w ith  an tib io tic s , u su a lly  by  th e  oral ro u te . Losses 
are n evertheless g rea t because th e  E. coli se ro ty p es p a th o g en ic  for calves are gen era lly  re s is ta n t 
to  all o r m o st of th e  com m ercially  av ailab le  an tib io tic  p rep ara tio n s. S ta tis tica l d a ta  o f th e  calf 
herds in m ore th a n  30 c a ttle  farm s hav e  show n th a t ,  desp ite  an tib io tic  th e ra p y , 32— 43%  of 
th e  calves w ith  E . coli en te ritis  are dy ing  (K ovács e t al., 1972).

Since E . coli d iarrhoea  in th e  ca lf  herds occurs freq u en tly  an d  th e  th e ra p y  
o ften  fails, ex perim en ts were p erfo rm ed  on p rev en tio n  by  im m u n iza tio n  of 
p re g n a n t cows w ith  E . coli vaccines.

Materials and methods

Iso la tion , biochemical and serological properties o f  E . coli strains  
To id en tify  th e  sero types responsib le  for o u tb reak s , a to ta l o f 104 E . coli 

s tra in s  w ere iso la ted  from  the  carcases o f 45 suck ling  calves in 14 c a tt le  farm s. 
All calves h ad  died w ith  sym p to m s o f E . coli d ia rrh o ea  before reach in g  tw o 
weeks of age, an d  th e  epizootiological course and  gross lesions w ere also c h a ra c 
te ris tic  o f th is  cond ition . S tra in s  w ere iso la ted  from  th e  sm all in te s tin e , th e  
m esen teric  ly m p h  nodes and , in a few cases, also from  o th e r o rgans. Tw o to  
th ree  iso lates w ere ob ta in ed  from  each  carcase. T he isolates w ere te s te d  for 
b iochem ical b ehav iou r, and were ex am in ed  serologically  w ith  57 О or O K  sera  
and  w ith  all K  sera (1 -9 4 )  ex cep t th re e  (Varga an d  F arid , 1974). T h e  b io 
chem ical te s ts , p rep a ra tio n  of a n tise ra , an d  ag g lu tin a tio n  te s ts  w ere carried  
ou t as described  by  K auffmann  (1966) an d  E wing  e t al. (1956).

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



154 VARGA ami FARID

Vaccines

Tw o m o n o v alen t vaccines and  one tr iv a le n t  vaccine were p rep ared . T he 
fresh  iso la tes selected  as vaccine s tra in s  w ere cu ltu red  se p a ra te ly  for 12 
hours in  b ro th  D, 5 (Schlecht and W estphal , 1966). The cu ltu res con ta in in g  
109/m l live E . coli b a c te r ia , were checked for p u r i ty  an d  К  an tigen , germ  counts 
w ere d e te rm in ed , an d  in a c tiv a tio n  was m ade in  0 .15%  form alin  for 24 hours 
a t  37 °C. T he in a c tiv a te d  cu ltu res were te s te d  fo r s te rility  and a vaccine con
ta in in g  5 m g/m l A 1 P 0 4 p re c ip ita te  was p rep a red . T he pH  was a d ju s ted  to  
6 .8 —7.0 and  m e rth io la te  was added  for p re se rv a tio n . The tw o m o n o v alen t 
vaccines w ere p re p a re d  from  s tra in s  0 1 01 :K 30(A ) and  0 8 : K -, respective ly , 
w hile th e  tr iv a le n t p re p a ra tio n  co n ta in ed  eq u a l am oun ts of s tra in s  O101: 
K 30(A ), 08 :K 28(A ) an d  O 78:K 80(B ).

Vaccinations

V accinations w ere carried  ou t in seven c a tt le  farm s, in one each  w ith  th e  
tw o m o n o v alen t vaccines and  in five w ith  th e  tr iv a le n t p rep a ra tio n . E ach  cow 
was v acc in a ted  tw ice b y  th e  su bcu taneous ro u te , v iz ., w ith  20 m l four weeks 
before  th e  expected  te rm  of calv ing and  again  w ith  20 m l tw o weeks before 
te rm . U n v acc in a ted  c a ttle s  of v a ry in g  n u m b ers , k e p t in  the  sam e house as th e  
vaccinées , served as con tro ls . T he v acc in a tio n s w ere perform ed in  th e  period  
from  D ecem ber to  Ju n e .

Sam pling , blood and m ilk  tests

Tw o blood sam ples and  one co lostrum  sam p le  were collected from  each 
cow. T h e  f irs t  b lood sam ple  was w ith d raw n  before  th e  f irs t v acc in a tio n , the  
second one w eek a f te r  ca lv ing . C onsidering th a t  th e  co n cen tra tio n  of co lostral 
im m unoglobu lins ra p id ly  declines (Áldásy  an d  E ros, 1969), th e  co lostrum  
sam ple  w as usually  ta k e n  on th e  d ay  of calv ing  or w ith in  th ree  days th e re a f te r . 
F rom  a few v a cc in a ted  cows serial sam ples o f co lostrum  were collected on days 
1 to  5, to  assess th e  decrease of a n tib o d y  level.

B lood sera, an d  co lostra l w hey o b ta in ed  b y  c lo ttin g  w ith  a m ilk  coagu lan t 
an d  f i ltra tio n , w ere te s te d  for О an tibod ies b y  an  in d irec t h aem ag g lu tin a tio n  
te s t  (IH A ), using  T akatsy’s (1955) M ic ro titra to r  m ethod . The sheep 
e ry th ro c y te s  used  in  th is  te s t were p resen sitized  w ith  th e  О an tigens o f th e  
E . coli vaccine s tra in s  as proposed b y  W ilson and  Svendsen  (1971), excep t 
t h a t  th e  e ry th ro c y te s  h a d  been w ashed in p h o sp h a te  buffer. T he e ry th ro cy te s  
used  in  te s ts  of sam ples from  cows tre a te d  w ith  th e  tr iv a le n t p re p a ra tio n  w ere 
p resen sitized  w ith  a pool of equal am o u n ts  o f  0 8 , 078  and  O101 an tigens 
(B erczi e t ah , 1967).
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К  an tib o d ies  w ere d em o n stra ted  in  serum  and  co lostra l whey by  tu b e  
ag g lu tin a tio n  te s t  ( K a u f f m a n n , 1966), t i t r a t in g  w ith  th e  К  an tigen  of each  
vaccine s tra in  sep a ra te ly .

R esults

The serological id en tifica tio n  of E . coli iso lates from  calves th a t  died befo re  
th e  v acc in a tio n  ex p erim en t is show n in T ab le  I .  62 .4%  of all isolates w ere 
iden tifiab le  w ith  th e  availab le  sera. T he iso lates o b ta in e d  from  dead calves 
in  14 c a ttle  farm s belonged to  nine О serogroups. All s tra in s  possessed a К  
an tigen . A s u b s ta n tia l  p a r t of th e  iso lates belonged to  g roup  O101; these h a d  
one of th ree  (or m ore) d ifferen t К  an tig en s, viz ., O101 :K 28(A ), O 101:K 30(A ) 
and  O 101:K (A ). T he s tra in s  of the  la t te r  p a tte rn  co n ta in ed  K(A) an tigens, as 
th e y  were ag g lu tin ab le  b y  О serum  only a f te r  au to c lav in g  fo r tw o hours a t  2 a t t ,  
b u t th e y  were no t ag g lu tin ab le  e ith er by  an y  К  serum . T he antigenic p a tte rn s  
o f th e  s tra in s  be longing  to  serogroup 0 8  w ere id en tif ied  as 08 :K 27(A ) an d  
08 :K 28(A ).

Iso la tes from  o n ly  one farm  am ong th e  14 w ere n o t iden tifiab le  sero log
ically. In  th e  m a jo rity  of the  farm s th e  sam e se ro ty p e  was iso lated  from  all 
dead calves. In  on ly  one farm  were s tra in s  belonging  to  tw o d ifferen t О se ro 
groups responsib le  fo r th e  disease and  d e a th  o f tw o calves k ep t in one an d  
th e  sam e house.

T he an tig en ica lly  iden tifiab le  iso la tes p roved  to  be re s is tan t to  m o st 
com m ercially  av a ilab le  an tib io tic  p rep a ra tio n s . T he an tib io g ram s are show n 
in Table I I .  T he E . coli s tra in s  occurring  in  calves in  th e  seven v acc in a ted  
herds were all re s is ta n t to  strep to m y c in , O xy te tracycline, N eom ycin  and  ch lo r
am phenicol. Som e s tra in s  were m o d era te ly  sen sitive  to  fu ra d a n tin e  or p o ly 
m yx in  B, b u t in  c e r ta in  herds all iso lates w ere re s is ta n t to  each of the  above 
six  an tib io tics . T he an tib io tic  sen s itiv ity  o f th e  iso lates from  one and  th e  sam e 
herd  was alw ays un ifo rm  and in d ep en d en t o f  th e  serological ty p e .

The clinical re su lts  o f v accination  are  show n in T ab le  I I I .  The serological 
ty p e  of th e  s tra in  used in  th e  m onovalen t vaccine  was alw ays th e  sam e as th a t  
o f th e  iso la te  o b ta in ed  from  the  given h e rd . In  th e  tr iv a le n t vaccine th e  К  
an tig en  and , i f  possib le, also th e  0  an tig en  o f  one o f th e  vaccine s tra in s co r
responded  to  th a t  o f  th e  sero type  responsib le  fo r th e  disease. T able I I I  show s 
th a t  tr iv a le n t vaccine  was also applied  in  herds in  w hich s tra in s  of 0 2 1 :K (B  ?) 
h ad  been iso la ted . T he reason  was th a t  th e  la t te r  s tra in s  w ere agg lu tinab le  in  
liv ing  s ta te  by  O K  an tise ru m  to  th e  ty p e  s tr a in  O 78:K 80(B ) up to  the  la t te r ’s 
end titre . I t  was found  in  earlier stud ies (Va r g a  and  F a r i d , 1975) th a t ,  
a lth o u g h  th e  К  an tig en  of these stra in s is n o t id en tica l w ith  K 80(B ), it is closely 
re la ted  to  th e  la t te r ,  so th a t  an tibodies to  O 78:K 80(B ), appearing  in th e  
co lostrum  of v acc in a ted  cows, are capable o f a g g lu tin a tin g  s tra in s  of 021 :K (B  ?)
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T ab le  I

0  and К  an tigens of E. coli s tra in s  isolated from suckling calves

Serogroup No. of isolates

O 101:K 30(A ) 27

O101 :K28(A) 3

O101 :K(A) • 3

021  :K  • 7

O 20:K  • 6

O 78:K80(B) 4

0 3 :K  ■ 4

0 7 :K  • 3

08:K 27(A ) 1

08:K 28(A ) 2

0 1 7 :K  • 3

0 1 5 3 :K  • o

T o ta l 65 (62.4% )

К  • , no t s ta n d a rd  К  antigen

T able  I I

A n tib io tic  sensitiv ity  of E . coli s tra in s  isolated from  calves

Serial 
No. of 
herd

Serogroup of isolates
Strepto
mycin

O x y te tra 
cycline Neomycin

Chloram
phenicol Furadantine

Polymyxin
' в '

l 0 3 :K  ■

2 0101:K 30(A ) — — — — +  (15) —

3 O101:K28(A) — — — — — +  (15)
4 0 2 1 :K  • — — — — +  (13) +  (13)
5 08:K 28(A ) — _ — — +  (20) —
6 0 2 1 :K  • — — — — +  (15) +  ( И )
7 0101:K 30(A )

"

—  resis tan t; sensitive (in b rack e ts : d iam ete r of inhibition zone in m m )
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Table III

Clinical d a ta  of vacc ina tion  w ith  E. coli

Serial No. 
of herd

Serogroup of 
isolates

Vaccine strains 
used

Vaccinated animals Control 

to ta l No.

animals

diedto ta l No. died

l 0 3 :K  • 0 3 :K  • 81 0 15 3
2 O101 :K30(A) O lO l :K30(A) 29 2 78 33

3 0 8 :K  • 108 2 99 10

4

O101:K28(A) 

0 2 1 :K  • 08 :K 28(A ) 60 0 7 3

5 08:K 28(A ) 0101:K 30(A ) 34 9 67 18

6 021 :K • O 78:K 80(B ) 25 0 3 1

7 0101:K 30(A ) 25 0 17 3

Totals 362 13

(3 .6% )

286 71

(24.8% )

К  • ,  no t s tan d ard  К  an tig en

too . A ccordingly , th e  calves o f cows im m unized  w ith  th e  tr iv a le n t v a c 
cine were expected  to  be p ro te c te d  even if  the  causa l ag en t of th e  disease 
h ad  been a s tra in  of 0 2 1 :K (B ? ) . Since th e  com m on К  an tig en , re la ted  w ith  
th e  K 80(B ), was also p re se n t as a single surface an tig en  in  s tra in s  belonging 
to  o th e r 0  groups (Va r g a  an d  F a r i d , 1974b), it  was ex p ec ted  th a t  th e  a n t i 
bodies app earin g  in  th e  co lo stru m  of cows im m unized  a g a in s t s tra in  0 7 8 : 
K 80(B ) can also p ro te c t a g a in s t s tra in s  belonging to  o th e r  0  groups, b u t  pos
sessing th e  com m on К  an tig en .

A to ta l  o f 362 cows w ere im m unized  tw ice w ith in  one m o n th  preceding 
p a r tu r itio n . A m ong th e  offsp ring  of th e  vacciness 3 .6% , w hile am ong th a t  of 
co n tro l cows k e p t in  th e  sam e house 24 .8%  died of E . coli d ia rrh o ea  up  to  12 
days of age. D iseased calves o f b o th  v acc in a ted  and  u n v acc in a ted  cows were 
tre a te d  w ith  an tib io tics.

E ig h teen  of 71 dead  calves in  th e  con tro l group an d  5 dead  calves from  
th e  v acc in a ted  group w ere exam ined  bacterio log ically . T he serogroups of th e  
iso lates from  con tro l carcases w ere in  each  herd  id en tica l w ith  those iso lated  
b efo re  the  v acc in a tio n . In  v a cc in a ted  herd  No. 2, s tra in s  of serogroup 0 2 0  
w ere iso la ted  from  a dead  p a ir  o f tw in  calf, a lthough  in  th e  sam e herd  exclu 
sively  s tra in s  of 0101 :K 30(A ) h ad  fo rm erly  been iso la ted . T he iso lates from  
tw o dead calves in  herd  N o. 3 h ad  th e  an tigen ic  p a tte rn  0 9 :K (A ), while th e  
s tra in s  responsible for disease before th e  v acc ina tion  h ad  been id en tified  as
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0 8 :K . and  O 101:K 28(A ). In  herd  No. 5, ca lf  losses w ere ro u g h ly  id en tica l 
in  v acc in a ted  and  co n tro l g roup . U n fo rtu n a te ly , only  one o f th e  n ine dead calves 
o f  v acc in a ted  cows w as ava ilab le  for bacterio log ical ex am in a tio n , and  th e  
s tra in s  iso lated  from it  w ere u n ty p a b le  w ith  th e  availab le  an tise ra . E vidence 
is th ere fo re  lacking w h e th e r ca lf  losses in th e  vaccinee g roup  in  th is  p a rtic u la r  
herd  had  in  fact been due  to  E . coli b ac te ria  or to  som e o th e r  causal fac to rs.

T he an tib o d y  ti tre s  d e te rm in ed  b y  th e  IH A  te s t  in  b lood  serum  and 
co lostra l w hey of v a c c in a ted  cows are show n in T ab le  IV , w here all figures 
rep re sen t a r ith m etica l m eans. T he e ry th ro cy te s  used fo r te s tin g  of sam ples 
from  herds No. 1 an d  2 w ere p resensitized  w ith  0 3  or O101 an tigen , those  
used  for sam ples of h e rd s  N o. 3 an d  4 w ith  a pool of an tig en s 0 8 , 0 7 8  and  
O101. T able IV  show s th a t  th e  b lood sera  o f th e  vaccinées h a d  con ta ined  agglu
t in a tin g  antibodies to  th e  0  an tigens of th e  E . coli vaccine  s tra in s  a lready  
before  im m uniza tion , b u t  th e  re spec tive  t i t r e  levels rose 2 to  6 tim es a fte r  
vaccine  tre a tm e n t.

Table IV

О an tib o d y  titre s in blood an d  colostrum  of vaccinated  cows as de term ined  by the  IH A  te s t

Serial No. 
of herd

No. of animals 
examined

Pre-im munization 
IH A  titres in serum

T itre in

blood serum colostral whey 

a t  parturition

l 38 38 .4 ± 6 1 .8 45.4 ±  84.4* 135 ±116.1
2 15 3 2 .6 ± 3 3 .6 141 .5±102.4 209 .6±204 .8
3 59 1 7 .8 ± 2 0 .4 27.3 ±  27.6 44.4 ±  43.1
4 30 34 ± 2 3 .9 92.3 ±  88.6 126.8 ±  98.2

* expressed as reciprocals o f d ilu tion

К  an tibody  c o n te n ts  in  b lood sera and  co lostral w hey  from  vaccinées 
are  show n in T able V . T he values rep resen t a r ith m e tica l m ean  ti tre , to  th e  
К  an tigen  of each vacc ine  s tra in  sep ara te ly . One m o n th  before calving, th e  
p re g n a n t cows of all herds excep t one h ad  h ad  no serum  an tib o d ies  to  К  a n ti
gens. The sam e app lied  to  ran d o m ly  collected blood and  co lostrum  sam ples 
o f con tro l cows, a lth o u g h  s tra in s  of a given sero ty p e  h ad  long been p resen t 
in  one or an o th er h e rd , causing  th e  d e a th  of m any  calves. A ntibodies to  an tigen  
K 80(B ), bu t never to  K 28(A ), K30(A) or a n o th e r K(A) an tig en , were found 
in  a few colostrum  sam ples from  con tro l cows. The m o n o v a len t vaccines, 
p rep ared  e ither from  an  0 3 :K -  or an  0101:K 30(A ) s tra in , evoked a firm  
im m une response, b u t  t r e a tm e n t w ith  th e  tr iv a le n t vaccine was responded  in
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all, excep t a few, cases by  a n o tab le  a n tib o d y  fo rm atio n  to  p rac tica lly  o n ly  th e  
s tra in  O 78:K 80(B ). T he a r ith m e tic a l m eans for K(A) a n tib o d y  levels s tim u 
la te d  b y  th e  tr iv a le n t vaccine v aried  betw een  0 and  4 in  th e  b lood serum  and  
betw een  0 an d  8 in  th e  co lo s tru m . T he im m une response  neverthe less show ed 
g rea t in d iv idua l v a ria tio n s . In  each group tre a te d  w ith  th e  tr iv a le n t vaccine 
th e re  were som e cows lack ing  co lostra l an tib o d y  to  an y  K (A ) an tigen , while

Table V

К  antibody  titre s  in  blood and colostrum  of accinated  cows as d e term ined  by agg lu tination  tes t

Serial No. 
of herd

No. of 
animals 

examined
Vaccine strains

Serum titre 
before

immunization

Titre in

serum colostrum 

a t parturition

l 38 0 3 :K  • 1.5 ±  1.3 22 .8 ± 1 8 .3 * 48.4 ± 1 6 .8

2 15 0101:K 30(A ) 0 2 ±  2.1 15.2 ±  9.6

3 59 2.8 ±  4.1 6.5 ±  5.4

0 1 .5 ±  2 4.4 ±  5.2

16 ± 1 3 .4 19.4 ± 1 1 .1

4 30 0 1 .3 ±  4.

0 0 4 ±  2.5

21 ± 1 8 3 6 .2 ± 2  28

5 9 08:K 28(A ) 0 0

O101 :K30(A) 0 0 0

O 78:K80(B) 3 3 .6 ± 2 7 .9 4 3 .2 ± 2 8 .6

6 25 2 .6 ±  4.9 7.7 ±  5.9

0 2 .3 ±  3.0 9.1 ±  8.3

60 ± 1 0 .9 59.3 ± 1 3 .0

7 25 2.8 ±  2.5 8 ±  5.4

0 0 7 .3 ±  3.5

48.8 ± 2 2 56 ± 1 5 .4

* tu b e  ag g lu tination  t itre , expressed  as reciprocal value of d ilu tion  

К  • , no t s tan d ard  К  an tigen

o th e r anim als h ad  co lostra l a n tib o d y  levels of 8 —16 to  th e  tw o K(A) an tigens 
an d  of 32—64 to  th e  an tigen  K 80(B ). V accinées of herd  N o. 5 h a d  no K(A) a n ti
bodies w h a tev er, e ith e r in  th e  co lostrum  or in  th e  b lood se rum .

E v en  in itia lly  h igh co lo stra l a n tib o d y  ti tre s  w ere s te a d ily  declin ing a fte r 
th e  d a y  o f p a r tu r itio n , no К  an tibod ies being found a f te r  3 to  4 days post 
p a r tu m .
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P rio r to  th e  v a c c in a tio n  exp erim en ts , a gam m a-g lobu lin  p rép ara  
p a s ty  consistence w as p re p a re d  from  colostrum  in tw o c a ttle  farm s. The p rep 
a ra t io n  was m ixed in  th e  m ilk  ra tio n  of bu ck e t-fed  calves from  b ir th  to  a few 
d ay s of age, to  increase  re sis tan ce  and  p re v e n t E . coli d ia rrh o ea . 1 : 20 d ilu 
tio n s of bo th  gam m a-g lo b u lin  p rep ara tio n s  ag g lu tin a ted  th e  E . coli sero types 
possessing a K 80(B) an tig e n , b u t  an tibod ies to  K(A) an tigens w ere no t found  
in  th em .

D iscussion

S trains iso la ted  from  suck ling  calves th a t  died of E . coli d ia rrh o ea  gener
a lly  rep resen t only 8 —10 О serogroups. More th a n  h a lf  of th e  s tra in s  possess a 
m uco id  K(A) an tig en . As a ru le , on ly  one sero ty p e  occurs in  one and  the  sam e 
h e rd , th e  s im ultaneous p resence  of tw o or th ree  typ es being  ra re . The m a jo rity  
o f  iso lates pa thogen ic  fo r th e  ca lf  w ere found to  be p o ly re s is ta n t to  an tib io tics.

V accination  o f cows w ith  alum in ium  gel-adsorbed  E . coli vaccine 4 and  
2 weeks before ca lv ing  w as follow ed by th e  appearance  o f specific  antibodies 
to  th e  К  antigen o f th e  vaccine  s tra in s  in the  blood and  co lo stru m  of th e  im m u 
n ized  anim als. V acc in a tio n  p resupposes th e  precise know ledge of th e  serolog
ica l ty p e  of th e  s tra in s  causing  disease in  th e  suckling  ca lf  h e rd . 0  antibodies 
w ere  p resen t in  b lood  an d  co lostrum  of b o th  v acc in a ted  a n d  u n v acc in a ted  
cows a t  p a r tu r itio n , b u t  К  an tib o d ies , especially  K(A) ones, appeared  exclu 
siv e ly  in blood and  co lo stru m  o f vaccinées. The p ro tec tio n  acqu ired  by calves 
on  suckling ou t th e  co lo stru m  or being bucke t-fed  w ith  it, is due, a p a r t from  
ce rta in  as ye t n o t u n d e rs to o d  fac to rs, to  specific co lo stra l К  antibodies 
( B r ig g s  et ah, 1951; I n g r a m  e t ah , 1956). T he co lostral К  a n tib o d y  level is, 
am ong  o thers, co n sid e rab ly  in flu en ced  by  th e  an tigen ic  s tru c tu re  of the  v a c 
cine  stra ins. On ap p lic a tio n  o f th e  tr iv a le n t vaccine, th e  K (A ) an tib o d y  t i tre  
w as always low er th a n  th a t  developed  in  response to  th e  K 80(B) an tigen . 
A d m in is tra tio n  o f s tra in s  of K (A ) an tigen ic  p a tte rn  in th e  form  of a m ono
v a le n t vaccine w as fo u n d  to  evoke a m ore firm  im m une response th a n  th e ir  
a d m in is tra tio n  in  th e  fo rm  of th e  tr iv a le n t p re p a ra tio n ; i t  follows th a t  in those 
h e rd s  in w hich th e  d isease is caused  by  a K (A )-con ta in ing  s tra in , th e  use of 
a m onovalen t vaccine  is m ore to  th e  purpose. C alf losses in  v a cc in a ted  herds, if  
th e y  occurred a t all, h a d  alw ays been  due to  a sero type  no t in c lu d ed  in  th e  v a c 
cine. A ccordingly, a lth o u g h  v acc in a tio n  can p rev en t o u tb re a k s  causing m ajo r 
losses, a fter a c e r ta in  tim e  a d iffe ren t se ro ty p e  m ay a p p e a r and  becom e p re 
d o m in an t in th e  h e rd .

L ite ra ry  d a ta  h av e  been  scan ty  on vaccinations a g a in s t E . coli disease 
in  suckling calves. In  ex p erim en ts  in w hich th e  vaccine w as e ith er p repared  
from  a w rong se ro ty p e  or was ad m in is te red  w ith o u t a d ju v a n t, as a rule in  a 
low  dose and several m o n th s  before calv ing, th e  resu lts w ere in v a riab ly  nega
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tiv e . O th e r au th o rs  (U l b r ic h , 1954; G a y  e t al., 1964a, b ; S a l a j k a  anil 
U l l m a n n , 1971; G a y , 1971), how ever, re p o rte d  good resu lts based  on p re lim i
n a ry  serological exm inations and  use o f  an  a p p ro p ria te  a d ju v a n t. In  view  of 
th is  an d  of our own experience, we believe th a t  if  th e  above cond itions are  ob 
served , th e  v acc in a tio n  of cows in  a d v an ced  s ta te  of p regnancy  is an  effective 
p re v e n tiv e  m easure against E . coli d ia rrh o ea  in  suckling  calves.

S um m ary

A fte r p re lim in ary  serological stud ies , v a cc in a tio n  experim en ts aga in st E. coli d ia rrhoea  
in  suck ling  calves were carried  o u t w ith  m o n o v a len t and  tr iv a le n t vaccine  p re p a ra tio n s  con
ta in in g  a lu m in iu m  gel a d ju v an t.

T h e  E. coli s tra in s  pa thogenic  fo r suck ling  calves usually  rep resen t only 8 to  10 serolog
ical g roups. The m ajo rity  of th e  s tra in s  possess a m ucoid  K(A) an tigen , and  m an y  of th em  
are p o ly re s is ta n t to an tib io tics.

Specific К  an tibod ies to  th e  vacc ine  s tra in s  ap p eared  in th e  blood an d  co lostrum  of 
cows im m u n ized  tw ice du ring  th e  la s t  m o n th  preced ing  calving. T he p ro tec tio n  conferred  
on th e  calves by  suckling ou t, or bucket-fed  w ith , th e  co lostrum , is due to  th e  presence of К  a n ti
bodies th e re in . E ffic ien t vacc in a tio n  p resupposes th e  precise know ledge of th e  E . coli sero
ty p es  causing  disease in  th e  calf herd . V acc in a tio n  of th e  cows on an  a p p ro p ria te  schedule can 
p re v e n t th e  incidence of E . coli d ia rrh o ea  in  suck ling  calves, if  th e  re q u irem en ts  o f  en v iro n 
m en ta l hyg iene  are also m et.
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Mucoid e n te ritis , or Escherichia coli e n te ro to x aem ia , is a m ajo r en teric  disease o f ra b b it  
flocks in  H ungary  (Ve t é s i , 1970). E x tre m e  m u ltip lica tio n  of en te ro p ath o g en ic  E . coli s tra in s  
in  th e  large and in  th e  sm all in testin e , e n d o to x in s  abso rbed  from  th e  d igestive  tra c t,  g iving 
rise  to  toxic shock phenom ena (G r e e n h a m , 1962; Ve t é s i , 1970; Gla n tz , 1970; W e b e r  and 
M a nz , 1971; P rohászka , 1972; Savage an d  Sh eld o n , 1973), as well as d iso rders o f w a ter, 
m in era l and ca rb o h y d ra te  m etabolism  (Ve t é s i and K utas, 1973; 1974), all p lay  a role in  th e  
pa thogenesis and th e  fa ta l outcom e of th e  disease.

In ju ry  of th e  in te s tin a l m ucosa by  m ild to  severe coccidial in fec tion  has also been  in crim 
in a te d  to predispose for th e  disease by  fac ilita tin g  th e  ab so rp tio n  of e n d o to x in s  re leased  on 
d isru p tio n  of the  ex trem ely  large a m o u n t o f E . coli o rganism s in th e  d igestive  t r a c t  o f grow ing 
an d  a d u lt  rab b its  (L ö lig er  e t al., 1969). N on-en tero p a th o g en ic  E . coli s tra in s  hav e  also been 
show n to  cause disease w hen superv en in g  to  in te s tin a l coccidiosis (W e b e r  and  H o ffm a n n , 
1973).

A preceding h is to ry  of m ild to severe  d iarrh o ea  in a tte n d a n ts  of ra b b it  flocks h as  been 
d isclosed  several tim es in  our stud ies on  m in o r o u tb reak s  of E. coli en te ro to x aem ia . I t  th ere fo re  
seem ed w orthw hile to  exam ine th e  E . coli s tra in s  iso lated  fro m  o u tb rea k s  fo r О serogroups 
w h ich  m igh t be p a th o g en ic  also for m an .

In  recen t y ears  E. coli s tra ins be longing  to  certa in  О serogroups o th e r  th a n  dyspepsia- 
ty p e  have  been found  to cause a d y sen te ry - or cholera-like cond ition  in a d u lt  h u m an s (R ow e  
e t  a l., 1970; Gorbach , 1970; E vans e t a l., 1973; So jk a , 1973). S u ch  E . coli s tra in s  h av e  been 
d e m o n s tra ted  in d iseased  or dead d o m estic  m am m als and  in c e r ta in  zoo am phib ians.

On th e  o th er h an d , th e  0 7 8  s tra in s  p lay ing  an  im p o rta n t role in  calf d ia rrh o ea  and  
b ac te raem ia  due to  E . coli, has been show n to  give rise e ith e r to  dyspepsia (L in z e n m e ie r  and 
M e t z , 1960) or to  a cholera-like disease (Sack  e t al., 1971) in in fan ts.

R ela ted  ex p erim en ta l studies in  H u n g a ry  (R alovich  e t al., 1974) have confirm ed  th a t  
c e r ta in  en te ropathogen ic  E . coli s tra in s  can  produce d iarrhoea n o t only in in fan ts , b u t  also in  
a d u lts , and are d em onstrab le  in th e  faeces occasionally  as long as for 20 days.

M aterials and  m ethods

S ix ty -five E . coli s tra in s , iso la ted  from  th e  in te s tin a l co n ten ts  o f 58 
ra b b its  (52 grow ing and  6 suckling  an im als) were ty p ed . T he ra b b its  e ith e r  h ad  
d ied  sp o n taneously  in E . coli e n te ro to x aem ia , or had  been killed in its  te rm in a l 
s tag e . E igh t s tra in s  o rig inated  from  th e  sm all in te s tin e , th e  rem ain ing  57 e ith e r 
from  th e  coecum or th e  colon (T able  I).

A p a rt from  th e  11 dyspepsia  serogroups, search  was also m ade for o th e r  
s tra in s  which m ig h t cause disease in  h u m an s. The d a ta  of th e  iso la tes are  show n 
in T ab le s  I I  and I I I .
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Table I

Occurence in ra b b its  of E. coli s tra in s  pathogenic  for hum ans

No. of 
anim als 

exam ined

No. of 
isolations

Test
m aterials

Origin of te st m aterials

Caecum Colon Jejunum  

No. J Pos.

Ileum

No. Pos. No. Pos. No. Pos. No. Pos.

Grow ing rabb its 52 10 59 12 49 10 3 1 4 1 3* 1

Suckling rabb its 6 1 6 1 5 1 — — 1 — — —

Total 58 „ 65 13 54 11 3 1 5 1 1 3 —

* bacteriological ex am in a tio n  was only perform ed on ileum  conten ts

Table II

The 11 E.coli d ispepsiae  type stra ins used  in slide ag g lu tination  tests

P olyvalent International reference 
strain Antigenic structure

I F41

A berdeen 1064

E990

Stoke W

O26:60B:— 

055:59B :6  

0 8 6 :6 1 B :— 

0 1 11 :58В :—

i l G uanabara M 194 

537/52

Cigleris (56/54)

112a,c:66B:

119:69B:6.

128:67B:2

h i 227

Canioni (2745/53) 

E611

4932/53

124:72B:32 

125:70B:19 

126:71B:2 

127a:63B:—

,

Serological exam inations

T yping  for th e  11 dyspepsia  serogroups was ca rried  o u t according to  th e  
s ta n d a rd  p rescrip tions em ployed  in th e  I n s t i tu te  o f Pub lic  H ea lth  in H u n g ary .

A ntisera  w ere p re p a re d  to  49 s ta n d a rd  ty p e  s tra in s  supp lied  from  the 
N a tio n a l S tra in  C o llection  (N ational In s t i tu te  of H ygiene, B udapest). 24-hour
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Table III

The 49 E . coli s tra in s  to  which O sera were used in tube  ag g lu tin atio n  tests

Designation
Antigenic structure 

0 :K :H Designation
Antigenic structure 

0 :K :H

U9/41 2:1L:4 B17327/51 5 3 :.:3

U4/41 4:03L:5 F8962/41 5 8 :.:—

BÍ7458/41 6 :2 acL :l F10167a/41 60:.: —

G3404/41 8:8L:4 P I  2a 73:.:31

BÍ8337/41 10:5L:4 E 3b 75. : :5

BÍ626/42 12:5L:— E38 78:.: -

Su4321/41 13 :11L : 11 E49 79:.:40

F7902/41 15:14L:4 H 17a 83 :. : 31

F l  1119/41 16:1L : — H 308b 9 3 :.:8

F10018/41 18ab:76B:14 H 520b 105:.:8

3219/54 18ac:77B:7 H 521a 106:.:33

F8188/41 19:.:7 1411/50 112a, b:68B:18

P7a 20:17L:— G u an ab a ra  M 194 112ac:66B:.

E14a 22:13L:1 W 26 1114:.:32

E39a 23:18L:15 W 27 115:.18

E47a 25:19L :12 W 30 117:.:4

F41 36:60B :— 178/54 129:.B:11

K la 28a ,b :.:— N282 133:.:.

K a tw ijk 28a,c:73B:. Coli Pécs 135.::.

P6a 32:.:19 1111/55 136:.:.

E40 33 :.:— C771 142:.:.

P l i a 42 :. :37 4608 143:.:.

H702c 44:74L:18 1624 144:.:.

U19/41 51:.:24 1385/3 145:.:—

E519 —66 148:.:—

agar cu ltu res w ere w ashed  off, boiled for 2.5 h ou rs a t  100°C, and  suspensions 
ad ju s ted  to  2.109 germ s/m l were ad m in is te re d  to  ra b b its  as proposed by  
E d w a r d s  and  E w i n g  (1962). C ro ss-agg lu tina tion  te s ts  w ere p erfo rm ed  w ith  
E . coli 0  an tigens p rep a red  from  142 s ta n d a rd  reference  s tra in s . Serum  a b so rp 
tio n  and  th e  p ro d u c tio n  o f po ly v a len t sera  w ere perfo rm ed  accord ing  to  th e  
m ethods of E w i n g  (1956) and  E w i n g  e t al. (1956).

The iso la tions w ere carried  ou t on eosin— m eth y len e  b lue agar m edium . 
Colonies rep resen tin g  all m orphological ap p earan ces  were tra n sfe rre d  to  ag ar
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s la n ts , in c u b a te d  for 24 hours a t 37 °C, w ashed  off, boiled  and  te s te d  fo r 0  ag g lu 
t in a tio n , using  p o ly v a len t 0  sera. T he resu lts  were read  a fte r  an in c u b a tio n  
fo r 24 hours a t  37 °C.

The s tra in s  p roducing  0  a g g lu tin a tio n  were fu r th e r  te s te d  by m o n o v a len t 
an d  ab so rbed  sera  an d  only those  w ere classified  w hich show ed th e  sam e ag 
g lu tin a tio n  t i t r e  in  absorbed  serum  as th e  co rrespond ing  s ta n d a rd  re ference  
s tra in .

G lucose decom position  was d e te rm in ed  in  pep tone  w a te r, using A n d rad e  
in d ica to r . H aem o ly tic  a c tiv ity  w as te s te d  in  agar m edia  co n ta in in g  b o v in e  or 
sheep  blood.

A ssays for an tib io tic  se n s itiv ity  w ere carried  ou t a f te r  p re lim in ary  in c u 
b a tio n  in  indo le -u rea  m edium  for 3— 5 h o u rs; s tra in s grow n on agar m ed ium  
w ere te s te d  w ith  th e  “ R e s ite s t”  disc se t (H U M Á N , B u d ap est).

The resu lts  are sum m arized  in  T ab le  IY . T h irteen  o f th e  65 iso la tes 
belonged to  one or an o th e r of th e  se ro types show n in  Tables I I  an d  I I I .  
Tw o s tra in s  o f th e  13 could be classified  in to  the  d yspepsia  group (serogroups 
0 8 6  and  0 1 2 5 ), th e  rem ain ing  11 s tra in s  w ere of typ es w hich can p re su m ab ly  
p la y  a role in  h u m an  disease. F if ty - tw o  s tra in s  could n o t be ty p e d  w ith  th e  
ava ilab le  sera.

N one of th e  iso lates show ed h aem o ly tic  ac tiv ity . T he an tib io tic  se n s itiv ity  
d a ta  are ta b u la te d  below :

R esu lts

A ntibiotic
Percentage ol‘ 

sensitive strains

Chloram phenicol

Neom ycin

Polym yxin  В

S trep tom ycin

Tetracycline

Am picillin

Colistin

G entam ycin

K anam ycin

N alidixic acid

98

100
93

35

60

66
100
95

100

98
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D iscussion

O f th e  65 s tra in s  iso la ted  from  th e  in te s tin a l tra c t  (above all th e  coecum ) 
o f  suck ling  and  grow ing rab b its , 13 (20% ) could he classified in to  О serogroups, 
in c lu d in g  s tra in s  pa thogenic  for h u m an s. Two stra in s each iso la ted  from  a 
grow ing ra b b it w ere iden tified  as h u m a n  E . coli dyspepsiae  s tra in s  (0 8 6  
an d  0125).

E . coli s tra in s  belonging to  th e  d yspepsia  group have been iso la te d  from  
ra b b its  in  o th e r countries am ong o th e rs  by  M atth es  (1969), w ho re p o rte d  
iso la tio n  of an 0 128 :K 67  (B12) s tra in  from  70%  of ra b b its  diseased in  d y sen 
te ry ;  he also found  an 0 5 5 :K 5 9  (B5) s tra in . The 01 2 8  s tra in  caused  se p ti
caem ia  in th e  diseased anim als.

T he causal role of an 0128  s tra in  in  ra b b it  en te ritis  has also been  re p o rte d  
b y  N i k k e l s  (1972), as well as b y  S a d e d  and  E l A g r o n d i  (1963). O ccurrence  
in  ra b b its  of th e  E . coli dyspepsiae  s tra in s  0 8 6  and  0125  w as re p o rte d  earlie r 
b y  W e b e r  and  H o f f m a n n  (1973).

E lev en  of our iso lates belonged  to  fou r of th e  49 0  serogroups p u rsu ed ; 
ou t o f th em  th ree  were found to  belong  to  groups 0 2 , 0 8  and  0 1 4 2 , w he
reas tw o to  0 1 8 a , c.

S ero type  0 2  and  018  s tra in s  h av e  been d em o n stra ted  also b y  o th ers  
( W e b e r  and  Ma n z , 1971) in  th e  in te s tin e  o f rab b its  th a t  died  of or k illed  for, 
e n te r it is ;  fu rth e rm o re , ty p e  0 2 , 0 8  an d  0 1 8  s tra in s  w ere found  in  d y sen te ric  
y o u n g  ra b b its  suffering  also from  coccidiosis ( W e b e r  an d  H o f f m a n n , 1973).

Cz ir Ók  et al. (1973) show ed th e  incidence  of sero type  0 2  an d  0 1 8  s tra in s  
in  h u m a n  en teric  diseases. H ow ever, p a th o g en ic ity  was only  ascribed  to  th e  
s t r a in  o f  se ro type  0 1 8  as th e  inc idence  o f 0 2  s tra in  in  clinical cases was 
co m p arab le  to  th a t  of h ea lth y  h u m an s. S tra in  of sero type  0 2  was also d em o n 
s tra te d  in  norm a] ra b b its  (W e b e r  an d  M a n z , 1971). O thers (L ov e  et al., 1972) 
iso la te d  an  0142 s tra in  from  in fa n ts  w ith  gastro en te ritis .

In te s tin a l flo ra  stud ies on h e a lth y  ra b b its  show ed th a t  n o rm ally  b o th  th e  
large an d  sm all in te s tin e  con ta in  v e ry  few  E . coli o rganism s, if  an y  (S m i t h , 
1965; M a t t h e s , 1969; P r o h á s z k a , 1972); low to  h igh coliform  co u n ts  in  
suck ling  and  grow ing rab b its  have  been  regarded  as tem p o ra ry  com ponen ts 
o f th e  in te s tin a l flo ra  (Ma t t h e s , 1969; Ch r i s t -V i e t o r , 1973).

A occrding to  p resen t know ledge, E . coli en te ro to x aem ia  in  ra b b its  is 
due e ith e r  to  th e  d irect causal role o f en tero to x in -p ro d u c in g  E . coli s tra in s  
(L ö l i g e r  e t al., 1969; V e t é s i , 1970; V e t é s i  e t al., 1974), or to  any  o th e r  E . coli 
se ro ty p e , i f  large am oun ts of en d o to x in  released  from  th e  cells in v ad e  th e  c ir
cu la tio n , owing to  in ju ry  of th e  in te s tin a l m ucosa b y  som e o th e r p a th o g en ic  
ag en t (e.g., coccidia) (L ö l ig e r  e t a l., 1969; W e b e r  and  H o f f m a n n , 1973).

T he p resen t find ings s tro n g ly  suggest th a t  E . coli s tra in s  occasionally  
invo lved  in  the  pathogenesis of in te s tin a l or ex tra -in te s tin a l diseases in  m an
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Table IV

D istr ib u tio n  in 0  groups of E. coli isolates

No of Serogroups of

animals samples 02 08

examined A S A S

Grow ing rab b its 52 59 l 3 2 2
Suckling rabb its 6 6 — 1 1

T o ta l 58 65 l 3 3 3

could  ac t as th e  m a in  causa l fac to r of ra b b it  en te ro to x aem ia . Am ong th e  29 
a t te n d a n ts  em ployed  in  th e  large ra b b it fa rm  stu d ied , tw o were found  to  
ex c re te  serogroup 0 2  an d  0 1 8  s tra in s and  one w as passing  a ty p e  0 8  s tra in . 
I t  w as f irs t recognized b y  Ma t t h e s  (1969) th a t  ra b b its  from  flocks w ith  an 
en te ric  E . coli d isease m a y  tra n sm it the  in fec tio n  to  hum ans.

M any s tra in s  am o n g  ou r rab b it iso lates w ere re s is ta n t to  te tracy c lin e , 
as w as also found  re c e n tly  w ith  E . coli s tra in s  from  hum ans (C z ir ó k  e t a l., 
1973).

Sum m ary

S ix ty-five  E . coli s tra in s  iso lated  from  th e  in te s tin a l t r a c t  of 6 suckling and 52 grow ing 
ra b b its  w ith  E . coli en te ro to x a e m ia  were exam ined for th e  occurrence of sero types know n to  
be p a th o g e n ic  (above all en te ro p ath o g en ic ) for h u m ans.

T h irteen  s tra in s  (2 0 % ) were found  to  belong to  one or a n o th e r of th e  serogroups p u r 
sued  (T ables I I  and  I I I ) .  Two of th e  13 stra ins were id en tif ie d  as E. coli dyspepsiae  (serogroups 
0 8 6  a n d  0125). th e  re m a in in g  belonged to o th er se ro ty p es  pa thogen ic  for m an.

R em ark ab ly , on ly  35%  of th e  exam ined s tra in s  w ere sensitive  to  tetracycline .
O f th e  a t te n d a n ts  in  charge of th e  ra b b it flock  s tu d ied , 17%  w ere found  to excrete  th e  

s tra in s  responsib le fo r E . coli en tero toxaem ia  in th e  flock.
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EXPERIMENTAL INFECTION OF LAMBS WITH 
A SHEEP ADENOVIRUS ISOLATE CLOSELY 

RELATED TO TYPE-2 BOVINE ADENOVIRUS
I I . PO ST M O R TE M  AN D  H IST O PA T H O L O G IC A L  E X A M IN A T IO N S
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E . TÚRY, S. B é l á k  and  V. P á l f i

D e p artm en t of P a th o lo g ica l A n a to m y , D e p a rtm en t o f E pizootio logy , U n iv ersity  of V e terin ary  
Science, B u d a p e s t, and C entra l V e terinary  In s t i tu te ,  B u dapest

(R eceived O ctober 12, 1974)

As rep o rted  in  a  p rev ious p ap er (B élá k  an d  P á l f i, 1974) an d  in th e  f irs t p ap er of th is 
series (B élák  e t al., 1975), in fec tion  experim ents were carried  o u t w ith  a v irus s tra in  (H et/3 ) 
iso la ted  from  ewes show ing re sp ira to ry  sym ptom s. The iso late  w as found  to  be an tigen ically  
re la te d  to  type-2  bovine  adenov irus. Seven co lostrum -deprived  lam bs were in fec ted  in tra - 
nasally  and  in tra trac h ea lly , fu r th e r  two lam bs were exposed to  in fec tion  by  co n tac t and four 
lam b s served as con tro l. T h ree  lam bs died 1, 2 and  9 d ays, re sp ec tiv e ly , a fte r in tra n asa l and 
in tra tra c h e a l infection , th e  rem ain in g  four anim als of th e  g roup  w ere killed be tw een  4 and  9 
days postin fec tion  (p.i.), th e  tw o con tac ts  on days 7 and  13 o f th e  experim ent.

The schem e o f th e  exp erim en t as well as clin ical an d  virological o b se rv a 
tions were described  in  th e  f irs t paper of th is  series. P o stm o rtem  and  liisto- 
patho log ical find ings a re  rep o rted  in  th is paper.

M aterials and  m ethods

All lam bs, excep t th e  one w hich died one d ay  a fte r  in fec tion , were exam ined  
for gross and  m icroscopic lesions. The following organs were used for h isto- 
pa tho log ica l ex am in a tio n : lungs, nasal and  tra c h e a l m ucosa , re tro p h a ry n g ea l, 
perib ronch ia l and  m esen te ric  lym ph  nodes, spleen, liv er, k id n ey  and  —  in th ree  
cases —  b ra in . T he o rg an  specim ens were fixed  in  10%  fo rm aldehyde , em bedded  
in  p a ra ffin  and  th e  sec tions were sta in ed  w ith  liaem ato x y lin  and  eosin.

R esults

Postmortem fin d in g s

The lam b th a t  d ied  on th e  second d ay  p.i. (No. 1640) show ed changes only 
in  th e  lungs and  re tro p h a ry n g e a l lym ph  nodes. A few sh a rp ly  delineated  lobules 
a t  th e  caudal surface o f  th e  apical and  card ia l lobes show ed a brow nish-red  
d isco lo ration  and  w ere som ew hat m ore com pact th a n  th e  re s t. A sm all am o u n t 
of tu rb id  discharge w as found  on th e  cu t surface o f th e  affected  areas. The
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re tro p h a ry n g e a l lym ph  node w as sw ollen and  s ligh tly  soft, an d  f lu id  was a b u n 
d a n tly  d ischarged  from  th e  c u t su rface .

T h e  anim als killed a t  4 an d  7 days (Nos 1593, 1591, 1636) an d  th a t  died 
on d a y  9 p.i. (No. 1638) show ed essen tia lly  sim ilar lesions, d iffering  slig h tly  in 
s e v e rity . T he en tire  lung  show ed a s lig h t en la rg em en t and  was genera lly  som e
w h a t m ore  com pact th a n  n o rm al. S ligh tly  com pact, b row nish -red  lobules were 
fo u n d  on  th e  cu t surface, in  reg ions o f th e  ap ical, card ia l and  accessory  lobes, 
ab o v e  a ll nearby  b ifu rca tio n s o f th e  tra c h e a l b ron ch u s and  o th e r  b ronch i, as 
w ell as in  th e  sligh tly  in d e n te d  areas b en ea th  th e  p leura . T he c u t surfaces of 
th e  changed  p a rts , especially  th e  m in o r b ronch i, d ischarged  a tu rb id , viscous 
f lu id  on com pression.

I n  th e  anim al k illed  13 days p .i. (No. 1590), th e  change no longer 
in v o lv e d  en tire  lobules. H ow ever, collapse of th e  lung  a fte r rem o v a l from  th e  
ca rcase  was of a lesser degree, an d  th e  en tire  organ  was m ore co m p ac t and 
e la s tic  com pared  to  no rm al. T he sam e was found  in  th e  lungs o f th e  tw o con
ta c ts  (N os 1637 and  1589) k illed  on days 7 and  13 p.i.

N o gross lesions w ere found  in th e  nasal cav ities of th e  lam bs killed 2 
a n d  3 days a fte r in tra n a sa l an d  in tra tra c h e a l in fec tion  (Nos 1640 and  1590). 
T h e  n asa l m ucosa of th e  lam bs k illed  on days 4 and 7 (Nos 1593, 1591 and  
1636), o f th e  one died on d ay  9 (N o. 1638) and  o f th e  tw o co n ta c ts  (Nos 1647 
a n d  1589) were sw ollen, ex h ib ite d  red d en in g  in  p laces, an d  w ere co a ted  by  
a v iscous, v itreous d ischarge . A t p o stm o rtem  ex am in a tio n  a t  4, 7, 9 and  
13 d ay s p .i., lam bs N o 1593, 1591, 1636, 1638, 1590, 1637 an d  1589 show ed 
co n sid erab le  en largem en t and  g rey ish -w h ite  d isco loration  o f th e  re tro p h a ry n 
geal, perib ronch ia l an d , especially , o f th e  m esenteric  ly m p h  nodes; th e  cu t 
su rfa c e  had  an in d efin ite  s tru c tu re  an d  was less ju icy  th a n  n o rm ally .

T he m ucous m em b ran e  o f th e  sm all in te s tin e  was s lig h tly  sw ollen, show 
in g  in  places red spo ts w ith  in d e fin ite  m arg ins (lam bs No 1593, 1591, 1636 
a n d  1638).

N o gross lesions w ere fo u n d  in  o th e r organs of th e  in fec ted  an im als, and 
th e  con tro ls  showed no a b n o rm a lity  w h a tev er on p o stm o rtem  ex am in a tio n .

M icroscopic lesions

Tw o days a fte r  in fec tio n  (lam b N o. 1640), single lobules w ith in  th e  ch an g 
ed  a reas  showed collapse o f alveoli in  th e  en tire  region of th e  lobule  (F ig. 1). 
T h e  lu m in a  of m an y  bronch io li an d  a few alveoli were filled  b y  ex u d a te , p a r 
tia lly  or com pletely. T he m ain  e lem ents o f th e  ex u d a te  w ere d egenera ted , 
d e sq u a m a te d  ep ithelia l cells an d  n eu tro p h ilic  g ranu locy tes. T he sm all vessels 
o f  th e  alveolar sep ta  w ere m ark e d ly  d ila ted . S ubp leura l oedem a was found 
n e a rb y  single changed  lobules localizing im m ed ia te ly  b e n e a th  th e  p leura. 
O u ts id e  th e  changed  lobules on ly  a few bronchio li co n ta ined  sm all am oun ts
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o f s im ila r exuda tion . No m ucosal lesions w ere found in  th e  large  b ronch i or 
in  th e  nasa l m ucosa.

F o u r , seven and nine days a fte r  in fec tion  (lam bs Nos 1593, 1591, 1636 
an d  1638), lesions w ere also found  in  regions ad jacen t to  th e  grossly  visible 
areas o f a te lac tas ia . M any cells o f th e  m ucous ep ithelium  lin ing  th e  sm all 
b ro n ch i h ad  swollen nuclei, w ith  a m ark ed  g ran u la tio n  of th e  k a ry o p lasm  and  
a conspicuous nucleolus. In  som e b ronch io li, especially  in  th o se  o f  th e  lam b 
th a t  d ied  on day  9 (No. 1638), th e  p ro life ra tin g  ep ithe lia l cells e x h ib ite d  s t r a t i 
fic a tio n  (F ig. 2). N eu troph ilic  g ran u lo cy tes  and  lym phocy tes m ad e  sp o rad ica lly
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F ig . 2. Swollen and  p ro life ra tin g  ep ith e lia l cells in a b ronchiolus; ap p ro x . X 690
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Fig. 4. D eeply seated  ch iefly  neu troph ilic  in filtra tio n  in  n asa l m ucosa. The in flam m ato ry  
cells also in v ad ed  th e  ep ithe lia l layer; ap p ro x , x 275

ap p earan ce  betw een  th e  ep ithe lia l cells. An e x u d a tio n  ch iefly  consisting  of 
desq u am ated , d eg en e ra tin g  ep ithe lia l cells and  g ran u lo cy tes  and o f a sm all 
a m o u n t of hom ogeneous, acidophilic  su b stan ce , w as fo u n d  in  th e  lum ina  o f 
a few  bronchioli an d  alveoli. In  th e  a te lec ta tic  an d  a d ja c e n t areas, th e  alveo lar 
se p ta  h ad  m ark ed ly  w idened , owing to  sw elling o f th e  a lveo lar ep ithe lium  and  
cap illa ry  endo thelium  cells, as well as to  th e  ap p ea ran ce  o f m an y  m acrophages 
(F ig . 3).
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T he nasal m ucosa o f th e  above fou r anim als show ed ep ithe lia l cell degen 
eration  in a few c ircum scribed  areas. In  tw o cases (lam bs No. 1636 an d  1638), 
even necrosis o f th e  ep ith e liu m  was found  in  large a reas , accom pan ied  by  
a severe in fla m m a to ry  ce llu la r reac tio n  — chiefly  n e u tro p h ilic  g ranu locy tes — 
in th e  p ro p ria  and  subm ucosa . A sim ilar cell in filtra tio n , a ffec ting  th e  involved 
areas to  various degrees an d  push ing  in  places also b e tw een  re la tiv e ly  p reserved  
ep ithe lia l cells, was found  in  th e  p ro p ria  o f th e  nasa l m ucosa  of th e  o th e r tw o 
anim als (Fig. 4). T he g lan d u la r ep ithe lia l cells in th e  p ro p ria  were generally  
swollen and  p ro life ra tin g  (F ig . 5). One anim al (No. 1636) even  show ed a m arked  
p ro life ra tio n  o f a d v e n titia l cells a ro u n d  vessels o f th e  p ro p ria  (Fig. 6). In  all 
four cases, m ark ed  v a so d ila ta tio n  and  oedem a were found  in th e  p rop ria .

T rach eal lesions w ere n o t found  in  th e  above g roup  o f lam bs.
Lesions of th e  re tro p h a ry n g ea l, perib ronch ia l a n d  m esen teric  lym ph  

nodes were essen tia lly  o f th e  sam e ty p e  and  sev erity  in  all four cases. T he n o r
m al n o d u la r s tru c tu re  lost d e fin ition , owing to  en la rg em en t o f secondary  lym ph  
nodes and  th ick en in g  of th e  m yeline bund les. A bove all, th e  re ticu lu m  cells 
showed an  in ten siv e  p ro life ra tion . The d istended  lum en of th e  sinuses co n ta in ed  
m an y  sw ollen, p ro life ra tin g  and  d esq u am ated  re ticu lu m  an d  en do the lia l cells 
as well as neu tro p h ilic  g ran u lo cy tes  and lym phocy tes. O ne lam b (No. 1636) 
had  a sm all necro tic  focus in the  perib ronch ia l lym ph  n ode ; a few n eu tro p h ilic  
g ranu locy tes and m ore re ticu lu m  cells form ed a ring-like in f iltra tio n  a round  
th e  focus (F ig. 7).

A sligh t p ro life ra tio n  o f re ticu lu m  cells was found  in  all four cases.
R ena l lesions o ccu rred  only  in  th e  glom eruli an d  tu b u li. The cap illa ry  

endo thelia l cells o f th e  g lom eruli as well as th e  nuclei o f ep ith e lia l cells coating  
th e  p a rie ta l surface o f B ow m an’s capsule were m ark ed ly  sw ollen (Fig. 8), and  
in  some cases a hom ogeneous eosinophilic substance  w as accu m u la ted  in  th e  
cav ity  of B ow m an’s capsu le  (Fig. 9). T he ep ithe lia l cells o f th e  p rim ary  con
to r te d  tu b u les  w ere also sw ollen, a coarse g ran u la tio n  ap p ea red  in  th e  karyo- 
p lasm  an d  m ark ed ly  basoph ilic  inclusion-like bodies, su rro u n d ed  b y  a pale 
halo, were seen in th e  nuclei o f some cells show ing h y p erch ro m ato sis  o f nuclear 
m em brane (Fig. 9). P ro life ra tio n  of tu b u la r  ep ithe lium  w as found in  places, 
th e  d e sq u am ated  ep ithe lium  cells filling  occasionally  a lm o st th e  en tire  tu b u la r  
lum en (F ig. 10). T he in te rs t i t ia l  tissue show ed no change.

In  the  liver, th e  m ucous ep ithe lium  cells of th e  m in o r b ilia ry  duc ts  were 
swollen an d  in places p ro life ra tin g  (F ig. 11). The K u p ffe r cells were genera lly  
th e  swollen.

One lam b  (No. 1591) h ad  glia cell foci localizing d is ta n t  from  vessels in 
th e  cerebral co rtex  and A m m on’s horn.

V arious organs w ere exam ined  fo r cell inclusions. N uclear inclusions 
were found  above all in organs of the  an im al killed on d ay  4 an d  in lesser n u m 
bers in  th e  organs of those  k illed, respective ly  died on day s 7 and  9. Inclusions
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Fig. 5. Sw elling an d  p ro life ra tio n  of g lan d u la r ep ithe lium  cells in 
nasal m ucosa; approx . X 275

Fig. 6. P ro life ra tio n  of a d v en titia l cells a ro u n d  a vessel in  the  
p ro p ria  of n asa l m ucosa; ap p ro x . X 275

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



INFECTION OF LAMBS WITH AN ADENOVIRUS. II 177

Fig. 7. N ecrotic  focus su rro u n d ed  by re ticu lu m  cells in  perib ro n ch ia l 
lym ph  node; ap p ro x . X 110

Fig. 8. M arked swelling of nuclei in g lom erular ep ithe lium  cells; 
ap p ro x . X 690
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Fig. 9. Inc lusion -like  bodies in nuclei o f ren al tu b u la r  ep ithelium  
cells; ap p ro x . X 690

Fig. 10. P ro life ra tin g  and  d esq u am a ted  ep ith e lia l cells in lum en of 
renal tu b u le ; ap p ro x . X 690
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were m ain ly  lokalizcd  in th e  p ro life ra ting  and  d esq u am a tin g  b ro n ch io la r 
ep ithelium  cells (F ig. 12), a lveo lar ep ithelium  cells an d  m acrophages in  r e t ro 
pharyngeal and  p e rib ro n ch ia l ly m p h  nodes. The nuclei o f th e  above cells o ften  
resem bled nuclei in cell cu ltu res  in fec ted  w ith  th e  H e t/3  adenov irus, viz. th e  
karyop lasm  o f th e  en larged  nucleus had  a m ark ed ly  g ran u la r ap p earan ce  
(Fig. 13). T he sm all g ranu les to o k  on a pale acidophilic  s ta in . In  o th e r cases, 
larger basophilic  granules w ere p resen t in th e  nuclei (F ig . 14), and  in som e cells 
w ith  a h y p erch ro m atic  nu c lea r m em brane a cen tra l basoph ilic  nuclear inclusion 
was seen su rro u n d ed  b y  a pale halo (F ig. 15). In  ep ith e liu m  cells of th e  nasa l 
m ucosa, inclusions w ere ch iefly  found  a t  7 and 9 days (F ig . 16).

The lam b killed a fte r  13 days show ed w idening o f th e  a lveolar sep ta  over 
large areas, owing to  m ark ed  p ro life ra tion  of m acrophages. The cells o f th e  
bronch io lar m ucous ep ith e liu m  were swollen and  in  p laces s tra tif ie d  (F ig. 17). 
Changes in  o th e r organs w ere of sim ilar ty p e  as above. N uclear inclusions were 
only found  in  a few cells o f th e  nasa l m ucosa.

O f th e  tw'o lam bs exposed  to  in fection  by c o n ta c t, th a t  killed on d a y  7 
(No. 1637) show ed v e ry  s ligh t lung lesions, w hereas th e  one killed on d ay  13 
(No. 1589) show ed p rac tica lly  th e  sam e p u lm onary  changes as th e  an im al k illed  
13 days a fte r  in tra n a sa l an d  in tra tra c h e a l in fection . T he nasa l changes w ere 
th e  sam e as in  th e  lam bs k illed  7 and  9 days a fte r e x p e rim e n ta l in fection , ex cep t 
th a t th ey  w ere m ore severe in  th e  co n tac t an im al k illed  on day  13.

Discussion

L am bs in fec ted  in tra n a sa lly  and  in tra tra c h e a lly , or exposed by  
co n tac t to  in fec tion , w ith  H et/3  v irus h ad  ch arac te ris tic , genera lly  sligh t lesions 
chiefly in  th e  re sp ira to ry  organs as well as in  lym ph  nodes d ra in ing  th e  re sp ira 
to ry  and  in te s tin a l tra c ts . T he gross lung  lesions w ere u su a lly  c ircum scribed , 
th e  m icroscopic lesions w ere less focal in  d is trib u tio n .

The in itia l p u lm o n ary  processes corresponded  essen tia lly  to  ex u d a tiv e  
in flam m ato ry  lesions, invo lv in g  genera lly  only th e  m in o r bronchio li and  a few 
alveoli. The grossly visib le c ircum scribed  areas of a te le c tas ia , involv ing  single 
lobules, developed  as a sequel to  b ronch io lar occlusion b y  ex u d a tiv e  processes. 
A p art from  th e  la t te r ,  regressive, an d  la te r  also p ro life ra tiv e , processes w ere 
tak in g  place in  th e  m ucous ep ithe lium  cells of b ronch io li. E p ith e lia l p ro life ra 
tio n  was n o t reg u la rly  fo und , only  in  circum scribed  areas in  some of th e  a n i
m als. T h icken ing  of th e  a lv eo la r sep ta  owing to  p ro life ra tio n  of m acrophages 
and swelling o f a lveo lar ep ithe lium  an d  cap illa ry  en d o th e liu m  were grossly  
visible. The p ro life ra tiv e  process invo lved  large lung  areas, u n til  fina lly  i t  becam e 
th e  d o m in an t lesion. In  th e  u p p e r re sp ira to ry  t r a c t  m ucosa , in itia l h y p eraem ia  
and  ex u d a tiv e  changes w ere follow ed by  superfic ia l regressive changes of
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Fig. 11. Sw ollen a n d  pro life rating  ep ith e lia l cells in a m inor b ilia ry  
d u c t; ap p rox . X 690

Fig. 12. In tra n u c le a r  inclusion in p ro life ra tin g  ep ithe lium  cells of a 
bronchiolus; ap p ro x . X 690

*

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



INFECTION OF LAMBS WITH AN ADENOVIRUS. II 181

Fig. 13. D eveloping in tra n u c le a r inclusions in  re ticu lu m  cells of a 
ly m p h  node; ap p ro x . X 690

Fig. 14. M ajor basophilic  granules in th e  k a ry o p lasm  of a lym ph  
node re ticu lu m  cell. N ote developing in tra n u c le a r siincluon; a p 

prox. X 1800
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Fig. 15. F u lly  developed in tra n u c le a r  inclusions in  nasal m ucous ep i
thelium  cells; ap p ro x . X 690

Fig. 16. In tra n u c le a r  inclusions in  n asa l m ucous ep ithe lium  cells; 
ap p ro x . X 690
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Fig. 17. E p ith e liu m  cell p ro life ra tion  in a b ro n ch io lu s; ap prox . X 275

v a ry in g  sev erity  in  th e  m ucous m em brane, ap p ea rin g  above all in c ircum scribed  
areas in  association  w ith  reac tiv e  in flam m atio n  in  deep er tissue layers. T he 
re sp ira to ry  an d  in te s tin a l ly m p h  nodes show ed a d is tin c t acu te , la te r  su b acu te , 
in flam m atio n  p re d o m in a te d  by p ro life ra tive  p h en o m en a . C ircum scribed focal 
necrosis of a ly m p h  node was found in one lam b.

The p u lm o n a ry , u p p e r re sp ira to ry  and  ly m p h  node changes genera lly  
co rresponded  to  th e  lesions usually  found in v ira l in fec tions. The in tra n u c le a r  
inclusions found  in la rg es t num bers 4 days p .i. in  th e  m ucous ep ithelium  cells 
of b ronch io li, alveoli an d  nasa l cav ity  as well as in  re ticu lu m  cells of lym ph  
nodes can he reg a rd ed  as a ch a rac te ris tic  change.

A m ong organs o th e r  th a n  resp ira to ry , changes w ere regu larly  found  in  
th e  k idney . The en d o th e lia l cells o f th e  ren a l glom eruli w ere swollen and  those  
o f th e  co n to rted  tu b u l i  generally  show ed a reg ressive change or, in p laces, 
p ro life ra tion . F u r th e r  exam in a tio n s are in  progress to  e lucidate  w heth er th e  
inclusion-like bodies found  in th e  nuclei o f m an y  tu b u la r  ep ithelium  cells were 
genuine in tra n u c le a r  inclusions. The renal in te rs ti t ia l  tissu e  show ed no change.

Cerebral in v o lv em en t —  a few glia cell foci — w as found  in  a single lam b.
The liver g en era lly  show ed ac tiv a tio n  of the  R H S  cells and  in som e cases 

ep ithe lium  cell p ro life ra tio n  in th e  m inor b ilia ry  d u c ts .
The gross an d  m icroscopic lesions caused u n d e r exp erim en ta l conditions 

b y  th e  ovine ad en o v iru s  iso la te  H et/3  (a s tra in  re la te d  to  bovine type-2  adeno
v irus) su p p o rt th e  clin ical observa tion  th a t  th e  iso la te  is pathogen ic  for sheep.

As fa r as we are  in fo rm ed , no sim ilar in fec tio n  ex p erim en ts  have p rev iously  
been rep o rted  in  sheep .
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Summary

In fec tio n  experim en ts were p e rfo rm ed  w ith  an  adenovirus s tra in  (H e t/3 ) iso lated  
fro m  sheep show ing re sp ira to ry  sy m p to m s. T he iso late, w hich is re la ted  to  ty p e-2  bovine 
a d en o v iru s , was adm in istered  in tra n asa lly  an d  in tra tra c h e a lly  to seven co lo s tru m -d ep riv ed  
lam b s a n d  tw o fu rth e r lam bs w ere exposed to  in fec tion  by  co n ta c t.

T he infected anim als developed c ircum scribed  ep ithe lia l cell lesions a n d  reac tiv e  in flam 
m a tio n  in th e  nasal m ucosa, ex u d a tiv e  b ro n ch io litis  and  consequen t a te lec ta sia  in th e  lungs, 
fo llow ed by  circum scribed in te rs ti tia l  p n eu m o n ia  in  large  areas and a sligh t p ro life ra tio n  of 
b ro n c h io la r  ep ithelium  cells. A m ild v ascu la r  wall in ju ry  was found in p a r t  o f th e  ren a l glom e
ru li, tu b u la r  nephrosis o f v a rin g  sev erity  w as seen  an d , in places, th ere  w as p ro life ra tio n  of 
tu b u la r  ep ithe lia l cells. T he b ra in  show ed no c h a ra c te ris tic  change. C h arac te ristic  in tra n u c le a r 
inclusions were found in ep ith e liu m  cells of b ronch io lar, a lveolar and n asa l m ucosa as well 
as in re ticu lu m  cells of lym ph  nodes. In c lu s io n -lik e  s tru c tu re s  were also seen in  nuclei o f some 
re n a l tu b u la r  ep ithelium  cells.

T he po stm o rtem  and  h is to p ath o lo g ica l find ings weigh in favour o f th e  clinical obser
v a tio n  th a t  th e  v irus s tra in  H e t/3  is p a th o g en ic  for sheep.
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STUDIES ON THE DIAGNOSTIC VALUE OF CELL 
INCLUSIONS IN CANINE DISTEMPER
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M. D o b o s - K ovács

D e p artm en t of P a tho log ical A n a to m y , U n iv ersity  of V eterin ary  Science, B u d a p es t 

(R eceived O c to b er 28, 1974)

Since early  in th is  cen tu ry  L en tz  (1907) and , in d ep en d en tly , Sta n d fu ss  (1908) h a d  
f irs t  described th e  presence of eosinophilic bodies in  b o th  th e  nucleus an d  th e  cy to p la sm  of 
nerve cells tak e n  from  th e  brain  of dogs th a t  died  of canine d istem per. T he inclusion-form ing  
p ro p e rtie s  o f canine d istem p er virus as well as th e  frequency of occurrence of inclusion  bodies 
hav e  been ex tensively  stu d ied  (L e n tz , 1909; S in ig a g lia , 1912; Sa n f e l ic e , 1915; N ic o l a u , 
1935; G r e e n  and E v an s , 1939; MacI n t y r e  e t ah , 1948; R ib e l in , 1953; L a u d e r  e t ah , 1954; 
Ca m p b e l l , 1957; etc.). S in iga g lia  (1912) w as th e  f irs t to  d em o n s tra te  inclusions in  o rg an s 
o th e r  th a n  th e  nerve system , viz., in th e  lung  (in  epithelial cells o f sm all and  m ed ium  large 
b ro n ch i) and  co n ju n c tiv a l ep ithelial cells.

Two ty p es of acidophilic inclusions h av e  been described, v iz., cy top lasm ic  an d  n u c lear. 
C ytop lasm ic  inclusions, w hich rep resen t th e  m ore freq u en t ty p e , occur above all in m ucous 
ep ith e liu m  cells, chiefly of th e  u rin ary  b lad d e r and  of th e  re sp ira to ry  tra c t,  as well as in glia 
cells and  ganglion cells. In tran u c lea r inclusions hav e  been found in lin ing  and  g lan d u la r e p ith e 
lium  cells, glia and ganglion  cells.

A uth o rs  generally  agree th a t  inc lu sion  bodies are ch a rac te ris tic  o f can ine  
d is tem p er, b u t disagree in respect o f th e ir  frequency  and d iagnostic  im p o rtan ce . 
In  th e  p resen t s tu d y  we m ade a t te m p ts  to  reconcile th e  conflic ting  view s and  
to  re fin e  patho log ical diagnostic  w ork  on canine d istem per.

Material and method

T he te s t m a te ria l was co llected  from  the  carcases o f 60 dogs se n t for 
pa tho lo g ica l ex am in a tio n  from  th e  A nim al Clinic of th is  U n iv e rs ity  w ith  th e  
d iagnosis o f canine d istem per from  1st O ctober 1971 to  1st M arch 1972. P a r t  
of th e  dogs had  died  spon tan eo u sly , p a r t  had been killed  a t  th e  o w n er’s 
req u est. P o stm o rtem  exam ina tion  show ed  th a t  seven o f th e  60 dogs h ad  had  
a disease o th e r th a n  canine d is tem p er (R u b a r th ’s disease, toxop lasm osis, e tc .) 
so th a t  only  53 cases w ere included  in  th e  ev a lua tion . F o rty -fo u r dogs (83% ) 
w ere yo u n g er th a n  6 m onths (2 —6 m o n th s), five (9% ) w ere less th a n  one 
y ea r old, and  only four (8% ) w ere o lder anim als, viz., aged 1.5, 2, 4 an d  10 
years. T h ir ty  dogs died sp o n tan eo u sly  an d  23 h ad  been killed . In  m ost cases, 
case h is to ry  was n o t availab le  a p a r t  from  th e  cilinical record .

In  every  case, organ  specim ens w ere tak en  a t necropsy  from  th e  th ird  
eyelid , tra c h e a , lung, stom ach (from  th e  fundus area), u r in a ry  b lad d er, k id n ey
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(p a r t  o f renal pelvis inc lu d ed ), liver and  b ra in  (from  six  d ifferen t regions). 
Less often  specim ens w ere also collected from  sm all in te s tin e , pancreas, p a ro tid  
g la n d , tongue, sp leen , b one  m arrow , ad ren a ls , p e rib ro n ch ia l ly m p h  nodes and  
sp in a l cord (lum bal sec tio n ). All organ  specim ens w ere fix ed  in  10%  form alin , 
em b ed d ed  in p a ra ff in , an d  th e  sections w ere s ta in ed  w ith  h aem atoxy lin  and 
eosin.

A specim en ta k e n  from  th e  u r in a ry  b la d d e r  of an  e x te rm in a te d  dog was 
u sed  for e lectron-m icroscopic  ex am in a tio n . T he specim en was fixed firs t in 
5 %  g lu ta ra ld eh y d e , th e n  in 1%  osm ium  te tro x id e , d e h y d ra te d  in step -g raded  
e th a n o l, fixed in  D u rc u p a n , and  cu t in to  u ltra - th in  sections. The electron- 
m icrographs w ere p re p a re d  w ith a T E S L A  BS 613 electron-m icroscope.

O rgan specim ens from  dogs died o f diseases o th e r th a n  canine d istem per 
w ere used as co n tro l.

Results

Gross lesions

The g rea te r p a r t  o f  th e  dogs sp o n tan eo u sly  died o f can ine d istem per (21 
o f 30) exh ib ited  a c a ta r rh a l-p u ru le n t p n eu m o n ia , in vo lv ing  a v a ry ing  n u m b er 
o f  lobules or e n tire  lobes, and an acu te  or su b acu te  c a ta rrh a l-p u ru le n t con
ju n c tiv it is . O ccasionally , acu te  g a s tro -e n te ritis , s ligh t sw elling of the  sp leen , 
liv e r  d y stro p h y , a c u te  or su b acu te  to n s illitis , acu te  p h a ry n g itis , p u ru le n t 
p leu ritis  and “ h a rd  p a d  disease”  w ere fo u n d  in  association  w ith  th e  above 
changes. One am o n g  fu r th e r  th ree  dogs h a d  acu te  g a s tro -en te ritis  and  “ h a rd  
p a d  disease” , th e  second  had  only a su b a c u te  p u ru le n t co n ju n c tiv itis , th e  th ird  
serous pe rica rd itis  w ith  sub -ep icard ia l an d  m y o card ia l haem orrhages. T he 
rem ain in g  six dogs d id  n o t ex h ib it gross lesions.

I t  should be n o te d  th a t  four o f th e  21 carcases ex h ib itin g  ca ta rrh a l-  
p u ru le n t p n eu m o n ia  also show ed gross lesions in d ica tiv e  of toxoplasm osis, 
w h ich  was co n firm ed  la te r  by h isto log ical evidence.

Am ong th e  23 em ergency -s laugh te red  dogs 15 had  p rac tica lly  no gross 
lesions, six an im als  h a d  c a ta rrh a l-p u ru le n t pneum on ia , invo lv ing  an en tire  
lobe  as well as a c u te  o r su bacu te  p u ru le n t co n ju n c tiv itis , and  tw o dogs h ad  
a c u te  gastro -en te ritis .

M icroscopic lesions

Frequency o f occurrence o f  intracellular inclusions

Inclusions o f  th e  ty p e  described  as ch a ra c te ris tic  of canine d is tem p er 
w ere found  in  all th e  53 dogs. F ifty -o n e  an im als (96% ) h ad  inclusions in organs 
o th e r  th a n  th e  b ra in  an d  the  sp inal co rd ; in  tw o cases (one spon taneous d e a th ,
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one em ergency  s laugh te r) inclusions w ere found  only  in the  cen tra l nervous 
sy stem . E ig h teen  of th e  51 dogs (34% ) h ad  inclusions exclusively in  e x tr a 
cerebral o rgans, w hereas 33 (62% ) h ad  th e m  in b o th  th e  b ra in  and  o th e r o rgans. 
Inc lusions w ere found in b ra in  cells of 35 dogs (66% ), in tw o of th ese  cases 
(4% ) in th e  b ra in  alone (Table I).

Table I

F requency  of occurrence of inclusions in o rgan system s of d istem per dogs

No. of cases in w hich inclusion bodies were found

T ota l no. of 

dog carcases 

exam ined

only in b ra in in b ra in  plus 

o th er organs

only in o th er 

organs

53

(100% )

2

(4 % )

33

(62% )

18

(3 4 % )

No. o f cases carry ing  

inclusions

in b ra in 35

(66% )

on o ther 

organs

51

(96% )

T he frequency  of b o th  in tra n u c le a r  an d  in tracy to p lasm ic  inclusions 
varied  g re a tly  in  all organs stu d ied , regard less w h e th e r th e  dog h ad  d ied  sp o n 
tan eo u sly  or h ad  been killed. As no n o tab le  difference was found b e tw een  the  
frequencies o f occurrence in  an y  organ  or o rg an  system  in  re la tion  to  n a tu ra l  
or a rtif ic ia l d ea th , th is  d istin c tio n  has been  o m itted  fu r th e r  on.

Inclusions were found  in th e  sequence of frequency  in u rin a ry  b lad d e r 
(73% ), b ro n ch i (72% ), p u lm o n ary  p a re n c h y m a  (68% ), th ird  eyelid (60% ), 
ren a l pelv is (58% ), tra c h e a  (49% ), s to m ach  (45% ), and  m uch  less often  in  th e  
o th e r organs s tu d ied , inc lud ing  b ra in  an d  sp in a l cord (Table II).

T he d is tr ib u tio n  of th e  inclusions in  organs show ed g reat in d iv id u a l 
v a ria tio n s . Som e carcases h ad  th em  in all o rgans s tu d ied , others e ith e r  in  one
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Indidence of inclusions in d ifferent organs o f d istem per dogs
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Fig. 2. Ju x ta n u c le a r  m inor o val and  larger p y ram id -sh ap ed  in tra cy to p la sm ic  inclusion bodies 
in a b ronchial co lum nar e p ith e liu m  cell. N ote the  vacuolized  in n er s tru c tu re  of th e  p y ram id 

shaped  body . H . and  E ., ap p ro x . X2500

or in  an o th e r single o rgan . Inc idence  in  a given organ ran g ed  from  one or a few 
cells to  60% , or, in fre q u e n tly , even 80%  of th e  cells.

Localization o f intracellular inclusions in organs

C ytoplasm ic inclusions w ere found in  various cell ty p e s  of each organ 
as follows: in single cells o f s tra tif ie d  colum n arlin ing  ep ith e liu m  (Fig. 1); cells 
o f g lan d u la r acini and  lin ing  cubo idal cells in  g lan d u la r o u tle ts  of th e  th ird
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Fig. 1. R ound and oval in tracy to p lasm ic  inclusions (arrow ) in  c o n ju n c tiv a l epithelium  cells 
of th ird  eyelid. N ote  in filtra tin g  g ranulocy tes. H . and  E .t ap p ro x . X 1000
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Fig. 3. H om ogeneous, ov a l-sh ap ed  in tra cy to p la sm ic  inclusion in a p u lm o n a ry  a lve loar ep ith e l
ium  cell. A few n eu tro p h ilic  g ran u lo cy tes  in  th e  alveo lar lum en (A). H . an d  E ., ap p ro x , X 2500

F ig . 4. In trac y to p la sm ic  inclusions (a rro w ) in d esquam ated  p u lm o n a ry  a lveo lar ep ithe lium  
cells adm ix ing  w ith  th e  c a ta r rh a l-p u ru le n t ex u d atio n , and in g ian t cells aris ing  in th e  alveolar 

ep ithe lium . H . an d  E ., app rox . X 1000

eye lid ; in  villous ep ith e lia l cells o f trach ea  and  bronchi (from  m ain  b ronch i 
to  te rm in a l b ronchio li) (F ig. 2); in p u lm o n ary  alveolar ep ith e liu m  cells (F ig. 3) 

occasionally  in  d e sq u a m a te d  ones adm ixing  w ith  th e  c a ta rrh a l-p u ru le n t 
ex u d a tio n , or in g ia n t cells a rising  from  p u lm onary  a lveo lar ep ith e liu m  (Fig. 4); 
in  u ro th e liu m  cells o f u r in a ry  b la d d e r  and  renal pelvis (F ig . 5); m ain ly  in  chief 
cells and  accessory  cells of fu n d u s g lands in th e  s to m ach  (F ig . 6), less o ften  in 
co lu m n ar cells lin ing  th e  g as tric  su lci, and in cubo idal or co lu m n ar cells of 
m in o r or m ajo r h ep a tic  b ilia ry  d u c ts .
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Fig. 5. P leom orphous cy to p lasm ic  inclusions in lining ep ith e liu m  cells of th e  u rin a ry  b ladder.
H. and E ., approx . X 1000

Fig. 6. In trac y to p la sm ic  inclusions (arrow ) in  g lan d u la r ep ith e liu m  cells of fu n d u s cells.
H. and  E ., ap p ro x . X 1000

A m ong the  organs less often  s tu d ied , inclusions w ere found  in  cells of 
th e  c ry p ts  of L ieb erk ü h n  in  the sm all in te s tin e ; in  lin ing  co lum nar cells of 
m ajo r and  m inor p a n c re a tic  duc ts ; in cubo idal cells o f in te rm e d ia te  tu b u li 
and  co lum nar cells o f  in tra lo b u la r  sa liv a ry  tu b u les  o f th e  p a ro tid  g land. 
W e failed to  find  in tracy to p la sm ic  inclusions in  th e  lingua l m ucous ep ithe lium .

In tra n u c le a r  inclusions were found  in  organs o th e r  th a n  th e  b ra in  in  
only four of th e  53 dogs, alw ays in  association  w ith  in tra c y to p la sm ic  inclusions. 
One of th e  four dogs h a d  in tra n u c le a r  inclusions in a lv eo la r ep ithe lium  cells,
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F ig . 7. In tracy to p lasm ic  a n d  in tra n u c le a r inclusion  bodies in a cereb ral a s tro cy te . H . and  E .,
ap p ro x . X 2500

Fig. 8. In tracy to p la sm ic  inclusion  in  a cereb ral g ran u la r glia cell. O f th e  tw o  g ran u la r  glia 
cells nearby  a sm all c ap illa ry  vessel, th a t  carry in g  th e  inclusion, has its  nucleus ou t o f th e  plane

of section. H . a n d  E ., ap p ro x . X 2500

tw o  dogs had  th em  in  ep ith e lia l cells o f th e  u r in a ry  b la d d e r an d  one in  ch ief 
cells of fundus g lands o f  th e  sto m ach  as well as in  a few cells o f pan crea tic  
exocrin ic  glands. T h e  in tra n u c le a r  inclusions occurred  sp o rad ica lly  in  cells of 
fu n d u s glands and  p an creas , som ew hat m ore freq u en tly  in  u r in a ry  b ladder 
u ro th e liu m , and  ap p ea red  in  fa ir num bers in  th e  a lv eo la r ep ithe lium  cells.

A part from  ep ith e lia l cells, b o th  in tracy to p lasm ic  an d  in tra n u c le a r  inc lu 
sions were in a few in s tan ces  found  in re ticu lum  cells o f sp leen an d  perib ronch ia l 
ly m p h  nodes as w ell as in h is tio cy tes  o f th e  p u lm o n a ry  in te rs ti t ia l  tissue.
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Fig. 9. Two vacuolized in tracy to p lasm ic  inclusions and  one large, hom ogeneous nu c lear 
inclusion  in a single nerve  cell of th e  cerebral co rtex . Two glia cells are seen in  a n earb y  lo ca tion .

H. and E ., ap p ro x , x 2500

Fig. 10. Inclusion bodies in cerebellar P u rk y n je  cells. One cell con ta ins several sm all in tra 
cy to p lasm ic  inclusions an d  a large one in  th e  nucleus, w hereas in th e  o th e r cell only one 

in tra n u c le a r inclusion is seen. H . an d  E ., app rox . X 1000

In  the  brain  b o th  typ es of inclusions occurred  in nerve cells and  in various 
ty p es  o f  glia cells, u su a lly  in  ependym a cells an d  astrocy tes, less o ften  in  o th e r, 
e.g., g ran u la r  glia cells. In  25 (71% ) o f th e  35 cases in  w hich inclusions w ere 
found  in  th e  b ra in , th ese  appeared  in  ec to d e rm a l astrocy tes localizing in  various 
b ra in  regions. Cells w ere found to  c a rry  one or th e  o th e r ty p e  of inclusion , 
or b o th  typ es sim u ltan eo u sly  (F ig. 7). O th e r types of glia cells (above all 
g ra n u la r  ones) were found  to  carry  exclusively  a cy toplasm ic inc lusion  in  five
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Fig . 11. E lectro n  m ic ro g rap h  of a py ram id -sh ap ed  in tracy to p lasm ic  inclusion (I) n ea rb y
the nucleus (N ). X9260

in s tan ces  (Fig. 8). In  15 cases (43% ) lin ing  ep en d y m a cells of th e  cerebral 
v en tric les were fo u n d  to  carry  ch iefly  in tracy to p la sm ic  inclusions, ra re ly  
in tra n u c le a r  ones. N erv e  cells of various ty p es w ere found to  contain  inclusions 
in  14 cases (40% ), ab o v e  all in th e  reg ion  of A m m on’s horn , and, som ew hat 
less often , in th e  c o rte x  cerebri (Fig. 9), cerebellum  (F ig . 10) and  o th e r b ra in  
regions. The g re a te r  p a r t  o f the  nerve cells co n ta in ed  b o th  types of inclusion , 
th e  m inor p a r t e ith e r  one or the  o th e r ty p e .

Morphological appearance o f  inclusions

The in tra c y to p la sm ic  inclusions w ere 1 to  15 p m in d iam eter and m ost 
o f th em  took  on a hom ogeneous v iv id  red  or s tra w b e rry -red  eosin s ta in , easily  
d is tingu ishab le  from  th e  brick-red  co lour of th e  e ry th ro cy te s . V acuole s tru c 
tu re s  were o ccasiona lly  seen in som e o f th e  la rg e r inclusion bodies. T he 
inclusion bodies w ere variab le  in  shape , being p re d o m in a tly  round  or oval, 
b u t  cy lindrical, du m b b ell-sh ap ed  fo rm s, o r irreg u la r form s carry ing  processes 
w ere also found . Som e inclusions w ere o f a re c ta n g u la r  or p y ram id  shape , an d  
localized close b y  th e  nucleus, w ith  th e  b ro ad er end  ag a in s t it. M any inclusions 
were e ith er su rro u n d e d  by  a pale halo , or a p ro n o u n ced  ra re fication  of th e
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Fig. 12. E lectron  m ic ro g rap h  of in tracy to p lasm ic  inclusion (I )  in u ro th e liu m  cell. The area 
corresponding  to  th e  inclusion  is electron  dense and show s a n e t-lik e  s tru c tu re . X 9260

cy top lasm  was a p p a re n t a round  th em . Som e cells co n ta in ed  severa l inc lu 
sions each.

M ost nerve cells c a rry in g  a cy top lasm ic inclusion show ed various degrees 
o f in ju ry .

Like th e  cy top lasm ic  inclusions, m ost in tra n u c le a r  inclusions w ere e ither 
ro u n d  or oval, b u t irre g u la r  form s also occurred . P a r t  o f  th e  nuclei carry ing  
inclusions were sw ollen an d  th e  nucleolus was p u sh ed  to  one side by  the 
inclusion. Most in tra n u c le a r  inclusions w ere su rro u n d ed  b y  a pale halo. The 
s ta in in g  properties w ere s im ila r to  those of in tra c y to p la sm ic  inclusions, except 
th a t  th e  in tran u c lea r  inclusions found in th e  b ra in , above all those localizing 
in  astrocy tes and nerve  cells, took  on less s ta in , assum ing  a lig h t red , occasion
ally  a grey ish-v io let, sh ad e  in stead  of purp le  or ra sp b e rry  red .

Electron-microscopic observations

T he specim en used  fo r e lectron-m icroscopic e x a m in a tio n  was ta k e n  
from  th e  u rin a ry  b lad d e r o f a dog killed for can ine d is te m p e r  w hen  3 m on ths 
old. The anim al h ad  c o n tra c te d  th e  disease by  n a tu ra l in fec tio n  and , according 
to  th e  case h is to ry , h ad  n o t been tre a te d  w ith  e ith e r  specific  an tiserum  or 
vaccine.
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F ig . 13. D etail of (I) from  Fig. 12. N o te  th read -lik e  s tru c tu re  and absence  of a lim iting  m em 
bran e  a ro u n d  th e  inclusion body. X 25,200

U ltra -th in  sections p rep a red  from u rin a ry  b lad d er u ro th e liu m  show ed 
hom ogeneous, w ell-c ircum scribed  electron-dense s tru c tu re s  in  th e  areas co r
respond ing  to  th e  inclusions seen by  ligh t m icroscopy (F igs 11 and  12). The 
cy top lasm ic  inclusions, th o u g h  a p p a re n tly  hav ing  no lim itin g  m em brane 
(F ig . 13), were sh a rp ly  d e m a rc a ted  ag a in st th e  ne ighbouring  cell areas. A t a 
low er pow er of m ag n ifica tion , th e  cy top lasm ic inclusions h a d  an irreg u la r f ila 
m en to u s s tru c tu re  (Fig. 13). A t a h igher pow er, each th re a d  corresponded  to  
a tu b u le , 18 nm  in d iam e te r (F ig . 14). The tu b u les  consisted  of an electron- 
dense core and  a less dense halo . A ccording to  lite ra ry  d a ta , such  tu b u les  are 
ch a rac te ris tic  o f th e  nucleocapsid  of canine d istem per v iru s . T he nucleocapsid  
n e tw o rk  was em bedded  in  a coarse , g ran u la r g round su b stan ce . The ep ithelia l 
cells carry ing  inc lusions, above all th e  superfic ia l u ro th e liu m  cells, had  m a rk 
ed ly  vacuolized cy top lasm s.

Discussion

The in tracy to p la sm ic  and  in tra n u c le a r  inclusions g en era lly  regarded  as 
characteristic  of can ine d istem per were found  in all dogs th a t  d ied  spon tan eo u sly , 
o r were killed in  various s tages o f th e  disease. A ccord ingly , d em o n stra tio n  of
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Fig. 14. D etail of Fig. 13. The delicate tu b u le s  (nucleocapsids) 18 nm  in d iam eter co rrespond  
to  th e  th read s seen a t  th e  lower power. X 56,000

inclusion  bodies as em ployed by  us m a y  be considered an  efficient d iagnostic  
p rocedure  even if  ou r resu lts  have no t been verified  b y  o th e r specific m e th o d s, 
such  as v irus iso la tion  and  im m unofluorescence techn ique . N evertheless, it m ay  
occur th a t  inclusions can n o t be d e m o n s tra te d  in  an y  organ  by  th e  app lied  
m e th o d , especially a fte r a p ro longed course of canine d istem per.

W e have no experience concern ing  th e  earliest an d  la te s t tim es w hen 
inclusions bodies can  be found in  can ine  d istem per. C erta in  au th o rs  concluded  
from  chiefly  p rac tica l observa tion  th a t  inclusions w ere p resen t in th e  b ra in  
from  th e  onset of th e  illness to  a b o u t th e  end of th e  th ird  m o n th  ( F i s c h e r , 

1965); in  o ther o rgans, inclusions w ere found  up to  59— 60 days a fte r in fec tion  
( A p p e l , 1969; F a i r c h i l d  e t al., 1971). T he leng th  of th e  period  d u rin g  w hich 
inclusions are dem o n strab le  depends to  a g rea t e x te n t on th e  app lied  m e th o d .

T he efficiency o f th e  m eth o d  em ployed  b y  us seem s to  be considerab ly  
in flu en ced  by  th e  site  or organ from  w hich  th e  specim ens are tak en . A lthough  
th e  chances of d e tec tin g  inclusions are  in  princip le increasing  w ith  each organ  
ad d itio n a lly  te s ted , th is  tendency  c a n n o t be pursued  too  fa r in  ro u tin e  d iagnostic  
w ork. T he sc ru tin y  o f our find ings in  th is  ligh t c learly  show s th a t  th e  b est 
re su lts  can  be expec ted  from  th e  sim u ltan eo u s ex am in a tio n  of sections from  
u r in a ry  b ladder, lung , th ird  eyelid, s to m ach  as well as cerebellum  and  A m m on’s
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horn . E x am in a tio n  o f th e  u rin a ry  b lad d er alone w ould have  disclosed in  th e  
p re sen t s tu d y  th e  p resen ce  of inclusions in  73%  o f th e  positive  cases. A dd itional 
ex am in a tio n  of th e  lu n g  w ould  increase effic iency  to  94% , w ith  th e  th ird  lid 
an d  s to m ach  also in c lu d ed , to  96% , and  if  find ings in cerebellum  and  A m m on’s 
h o rn  are  ad d itio n a lly  ta k e n  in to  co n sidera tion , th e  resu lts  are  th e  sam e as 
o b ta in e d  w ith  th e  fu ll ran g e  of organs te s te d  in  th e  p resen t s tu d y  (Table I I I ) .  
I believe th a t  th e  e x a m in a tio n  of th e  above fou r organs an d  tw o b ra in  areas 
can  s till be reconciled  w ith  th e  possib ilities an d  lim its of ro u tin e  d iagnostic  
w ork.

Table II I

D iagnostic  value of th e  d e m o n s tra tio n  of inclusion bodies in various organs of d istem per dogs* 

(The num erical and p e rce n tu a l values inscribed in th e  colum ns apply  to  th e  organ system s

covered by th e  la tte r)

* 53 carcases w ere stud ied

T he risk o f d iag n o stic  erro r c an n o t, how ever, be o b v ia ted  in stud ies 
based  on  th e  above o rg an  com bination ; it  is, therefo re , recom m ended th a t  
specim ens should  be  a lw ays collected from  o th e r organs also, w hich  can be m ade 
use of w hen d e m o n s tra tio n  fails in th e  ro u tin e  com bination .

In  carcases s to re d  longer, m acera tio n  o f th e  u r in a ry  m ucous ep ithe lium  
b y  co n ten ts of th e  b la d d e r  m ay in te rfe re  w ith  th e  h isto log ical evaluation . In  
such  cases sections sh o u ld  be p repared  from  th e  renal pelvis as well, because 
inclusions are n e a rly  alw ays found in th is  localization .

In  the  th ird  eye lid , in tracy to p la sm ic  inclusions often  could no t be 
d em o n stra ted  e x c e p t in  g lands. I t  is th e re fo re  adv isab le  to  tak e  specim ens 
from  areas n ea rb y  th e  cartilag inous hase , p a r t  of w hich shou ld  be included  
in  th e  sections. In  s to re d  carcases inclusions were genera lly  dem onstrab le  as 
long as th e  h isto log ica l o rien ta tio n  in th e  organs was n o t d is tu rb e d  by  an to lysis. 
S ta in in g  should  be m ad e  w ith  ethano l-so lub le  eosin of good q u a lity .
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T he exclusive use of haem ato x y lin -eo sin  p re p a ra tio n s  m ay  arouse doub ts  
in  respect of th e  specific ity  of inclusions. A lthough in  th e  lig h t of th e  p resen t 
find ings and ou r re la ted  experience, such  doubts are  la rg e ly  u n founded , we 
too , have  ce rta in  reserv a tio n s. T he developm ent in  dogs of sim ilar inclusion 
bodies seems to  be possible w ith  ce rta in  o ther re sp ira to ry  diseases, above all, 
w ith  v ira l diseases. In  th is fie ld  fu r th e r  exam ina tions are  u n d e r p re p a ra tio n . 
A t th e  p resen t s ta te  of know ledge th e  problem  seems to  be o f  th eo re tica l ra th e r  
th a n  p rac tica l im p o rtan ce . I t  is ex p ec ted  th a t  for reasons o f  spec ific ity , im m u 
nofluorescence techn iques w ill g rad u a lly  supersede th e  sim ple h isto log ical 
app ro ach  to  th e  diagnosis o f can ine  d istem per.

E lectron-m icroscopic  s tud ies p erfo rm ed  as co m p lem en ta ry  ex am in a tio n s 
have  show n th a t  th e  u l tra s tru c tu ra l  de ta ils  o f th e  inc lu sio n  bodies corres- 
sponded  in every  respect to  th e  ch a rac teris tic s  of can ine  d is tem p er in fec tion  as 
show n in cell cu ltu res ( N o r r b y  e t a l., 1963; K o e s t n b r  a n d  L o n g , 1970) and  
in  specim ens from  diseased or dead  dogs ( R i c h t e r  an d  M o ï s e , 1970). The 
n e tw o rk  of nucleocapsid  tu b u les , 18 nm  in d iam eter, w as d em o n stra ted  also 
in  th is s tu d y  in  localizations co rrespond ing  to  ligh t-m icroscop ic  inclusions in  
u rin a ry  b lad d er ep ithe lium  cells. I t  follows th a t  the  F eu lg en -n eg a tiv e , RN A - 
co n ta in in g  (L a u d e r  e t al., 1954) inclusion  body, show ing  th e  an tigen ic  p ro p 
erties of canine d is tem p er v iru s in  im m unofluorescence te s ts  (M o u l t o n  and  
B r o w n , 1954; A p p e l , 1969), co n ta in s  th e  incom plete can in e  d is tem p er v irus 
itse lf  in  a ce rta in  stage  o f th e  disease ( N o r r b y  et a l., 1963; K o e s t n e r  and 
L o n g , 1970; R i c h t e r  and  M o ï s e , 1970). The e lectron-m icroscop ic  d em o n s tra 
tion  of th e  inclusion bodies is a specific  procedure, h u t  n o t y e t availab le  for 
ro u tin e  use. I t  is, how ever, an im p o r ta n t com plem en tary  p ro ced u re  in  ex p eri
m en ta l stud ies and  is expec ted  to  disclose m ore in fo rm a tio n  on th e  n a tu re  of 
in tra n u c le a r  inclusions w hich is still n o t understood  in  all d e ta ils .

Acknowledgem ents

The a u th o r is in d eb ted  to  Miss Y. N é m e t h , Mrs. E. P e t h e s  a n d  Mrs. J. N a m é n y i for 
excellen t techn ica l assistance.

Summary

The frequency  of occurrence, m orphology  an d  d iagnostic  v a lu e  of inclusion  bodies in 
can ine d istem per were s tud ied  by  a ligh t-m icroscopic  histological m e th o d . V arious o rgans of 
53 dogs, of w hich 30 h ad  died  sp o n tan eo u sly  an d  23 and been k illed  in  v a rio u s stages o f th e  
disease, were ev a lu a ted  in h a em ato x y lin  an d  eosin sections p re p a re d  from  fo rm alin -fixed  
an d  p araffin -em bedded  specim ens. Inc lusions w ere v a riab ly  p re sen t in  th e  d iffe ren t o rgans, 
b u t  were fo u n d  in all th e  53 cases stu d ied , localizing  in the  b ra in  in  n u c le i an d /o r cy top lasm  of 
ne rv e  cells and  various types of glia cells, an d  in  o th er organs in  accessory  a n d  g lan d u la r 
ep ith e lia l cells. The inclusions were p re d o m in an tly  in tracy to p lasm ic  in  th e  ex trace reb ra l 
localiz ations.
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T he h ighest incidence (7 3 % ) w as found  in u ro th e liu m  cells lin ing  th e  u r in a ry  b ladder; 
w ith  th e  lung included, th e  freq u en cy  rose to  94%  and if  th e  stom ach , th ird  eyelid and bra in  
(cerebellum  and  A m m on’s h o rn ) were also ta k e n  in to  considera tion , inclusions were found 
in  all carceses exam ined, so t h a t  d e m o n s tra tio n  in still fu r th e r  organs d id  n o t a lte r  th e  result. 
E x a m in a tio n  of the  above fo u r o rg an s an d  tw o b ra in  a reas is therefore  reco m m en d ed  for rou tine  
h isto log ical diagnostic w ork . I f  in  long-sto red  carcases th e  u ro th e liu m  h as  been  m acerated , 
th e  lin ing  epithelium  of th e  ren a l pelv is should  be ex am in ed  in stead .

T he u ltra s tru c tu re  o f in tra cy to p la sm ic  inclusions localizing in  m ucous ep ithelium  cells 
o f th e  u r in a ry  b ladder is d escribed  on th e  basis of co m p lem en ta ry  e lectron -m icroscop ic  exam i
n a tio n s . T he inclusion bodies w ere fo u n d  to  consist o f a ne tw o rk  of 18 n m  w ide tubules, ch a r
a c te r is tic  of the  nucleocapsid  o f can ine d istem p er virus.
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VACCINATION EXPERIMENTS ON PREVENTION 
OF E. COLI ENTERITIS IN WEANLING PIGS

I. U SE O F A L U M IN IU M  G E L  A D JU V A N T  

B y

J . V a r g a  a n d  A . F . F a r i d

In s t i tu te  of Epizootiology U n iv e rs ity  o f V eterinary  Science, B u d a p es t 

(R eceived D ecem ber 12, 1974)

E n ter itis  caused b y  Escherichia coli is a freq u en t d isease o f  w ean lin g  
p igs, o ften  causing great losses in  large-sca le  farm s. The anim als d ev elo p  th e  
disease as a rule w ith in  1 or 2 w eek s after w ean in g , eith er in  th e  form  o f  
gastro -en ter itis  or as oedem a d isease.

A lth o u g h  th e  epizootological course, sy m p to m s and gross lesions of th e  c o n d itio n  are 
w ell-know n (Szabó, 1958, 1964; So jk a , 1965; N ie l s e n  e t ah , 1968; Sv e n d s e n , 1974), its 
aetio logy  an d  pathogenesis are still n o t fu lly  un d ersto o d . M anagem ent fa ilu res a n d  feeding 
erro rs  p red ispose  for th e  disease and s tra in s  belonging  to  given E. coli se ro types as w ell as th e ir  
to x in s  h av e  been iden tified  as th e  d irec t cau sa l agen ts. Iso la tes from  th e  sm all in te s tin e  of 
carcases a re  as a rule haem olytic  s tra in s  o f th e  g roups 0138 , 01 3 9 , 0141 or o f o th e r  О groups 
(Szabó , 1962, 1965; S ö d e r lin d , 1971; Se m jé n  a n d  P e s t i, 1973). The en te ro p ath o g en ic  E. coli 
s tra in s  w hich , by  extrem e m u ltip lication , becom e p red o m in an t in th e  sm all in te s tin e , p roduce 
th e  e n te ro to x in  (Sm ith  and H a lls , 1967; Gy l e s , 1971; P e s t i and  Se m jé n , 1973) responsib le  
for e n te ritis , w hereas th e  endotox ins o f E . coli b a c te ria  p lay  a role in  th e  aetiology of th e  oedem a 
disease, p re su m ab ly  along w ith  allergic p rocesses (N agy  e t ah , 1968; N ie l s e n  a n d  Cl u g st o n , 
1971; W it t in g , 1971).

As th e  losses due to  th e  E . coli e n te ritis  of w eanling pigs could  n o t be 
n o ta b ly  red u ced  by  an tib io tic  th e ra p y , experim en ts w ere con d u c ted  on th e  
possib ilities o f vaccine prophy lax is.

Materials and methods

T he experim en ts were perfo rm ed  in  a closed pig u n it. The p ig le ts  w ere 
w eaned  a t 4 weeks of age and losses u su a lly  began to  occur a t 6 — 8 days a fte r 
w eaning .

7.solation and biochemical and serological testing o f  strains

To id en tify  the  an tigenic  s tru c tu re  o f th e  E .co li s tra in s  responsib le  fo r th e  
disease, carcases of w eanlings th a t  d ied  o f  g astro -en te ritis  in th e  chosen b a tc h  
w ere ex am in ed  bacterio logically  before  vacc in a tio n . Two or th ree  coliform
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s tra in s  w ere iso la ted  from  th e  sm all in te s tin e  an d  m esen teric  ly m p h  nodes o f 
each  carcase. The iso la tes w ere te s ted  for b iochem ical p roperties and th e  E . coli 
iso la tes  w ere exam ined  fo r 0  an d  К  an tigens. F ifty -sev en  0  or O K  an tise ra  
an d  all K sera (1—94) w ere availab le  for id e n tif ic a tio n  (Va r g a  and  F a r i d , 
1974). T he b iochem ical an d  ag g lu tin a tio n  te s ts  as well as th e  p re p a ra tio n  of 
a n tise ra  w ere carried  o u t as proposed  by  K a u f f m a n n  (1966).

Composition and  applica tion  o f  the vaccine

T h e vaccine c o n ta in e d  equal am oun ts o f fo rm alin -in ac tiv a ted  12 to  
16-hour b ro th  cu ltu re s  o f th e  s tra in s  041  :K (A ), 0 1 3 8 :K 8 1 , 0141 :K85, and  
0 1 4 7 :K 8 9 , 88ac, ad so rb ed  to  5 m g/m l A 1 P 0 4 an d  p reserved  w ith  m erth io - 
la te . Tw o pig groups, w eaned  a t an  in te rv a l o f one m o n th , w ere v acc in a ted , 
an d  a con tro l g roup  o f a lm o st equal size was se t up  w ith  each. T he vaccine 
used  for group II c o n ta in e d , in s tead  of th e  o rig inal s tra in , th e  one hav ing  th e  
an tig en ic  p a tte rn  0 1 3 8 :K 8 1 ,8 8 ab . E ach  an im al was v acc in a ted  tw ice w ith  
a 4-m l su b cu tan eo u s dose on each occasion, viz. w hen  2 —3 weeks old and  one 
w eek la te r , before w ean ing .

Collection and exam ina tion  o f blood sam ples

P a ire d  sera w ere used for exam in a tio n  of th e  an tib o d y  response. Blood 
sam p les  were ta k e n  from  b o th  exp erim en ta l an d  con tro l pigs a t  th e  f irs t vacci
n a tio n  an d  one w eek a f te r  w eaning . 0  an tib o d ies  were d em o n stra ted  b y  an  
in d ire c t h a em ag g lu tin a tio n  te s t (IH A ) ( W i l s o n  an d  S v e n d s e n , 1971), using  
red  blood cells p resen sitized  w ith  a pool of eq u a l am o u n ts  of О an tigen  e x tra c t 
from  each vaccine s tra in . К  an tibod ies w ere d e m o n s tra te d  w ith  K a u f f m a n n ’s 
(1966) tu b e  a g g lu tin a tio n  te s t, in d ep en d en tly  w ith  th e  К  an tigen  of each  v ac 
cine s tra in . ,

Results

T he 12 pigs t h a t  d ied  in  th e  w eanling group  before th e  tim e  of v acc in a tio n  
w ere all found to  h av e  g astro -en te ritis  a t p o s tm o rtem  ex am in a tio n . G rossly  
v isib le  oedem a was n o t found  e ith e r  in  th e  s to m ach , or in  th e  m esen te ry . M ost 
iso la tes from  th e  sm all in te s tin e  an d  m esen te ric  ly m p h  nodes were pu re  cu l
tu re s  o f haem oly tic  E . coli s tra in s . The 30 iso la tes  belonged to  four serological 
g roups, hav ing  th e  an tig en ic  p a tte rn s  0 4 1 :K (A ), 0 1 3 8 :K 81 , 0 1 41 :K 85  an d  
0 1 4 7 :K 8 9 , 88ac. B ased  on p re lim in ary  serological exam ina tions, th e  vaccine  
w as p repared  to  c o n ta in  all four E. coli sero ty p es responsib le for disease in  th e  
h e rd . T ab le  I show s th e  resu lts  o f v acc in a tio n ; th e y  were p rac tica lly  id en tica l 
in  G roups I and I I .  Losses w ere ab o u t 50%  low er am ong  th e  vaccinées, com pared  to  
co n tro ls  k ep t u n d e r  th e  sam e conditions o f m anagem en t. Iso la te s  from  th e
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co n tro l pigs h ad , a p a r t  from  a few E . coli s tra in s  n o t ty p a b le  w ith  th e  av a ilab le  
sera , th e  sam e an tigen ic  p a tte rn s  as th e  iso lates from  p reced ing  groups of 
w eanlings. A lthough  losses am ong th e  vaccinées w ere also due to  g a s tro 
en te ritis , s tra in s  of 0 1 4 7 :K 8 9 , 88ac an tigen ic  p a tte rn  w ere found on ly  in  
tw o  carcases. The o th e r iso lates w ere non -haeino ly tic  s tra in s  belonging  to  
serogroups o th e r th a n  en te ro p a th o g en ic  for th e  pig.

Table I

Efficiency of alim inium -adsorbed E . coli vaccine in p reven tion  of E. coli e n te ritis  in w eanling pigs

Vaccinated
Vaccinated pigs Control pigs

group
Total No. Died Total No. Died

I 263 8 273 17

и 240 10 262 19

T otal 503 18 (3 .6% ) 535 36 (6 .7% )

The sera  from  con tro l pigs con ta ined  n e ith e r 0  no r К  an tibod ies to  an y  
vaccine s tra in  a t e ith e r sam pling  tim e . T he sam e app lied  to  th e  f irs t  sam ples 
o f  th e  vaccinées, w hile th e  second sam ples show ed IH A  titre s  rang ing  from  
1 : 8  to  1 : 32 against th e  О an tigens o f th e  vaccine s tra in s . К  an tib o d ies  
ap p eared  only to  s tra in s  0 1 3 8 :K 8 1 , 88ab and  0 1 4 7 :K 8 9 , 88ac, a t  t i t re  
levels o f 1 : 64 to  1 : 128. T he an tib o d ies  ag g lu tin a tin g  th e  tw o  s tra in s  re a c te d  
exclusively  w ith  th e  K 88ab  or K 88ac com ponen t, to  ju d g e  from  th e  absence 
o f reac tio n  w ith  v a r ia n ts  no t co n ta in in g  th e  an tigen  K 88.

Discussion

T h e blood of suckling  pigs aged 2— 5 weeks co n ta in ed  n e ith e r  0  n o r К  
an tibod ies to  th e  E . coli s tra in s  responsib le  for disease an d  fo r losses a fte r  
w eaning , a lthough  these  s tra in s  h ad  been  p resen t in  th e  h e rd  for a long tim e . 
S h a r p e  (1965) a rriv ed  a t  th e  sam e conclusions w ith  o th e r se ro types.

Two im m uniza tions w ith  an  a lum in ium -adso rbed  p o ly v a len t E . coli 
vaccine s tim u la ted  th e  fo rm a tio n  o f specific 0  an tibod ies in  pigs aged 2 —5 
w eeks. К  an tibod ies w ere, how ever, only  form ed to  K 88 an tig en s, p ro b ab ly  
because the  la t te r  are of p ro te in  n a tu re  ( S t i r m  e t ah , 1967).

V accination  can only  confer p ro tec tio n  if  th e  an tib o d ies  also ap p ea r 
locally , in  th e  in te s tin a l w all. T he p ro tec tiv e  effect is asso c ia ted  ch iefly  w ith
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ty p e -sp ec ific  К  a n tib o d ies  (S a l a jk a , 1971) and is o f  an an tib acter ia l rather  
th a n  an titox ic  ch aracter (S mith  and L in g o o d , 1971; S m it h , 1972).

As the v a cc in a tio n  fa iled  to evok e an im m u n e resp on se to  K (B ) and  
K (A ) an tigens, im m u n ity  is ap paren tly  on ly  d evelop ed  to  sero typ es possessing  
th e  K 88 antigen  co m p o n e n t. T hus, a lth ou gh  losses cou ld  be reduced  b y  50% , 
th e  practical use o f  th e  v a cc in e  preparation  is n o t recom m en d ed  for th e tim e  
b ein g .

Acknowledgem ent

The au tho rs are in d e b te d  to  v e te rin a rian s D r. B. B er e c z , D r. S. Cs e c s e r it s , for carry  
ing o u t the  v acc in a tio n s an d  blood sam plings.

Summary

On th e  basis o f p re lim in a ry  bacteriological an d  serological ex am in atio n s , p ro p h y lac tic  
v a cc in a tio n  of suckling  p igs ag a in s t E . coli e n te ritis  affec ting  th e m  in  th e  w eanling age was 
a tte m p te d  w ith an  e x p e rim e n ta l p rep ara tio n  co n ta in in g  Escherichia coli s tra in s  of 041  :K  (A), 
0 1 3 8 :K 8 1 , 88ab, 0 1 4 1 :K 8 5  a n d  0 147 :K 89 , 88ac an tig en ic  p a t te rn  a n d  A 1 P 0 4 as a d ju v a n t.

V accination  on tw o occasions before w eaning  w as follow ed b y  a specific  0  and К  serum  
an tib o d y  response to  th e  v acc in e  stra ins . К  an tib o d ies  were, how ever, form ed exclusively  
to  K88 antigens and n e ith e r  K (B ), nor K(A) an tib o d ies were d em o n strab le  in  th e  serum  sam ples 
o f th e  vaccinées. Losses am o u n te d  to  3.6 and 6.7%  in th e  ex p erim en ta l and  contro l groups, 
respec tive ly .

As th e  vaccine s tim u la te d  a firm  im m une response exclusively  to  th e  K88 an tigen , 
i t  can  presum ably  on ly  p ro te c t  against stra ins carry in g  th is co m p o n en t and  should no t be, 
there fo re , used in th e  field  in  its p resen t form .
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RADIATION ELICITED CHANGES IN BURSA 
OF FABRICIUS AND THYMUS DURING 

THE ONTOGENY OF CHICKENS

By

R . G i u r g e a , S tefán ia  Ma n c i u l e a  and  I . I l y e s  

Biological R esearch  C entre , Cluj, R om ania  

(R eceived D ecem ber 20, 1974)

A g rea t n u m b er of d a ta  have  show n th e  in fluences ex erted  by  rad ia tio n s on ly m p h o id  
organs of m am m als an d  b irds (Mosser  et ah , 1970; P ora  e t ah , 1970; Р о то р  e t ah , 1967; 
Sato e t ah, 1969; W e b e r  e t ah, 1969). The th y m u s is especially  sensitive an d  its reac tio n  is in v o 
lu tional (Te s s e h a u x , 1959). B oth  th y m u s and b u rsa  o f F ab ric iu s  a re  v ery  rich  in nucleic acids 
(F r e e m a n , 1971; P ora  et ah, 1969) and h ighly sen sitiv e  to  irrad ia tio n .

H ow ever, to  our b est know ledge, th e re  are  no d a ta  on changes in  th e  
p ro te in  m etabo lism  u n d er such actions in  th e  th y m u s  and  th e  b u rsa  of F ab ric iu s  
o f chickens. T he p resen t investiga tions are  concerned  w ith  th is  topic.

Materials and methods

E x p erim en ts  were perform ed on S tu d ie r—C ornish te tra lin e a r  h y b rid  
ch ickens, fed on a s ta n d a rd  co n cen tra te  fo d d er, ap p ro p ria te  to  th e ir  age. 
F o r X -ray  ir ra d ia tio n , a single dose of 100 R w as used, applied  to  th e  w hole 
organism , in  open  field .

Chickens 3 days and  3 weeks of age w ere ir ra d ia te d  to  o b ta in  in fo rm atio n  
a b o u t th e  age-dependence of th e  effects; each ex p e rim en ta l group was p a ra l
lelled by  a con tro l g roup . The anim als (8 a t each  tim e) were k illed by  d ecap ita tio n  
a t  4 an d  24 hrs an d  a t  3, 8 and  14 days a fte r  irra d ia tio n .

The follow ing d e te rm in a tio n s were m ade from  th e  th y m u s and  th e  b u rsa  
o f F ab ric iu s: to ta l  p ro te in ; R ob in so n -IIo g b en ’s m eth o d  (1958) as m odified  
by  K orpaczy  (1958); R N A  and  DNA; Sp i r i n ’s m eth o d  (1958) as m odifed b y  
A b r a h a m  e t al. (1965); free am ino acid n itro g en  ( R a c , 1959).

S ta tis tic a l ev a lu a tio n  of th e  resu lts w as done w ith  S tu d e n t’s “ t ” te s t ,  
a f te r  e lim inating  th e  ab e rra n t values, follow ing C h au v en e t’s criterion .

Results

The ir ra d ia tio n  of 3-day-old  chickens (T able I) did n o t elicit any  changes 
in th e  to ta l  p ro te in  co n ten t o f th e  th y m u s an d  b u rsa  of F ab ric iu s during  th e
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F ig . 1. P e rcen tag e  differences in  R N A , D N A , to ta l  p ro te in  (P ), to ta l  free am ino acids (AA ), 
an d  o rg an  w eigh t (B W ) in  th e  b u rsa  of F a b r ic iu so f  chickens irrad ia te d  w ith  a dose of 100 R  as 

com pared  to  th e  con tro ls (C). * s ta tis tica lly  sign ifican t

f irs t  3 days. B y th e  8 th  day , th e  p ro te in  c o n te n t of b o th  organs h ad  in c reased , 
b u t  th e  va lu e  was again  norm al a t 14 d ay s. T here  was no change in th e  q u a n t i ty  
of R N A  as com pared  to  th e  con tro ls . T h e  D N A  co n ten t increased  b o th  in  
th e  th y m u s  and  in  th e  bu rsa  of F a b ric iu s , b u t  by  th e  14th  d ay  it re tu rn e d  to  
th e  co n tro l level.

A com m on tre n d  for b o th  o rgans is a large and  rap id  decrease am ino- 
acid  n itro g en  a fte r  irrad ia tio n ; th is  w as m ore pronounced  in  th e  th y m u s . 
L a te r  on , an  increase occurred : a t 14 day s th e  values w ere no rm al in  th e  b u rsa  
of F ab ric iu s , and  exceeded th e  co n tro l level in the  th y m u s.

T he g lands h ad  no t changed  in  w eig h t by  th e  14th day , w hen an  increase 
was observed . T he increase in  body  w e ig h t was h indered  in  ir ra d ia te d  chicks.

In  chickens irra d ia te d  a t th re e  w eeks of age (Table I I )  changes occu rred  
w hich  w ere ch a rac te ris tic  o f th e  s ta te  o f in v o lu tio n  of th e  th y m u s an d  b u rsa  
o f F a b ric iu s , viz ., to ta l  p ro te in , R N A , D N A , and  am ino-acid  n itro g en  c o n ten ts  
as well as th e  w eights o f the  organs an d  o f th e  body decreased. M inim al va lues
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Fig. 2. P e rcen tag e  differences in  R N A , D N A , to ta l  p ro te in  (P), to ta l  free  am ino acids (AA ), 
a n d  organ  w e igh t (TW ) in th e  th y m u s  of chickens irrad ia te d  w ith  a dose of 100 R  as co inpared  

to  th e  con tro ls (C). * s ta tis tica lly  sign ifican t

were genera lly  reached  a t 8 days. T he changes in were general m ore p ronounced  
in  th e  th y m u s  th a n  in th e  b u rsa  o f F ab ric iu s. R ecovery  w as observed  a t 14 
days a fte r irra d ia tio n  (Figs 1 ,2 ) .

Discussion

O ur f irs t conclusion is th a t  th e  rad io sen sitiv ity  o f chickens is age- 
d ep en d en t. T hus, th e  ir ra d ia tio n  leads to  m odera te  an d  la te  m od ifica tions in 
th e  lym p h o id  organs of chickens th re e  days old a t th e  tim e  o f ir ra d ia tio n , b u t 
sh a rp  an d  im m ed ia te  changes occur if  3 weeks old ch ickens are  ir ra d ia te d .

F r e e m a n  (1971) show ed th a t  chickens are m a tu re  b y  ab o u t 3 weeks 
a fte r  h a tch in g . U ntil th is  age th e  ad ren a l p o ten tia l is a t  a m in im al physio log
ica l level, an d  th is  de te rm ines a low  level o f blood g lucocortico ids. As S e l y e  
(1971) has show n, th e  a d a p ta t io n  o f th e  organism  to  e n v iro n m e n ta l fac to rs
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is achieved th ro u g h  th e  co rtico id  horm ones, and  th u s  is d e p e n d e n t on th e  m a tu 
ra t io n  of the h y p o p h y s is -ad ren a l axis.

A large d ifference ap p ears  betw een  th e  tw o organs concern ing  th e ir  sen 
s i t iv i ty  to  irrad ia tio n , th e  th y m u s being m uch  m ore sen sitiv e  th a n  the  b u rsa  of 
F ab ric iu s . L ite ra ry  d a ta  ( P o r a  e t al., 1970) suggest th a t  th e  th y m u s  is th e  m ost 
rad iosensitive o rgan . T h is  high sen s itiv ity  seem s to  be due  to  th e  high sensi
t iv i ty  of lym phocy tes a g a in s t X -ray s (M i l c u  e t ah , 1965), and  by  th e  large 
D N A  conten t of th e  th y m u s . I t  was show n th a t  th e  rad io se n s itiv ity  of tissues 
is p roportional to  th e  D N A  co n ten t of th e ir  nuclei ( R a t i u , 1971).

The m od ifica tions occurring  in  chickens ir ra d ia te d  a t  3 weeks a fte r  
h a tc h in g  point to  a s ta te  o f stress. T he in v o lu tio n a l p h en o m en a  are reversib le, 
d u e  to  the  sm all dose w h ich  we used. S im ilar doses w ere u sed  b y  o th e r au th o rs  
to  have  tra n s ie n t effec ts  on these  and o th e r p a ram e te rs  ( R a t i u , 1971; V a s c u - 
l e s c u  e t al., 1965); th e  ex p lan a tio n  given b y  these  in v es tig a to rs  is th a t  in  
su ch  conditions no d e p o ly m eriza tio n  of D N A  occurs, h u t  on ly  an in h ib ition  
o r  re ta rd a tio n  of its  tu rn o v e r .

The loss of D N A  c o n te n t in  th e  th y m u s of chickens ir ra d ia te d  a t 3 weeks 
h as  im m unological consequences. I t  is know n (G o od  e t ah , 1964; Sato  e t ah, 
1969) th a t an tib o d y  p ro d u c tio n  is suppressed  b y  X -ra y  irra d ia tio n .

In  the 3 w eek-o ld  ch ickens, th e  in v o lu tio n  of th e  th y m u s  and  of th e  b u rsa  
o f  F abricius is show n b y  th e  loss of w eight of these  o rgans, an d  b y  th e  decrease 
o f  th e  protein , R N A , D N A  an d  free am ino acid  c o n ten t. T h e  la te r  m odifications 
a re  apparen t from  4 u n t i l  8 days follow ing irrad ia tio n . T he loss of RN A  resu lts  
f ro m  an inh ib ition  o f  th e  po lym erase  (A b r a h a m  e t ah , 1971; F o x  e t ah, 1972), 
a n d  an  enhancem en t o f  th e  a c tiv ity  o f lysosom al enzym es (A m b e l l a n  e t al., 
1967; W o k a e r , 1970). T he decrease of these  tw o organs in  w eight is a con
sequence of a loss o f  cells in  th em , and  o f th e  in h ib itio n  o f  m itoses w hich occurs 
in d ep en d en t of th e  n a tu re  o f th e  agen t (Co m s a , 1959).

In  3-day-old ir r a d ia te d  chickens no invo lu tio n  o f th e  g lands took  place, 
n e ith e r  concerning th e ir  w eigh t, nor th e  in v es tig a ted  m etab o lic  pa ram ete rs . 
E v e n  increase in w e ig h t w as observed, in d ica tin g  a s tim u la to ry  effect. H ow ever, 
th e n  a phenom enon com m on  to  b o th  ages appeared : th e  free am ino acid n itro 
gen  decreased 4 hrs a f te r  ir ra d ia tio n , and  th is  change was even  m ore pronounced  
a t  24 hrs. We o bserved  th e  sam e phenom enon  in  prev ious in v estiga tions, using  
physica l (cold) (G i u r g e a  e t al., 1974), or horm onal (hydrocortisone) (T oma  
e t  al., 1974), o r A C TH  (G iu r g e a  e t al., 1974) stress ag en ts . There are d a ta  
( K e n d y s h  et a l., 1969) show ing th a t ,  a f te r  irra d ia tio n , a g re a t release of free 
am ino  acids tak es  p lace  from  th e  rad iosensitive  organs in to  th e  blood; these  
a re  directed to w ard s th e  liver for being used  in  gluconeogenesis.

E vents o ccu rrin g  in  th e  bursa of F ab ric iu s an d  th y m u s u n d er th e  
ac tio n  of any e x te rn a l fa c to r  are th e  re su lt o f th e  sam e m odifica tions of th e  
a d re n a l function , on w h ich  th e  lym phoid  organs are h ig h ly  dependen t. This
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Table I

Changes in 3-day-old chickens 

superficially irrad ia ted  w ith 100 R X -rays

Control 4 hrs 24 hrs 3 days Control 8 days Control 14 days

BF T B F T BF T BF T BF T B F T BF T BF T

T otal p ro te in  (P), X 15.3 23.9 14.6 22.1 19.8 23.6 14.0 21.1 8.8 17.7 12.7 26.8 12.4 17.1 13.9 20.7
mg/100 g ES + 0.88 0.71 1.30 1.21 2.57 1.29 1.36 1.47 0.80 0.86 0.90 1.67 1.62 2.39 1.30 0.78

- 8 8 8 7 8 8 6 8 8 8 6 8 8 8 8 7
1 0/ ±  /о — — — 5 -  8 +  29 -  2 — 9 — 17 — — +  43 +  51 - +  11 +  20

p — — — — — — _ — — < 0.001 <0.001 — — — —

RNA, m g/g X 6.0 5.6 5.5 5.1 6.3 4.4 6.6 6.2 6.3 5.6 7.3 5.0 8.0 8.8 8.5 9.0
ES + 0.28 0.53 0.02 0.28 0.28 0.60 0.13 0.34 0.23 0.62 0.66 1.78 0.17 0.47 0.49 0.37
n 8 8 7 8 8 8 8 8. 8 8 6 8 7 8 8 8
_1_0/ 
±  / 0 — — 9 — 8 +  5 — 21 +  11 +  12 — +  16 - 7 — — +  6 +  1
p — — — — < 0 .0 2 — — — — — —

DNA, m g/g X 6.4 9.6 6.9 13.5 7.6 11.6 6.2 11.2 6.8 10.5 9.5 9.2 6.8 11.3 7.0 12.7
ES + 0.38 0.90 0.32 0.67 3.59 0.58 0.18 0.69 0.27 1.21 0.86 0.87 0.25 0.64 0.34 0.42

n 8 8 8 8 7 6 8 8 8 8 8 8 8 8 8 8
10/ ±  /о — — +  8 + 4 0 +  19 +  21 — 4 +  16 — — +  40 —13 — — +  2 +  12

p — — < 0.01 < 0 .0 2 0.10 P < 0 .05 — — — — < 0 .0 1 — — — — —

Free am ino acid X 46.9 37.2 11.3 4.6 9.9 19.6 26.6 5.6 19.9 28.0 11.12 28.1 3.4 2.8 3.0 12.1
nitrogen (AA), ES + 14.79 2.38 3.59 0.77 3.18 2.38 7.61 1.07 1.90 4.64 1.60 0.73 0.98 0.69 0.75 2.07

mg N/1000 g n 5 8 7 8 7 8 6 7 8 8 7 7 8 7 8 7
_ |_ 0/  ±  /о — — 76 — 88 79 - 4 8 — 37 — 85 — — - 4 5 — — — — 12 +  331

p — — < 0 .0 2 < 0.001 < 0.001 <0.001 — <0.001 — — < 0 .0 1 — — < 0.001

Organ w eight, X 39.3 64.8 44.3 83.6 40.2 77.0 49.7 53.2 98.7 102.2 95.6 99.0 121.5 156.1 164.3 199.8

mg ES± 5.45 6.09 2.06 7.80 3.85 6.73 5.44 5.10 14.8 13.82 10.28 6.38 13.82 23.04 18.08 31.27

n 8 8 8 8 8 8 8 7 8 8 8 8 8 8 8 8

± % +  12 +  28 +  2 +  18 +  26 —18 — — — 4 —8 — — +  35 +  28

p < 0 .0 2

X V alues are m eans; E S ±5 s ta n d a rd  error: n, num ber o f anim als: ± °/0 , differences in per cen t of the  controls; B E , b u rsa  of Fabricius; T , th y m u s



Table II

Changes in 3-week-sold chickens superficially  irrad iated  w ith  100 R  X -rays

Control 4 írs 24 hrs 3 days Control 8 days Control 14 days

B F T BF T BF T BF T BF T BF T BF Í T BF T

T o ta l p ro te in  (P ), X 23.7 30.7 14.6 22.8 15.0 20.0 14.4 19.4 15.1 18.4 7.1 13.3 17.8 23.4 18.2 22.3

m S% E S ± 3.20 1.82 0.99 1.55 0.45 1.17 0.57 0.97 0.79 0.65 1.18 1.03 1.23 0.38 1.28 1.07

n 8 8 8 8 8 8 7 8 8 7 8 8 8 7 8 8

p — — < 0 .0 1 <0.01 < 0 .0 1 < 0.01 < 0.01 <0.001 — — < 0.001 < 0.001 — — — —

R N A , m g/g X 7.1 9.8 5.8 6.2 5.7 6.5 6.8 6.5 7.4 7.9 6.0 6.5 7.6 8.0 7.4 8.2

E S ± 0.80 0.34 0.18 0.17 0.09 0.22 0.23 0.31 0.23 0.19 0.29 0.12 0.18 0.54 0.09 0.21

n 8 8 8 8 8 8 8 8 8 7 8 8 8 8 8 7

p — — — <0.001 — < o .o d i — <0.001 — < 0.01 < 0.001 — — — —

DN A, m g/g X 9.0 23.5 9.9 15.8 8.8 16.7 9.3 15.2 7.9 14.2 5.6 1 1.5 8.5 13.0 9.5 17.9

E S ± 0.77 0.64 0.41 0.41 0.16 0.68 0.12 0.73 0.11 0.51 0.68 0.69 0.33 0.75 0.37 0.87

n 7 8 8 8 8 8 8 8 6 7 7 8 8 8 8 7

p — — — <0.001 < o .o d i — <0.001 — — < 0.01 — — — — < 0.001

F ree  am ino acid X 7.9 8.6 5.5 4.7 1.9 4.2 8.3 17.2 7.0 6.13 9.6 15.5 3.9 7.48 7.5 7.3

nitrogen  (AA), E S ± 0.65 0.46 0.53 0.67 0.52 0.5ä 1.01 1.21 0.99 0.43 1.49 1.27 0.49 1.68 0.66 0.57

mg N/100 g n 8 8 8 8 8 8 6 8 8 8 8 8 8 8 8 8

p — — < 0 .0 2 < 0.001 < 0.001 <  o .odi — <0.001 — — — < 0.001 — — < 0.001 —

O rgan w eight, mg X 370.3 492.0 325.6 332.2 256.0 365.7 454.6 529.5 971.0 820.0 451.1 485.27 0.888 0.940 1.049 0.960

E S ± 39.37 41.84 27.45 24.66 25.21 40.42 36.17 65.24 6.00 6.00 41.48 4.85 0.12 0.01 0.10 0.03

n 8 8 6 5 8 8 8 8 8 7 8 8 7 5 8 6

p — — — <0.01 < 0 .0 2 < 0.01 — — — < 0.001 < 0.001

X ,  values are m eans; E S ± ,  s ta n d a rd  error; n, nu m b er of anim als; B F , b u rsa  o f FabriciÜs; T, th y m u s
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v iew  is su pp orted  also b y  exp erim en ts m ade on  an im als irrad iated  after  
ad ren alectom y: in  th is case no th ym u s in v o lu tio n  occurred (M ilcu  e t ah, 
1965). T örő  et al. (1968) h a v e show n th a t in  irrad ia ted  rats a s tim u la tio n  o f  th e  
adrenals takes p lace. T he h igh r e a c tiv ity  o f th e th y m u s again st adrenal secre
tion  is exp la in ed  b y  th e  presence o f  sp ec ific  receptors for hydrocortison e/cor-  
tison e (A b r a h a m  et ah , 1971); it  is probable th a t  th ere are su ch  receptors in  
the bursa o f  F abricius, too .

O ur resu lts  s u p p o r t th e  view  of P o r a  and  T o m a  (1969) th a t  th e  th y m u s 
re flec ts , by  its  in v o lu tio n a l reac tions, the  p a th o lo g ica l or tro p h ic -a d a p ta tiv e  
s ta te s  of th e  organism . T he b u rsa  o f F abric ius m a y  h av e  a s im ila r p ro p erty . 
I t  seem s, how ever, th a t  th e  organ  w hich has th e  m a in  ro le, a t least in  a ce rta in  
on togenetica l s tage , is s till th e  th y m u s.

Sum m ary

X -ray s elicit ag e-d ependen t m odifications in th e  th y m u s  an d  th e  b u rsa  o f Fabric ius of 
chickens. A pplied a t th e  age of 3 days, no inv o lu tio n al re ac tio n  is elicited , while a t  3 weeks 
ty p ica l invo lu tio n al phen o m en a  ap p ear during  th e  f ir s t  few  h o u rs  a f te r  irrad ia tio n . W ith  th e  
dose app lied  all th e  changes w ere reversib le b o th  in th e  th y m u s  an d  in  th e  b u rse  o f a Fabricius. 
T hey  w ere m ore p ronounced  in  th e  th y m u s , w hich is m uch  m ore sensitive to  X -ray s th a n  
th e  b u rsa  of Fabricius.
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OBSERVATIONS ON AN OUTBREAK OF 
KLEBSIELLA  MASTITIS IN SOWS

By
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D e p a rtm e n t of A nim al H u sb an d ry , R oyal V e terin ary  College,
B o lto n ’s P ark , H aw k sh ead  R oad , P o tte rs  B ar, H e rts

(R eceived  Ja n u a ry  20, 1975)

Lake and  J ones  (1970) drew  a tte n tio n  to  th e  role o f Klebsiellae in th e  
cau sa tio n  of p o s t-p a r tu r ie n t disease in  th e  sow. The pu rpose  o f th is paper is 
to describe an a d d itio n a l o u tb re a k  in B uck ingham sh ire  an d  to  p resen t in fo r
m a tio n  on th e  econom ic effect an d  clinical course of th e  disease.

M ateria ls and  m ethods

In v estig a tio n s  w ere m ade in to  an o u tb re a k  of disease in  a closed herd  o f 
80 sows whose p ro g en y  was fa tte n e d  to  pork . T he sows w ere k ep t in a d ry  
sow  house (stalls) an d  were m oved  to  farrow ing  q u a rte rs  (cra tes) one w eek 
before  farrow ing. T h e  farrow ing  accom m odation  was cleaned  before e n try  o f 
th e  n ex t group o f pigs. A fter 3 w eeks th e  sows were m oved  to  m ulti-suck ling  
pens, w eaned a t  5 w eeks and  k e p t in  service pens w ith  boars un til a t le a s t 
3 weeks a fte r f ir s t  m a tin g  w hen th e y  w ere m oved to  th e  d ry  sow house.

R esults

G roups o f fem ales, u sua lly  betw een  6— 14 in  n u m b er, farrow ed a t 3 
w eeklv  in te rv a ls . I n  la te  D ecem ber 1971, th e re  occurred  th e  sud d en  d ea th  of 
four sows from  a b a tc h  of 8 sows. T h e  sows farrow ed  n o rm ally  b u t  up to  1 week 
earlie r th a n  was n o rm a l. The p ig le ts suckled  b u t th e  sows d ied  su dden ly  w ith in  
24 hou rs  of p a r tu r i t io n . A ro u tin e  w as ad o p ted  on th is farm  w hereby  the  a n i
m als th a t  did n o t e a t w ith in  8 hou rs  of farrow ing  received  an tib io tic s  (strep to - 
m ycin /penicillin ). N o response to  th is  tre a tm e n t was n o ted . N one of these  
sows was availab le  fo r  ex am in a tio n . The n ex t group of farrow ing  sows in m id- 
J a n u a ry  was also a ffec ted  h u t th e re  w ere no sudden  d ea th s . F ro m  th e  records, 
one sow farrow ed 13 o f w hich 9 w ere dead , a n o th e r sow 12 o f w hich 8 w ere 
d ead  and  th e  la s t  o f  th e  th ree  fa rrow ed  4 live p ig lets an d  7 dead . The b a tc h  
o f 7 sows in F e b ru a ry  farrow ed n o rm ally  in te rm s of l i t te r  size and  num ber 
born  dead and th e  fa rm er th o u g h t th a t  th e  p roblem  had  d isappeared .
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T he six sows th a t  farrow ed  in  ea rly  M arch were a ffec ted . In  th is  group , 
tw o  sows gave b ir th  to  d ead  litte rs  o f 8 and  9 p ig lets. Tw o sows gave b ir th  
to  l i t te r s  of 10 and  8 p ig le ts , all h o rn  alive and one sow p roduced  a l i t te r  of 
5 live  and  7 dead p ig le ts . The la s t sow  p roduced  a l i t te r  o f I I ,  of w hich 4 
w ere  dead .

T he sow w hich p ro d u ced  th e  l i t te r  of 8 dead p ig le ts  died su d d en ly  tw o 
d ay s  a f te r  farrow ing an d  was ex am in ed  a t  po stm o rtem . T here  was considerab le  
serous flu id  in th e  th o ra x  and  ab d o m en  b u t th is  w as th e  only  ab n o rm a lity  
v is ib le  o th e r th a n  in  th e  u d d er. All th e  14 glands of th e  u d d e r show ed a m arked  
congestion  w ith focal areas w here th is  colour change w as v e ry  m arked . No 
sam p les  were tak en  fo r la b o ra to ry  d iagnosis because o f th e  tim e  lapse betw een  
d e a th  and postm ortem .

T he late M arch — early  A pril g roup  of sows w ere also affec ted  and  a t 
th is  p o in t clinical e x a m in a tio n  o f th e  en tire  herd  w as m ade. Two sows h ad  
fa rro w ed  one week ea rly  in  th e  s ta lls . O ne sow had  p ro d u ced  9 stillb o rn  pig lets 
a n d  th e  o ther 8 s tillb o rn  and  4 live p ig le ts  w hich were su b seq u en tly  la in  upon. 
E x a m in a tio n  of these  sows rev ea led  no abnorm alities o f  th e  u d d e r or vag in a l 
d isch arg e .

No stock h ad  b een  p u rch ased  since O ctober, w hen  a new  boar was p u r 
ch ased . W ater supp lies w ere all m a in s  supplies, p ro p rie ta ry  food was used 
from  a single supp lier, an d  th e  an im als w ere bedded on shav ings and  saw dust. 
E x a m in a tio n  of th e  10 sows and g ilts  in  th e  farrow ing  house revealed  in fo rm a
tio n  w hich is recorded  in  T ab le  I . C h arac te ris tica lly , th e  sows had  e levated  
te m p e ra tu re s  v a ry in g  b e tw een  39.2 an d  41.2 °C, all sows ap p ea red  dull, w ere not 
in c lin ed  to  stand  and  w ere anorectic . A ll the  piglets ap p eared  u n d ern o u rish ed , 
w ere sta iry -coa ted  an d  w ere v e ry  po o r in  quality . N one o f th e  sows ap p eared  
to  h av e  a vaginal d ischarge  b u t th e  m am m ary  g lands o f 7 o f th e  sows were 
a ffec ted  to  some degree (see T able I). T h e  affected g lands were ex trem ely  h a rd , 
v e ry  reddened and  h o t to  th e  to u ch . M ost glands w ere d ry  b u t w hen  it  was 
possib le  to  draw  off som e flu id  th is  w as v e ry  th in  and  grey  in  colour. All 9 sows 
w ith  p ig lets had  v a ry in g  degrees o f ag a lac tia , and  th e  p ig le ts w ere lig h te r in 
w e ig h t a t 3 or 4 days o f  age th a n  a t  b ir th . The sows h ad  been tre a te d  w ith  
pen ic illin /s trep to m y c in  b u t th e re  w as no im pro v em en t in  cond itions of sows 
o r p ig le ts. A rtificial feed ing  of th e  p ig le ts  was in s titu te d .

T he litte r records revealed  th a t  10 ou t of the  p rev ious 34 litte rs  h ad  been 
co m p le te ly  lost an d  t h a t  137 of 412 pig lets horn  w ere s tillb o rn  or had  died 
d u rin g  th e  firs t w eek o f  life. R ec ta l, v ag in a l and  m ilk  sw abs w ere ta k e n  a t  th is  
p o in t and sam ples from  th e  p repuce  w ere also o b ta in ed  from  th e  boars used 
on th e  farm . These sw abs w ere n eg a tiv e  for pa thogens an d  i t  was th e n  decided 
to  s lau g h te r one o f th e  affected  sows. A sow (No. 5) w as th e n  an aesth e tized  
w ith  p en to b arb ito n e  sod ium , ex san g u in a ted  and su b jec ted  to  au to p sy .

Profuse, pu re  g ro w th  of K lebsiella  was o b ta in ed  from  all g lands wdiich
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Table I

Clinical signs in  th e  group of 10 sows

Sows Gilts

1 2 3 4 5 1 2 3 4 5

Clinically affected + + + + + + + + +

T em perature 39.2 39.5 39.2 40.1 40.7 39.4 39.7 40.1 40.6 41.2

N um ber of days a fte r 

farrow ing when 

exam ined 6 1 1 4 3 2 6 2 3 4

N um ber of piglets 

bo rn  alive 10 8 11 10 8 9 10 10 9 7

B orn dead 1 4 0 1 4 0 1 2 9 4

N um ber alive when 

exam ined 7 4 4 6 4 8 6 4 0 4

Milk supply Good Poor Poor Poor Poor Good Poor Poor D ry Poor

T o ta l num ber of 

glands 16 15 14 14 14 i6 14 14 14 14

N um ber of glanda 

affected 0 5 7 4 5 0 6 5 6

appeared  to  be c lin ica lly  affected , an d  also from  th e  cerv ica l and  m esen teric  
ly m p h  nodes, k id n ey , liver, sp leen an d  lung. D iagnosis o f  Klebsiella  in fec tion  
in  2 o th e r  sows (N os 2 and  4) w as o b ta in ed  b y  m a m m a ry  biopsy . S en sitiv ity  
te s ts  showed th a t  th e  Klebsiellae iso la ted  w ere sen sitiv e  to  neom ycin  and  p o ly 
m y x in  B.

Sam ples w ere ta k e n  to  d e te rm in e  th e  source o f th e  in fec tion  w ith in  th e  
herd  from  fresh sup p lies  o f w ater, food and  bedd ing , from  d rin k in g  bowls and  
m angers, from d ir ty  bedd ing , pen  p a rtitio n s  and  from  th e  nose, vag ina  an d  
u d d e r skin of th e  sow s an d  gilts in  th e  farrow ing  an d  fa tte n in g  houses. Klebsiellae 
w ere n o t iso lated  from  food, b edd ing  or w a te r or in a n im a te  ob jec ts in th e  sow 
houses, h u t th ey  w ere iso la ted  from  th e  nose and  u d d e r  sk in  of th e  sows.
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D iscussion

T here  are on ly  a few  rep o rts  o f Klebsiella  m astitis  in  sows (A d l e r , 1951; 
L a n g h a m  and  S t o c k t o n , 1953; H e l m b o l d t , 1953; J a m k h e d k a r , 1964) and  u n til 
re c e n tly  (L a k e  and  J o n e s , 1970) i t  h ad  n o t been  recorded  in  sows in  G rea t B rita in . 
I n  th is  o u tb reak  b o th  acu te  genera lized  in fec tion  and  acu te  m a s titis  occurred .

T he reason for th e  su d d en  ap p ea ran ce  o f th e  in fec tion  w ith in  th e  herd  
w as n o t  found. Close c o n tro l o f v is ito rs  w as m a in ta in ed  an d  access to  th e  pigs 
w as severe ly  lim ited . T h e  pu rch ase  o f  a h o ar sh o rtly  before th e  s ta r t  o f th e  
o u tb re a k  was view ed w ith  suspicion b u t  no Klebsiellae w ere iso la ted  from  p re 
p u tia l  or sem en sam ples an d  th e re  w as no re la tionsh ip  b e tw een  th e  use o f th is 
b o a r  an d  su b sequen t d isease in  sows and  gilts.

T he possib ility  o f in tro d u c tio n  of th e  disease v ia  th e  b ed d in g , w a te r or 
feed  w as in v es tig a ted  b u t  a t  th e  tim e  o f sam pling  th e y  d id  n o t co n ta in  K leb
siellae. T he  presence o f th e  organism  on th e  skin of th e  u d d e r an d  in  th e  nose 
w ou ld  suggest th a t  th e  organism  was ca rried  by  th e  sow, and  i t  w as n o t possible 
to  reco v er Klebsiellae from  an y  e q u ip m en t in  th e  stall house.

No regular p a t te rn  w as v isib le  in  th e  in itia l o u tb reak . T he 4 sows th a t  
d ied  w ere th ird - or fo u rtl i- l i t te r  sows an d  no t gilts as one m ig h t expec t. L a te r  
in  th e  o u tb reak  b o th  g ilts  an d  sows w ere affected . I t  was p ro b ab le  th a t  th e  
K lebsiellae  were tra n s m itte d  from  sow to  sow w hilst th e  an im als  w ere in  the  
d ry  sow  house. T he d ifferences in  su scep tib ility  p ro b ab ly  due  to  th e  degree 
o f  c o n ta c t w ith  th e  in fec tio n  w ould  accoun t for th e  v a ry in g  clin ical p ic tu re . 
I t  w as suggested th a t  re s is tan ce  developed  as th e  Klebsiella  in itia lly  caused 
su d d e n  d ea th , th en  a c u te  m a s titis  an d  fin a lly  agalac tia . R ep ea ted  sam pling  
o f  sow s and gilts d u rin g  M ay and  J u n e  failed  to  reveal th e  o rgan ism .

T he early  farro w in g  m ay  h av e  been  one of th e  c o n tr ib u to ry  fac to rs  to  the  
h ig h  m o rta lity  am o n g st th e  p ig le ts .

D uring  th e  perio d  u n d e r s tu d y  from  D ecem ber to  M arch  th e re  w ere 55 
fa rro w in g s and 592 p ig le ts  w ere b o rn  b u t  o f these  176 w ere b o rn  dead . E ig h ty  
p ig le ts  died during  th e  f i r s t  w eek o f life p rinc ipa lly  because o f ag a lac tia  in  th e  
sow s an d  su b seq u en t cru sh in g  of th e  w eakened  p ig lets. T h e  p ig le ts  from  the  
a ffec ted  sows took 3 — 5 weeks longer to  reach  a s ta n d a rd  p o rk  w eig h t th a n  th e ir  
co n tem p o ra ries  from  u n affec ted  litte rs .

T he appearance  o f th e  disease a t  or before farrow ing, th e  ex trem ely  high 
b o d y  tem p era tu re  o f th e  sows, p o ss ib ility  o f sudden  d ea th  an d  lack  o f response 
to  conven tiona l a n tib io tic  th e ra p y  are  to  be stressed . D iagnosis w as d ifficu lt 
w ith o u t reso rt to  la b o ra to ry  aids an d , in  p a rtic u la r , th e  use o f m a m m a ry  biopsy 
tec h n iq u e s  was to  be recom m ended .
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DETECTION OF MYCOPLASMA MELEAGRIDIS  
INFECTION OF TURKEYS IN HUNGARY
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L. S t i p k o v i t s , A. A. E l - E b e e d y  an d  L ea V arga

V ete rin a ry  M edical R esearch  In s t i tu te ,  H u n g a rian  A cadem y of Sciences, B u d a p e s t

(R eceived J a n u a ry  24, 1975)

In fec tio u s sinusitis o f tu rk ey s  caused b y  m ycop lasm es was f irs t  described b y  Ma r k h a m  
and  W ong  (1952). T he ag en t iso lated  fro m  th is  disease w as designated  as s t r a in  S6 
(Ad ler  et al., 1958), la te r  classified as serogroup  A (K l e c k n e r , 1960) which was n a m e d  as 
M ycoplasm a gallisepticum  species (E d w ard  and  K a n a r e k , 1960).

An a irsaccu litis  caused by  m ycoplasm a o th e r  th a n  M . gallisepticum  was f irs t  re p o rte d  
by  Ad l e r  e t al. (1958). The ag en t (s tra in  N ) w as classified as serogroup H  (K l e c k n e r , 1960) 
and  nam ed  M . meleagridis species (Yamamoto e t a l., 1965).

A ccording to several a u th o rs  (Yamamoto an d  B ig l a n d , 1965; Mohamed e t a l., 1965; 
Moham ed  an d  B o h l , 1967) M . meleagridis in fec tion  can  be d e tec ted  in tu rk ey  flocks v e ry  
often, causing  a irsaccu litis  and  p e rito n itis , “ leg w eakness”  an d  em b ry o  m o rta lity  (R e is  
e t al., 1970; R h o a d e s , 1971a, b ; A rya  e t a l., 1971).

R ecen tly  th e  p ro d u c tio n  of tu rk e y s  developed  in tensely  in H u n g a ry , 
b u t one of th e  m ost im p o rta n t v e te r in a ry  prob lem s is th e  disease due to  a ir  
sacculitis and  p e rito n itis . Since th is  pa th o lo g ica l p ic tu re  was recognized  in  
M . gallisep ticum -free tu rk e y  flocks, it  w as ju s tif ie d  to  perform  in v es tig a tio n s  
to  d e tec t th e  occurrence o f M ycoplasm a  species o th e r  th a n  M . gallisep ticum  
and  to  s tu d y  th e ir  biological and  path o lo g ica l p ro p ertie s .

Materials and methods

Two tu rk e y  flocks p rev iously  found  as M . gallisep ticum -hee  w ere e x a m 
ined epizooto logically , clinically , p a th o lo g ica lly , bacterio log ically  an d  se ro 
logically.

M ycoplasm a exam ination

Sam ples from  tra c h e a , air sac, p e rito n eu m  an d  ov id u c t of tu rk ey s  w ith  
heavy  a ir saccu litis  and  p erito n itis  w ere m inced  an d  a suspension of 1 : 10, 
1 : 100 an d  1 : 1000 d ilu tio n  was p rep a red  in  M icoplasm a  m edium  В ( E r n 0  

and  St i p k o v i t s , 1973), V F -m edium  (B a r b e r  an d  F a b r ic a n t , 1962) a n d  
m edium  c o n ta in in g  ch icken m eat-in fusion  (Y o d e r  an d  H o f s t a d , 1962). T h e  
cu ltiv a tio n , iso la tio n , cloning, as well as b iochem ical an d  serological e x a m in a 
tion  of th e  s tra in  w ere perform ed as described  elsew here (St i p k o v i t s , 1973). 
For serological id en tif ic a tio n  g ro w th -in h ib itio n  an d  m etabo lic -inh ib ition  te s ts
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w ere used  (St i p k o v i t s  an d  V a r g a , 1973), using  an tisera  ag a in st M . gal
lisep ticum , M . m eleagridis, M . synoviae, M . ga llinarum , M . anatis, M . gateae, 
M . iners, serogroups: C, D , F , I, J ,  K , L, Q, N an d  o ther m am m alian  a rg in in e 
sp li t t in g  M icoplasm a  species.

A ntib io tic  sen s itiv ity

T y lan , S p ec tam  an d  G allym ycin  w ere d ilu te d  in PBS in ten fo ld  d ilu tio n s 
from  10 m g/m l to  0.0001 m g/m l. F ilte r  p a p e r  discs 6.0 m m  in  d ia m e te r  w ere 
so ak ed  w ith  each a n tib io tic  d ilu tion  an d  p laced  on agar p la te s  in o cu la ted  by  
“ ru n n in g  d ro p ”  te c h n iq u e  w ith  0.1 ml b ro th  c u ltu re  (104, 105 an d  10° C FU /m l) 
o f  v a rio u s  M ycoplasm a  s tra in s , 2 M . m eleagridis  stra ins (Nos 600 and  618) 
iso la te d  from  th e  s tu d ie d  tu rk e y  flocks, 2 M . gallisepticum  s tra in s  (Nos 613 
an d  645) and  a M . gallinarum  (No. 614) s t r a in  cu ltiv a ted  from  o th e r tu rk e y  
fa rm s. In h ib itio n  zones w ere m easured  4 d ay s  a fte r  incubation .

Inoculation o f  tu rkey  embryos

M . m eleagridis s tra in  No. 618 was c u ltiv a te d  in m edium  В w ith o u t th a l
lium  a ce ta te . 0.2 m l o f 1 : 10 d ilu ted , 4 -d ay -o ld  M . meleagridis b ro th  cu ltu re  
(1.2 X  105 C FU /m l) w as in o cu la ted  in to  th e  a llan to ic  cav ity  of 9 -day -o ld  tu rk e y  
em bryos. As co n tro l th e  sam e am o u n t o f 3 d ay -o ld  b ro th  cu ltu re  o f M . ga lli
sep ticum  s tra in  N o. 613 (3 X 10r> CFU /m l) a n d  s te rile  b ro th  were in o cu la ted  in to  
o th e r  groups o f em b ry o s. E ach  group co n sis ted  of 7 em bryos. T he tim e  of 
d e a th  was recorded . R e-iso la tion  of th e  s tra in s  an d  th e ir su b seq u en t id e n tif ic a 
tio n  w ere perfo rm ed .

Inoculation o f  turkeys

0.2 m l o f th e  M . meleagridis (No. 618) cu ltu re  was in jec ted  e ith e r  in tra -  
tra c h e a lly  or in tra th o ra c a lly  to  tw o g ro u p s o f  seven tu rk ey s  a t  th e  age of 
3 d ay s. F ive  tu rk e y s  w ere k ep t as a c o n tro l g roup  inocu la ted  w ith  0.2 m l of 
s te rile  b ro th  in tra tra c h e a lly  and  in tra th o ra c a lly . The tu rk ey s  w ere observed  
c lin ica lly  for 7 w eeks. T hen  th e  b irds w ere k illed  and  p o stm o rtem  and  b a c te 
rio log ical ex am in a tio n s  (including M ycoplasm a  re-isolation) w ere carried  o u t. 
B efore and  a fte r  th e  ex p erim en t b lood  sam ples were ta k e n  fo r serological 
ex am in a tio n .

Serological exam ina tion

Serum  sam ples collected  in b o th  n a tu ra lly -in fec ted  flocks an d  from  
e x p e rim en ta l b ird s  w ere checked fo r th e  presence of M . m eleagridis a n t i 
bod ies b y  g ro w th -in h ib itio n  (Cl y d e , 1964) an d  ind irect Iraem ag g lu tin a tio n  
( K r o g s g a a r d , 1972) an d  of M . gallisepticum  an tibod ies by h acm ag g lu tin a tio n - 
in h ib itio n  (Mé s z á r o s , 1964) and  in d irec t h aem ag g lu tin a tio n  te s ts .
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Results

F ield  observation

Sign ifican t losses were observed  in  flock  No. 1 in th e  f irs t  and  second 
w eek (Table I) , th e n  deaths decreased  in  n u m b er. A fte r 7 weeks losses 
increased  again . A t th is  tim e ch a ra c te ris tic s  of E . coli in fec tion  were found  in  
d ied  tu rk ey s . D e a th s  in flock No. 2 w ere o f low er ra te  an d  pro longed . P a th o 
logical p ic tu re  o f  th e  E . coli in fec tio n  w as fo u n d  ra re ly  in  diseased b ird s. No 
o th e r  in fectious diseases (N ew castle  d isease, A rizona in fec tion , cholera, pox , 
aspergillosis) w ere observed  and no live vaccines w ere used in th e  flocks.

No special c lin ica l sym ptom s w ere observed  in  po u lts  in  th e  f irs t week. 
T he w eight ga in  slowed down in  20— 30%  of th e  b ird s from  th e  second 
w eek on. L ack o f  a p p e tite  and  anaem ic  m ucous m em b ran e  w ere no ticed  in  th e  
d iseased  b irds. O n ly  2 —3%  of th e  tu rk e y s  suffered  from  m ild  sinusitis  and  
disease of th e  u p p e r  re sp ira to ry  t r a c t .  “ Leg w eakness”  occurred  a t th e  age of 
8 —10 weeks. A t th e  postm ortem  e x a m in a tio n  fib rinous p e rito n itis , abdm oinal 
a ir  sacculitis a n d , seldom , sa lp in g itis  o f  v a riab le  sev e rity  w'ere seen. 
No synov itis a n d  a r th r itis  were fo u n d . B ac terio log ica l ex am in a tio n  o f th e  
in te rn a ] organs o f  y oung  tu rk ey s g av e  n eg a tiv e  re su lts . F rom  th e  h e a r t, th e  
liver and  a ir sac o f  o lder tu rk ey s  (7-w eek-old) E . coli was iso la ted .

From  sam ples o f th e  trach ea , a n d  a ir sacs of tu rk e y s  2 M ycoplasm a  s tra in s  
(Nos 600 and  618) w ere iso lated . T h e  s tra in s  requ ired  cho lestero l, w ere sen-

ТаЫ е 1

D eath  ra te  in tu rk ey  flocks in fec ted  b y  M ycop lasm a  meleagridis

D eath rates in per cent

Age,
weeks

Flock No. 1 
(7720 turkeys)

Flock No. 2 
(4110 turkesy)

l 2.4 0.5

2 1.8 0.9

3 0.4 0.4

4 0.9 1.2

5 0.4 1.1

6 0.3 0.2

7 1 .0 0.3

8 1 .0 0.2

9 2.5 0.2

10 3.5 0.2
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s itiv e  to  sodium  p o ly an c th o l su lp h o n a te  and  d ig iton in , sp litte d  arg in ine , b u t 
d id  n o t sp lit glucose, aescu lin , a rb u tin , m annose , galactose, so rb it, cellobiose, 
xy lose  an d  u rea, and  d id  n o t p roduce  “ film  and  sp o t”  and  p h o sp h a tase . 
O n ly  th e  M . meleagridis re ference  serum  in h ib ited  th e  g row th  and  m etabo lic  
a c t iv i ty  o f th e  s tra in s ; no sera  p rep ared  ag a in st o th e r av ian  M ycoplasm a  
species or serogroups or m am m alian  arg in ine-positive  M ycoplasm a  gave an y  
p o sitiv e  reaction .

B y te s tin g  th e  an tib io tic  se n s itiv ity  of th e  iso la ted  M . meleagridis s tra in s  
i t  w as found  th a t  th is  species is m uch  m ore re s is tan t to  T y lan  (0.01 m g/m l) 
an d  S p ec tam  (0.1 m g/m l), an d  especially  to  G allim ycin  (10 m g/m l) th a n  th e  
M . gallisep ticum  s tra in s  (0.01, 0.001 an d  0.0001 m g/m l, respective ly ).

In fection  o f  embryos and turkeys

R esu lts  of in fection  o f  tu rk e y  em bryos are  d e m o n s tra te d  in  T ab le  I I ,  
show ing  a high k illing effect o f b o th  M . gallisepticum  and  M . meleagridis 
s tra in s . H yperaem ia , oedem a, som etim es haem orrhages an d  fib rinous spots 
w ere observed  in th e  d ead  em bryos. T he M ycoplasm a  s tra in s  re-iso la ted  from  
th e  em bryos proved  to  be M . gallisepticum  and  M . meleagridis, resp ec tiv e ly .

R esu lts  of in fec tion  o f tu rk e y s  are  sum m arized  in  T ab le  I I I .  No d e a th  
w as observed . In  th e  b ird s  k illed  7 w eeks a fte r  in tra tra c h e a l or in tra th o ra c a l 
in fe c tio n  severe a irsaccu litis , p e rito n itis  and  som etim es sa lp ing itis  w ere de
te c te d . No lesions w ere p re se n t in  th e  con tro l b irds. M . meleagridis w as re 
iso la ted  from  th e  in fec ted  tu rk e y s .

Serological exam ination

No antibod ies a g a in s t M . gallisepticum  were d e tec ted  in  serum  sam ples 
co llec ted  from  th e  flocks a t  v a rio u s ages an d  from ex p erim en ta l b ird s before, 
a n d  7 weeks a fte r in fec tio n  b y  h aem ag g lu tin a tio n  in h ib itio n  an d  in d irec t 
h aem ag g lu tin a tio n  te s ts . On th e  o th e r  h an d , M . meleagridis an tib o d ies  w ere

Table II

R esu lts  of a rtifica l infection  of tu rk ey  em bryos w ith  M . meleagridis and  M  . gallisepticum

M . meleagridis M . gallisepticum Control

Experim ent
No, Infected/dead

embryos
Average 

survival tim e, 
days

Infected/dead
embryos

Average 
survival time, 

days

Inoculated/ 
dead embryos

Average 
survival tim e

l 7/5 5.6 7/5 8.4 7/0 h a tch ed
2 7/7 4.7 no t done 7/0 h a tch ed
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Table II I

R esu lts o f  artificial infection of tu rk ey s  w ith  M . meleagridis

Groups
Number

of
turkeys

Turkeys
with

patho
logical
lesions

Serological examination

M . meleagridis M. gallisepticum

GI* IHA* HG* IHA*

pos. neg. pos. neg. pos. neg. pos. neg.

In fec ted  in tra trach ea lly 7 7 6 l 4 3 0 7 0 7

Infected  in tra tho racally 7 7 7 0 4 3 0 7 0 7

U ninfected  control 5 0 0 5 0 5 0 5 0 5

GI, grow th in h ib itio n ; IH A , indirect h aem ag g lu tin a tio n ; H G ,haem agglutination .

show n in m ost o f th e  exam ined field  sera  b y  b o th  th e  g ro w th -in h ib itio n  an d  
th e  ind irec t h aem ag g lu tin a tio n  te s ts . B efore in fec tio n  th e  b irds were sero log
ically  negative, b u t  7 weeks after th e  a rtif ic ia l in fec tion  a serological response 
was confirm ed in m a n y  b irds. The n o n -in fec ted  tu rk e y s  rem ained  serologically  
negative .

Discussion

This is th e  f i r s t  re p o rt about M . meleagridis in fec tion  of tu rkeys in H u n 
g ary . F rom  tw o M . gallisepticum -iree  tu rk e y  flocks M . meleagridis s tra in s w ere 
iso la ted . The e x a m in a tio n  of these flocks d e m o n s tra te d  serological p o s itiv ity  
o f th e  b irds. In d ire c t haem ag g lu tin a tio n  and  g ro w th -in h ib itio n  tests  w ere 
sa tis fac to ry  for th is  pu rpose , as i t  w as described  b y  M o h a m e d  and  B o h l  
(1968), and  by  O g r a  an d  B ohl  (1970).

The iso la ted  M . meleagridis s tra in s  show ed a d e fin ite  pa thogenic  effect 
on tu rk e y  em bryos, as well as on 3-day-o ld  tu rk e y  p o u lts , p roducing  fib rinous 
a ir sacculitis and  p e r ito n itis . These re su lts  are  in  co rre la tio n  also w ith  p u b 
lished  d a ta  ( R e is  e t  ah , 1970; R h o a d e s , 1971a, b; A r y a  e t ah , 1971).

M . meleagridis in fec tion  p roducing  a red u c tio n  in  w eight gain of b ird s 
an d  pathological lesions can be very  m u ch  in flu en ced  by  poor hygienic con d i
tio n s, and  by  E . coli in fec tio n  resu lting  in  a s ig n ifican t loss o f th e  flocks.

The iso la ted  M . meleagridis s tra in s  show ed a to ta l  resistance  to  Galli- 
m ycin  (e ry th ro m y cin ) an d  th ey  were m ore  re s is ta n t to  T y lan  and  S pectam  
too  in  com parison w ith  M . gallisepticum . T hese re su lts  con firm ed  our general 
o b se rv a tio n  ( E r n 0 a n d  S t i p k o v it s , 1973; S t i p k o v i t s  e t ah , 1974) th a t  th e  
arg in ine-sp littin g  M ycoplasm a  species are  m ore  re s is ta n t to  e ry th ro m y c in

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



222 STIPKOVITS et al.

th a n  th e  g lucose-positive ones, and  th e  p ra c tic a l o bserva tion  o f ineffec tiveness 
o f G allim ycin  in  flocks in fected  w ith  M . meleagridis.

A ccording to  o u r observ a tio n  in  H u n g a ry  th e  p rac tica l im p o rtan ce  o f 
M . meleagridis in fec tio n  in  tu rk e y  flo ck s is m uch h igher th a n  th e ir  M . galli- 
sep ticum  in fection . T he differences in  m e th o d s  of t re a tm e n t an d  c o n tro l of 
th e  M . meleagridis an d  M . ga llisep ticum  in fections dem and  th e ir  d iffe ren tia l 
d iagnosis. F rom  th is  p o in t of view  som e a lte ra tio n s  in  ep izooto logy , clin ical 
sy m p to m s and  patho lo g ica l lesions o f  th e se  diseases (as th e  o ccu rrence  of 
d isease due to  th e  M . meleagridis in fe c tio n  in  young tu rk ey s , th e  lack  of sy m p 
to m s o f th e  upper re sp ira to ry  t r a c t ,  p red o m in an ce  of abdom inal a irsaccu litis  
a n d  p e rito n itis) are im p o rta n t h u t th e y  should  he com pleted  b y  serological 
te s tin g  of tu rk e y  sera  w ith  both  M . m eleagridis and M . gallisepticum  an tig en s 
as w ell as by  iso la tio n  o f  th e  M yco p la sm a .

S u m m ary

M ycoplasm a meleagridis infection w as d e m o n s tra ted  in tw o M ycoplasm a gallisepticum  - 
free  tu rk e y  flocks by  iso lation  of M . m eleagridis s tra in s  from  tu rk ey s  an d  d e tec tio n  o f a n ti 
bodies ag a in st th is species in  tu rk ey  sera. M . meleagridis p roved to  be m ore re s is ta n t  to  G alli
m y cin  (e ry th rom ycin ) th a n  M . gallisepticum . P a th o g en ic  role of M . meleagridis w as p ro v ed  
b y  a rtif ic ia l infection  of tu rk e y  em bryos a n d  3 -d a y -o ld  poults. The in fec ted  tu rk e y s  developed  
severe  a irsaccu litis and  p e rito n itis  and a se ro lo g ical response.
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DATA ON DETERMINATION OF TOXIN F-2 
(ZEARALENONE) BY HIGH-PRESSURE LIQUID,

GAS AND THIN-LAYER CHROMATOGRAPHY
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In s t i tu te  for A nim al H ygiene, U n iversity  of V e te rin a ry  Science, P H Y L A X IA  V eterin ary  
B iologicals an d  Feedstu ffs Co., and  V eterin ary  M edical R esearch  In s ti tu te ,

H u n g a rian  A cadem y of Sciences, B udapest

(R eceived F eb ru a ry  11, 1975)

M ycotoxicoses are  caused in anim als b y  feeds c o n ta m in a te d  by  tox in - 
p ro d u c in g  fungi. M any fungus species have  been d e m o n s tra te d  in  feedstuffs, 
an d  som e of th ese  h av e  been found to  produce  tox in . A ltho u g h  th e  syndrom es 
associa ted  w ith  m ycotoxicoses are generally  ch a rac te ris tic , precise diagnosis, 
id e n tif ic a tio n  of th e  causal agen t and e lab o ra tio n  of an  a p p ro p ria te  m eth o d  
of d e to x ifica tio n  req u ire  closer investiga tions by  m ethods of an a ly tica l chem 
is try .

F u n g u s species belonging to  th e  genus F usarium  have  been iden tified  
as a m ain  source o f m ycotoxicoses. A p a rt from  th e ir  de leterious effect on 
an im al h e a lth , th e y  are  also of public h e a lth  im p o rtan ce , occurring  in  ce rta in  
com m on h u m an  foods. In  view  of th is an d  o f th e  fa c t th a t  th e ir  s tru c tu re , 
ab so rp tio n  and  m etab o lism  have becom e know n, an im p ro v em en t in  th e  chem 
ical assays of th e  to x in s  is o f im m ed ia te  in te re s t. In  th e  course of re la ted  
in v es tig a tio n s  in  th is  In s t i tu te , co m p ara tiv e  chem ical assays o f th e  to x in  
F-2 (zearalenone) w ere perfo rm ed . The m eth o d s m ay  be su itab le  for th e  dem on
s tra tio n  of o th e r to x in s  as well in feed sam ples.

Experimental

1. Two m eth o d s of tox in  e x trac tio n  w ere te s te d  in respect of efficiency, 
p u r ity  of th e  p ro d u c t an d  econom y. The f irs t  m e th o d  (M ir o c h a  e t al., 1967) 
is based  on so lu b ility  differences betw een  to x in  F-2 and  co n tam in a tin g  su b 
stances, in  organ ic  so lv en ts , th e  second (M ir o c h a  e t ah , 1974) on a chem ical 
reac tio n

2. I t  w as ex am in ed  w h e th e r th in -la y e r ch ro m a to g rap h y , w hich is w idely 
em ployed  for th e  q u a n ti ta t iv e  d e te rm in a tio n  of F -2, can  be com bined  w ith  
a p h o to -d en sito m e tric  m eth o d  of ev a lu a tio n . D ifferen t m ethods of de tec tion  
(M ir o c h a  et ah, 1974; Sa r u d i , 1974) were checked  for sen s itiv ity .
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3. In  the  course o f q u a n ti ta t iv e  d e te rm in a tio n s  o f F-2 by  gas c h ro m a to 
g ra p h y , th e  sen s itiv ity  o f  th e  av a ilab le  in s tru m e n t for F-2 m easu rem en t was 
te s te d  and  the  low er l im it  o f m easu rab le  q u an titie s  w as estab lished .

4. T oxin d e te rm in a tio n s  w ere ca rried  ou t by  h igh -p ressu re  liqu id  ch ro 
m a to g ra p h y , w hich seem s to  be a re liab le  an a ly tica l m e th o d  for th e  purposes 
o f  fusario tox icosis research .

Materials and methods

Fungus culture. G o o d -q u a lity  m aize was sterilized  in  th e  au to c lav e  and  
in fe c te d  w ith  a F u sa riu m  culm orum  s tra in  iso la ted  in  H u n g ary , w hich  had  
p rev io u sly  been show n to  cause o edem a of th e  v u lv a  in sows. T he fungus was 
a llow ed  to  grow in th e  m aize for one w eek a t room  te m p e ra tu re , th e n  th e  cu l
tu re  w as k ep t for a n o th e r  w eek a t 10— 1 2 ° C to  p ro m o te  to x in  p ro d u c tio n , 
a n d  again  a t room  te m p e ra tu re  for one m o n th . T he cu ltu re  was th e n  dried  
b y  w arm  air flow an d  g ro u n d . T he to x in  was e x tra c te d  from  th is  m eal.

Extraction procedure 1. T he m aize m eal was e x tra c te d  in  Soxh let a p p a 
ra tu s  for several hours w ith  sixfo ld  excess volum e o f m eth y len e  ch loride or 
ch lo ro fo rm . The e x tra c t  was d istilled , th e  ch lo ro fo rm -con tain ing  residue  was 
tra n s fe rre d  in to  a se p a ra to ry  funnel w ith  ace ton itrile  an d  was shaken  w ith  an  equal 
a m o u n t of petro leum  e th e r. T he ace to n itrile  phase w as ev ap o ra ted , d isolved 
in  chloroform  and  p u rified  by  co lum n ch ro m ato g rap h y .

Extraction procedure I E  T he  m aize  m eal was s lig h tly  m o istened  (10 — 
2 0 % ) an d  e x trac ted  w ith  e th y l a c e ta te  in Soxhlet a p p a ra tu s  as above. T he 
so lv e n t was rem oved, th e  sem i-d ry  residue was re c o n s titu te d  in ch loroform , 
m ix ed  w ith  10 m l 0.1 N  sodium  h y d ro x id e , and  cau tio u sly  shaken  severa l 
tim es in  a sep a ra to ry  funnel. T he com bined  alkaline phases w ere a d ju s te d  
to  p H  9. 5 w ith  H 3P 0 4 an d  w ere p a r ti t io n e d  again w ith  chloroform . The organic 
p h ase  was dried w ith  N a 2S 0 4 and  ev ap o ra ted .

Column chromatography. A c tiv a te d  silica gel (m esh size: 170—200) 
(M erck) was filled  in to  a co lum n of 30 X 1.60 cm. T he ra tio  of d ry  silica gel to  
th e  e x tra c t to  be p u rif ied  was 100 : 1. T he b est reso lu tio n  was o b ta in ed  by  
g ra d ie n t elu tion  ch ro m a to g ra p h y , w ith  th e  follow ing p rog ram m e: ch loroform , 
s tep -g rad ed  acetonous ch loroform  (2, 5, 10, 30, 50% ) an d  10%  aqueous ace
to n e . T he fina l vo lum e o f th e  la s t m ix tu re  was 100 m l, th a t  o f each p reced ing  
m ix tu re  50 ml. F if ty  frac tio n s , each  8 m l, were collected . T ox in  F-2 w as e lu ted  
in  th e  12th to  16th frac tio n s  (in 10%  o f th e  to ta l  vo lum e o f e luan t). T he fra c 
tio n s  w ere d e tec ted  e ith e r  in  UV lig h t or w ith  spo t te s t , a f te r  sp o t ap p lica tio n  
o f th e  e luate  to  a th in - la y e r  p la te  p rev io u sly  sp ray ed  w ith  2%  aqueous 4-brom - 
b en zen e-d iazo n iu m -flu o ro b o ra te  re a g e n t, w hich tu rn s  yellow  in presence of 
th e  to x in .
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T hin-layer chromatography

L ayer: 0.25 m m  th ick  silica gel (P o lygram  SIL  G, M acherey-N agel Co.).
D eveloping so lven t: m e th a n o l : chloroform  (5 : 95).
V isualiza tion  of spots:
(a) in  2 %  4 - b ro m - b e n z e n e -d ia z o n iu m - f lu o ro b o r a te  (Sa r u d i , 1974), yellow  

co lo u r ;
(b) in  5 0 %  m e t h a n o l —H 2S 0 4 a n d  s u b s e q u e n t  e x p o s u re  a t  1 2 0 °C fo r  10 

m in u t e s  (M ir o c h a  e t  al .,  1974; M a l l i n s  e t  al .,  1965), d a r k  b r o w n  co lour;
(c) in  fresh ly  p repared  1 : 1 m ix tu re  of 1%  aqueous K -jF e^N ),, and  2%  

aqueous FeC l3 (M ir o c h a  e t a l., 1974), v iv id  blue colour.
A know n q u a n tity  o f s ta n d a rd  F-2 to x in  was app lied  as a sp o t to  th e  

c h ro m a to g ra p h y  p la te  and d ev e lo p m en t was carried  o u t in  a glass cham ber 
p rev io u sly  s a tu ra te d  w ith  so lv en t v a p o u rs . Q u a n tita tiv e  e v a lu a tio n  was m ade 
in  an  A naly tro l B eckm an ty p e  p h o to -d en sito m ete r a t  550 nm , using  1 m m  
slit w id th .

P la tes  2 0 x 2 0  cm in size, co a ted  w ith  Kieselgel G (M erck) in  th is  lab o 
ra to ry , w ere used for ev a lu a tio n  o f e x tra c tio n  experim ents an d  fo r id en tif ic a 
tio n  o f th e  ch rom atog raph ic  frac tio n s .

H igh-pressure liquid  chromatography

A p p a ra tu s : Pye-U nicam  LCM-2 liqu id  ch rom atog raph .
D e tec to r: m oving wire sy stem  w ith  flam e ion iza tion  d e tec to r .
C olum n: 25 cm long b y  2.3 m m  ID  sy lila ted  glass.
C olum n packing  m a te ria l: M erckosorb SI 60 silica gel (size: 10 р т )  

(M erck).
P ressu re  drop: 1260 psi a t  0.7 m l/m in flow ra te .
E lu e n t: chloroform  : m e th a n o l (96 : 4).
S ta n d a rd  F-2 to x in  was in je c te d  in to  th e  colum n in th e  form  o f a 5 pg /p l 

so lu tio n  in  chloroform , w hile th e  p ressu re  was reduced  to  a tm o sp h eric . The 
e lu tio n  volum e of F-2 was 1.96 m l u n d er the  given co n d itions (2.8 m in).

Gas chromatography

A p p a ra tu s : JE O L  ty p e  810 d u a l channel gas ch ro m a to g rap h .
D e tec to r: F ID , w ith  b lock te m p e ra tu re  of 240°C.
Colum n: sy lila ted  glass, 2 m long, w ith  2.3 m m  in n e r d iam ete r.
Colum n packing m ate ria l: 2 %  SE-30 or OV-17 s ta tio n a ry  phase  on Gas- 

Chrom  Q 80— 100 m esh  so lid  su p p o rt. T heore tical p la te  n u m b er 3800. 
C arrier: n itrogen , flow  ra te  20 m l/m in  a t 25 psi.
In jec tio n : 0.5—2.0 pi w ith  H am ilto n  syringe.
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Sylilation: w ith  T R I-S Y L  (Pierce, USA), 0.1 m l for 0.5 m g m a te ria l, 
a t room te m p e ra tu re .

The peaks w ere e v a lu a te d  w ith  a ty p e  D ig in t 21 e lectron ic  d ig ita l in te 
g ra to r  (C H IN O IN , B u d a p e s t) .

R esults

E x tra c tio n  re su lts  d iffered  m arked ly , depend ing  on th e  applied  p rocedure. 
T h e  p roduc t o b ta in ed  w ith  procedure I  was less p u re  th a n  requ ired , because 
a c e to n itr ile  also d isso lv ed  substances o th e r th a n  th e  to x in . The crude e x tra c t 
th u s  ob tained  has to  b e  pu rified  fu r th e r  b y  co lum n ch ro m ato g rap h y  w hen 
used  for chem ical an a ly s is .

P rocedure I I  a p p e a re d  to  be th e  m ost su itab le  for th e  ex trac tio n  of 
resorcyclic  ac id -lac to n e-ty p e  to x in s: th e  enolates fo rm ed  in  th e  aqueous phase 
re -e n te r  the  organic p h a se  on acid ifica tion . E m ulsion  fo rm atio n  tak in g  place 
betw een  the  aqueous a lk a lin e  phase and ch loroform , how ever, p resen ted  a g rea t 
p rob lem . V arious so lv e n ts  (e ther, e th y l ace ta te ) w ere te s te d  to  elim inate th e  
em ulsion , b u t could  sca rce ly  a tta c k  it, even on exposu re  for several days. 
A p a r t  from  th is d iff ic u lty , v e ry  little  am o u n ts  of th e  to x in  were released  in  
th e  alkaline m edium . T h is  d ifficu lty  can be su rm o u n te d  if, a t shaking  o u t, cau 
tio n  is exercised to  m a in ta in  phase in te rfaces , w hile th e  n u m b er of alkaline 
p a r ti t io n s  is increased .

A lthough th e  e x t r a c t  o b ta in ed  w ith  p ro ced u re  I I  is q u a n tita tiv e ly  in fe
r io r  to  th a t  o b ta in ed  w ith  procedure I , its  q u a lity  is superio r, no t req u irin g  
fu r th e r  pu rifica tio n  fo r use in  any  k ind  of chem ical analysis .

The colum n-chrom atography method is e x tra o rd in a r ily  m ateria l- and  tim e- 
consum ing . I t  is n e v e rth e le ss  ind ispensable  w henever la rg e r am ounts of e x tra c t 
a re  desired. G ra d ie n t-e lu tio n  ch ro m ato g rap h y  has m ade possib le th e  sep ara tio n  
o f  chem ically  v e ry  s im ila r  tox ins [F-5-3(8’-hydro x y -zeara len o n ) and  F-2] 
from  one an o th er in  a h ig h ly  pu re  s ta te . T he p h o to m e tric  ev a lua tion  of th is 
process is show n in  F ig . 1, in  w hich th e  con tinuous line rep resen ts  th e  orig inal 
to x in  m ix tu re  (D), a n d  th e  d o tted  and  b roken  lines, resp ec tiv e ly , th e  frac tions 
F -5 -3  (DrlI) and  F-2 (D v) o b ta in ed  on sep ara tio n .

The m ain aim  o f o u r stud ies on thin-layer chromatography  was th e  com 
p ariso n  of su itab le  m e th o d s  for de tec tio n  of F-2 to x in . In v es tig a to rs  have 
genera lly  p referred  e v a lu a tio n  by  UV. Search has been m ad e  for o ther m ethods 
w hich  are as e ffic ien t as th e  UV procedure, b u t  s im p ler an d  also f i t  in  w ith  
th e  w avelength  ran g e  o f  o u r densitom eter. I t  appears t h a t  th e  azo-dye reac tio n  
p roposed  by Sa r u d i  (1974) and  th e  su lphuric  acid  t r e a tm e n t w h it charring  
com m only  used in  lip id  analysis are  m ore sen sitive  th a n  th e  UV procedure. 
T h e  resu lts of d e n s ito m é tr ie  m easurem ents are show n in  Fig. 2. The co n tin .
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F ig . 1. P h o to d en sito m etric  evalu a tio n  o f th e  original e x tra c t and  of th e  to x in  frac tions 
sep ara ted  by  co lum n ch ro m atography

Fig. 2. E v a lu a tio n  of d e tec tio n  m ethods by  p h o to d en s ito m etry

u ous, d o tted  and  b ro k en  lines re p re se n t th e  resu lts  o b ta in ed  w ith  the  d e te c 
tio n  m ethods (a), (b) an d  (c), re sp ec tiv e ly ; th e  sen sitiv ity  o f th e  form er tw o 
w as 0 .3 —0.4 pg to x in , w hereas of th e  la t te r  0.5 — 0.6 pg to x in  w hich, according 
to  o u r experience, eq u a l th a t  o b ta in a b le  by  UV developm ent.

T he best re su lts  w ere o b ta in e d  w ith  th e  co m b in a tio n  o f m ethods (a) 
an d  (c). On sp ray ing  w ith  reagen t (a), th e  resorcylic a c id - la c to n e  deriva tives 
show ed  a yellow colour reaction , an d  on su b seq u en t ap p lica tio n  o f th e  su lphuric  
ac id -co n ta in in g  reag en t (6) all o rgan ic  com pounds p resen t in  th e  system  w ere 
v isua lized .

F o r gas chromatography, a v o la tile  trim e th y l-sy lil d e riv a tiv e  (M i r o c h a , 

1967) w as used u n d er th e  usual co n d itio n s of gas c h ro m a to g rap h y . In  e x tra c ts  
o b ta in e d  by  procedure I I ,  th e  to x in  F-2  was de term ined  q u a n tita tiv e ly  several
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tim e s  w ith  alpha-D -g lucose or lactose used  as in te rn a l s ta n d a rd . The low est 
a m o u n t required  for an a ly s is  was found to  be 0 .1 —0.25 /ag. The gas ch rom a
to g ra m  of the  to x in  F-2  (p eak  No. 2), ta k e n  a t 4 °C /m in  u n d er program m ed 
co n d itio n s (peak N o. 1, a lpha-D -glucose), is show n in  F ig . 3.

L iqu id  chromatography  was found  to  be th e  a n a ly tic a l m ethod  of choice 
fo r  to x in  d em o n stra tio n , because  it  com bines various ad v an tag es  of th e  o ther 
ch ro m ato g rap h ic  m e th o d s . I t  can  be as w idely em ployed  as th in -lay e r and

Fig. 3. Gas ch ro m a to g ra m  of to x in  F-2 Fig. 4. L iqu id  c h ro m a to g ram  of to x in  F-2 
(T M S/ether)

co lum n ch ro m a to g rap h y , w hile being as effic ien t and  a c c u ra te  as gas ch ro m a
to g ra p h y . The su b stan ces  to  be analyzed  are passed th ro u g h  the  colum n in a 
so luble  s ta te . W ith  th e  recen tly  developed h ig h -reso lu tion  colum n m ateria ls  
( K i r k l a n d , 1971; L o c k e , 1973) th e  reso lu tion  c a p ac ity  o f gas ch ro m ato g rap h y  
has been reached. A n o th e r  im p o rta n t ad v an tag e  is ra p id ity :  reliable q u a n ti
ta t iv e  evaluation  needs 100 to  1000 tim es less tim e th a n  w ith  colum n ch rom a
to g ra p h y  and 10 to  100 tim es less th a n  w ith  th in - la y e r  ch ro m ato g rap h y  
( K ir k l a n d , 1971).

In  the  p resen t s tu d ie s  10 urn silica gel (Ma j o r s , 1972) was used as colum n 
m a te r ia l in th e  se p a ra tio n  phase. W ith  chloroform  : m e th an o l (96 : 4) used as 
m obile phase, th e  ch ro m a to g ram  show n in  Fig. 4 w as o b ta in ed .
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T he m easu rem en ts  were m ade in  th e  lin ear range of th e  app lied  d e te c to r . 
T h e  responses o b ta in ed  w ith  th e  P y e-U n icam  tra n sp o rt d e te c to r  are p lo tte d  
a g a in s t th e  co n cen tra tio n s of F-2 in  F ig . 5.

T oxin  d e te rm in a tio n  b y  liqu id  ch ro m ato g rap h y , as described  in  th e  
foregoing, is on ly  regarded  as a p re lim in a ry  procedure. I t  is schedu led  to  
in crease  th e  se n s itiv ity  of the  m e th o d  to  th e  ran g e  of 0.1 pg, b y  using a liqu id - 
ch ro m a to g rap h ic  UY m onito r and  new  chem ically  b o und  phases ( L e i t c h  
an d  D e St e f a n o , 1973).

Fig. 5. D e tec to r response of to x in  F-2 in  liqu id  ch ro m ato g rap h y

Conclusions

A lkaline e x tra c tio n  (procedure I I )  shou ld  be p re fe rred  to  ace to n itrile  
e x tra c tio n  (p rocedure I) for to x in  se p a ra tio n  from  th e  crude e x tra c t, because 
th e  p ro d u c t o b ta in ed  b y  th e  fo rm er m e th o d  is o f a h igher p u r ity .

V isualiza tion  by  m ethods o p e ra ted  in  visible ligh t is e ith e r  eq u iv a len t 
o r su p erio r to  d e tec tio n  in UV lig h t, if  th e  coloured p ro d u c ts  form ed are  
e v a lu a te d  b y  p h o to -d en sito m etry .

T he liqu id  c h ro m a to g rap h y  m eth o d  in itia te d  in these  In s t i tu te s  for to x in  
d e te rm in a tio n  offers a va luab le  new  p ro ced u re  in  fusario tox icosis research . 
I ts  m a in  ad v an tag e  over the  sim ilar p rocedures is th a t  th e  sam ple  req u ires
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no m an ip u la tio n  p r io r  to  app lica tion , an d  th e  ch ro m ato g rap h ic  d a ta  can  he 
easily  in te rp re ted .
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fo r k ind ly  supply ing  th e  s ta n d a rd  F-2 p re p ara tio n  used  in  th is  s tu d y .

S um m ary

T he m eth o d s of e x tra c tio n  of resorcylic ac id -la c to n e  (F -2 , zearalenon) to x in s were 
s tu d ied  w ith  special re g ard  to  th e  end p ro d u c t o b ta in e d  from  th e  crude  ex tract.

S tudies in  v isu a liz a tio n  in th in -layer ch ro m a to g ram s show ed th a t  q u a n tita tiv e  d e te r
m in a tio n  of th e  frac tio n s  can  be carried ou t by  ev a lu a tio n  of th e  colour reactions by  p h o to 
densitom etry .

Q u an tita tiv e  d e te rm in a tio n s  by gas c h ro m a to g ra p h y  w ere exam ined  for sen sitiv ity .
A m ethod  e la b o ra te d  in  th is In s ti tu te  for to x in  d e te rm in a tio n  by  h igh-pressure-liqu id  

ch ro m ato g rap h y  h as th e  g re a t  adv an tag e  th a t  dissolved to x in  can  be used as te s t  m a te ria l 
w ith o u t fu rth e r m a n ip u la tio n  and  the  ch ro m ato g rap h ic  responses o b ta ined  are su itab le  for 

q u a n tita tiv e  ev a lu a tio n .
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EXPERIMENTAL INFECTION OF CHICKENS, 
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D e p a rtm e n t of G enera l Zoology and P a ra sito lo g y ,

U n iv ersity  of V e te rin a ry  Science, B u d a p es t 

(R eceived M arch 10, 1975)

There have been  sc a n ty  and con tro v ersia l in fo rm atio n s av a ilab le  b o th  on th e  v a lid ity  
and  h o st ran g e  of d iffe re n t species of A m id o sto m u m , g izzard  dw elling  nem atodes of w a te r 
b irds. O f various species assigned to th e  genus, 6 an d  10 w ere recognized as being va lid  b y  
Cz a plin sk i (1962), a n d  R h yzhik o v  a n d  K o b u l e j  (1971), resp ec tiv e ly . Based on fau n is tic  
descrip tions, the  h o st lis t o f A m idostom um  anseris (Zeder, 1800) ran g es over 21 species of b ird s, 
includ ing  also th e  d o m estic  duck , b u t  n o t th e  dom estic  fowl (Sk r ja b in  e t al., 1952).

The few e x p e rim e n ta l infections c a rr ied  o u t on dom estic  du ck  so far yielded in co n 
sis ten t results . One o f th e  tw o  ducks in fec ted  w ith  larvae of A . anseris  by Cram ( 1 9 3 2 )  voided  
eggs in  th e  faeces 4 0  d ay s  la te r. In  o rder to  s tu d y  th e  m orphology  a n d  biology of th e  n em ato d e  
in d ifferen t species o f h o sts , Akhm edova  ( 1 9 5 4 )  in fected  6 goslings, 1 7  ducklings, and 5 ch ick 
ens. N either m atu re  n o r im m atu re  w orm s were found  in th e  chickens killed a t  regu lar 
in te rv a ls  from  th e  second  postin fection  d a y  onw ards, w h ilst a d u lt  w orm s of sm aller size an d  
producing  less v iable eggs, as com pared to  th o se  in goslings, dev elo p ed  in th e  ducklings. On th e  
o th er han d , no w orm s cou ld  be estab lished  in any  of th e  18  duck lings infected a t  th e  age 
of 4 , 1 2 , 2 4  days, 2 or 3 m o n th s  each w ith  a dose of 2 0 0 0  or 8 0 0 0  la rv a e , nor in th e  8 ch ickens 
infected  a t  th e  age of 1 , 3 ,  5 or 8 weeks each  w ith  a dose of 2 0 0 0  la rv ae , as rep o rted  by  E n i g k  
and  D e y -H azra ( 1 9 6 8 ) .  A ccord ing  to K o b u l e j  and  P a pp  ( 1 9 7 0 ) ,  ch ickens m ay becom e in fec ted , 
p ro v id ed  th a t  larvae  h a v in g  com pleted  ecdysis are used for ino cu la tio n .

More recen tly , St r a d o w sk i (1972) m anaged  to infect a to ta l  o f 53 ducklings aged 21 
or 42 d ay s, and also severa l ducks 6 to  24-m onth-o ld . W hile th e  la t te r  anim als exh ib ited  m arked  
resistance  to th e  in fec tio n , p a te n t  am idostom osis was e s tab lish ed  in  th e  form er ones. T h ere  
w ere recorded prolonged p re -p a ten cy , sm alle r and  g reatly  s c a tte re d  size, reduced fecu n d ity  
in th e  worm s as well as th e ir  rap id  e lim in a tio n  from  th e  host.

In  add ition , d e a th  to ll of nearly  50%  of ducks a ttr ib u te d  to  infection  w ith A . anseris 
an d  A . acutum  in several d is tr ic ts  of R o m an ia  ( O l t e a n u  et al., 1 9 6 3 )  suggests some rem ark ab le  
p a th o g en ic ity .

Some sm all-scale  ex perim en ts re p o rte d  in  th e  p re se n t paper were u n d e r
tak en  to  am plify  th e  in fo rm atio n s on th e  possible ro le of dom estic fowl and  
duck  in  th e  o u tb re a k s  o f A . anseris in fections. T hese tw o b ird  species w ere 
chosen in  regard  to  th e ir  m ore or less close co n ta c t in  th e  h a b ita t  w ith  th e  
m ost com m on h o st, th e  goose, o f th is  p a rasite . In  view  of th e  higher in n a te  
suscep tib ility  of y o u n g  anim als to  v a rio u s  in fec tive  a g e n ts , day-old  and  several- 
w eek-old b irds w ere in fec ted  to  co m p are  th e  w orm  d ev e lopm en t and  p a th o 
logical a lte ra tio n s in  chickens and  ducklings w ith  th o se  o f goslings.
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M aterial an d  m ethods

D ay-o ld  R ajna  goslings, P ek ing  ducklings and  P ilch -D ekalb  chickens 
w ere o b ta in ed  from  a local h a tc h e ry  an d  w ere k ep t as described  in  a previous 
p a p e r  ( P h u c  and V a r g a , 1972). T he p re p a ra tio n  of infective la rv a e  o f  A .a n ser is , 
in o c u la tio n , faeces an d  p o st-m o rtem  ex am in a tio n s, worm  m easu rem en ts  e tc ., 
w ere th e  sam e as in  th e  above p ap e r. Som e fu rth e r  details o f  exp erim en ta l 
p ro ced u re s  are given u n d e r  th e  n e x t head ing .

R esu lts

I n  th e  firs t ex p e rim en t, g roups o f day-o ld  chickens, duck lin g s, and  gos
lings w ere  each in fec ted  w ith  500 la rv a e  o f A . anseris. B etw een  d ay  5 and  30 
o f  th e  infection , 1 u n in fec ted  co n tro l an d  5 in fec ted  anim als from  each group 
w ere k illed  a t 5-day in te rv a ls . In  ad d itio n , 2 rem ain ing  goslings an d  4 d u ck 
lings w ere killed on d a y  67 a fte r  in fec tio n . Gross lesions in  th e  gizzards of 2 
o u t o f  5 infected  b ird s being  period ica lly  killed , including also sev era l goslings 
t h a t  d ied  in the course o f th e  ex p e rim en t, were exam ined  a n d  th e  w orm s 
re c o v e red ; while th e  g izzards of single un in fected  and  3 in fec ted  anim als 
from  ev e ry  sub-group w ere opened  an d  fix ed  in 10%  fo rm alin  fo r histo logical 
s tu d ie s  (published elsew here).

N one of the  g izzards co n ta in ed  gross lesions on day  5 o f  th e  in fection . 
P a th o -m o rp h o lo g ica l a lte ra tio n s  c h a ra c te ris tic  of am idostom osis w ere, how 
ev er, conspicuous in  th e  g izzard  of goslings on th e  10th day , an d  m in o r changes 
w ere  also noticed in  th e  ducklings a t  th a t  tim e , b u t none in  th e  chickens. On 
th e  1 5 th  day, severe h aem o rrh ag ic  g a s tr itis  ex tend ing  to  n e a r ly  th e  w hole 
c u tic le , except th e  m o st dense ro u n d  p a r t  o f h o rn y  lining, w as show n in th e  
g izza rd  o f goslings. Less co n flu en t lesions, consisting  m ain ly  o f  sc a tte re d  w avy 
t r a c ts ,  w ere seen also in  ducklings (F ig . 1). In  one of th e  tw o  chickens killed 
on d a y  15, several h aem o rrh ag es o f p in h ead  size were p re se n t in  th e  g izzard 
close to  th e  p ro v en tricu lu s , b u t  no d am age could be d e te c te d  in th e  o th e r 
ch ick en  nor in those k illed  la te r  on.

Lesions were fo u n d  in all goslings an d  ducklings k illed  on days 20, 25 
or 30 a fte r  infection . T h e ir ap p ea ran ce  w as consisten tly  m ore  severe in  th e  
g izza rd s  of goslings. A lth o u g h  m ark ed  lesions were still p re se n t in  goslings a t 
d a y  67 of the  in fec tion , only  traces  o f changes rem ained  in  th e  ducklings b y  
t h a t  tim e  (Fig. 2).

O f 39 goslings a to ta l  of 12 an im als  died of am idostom osis in  th e  course 
o f  th is  experim ent, w h ils t no d e a th  due to  th e  eq u iva len t in fec tio n  occurred  
in  a n y  o f the  35 duck lings and  ch ickens, respectively .

Eggs of A . anseris f ir s t  ap p ea red  in th e  droppings of goslings on d ay  14 
o f  th e  infection , and  follow ing a s teep  increase, egg counts cou ld  be m ade from
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Fig. 1. Lesions in  th e  g izzard  of a duck ling  (D) and  a gosling (G) k illed  15 days a f te r  receiving 
ap p ro x . 500 in fec tive  stage larvae of A . anseris

Fig. 2. Lesions in th e  g izzards o f ducklings (D) and goslings (G) 67 days a fte r  in fec tion  w ith
ap p rox . 500 la rv ae  of A . anseris
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Table I

W orm  recoveries, sex ra tio  an d  body len g th  of worms in th e  chickens (C), ducklings (D) and 

goslings (G) killed a t  d iffe ren t tim e in te rv a ls  a fte r the  in fection  of b irds, each w ith  approx. 

500 la rv ae  of A . anseris. M easurem ents w ere carried  out on 30 specim ens of worm s, if recovered

in such num b er, from  each b ird

Days after 
infection Host Individual 

worm counts
Worm sex ratio

c?:$

Length of worms in mm (mean ±  S.D.)

3 3 \ S Í

5 c 95,120 X 1.5 ± 0 .3b

D 16, 40 X 1 .6 ± 0 .4 a

G 47, 49 X 1 .8 ± 0 .4

10 C 31, 39 i 1.05 3 .9 ± 0 .8 c 4.0 ± 0 .6c

D 56, 233 1 1.61 5 .7 ± 0 .9 c 6.7 ± l . l c

G 266, 499 1 1.14 7.1 ± 0 .9 8 .3 ± 1 .2

15 C 4, 8 1 0.42 4 .4 ± 1 .0 4 .7 ± 1 .2 c

D 34,109 1 1.03 9 .6 ± 1 .5 1 0 .6± 1 .9c

G 472, 642 1 1.06 1 1 .3 ± 1 .3 1 3 .6 ± 1 .6

20 C 9, 3 0 3 — 4 .0 ± 0 .0 c
D 64, 128 1 1.15 1 1 .6 ± 1 .7 c 1 4 .5± 1 .9c

G 205, 431 1 1.05 1 3 .8 ± 0 .7 17.9 ± 1-7

25 C 0, 0 — — ____

D 28, 65 1 0.94 1 2 .2 ± 1 .7 c 1 6 .2± 1 .9c

G 410,427 1 1.11 1 4 .0 ± 0 .7 19.4 ± 1 .5

30 C 0, 0 — — —

D 44, 77 1 1.55 1 1 .4 ± 2 .2 c 13.3 ± 2 .6c

G 187,330 1 0.97 1 5 .3 ± 1 .1 22.1 ± 1 .6

67 D 0, 3 ,10 , 14 1 2.00 7 .3 ± l . l c 8.6 ± 2 .8 c
G 174,344 1 0.85 14.8 ± 1 .1 1 9 .5 ± 2 .0

Subscript le tte rs  in d ica te  differences sta tistica lly  sign ifican t as com pared to worms r e 

covered  from the goslings: a, p  >  0.05; b, p  <  0.01; c, p  <  0.001 (S tu d e n t’s f-test)

d a y  18 till the  end  (i.e. d ay  67) o f th e  experim en t. Eggs in  th e  faeces of ducklings 
w ere to  be d e m o n s tra te d  b y  th e  co n cen tra tio n  m e th o d  b e tw een  day  15 and  
50 an d  were p re sen t in  am o u n ts  su ffic ien t to  m ak e  egg coun ts betw een  d ay  20
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Table II

Percen tage  d istrib u tio n  of m a tu re  female w orm s of A . anseris in  duck lings and goslings

Age of 
worms

N um ber of female worms examined

Ducklings Goslings
(days)

Total M ature (% ) Total M ature (%)

15 69 7 388 2 0

20 65 74 2 0 0 97

25 32 90 326 1 0 0

30 48 39 183 1 0 0

67 16 0 160 96

an d  40. Egg counts m ad e  o f pooled faeca l sam ples an d  reco rd ed  every  2 days 
rev ea led  an average of 300 eggs per 1 g o f  faeces (E. P . G .), a n d  a peak  of 1850 
E . P . G. discharged by  th e  goslings, in  c o n tra s t w ith  an  av e rag e  of 25 and  
p eak  of 350 E . P . G. b y  ducklings. W orm  eggs could n e v e r  be de tec ted  in  
th e  faeces of chickens n o r in  any  of th e  un in fected  c o n tro l an im als.

In d iv id u a l w orm  recoveries, sex  ra tio  and th e  le n g th  of worm s a t d if
fe re n t ages are show n in T ab le  I.

On th e  grounds o f  to ta l  w orm  b u rd en s  h a rv es ted  from  different hosts
b e tw een  days 5 and  30 o f th e  in fec tion , th e  following m ean  s ta n d a rd  d ev i
a tio n ) “ ta k e ” figures w ere ob ta in ed :

chickens: 5.0 ^  8.0
ducklings: 14.9 ±  12.0
goslings: 70.4 ^  37.4.

Fem ale w orm s h a rv e s te d  from th e  chickens w ere a ll im m atu re . C onsid
e rab le  p roportions o f th e  fem ales c o n ta in in g  no eggs in  th e  u te rus (Fig. 3) 
w ere recovered  also from  th e  ducklings (Table II).

In  th e  second ex p e rim en t, cross in fec tion  was a t te m p te d , using la rv ae  
w hich  h ad  been cu ltu red  from  th e  faeces e ither of du ck lin g s or goslings, and  
s to re d  a t 4 °C over 5.5 m on ths p rio r  to  th e ir  a d m in is tra tio n  to  day-o ld  
b ird s . Faeces ex am in a tio n  was c o n d u c ted  a t 2-day in te rv a ls  from  th e  14 th  
d a y  o f th e  infection , an d  tw o or th re e  b ird  in  each  g roup  were k illed 
on d ay  42. T iny lesions in  gizzards o f ducklings as a g a in s t th e  m ore e x te n 
sive changes in th e  goslings were o b serv ed  in  each case a n d  w ere a p p a re n tly  
u n re la te d  to  the  origin o f la rv ae . The a lte ra tio n s  were in  lin e  w ith  parasito lo g i
cal find ings (Table I I I ) .

A group of 5 duck lings a t th e  age of 4 weeks w ere each  ad m in iste red  
a b o u t 15,000 larvae  in  th e  n e x t ex p e rim en t in tended  to  p ro d u c e  heavily  in fec t-
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F ig . 3. H ind end of 67 -day-o ld  s te rile  (S) and  m atu re  (M) fem ale o f A . anseris  recovered fro  m  
th e  g izzard  of a  duck ling  an d  a gosling, re sp ec tiv e ly

Table I I I

Parasito logical findings in  th e  cross-infection  experim en t where 2 to  3 an im als in a group w ere 

each receiving approx . 500 la rv ae  of A . anseris cu ltured  from  th e  faeces of goslings (G)

or ducklings (D)

H ost Origin 
of larvae

Pre-patency
(dyas)

E.P.G.
(Mean)

Individual 
worm counts

Length of w orm s in mm 
(m ean ±  SD)

SH? â à

M ature
females

(%)

D G 17 50 2, 5 1 1 .0 ± 1 .0 0 0

D D 16 50 3, 15 1 1 .0 ± 3 .9 10.7 ± 2 .8 20

G G 15 125 97, 112, 213 2 0 .2 ± 1 .8 1 4 .6 ± 1 .0 100

G D 15 175 490, 503 1 9 .9 ± 0 .8 1 4 .3 ± 0 .7 100

ed  ducklings an d  large  n u m b ers  o f w orm  eggs. The la t te r ,  how ever, failed  to  
a p p e a r in th e  faeces even b y  d ay  30 o f th e  in fection  an d  w ere , therefore, k illed  
a t  th a t  tim e. T here  w ere on ly  m in u te  lesions in the g izzards, an d  the  in d iv id u a l 
w orm  counts w ere as follow s: 2, 8, 9, 51 and  201 (m ean  “ ta k e ” : 0.4 ^  0.3). 
T h e  females m easu red  a len g th  o f 7.6 ^  2.0 mm and th e  m ales 7.2 ±  1.5 m m  
(m ean  ^  S. D .). N one o f  th e  fem ales con ta ined  eggs in  th e  u te rus.
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Table IV

Pre-patency , egg counts, and d is tr ib u tio n  of m a tu re  females am ong 25-day-old populations 

o f A . anseris in ducklings (D) and goslings (G) in fected  a t d ifferent ages; figures in parentheses

designate  num bers of hosts

Species 1 A8e 
(days)

No. No. of larvae 
in a dose

Pre-patency
(days)

E.P.G.
(peak)

No. of female worms

of hosts Total M ature (%)

D 1 5 400 17 200 286 (3) 35.7

G 1 3 400 14 6500 117 (1) 100

1) 7 5 600 22 50 44 (1) 20.4

G 7 2 600 14 2200 142 (1) 100

D 14 6 750 22 50 420 (3) 1.7

G 14 2 750 15 4500 342 (1) 99

D 21 3 1000 32" < 5 0 91 (1) 0a

G 21 2 1000 15 — — —

D 28 3 1000 36ь < 5 0 3 6 (1 ) 0b

a, 34%  of 34 fem ales a t day  41 and  45%  of 178 females a t  d ay  53 of th e  in fection  were 

m atu re  in the  rem ain ing  2 ducklings

b, 18%  of 11 fem ales a t day 36 and 42%  of 24 females recovered a t  day  47 a fte r  infection 

were m atu re  in th e  rem ain ing  2 anim als

In  the  la s t ex p erim en t, sm all g roups o f ducklings a n d  goslings w ere in 
fec ted  a t d iffe ren t age in  o rd er to  kill th em  25 days la te r  an d  to  com pare th e  
p re -p a ten cy  as well as th e  p ro p o rtio n  o f m a tu re  fem ales. T he b u lk  of anim als, 
u n fo rtu n a te ly , d ied  earlier th a n  schedu led , th u s  com parisons could on ly  be 
perfo rm ed  on w orm s recovered  from  th e  few surv ivors (T able IV ). A t necropsy , 
severe lesions in v a ria b ly  occurred  in  th e  goslings th a t  e ith e r d ied  of th e  infection  
or were killed, w hereas m inor changes w ere only d iscovered in  th e  ducklings. 
T he cause of d e a th  in  th e  groups of ducklings was generally  id en tified  as salm o
nellosis.

Discussion

L arv a l deve lopm en t n o t reach in g  th e  ad u lt s tage  o f  A . anseris was 
estab lish ed  in  th e  chickens w hich  can  be regarded  as ab n o rm a l hosts for th is 
n em atode . The la rv ae  grew slow ly an d  w ere b y  and  large e lim in a ted  from  th e  
g izzard  in  20 days, ex h ib iting  a p a t te rn  of abo rtive  in fec tio n  sim ilar to  th a t
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o b serv ed  in pigeons ( J a r o n y , 1967). This is in h a rm o n y  w ith  th e  find ings of 
E n i g k  and D e y - H a z r a  (1968) as fa r  as th e  fa ilu re  to  o b ta in  m a tu re  w orm s 
in  chickens is concerned , b u t  is in  c o n tra s t w ith  th e  re p o r t  o f A k h m e d o v a  
(1954) who could n o t d e te c t la rv a e  e ith er. T he reason  o f d isc repancy  betw een  
th e  la t te r  and our re su lts  m a y  well be in  th e  d iffe ren t ages of hosts , as 
A k h m e d o v a  in fec ted  ch ickens a t  th e  age of 1 week. T he p re se n t experim en t on 
ch ickens indicates t h a t  th e re  is no need of a p rev ious a rtif ic ia l ex sh ea tm en t of 
la rv a e  to  induce som e d ev e lo p m en t in  th e  chickens as ad v o ca ted  b y  K o b u l e j  
a n d  P a p p  (1970).

I t  is in ferred  th a t  A . anseris is a v ir tu a lly  harm less p a ra s ite  for th e  
ch ickens which do n o t seem  to  p lay  any  role in  th e  ep izootio logy  of am idosto- 
m osis in  geese.

In fec tion  of th e  duck lings, how ever, re su lted  in  d ev e lopm en t of m a tu re  
w orm s. This o b se rv a tio n  confirm s and  ex tends tho se  re p o rte d  b y  Cram  (1932), 
A k h m e d o v a  (1954) an d  th e  m o st com prehensive s tu d y  of S t r a d o w s k i  (1972). 
T h e  ad ap ta tio n  o f th is  p a ra s ite  to  th e  ducklings is a p p a re n tly  d issim ilar from  
its  association w ith  th e  com m on h o st, th e  goose. As show n also in o ther stud ies 
(A k h m e d o v a , 1954; S t r a d o w s k i , 1972), less an d  sm aller w orm s w ith  reduced  
egg-producing c a p a c ity  an d  p ro longed  p re -p a te n t perio d  w ould develop in  
th e  ducklings. T he red u ced  egg p ro d u c tio n  is p a r tly  due to  th e  sm aller worm  
b u rd e n s  estab lished  in  th e  ducklings (Table I), and , in p a r tic u la r , to  the  sm aller 
p ro p o rtio n  (Table I I )  an d  sh o rte r  life span  of m a tu re  fem ales.

Basically  th e  sam e fea tu re s  of w orm  d ev e lopm en t w ere observed in  th e  
ex p e rim en t w here o ld e r th a n  day -o ld  an im als w ere in fec ted . The age of th e  
h o s t is obviously an  ad d itio n a l fac to r  re su ltin g  in  a m ore efficient in h ib itio n  
o f p a rasite  d ev e lo p m en t (T able IV). In  St r a d o w s k i ’s ex p erim en t ducks becam e 
a lm o s t com pletely  r e s is ta n t to  th e  in fection  b y  th e  age o f 0.5 to  2 years.

The ex tension  o f th e  p a tho log ica l changes in  th e  g izzards is co rre la ted  
w ith  th e  ac tua l p a ra s ite  b u rd en s . W hile num erous goslings died  of th e  h eav y  
in fec tio n  in th e  p re se n t ex p e rim en t, no losses could  be ascribed  to  th e  e q u iv a 
le n t  infection of du ck lin g s, a h o s t ch a rac te rized  b y  low  “ ta k e ”  of th is p a ra s ite . 
T h is suggests th a t  th e  m a jo r pa th o g en ic  effect re su ltin g  in  severe o u tb reak s of 
am idostom osis in  ducks re p o rte d  b y  O l t e a n u  e t al. (1963) m igh t r a th e r  be 
a t tr ib u te d  to  th e  in fec tio n  w ith  A . acutum  th a n  to  th a t  o f A . anseris.

The p resen t cross in fec tio n  exp erim en t (T able I I I )  is ind ica tiv e  o f th e  
possible role of d u ck lings to  tra n sm it th e  in fec tio n  to  goslings. The success 
o f  th e  la tte r  e x p e rim e n t show s th a t  som e o f th e  la rv ae  of A . anseris m ay  
possess longev ity  as long  as 5.5 m on ths if  m a in ta in e d  a t 4 ° € .  K o b u l e j  (1956) 
also repo rted  on su rv iv a l o f th e  la rv ae  fo r a m in im um  o f 2 m onths a t  0 °C, 
a n d  in  th e  s tu d y  o f  E n i g k  (1969) v iab ility  w as rese rv ed  fo r 92 days a t  2°C . 
T h e  in fec tiv ity  o f th e  la rv ae  k e p t a t 20 to  22 °C g re a tly  d im in ished  w ith in  
9 weeks (St r a d o w s k i , 1971).
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In  th e  ligh t of th e  a lluded  rep o rts  and  p resen t in v es tig a tio n s , i t  is d iffi
c u lt to  explain  th e  reason of E n i g k  and  D e y - H a z r a ’s (1968) failure to  in fect 
ducklings w ith  A . anseris. Gross lesions in  th e  gizzards o f ducklings in fec ted  
a t  th e  age of 4, 12 or 24 d ay s, and  p a te n t in fection  in  th e  fo rm er tw o age 
groups, should  have  been estab lished , as was th e  case in  th e  corresponding  
goslings receiving sim ilar o ra l in fections. T heir va in  a t te m p t  to  induce p e rcu 
tan eo u s in fection  in  th e  ducklings was ce rta in ly  less su rp ris in g .

I t  is concluded from  th e  p resen t lab o ra to ry  ex p e rim en ts  th a t  dom estic 
d u ck  a t th e  young age can  he regarded  as a p o ten tia l h o st o f  A . anseris. The 
sh o rt-liv ed  infection  en ta ils  b u t m ino r patho log ica l seque lae  on th e  ducklings 
w hich m ay , how ever, h av e  som e lim ited  significance in  th e  epizootiology of 
am idostom osis by  sp read ing  th e  in fection  in th e  m u ch  m ore susceptib le  
goslings.

Sum m ary

L a b o ra to ry  ex p erim en ts w ere carried  ou t to  com pare th e  d ev e lo p m en t and pa th o g en ic  
effec f A m idostom um  anseris (Zeder, 1800) in  chickens and  du ck lin g s w ith  those observed  
in  correspond ing  goslings.

E x p erim en ta l in fection  of day -o ld  chickens failed  to  p ro d u ce  gross lesions in  th e ir  
g izzard s . A lthough  no la rv ae  reach ed  th e  a d u lt stage in th is  ab n o rm a l h o st, s tu n te d  w orm s 
could  be recovered  for 20 days a f te r  infection.

In  com parison  w ith  severe lesions resu ltin g  in d ea th  of num ero u s goslings, tin y  changes 
w ere on ly  p roduced  b y  th e  in fec tion  in  th e  ducklings. Sm all p ro p o rtio n s  o f larvae a tta in e d  
th e  a d u lt  stage in ducklings ino cu la ted  b e tw een  th e  age of one day  an d  fo u r weeks. In h ib itio n  
of th e  w orm  developm en t in duck lings a p p ea red  in reduced “ ta k e ” a n d  b o d y  leng th  of w orm s, 
longer p re -p a ten cy  an d  sh o rt-liv ed  p a te n c y  of th e  infection , and  also in  th e  presence of im m a
tu re  fem ales in the w orm  p o p u la tio n s . T he in h ib itio n  greatly  in creased  in aging ducklings.

L arvae  of A . anseris a r is in g  from  ducklings and being s to red  a t  4 °C over 5.5 m o n th s 
p ro v ed  in fective  b o th  for goslings an d  ducklings.

I t  has been suggested  t h a t  dom estic  duck susceptib le  to  A . anseris  a t  young age suffers 
lit t le  dam age of th is in fec tio n , n o n e th e less , as a p o ten tia l h o st m ay  p la y  some, how ever n o t 
d ecisive , role in d issem ination  of th e  p a ra s ite  for th e  h ighly susceptib le com m on  host, th e  goose.
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P regnaned io l (5/S-pregnan-3a,20a-diol) has been iden tified  by  H eitzm an  and T homas 
(1965) in th e  u rine  o f p re g n an t cows in  the  la te  p regnancy . Several a u th o rs  suggested  th a t  
p regnanedio l or o th e r  epim eric p regnanedio ls are no t p resen t in th e  n o n -p reg n an t cow’s u rine. 
W a tanabe  et al. (1965) failed  to  iden tify  3 ,2 0 -d ihydroxy-p regnan  d e riv a tiv e s  in th e  u rine  
following a d m in is tra tio n  of p rogesterone  to  n o n -p reg n an t cows. R ecen tly , by  an  accu ra te  
m ethod  of iso lation , ev idence has been  ob ta in ed  in ou r lab o ra to ry  (F e h é r  et al., 1970) fo r the  
presence of 5 |S-pregnan-3a,20a-diol, 5a-pregnan-3a,20a-d io l, 5/3-pregnan-3a,20/?-diol an d  5a- 
pregnan-3/S,20/?-diol in  th e  u rine  o f n o n -p reg n an t cows. T he ep im ers w ere ten ta tiv e ly  iden tified  
by  th in -la y er ch ro m a to g rap h y  (TLC) of h y d ro x y  ste ro ids and  ace ta te s , s tudy ing  th e  z )R M 
functions (B u s h , 1961) follow ing o x id a tio n  or ace ty la tio n , and  by th e  analy sis  of UV ab so rp tio n  
spectra . T he co n ce n tra tio n  in  u rine  decreased  in  th e  above o rder o f th e  steroids.

In  ad d itio n  to  our prev ious find ings, gas ch ro m ato g rap h ic  evidence is 
given in  th e  p resen t w ork  on th e  presence o f 5/3-pregnan-3a,20x-diol, 5x-preg- 
nan-3oc,20a-diol an d  5/9-pregnan-3a,20/l-diol in  th e  urine  of n o n -p reg n an t cows.

Materials and methods

A H e w le tt— P a c k a rd  Model 402 b iom edical gas ch ro m a to g rap h  w ith  
a flam e io n iza tion  d e te c to r  was used. A glass co lum n 6 ft. long by  4 m m  I. D. 
was p acked  w ith  3 .8%  UC-W -98 in D ia to p o rt S, w ith  a m esh-size of 8 0 —100, 
and  o p era ted  iso th e rm a lly  a t  250 °€ . T he ca rrie r gas was n itro g en  a t  a flow -ra te  
of 25 or 35 m l/m in. T he d e te c to r  was m a in ta in ed  a t  270 °C an d  w ith  an  a t te n 
u a tio n  se ttin g  fo r analysis p roducing  f.s.d . for 3 x l 0 ~ 10 A. The d e te c to r  
response w as reco rded  on a N — P  M oseley R eco rder a t  0.25 or 0.5 in /m in .

A pooled  cow’s u rine  specim en o b ta in ed  a t  various stages of cycle was 
hydro lysed  w ith  HC1, e x tra c te d  w ith  e th e r - e th y l  a c e ta te —eth an o l (2 : 2 : 1), 
th e  e x tra c t pu rified  w ith  alkali an d  w a te r, d ried  on N a 2S 0 4 and  ev ap o ra ted . 
The keton ic  and  non-k e to n ic  stero ids w ere sep a ra ted  b y  G irard  tre a tm e n t 
( P in c u s  and  P e a r l m a n , 1941), and  th e  non -ke ton ic  frac tio n  su b jec ted  to
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F ig . 1. 5 /?-pregnan-3a,20a-diol (ß P a a ) in  n o n -p reg n an t cow’s u rine  d e te rm in ed  as d iace ta te
(Cocholesterol)

d ig ito n in -p rec ip ita tio n  ( W i l s o n  et al., 1961) to  sep a ra te  3a an d  3/1 stero ids. 
T h e  За-fraction  w as c h ro m a to g rap h ed  on silicagel G p la te  in  ch lo ro fo rm - 
ace to n e  (9 : 1). T h re e  frac tio n s , 5/?-pregnan-3a,20/?-diol -f- 5a-pregnan-3a,20/3- 
dio l, 5 /?-pregnan-3a,20a-diol an d  5a-p regnan-3a,20a-d io l, w ere o b ta in ed . The 
frac tio n s were a c e ty la te d  ( B u s h , 1961) sep a ra te ly , and  th e  ace ta tes  rech ro 
m a to g rap h ed  in  n -h e x a n e  e th y l a ce ta te  (8 : 2). The zones w ere e lu ted  w ith  
ch loroform , an d  e v a p o ra te d . The residue w as dissolved in  sm all vo lum e of 
chloroform , to  th e  so lu tio n  cholesterol as in te rn a l s ta n d a rd  w as ad d ed , and  
a liq u o ts  were su b je c te d  to  gas ch ro m ato g rap h y .

A nother a liq u o t o f  th e  5/3-pregnan-3a,20/S-diol -f- 5a-pregnan-3a,20/?-dio l 
f ra c tio n  ind ica ted  ab o v e  was oxidized w ith  C r0 3 ( B u s h , 1961), and  ch ro m a to 
g rap h ed  on silicagel G w ith  benzene—e th y l a c e ta te  (95 : 5). A c lea r-cu t se p a ra 
tio n  of the 5a and  5/3 d ions show ed th e  presence of only 5/?-pregnan-3a,20/?-diol 
in  th e  original f ra c tio n . A nalysis of th e  3/?-fraction o b ta in e d  by  d ig iton in  
tre a tm e n t revealed  no 3/3-pregnanediols in  cow ’s u rine. F o r de ta ils  of th e  iso 
la tio n  procedure, we re fer to  our prev ious com m u n ica tio n  ( F e h é r  e t al., 
1970).
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Fig. 2. 5oc-pregnan-3a,20a-diol (aP aa) 
in n o n -p reg n a n t cow’s u rin e  d e te rm in  - 

ed as d iaceta te

F ig . 3. 5/?-pregnan-3a,20/?-dioI (ß l'a ß )  in  non -p reg 
n a n t  cow’s u rine  d e term ined  as d iace ta te

Results and discussion

A  s tu d y  has been  m ade on th e  g as-ch rom atog raph ic  se p a ra tio n  of th e  
e ig h t epim eric pregnanedio ls as a c e ta te s  ( F e h é r , 1974). This show ed a reliab le 
re so lu tio n  of the th re e  ace ta tes  here  iso la ted . A re la tive  re te n tio n  tim e  (cho
le s te ro l 1.00) of 0.68 for 5 /?-pregnan-3a,20x-d io l-d iacetate , 0.73 fo r 5x-pregnan- 
3x ,20x-d io l-d iacetate  an d  0.64 for 5/?-pregnan-3x,20/?-dio l-d iacetate teas observ 
ed. F ig u res  1, 2 an d  3 show  th e  u r in a ry  e x tra c ts . The analysis is regarded  
as o n ly  qua lita tiv e  a n d  peak -heigh ts a re  n o t p ro p o rtio n a l to  th e  ste ro id  level 
in  u rin e .

Several m ethods h av e  been d esc rib ed  for th e  m easu rem en t o f  p ro g este 
rone  in  peripheral b lood  b y  gas-liquid  c h ro m a to g rap h y  (W y m a n  an d  S o m m e r - 
v i l l e , 1968; F e h é r  e t a l., 1975), c o m p e titiv e  p ro te in  b in d in g  ( J o h a n s s o n , 
1969; R e e v e s  et a l., 1970) or b y  rad io im m u n o assay  ( K u t a s  e t al., 1972; 
B r e n n e r  et al., 1973). R ecen tly , w e h av e  in tro d u ced  a sim ple TLC m eth o d  
for th e  m easurem ent o f p reg n an ed io l in  n o n -p reg n an t or p re g n a n t cow’s
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u rine (F e h é r  e t a l., 1970). T he p resen t gas-ch rom atograph ic approach  o f  
p regn an ed io l a ssay  in  co w ’s urine com firm s the v a lid ity  o f  our p revious e s t i
m a tio n s . I t  is su g g ested  th a t  a num erical increase in  in d iv id u a l steroids a ssayed , 
and  a sim u ltan eou s m easu rem en t o f  th e  h orm one in  b lood  and th e  in a ctiv e  
m eta b o lite  in urine w ill g ive a co m p lex  in form ation  on m etabolic  p attern s  
an d  correlations in  norm al and p a th o lo g ica l co n d itio n s o f  an im al repro
d u ction .

Summary

E vidence  has been  o b ta in e d  in a p rev ious s tu d y  from  o ur lab o ra to ry  (F e h é r  et al., 
1970) fo r th e  ex cre tio n  of 5/5-pregnan-3a,20a-diol an d  o th e r  ep im eric  p regnanedio ls in n o n 
p re g n a n t cow’s u rin e . T he p re se n t w ork su p p o rts  ad d itio n a l g as-ch rom atograph ic  ev idence for 
th e  p resence of 5 /3-pregnan-3a,20a-diol, 5a-pregnan-3a,20a-d io l a n d  5|S-pregnan-3a,20|0-diol in 
u rin e  fro m  n o n -p reg n an t cows. This g as-ch rom atograph ic  s tu d y  confirm s th e  v a lid ity  o f o u r 
p rev io u s estim ations.
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PIECE OF THE DRAKE’S SPERMATOZOON TAIL

B y

M. M a r e t t a

D e p artm en t of A n a to m y , H isto logy  and  E m bryology ,
V e te rin a ry  U niversity  College, Kosice, C zechoslovakia

(R eceived M arch  20, 1975)

A bnorm al sp erm atozoon  fo rm a tio n  has b een  ob served , and d iscu ssed  in 
n u m erou s papers. B y  ligh t m icroscop y , m a in ly  th e  abnorm alities o f  th e  sh ap e  
had  b een  d etec ted . O nly the in tr o d u ctio n  o f  m icrotom y in to  electron  m icro 
sc o p y  has allow ed to  exam ine th e  n a tu re  and th e p ecu liarities o f  th e  sp er m a 
to z o o n  structure m ore thoroughly. U p  to  now , m o stly  m am m alian  S p erm ato
zoon s have been in v estig a ted  and n u m erous ab norm alities reported  b o th  in  
sh a p e  and stru ctu re, occurring e ith er  in one part, or in several parts, o f  th e  
sp erm atozoon .

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 25 (2—3)-, pp. 245—250 (1975)

T h e  sperm atozoon  ta il is the place w h e re  abnorm alities occur m ost freq u e n tly  a n d  th e  
m idd le  piece w here th e y  are the m ost d o m in a n t. W a k e l y  and  K osin  (1951), K am ar  an d  
R iz ik  (1972), an d  T h u r sto n  and B ie l ie r  (1972) rep o rted  ab n o rm al sperm  fo rm atio n  in fowl. 
In  th is  p ap er ab n o rm a litie s  observed in th e  m idd le  piece of d rake  sperm atozoon  are  re p o rte d .

Materials and methods

Sperm  was co llected  by m assage from  th ree  h ea lth y  drakes and  d iscussed  th e  
d u c tu s  deferens b y  sqeezing post m o rte m . P a r t  of th e  sperm  was used fo r lig h t 
m icroscopy  and  th e  rem aining p a r t  w as p rep ared  for e lec tron  m icroscopy . 
T he sp erm  was fix ed  in 3.5%  g lu ta ra ld e h y d e  and  in  1%  0 s 0 4, b o th  d isso lved  
in  0.1 M  p h o sp h a te  bu ffer of pH  7.2 fo r 1 hour a t 5°C. A fte r a sh o rt r in s in g  in  
p h o sp h a te  buffer, th e  p repara tions w ere  d eh y d ra ted  in  ascending c o n c e n tra 
tio n s o f acetone or e th an o l and em b ed d ed  in  D urcu p an  ACM and  W eslopal W . 
T he sections were c u t  in  u ltram ic ro to m e  T E S L A  BS 490, s ta in ed  w ith  u ra n y l 
a c e ta te  (W a t s o n , 1958) and lead c i t r a te  ( R e y n o l d s , 1963) an d  ex am in ed  in  
e lec tro n  m icroscope TE SL A  BS 613.

R esults

T h e s tru c tu ra l abnorm alities o f  th e  m iddle piece of d rake  sp e rm ato zo o n  
h av e  alw ays been lo c a te d  in the m ito c h o n d ria l sh ea th . T here are changes b o th  
in  th e  s tru c tu re  o f  th e  m itochondria  a n d  in  th e ir  a rran g em en t. One o f  th e
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F igs. 1— 3. i ,  L o n g itu d in a l sec tion  of m iddle piece w ith  surp lus m itochondria . N ote th e  changes 
in th e  a rticu la tio n  b e tw een  ta i l  and head and in th e  shape  and size of th e  annulus. X 36,900; 
2, L ong itud inal section  o f m id d le  piece w ith  one su rp lu s  m itochondrion . The in te rn a l s tru c tu re  
o f som e m itochondria  is p a r tia l ly  changed. X 36,900. 3, L ong itud inal section of th e  m iddle 

piece; th e  m itochondria  are red u ced  in num ber. X 43,050

freq u en tly  occurring  changes is the  ir re g u la r ity  in m itochondria l d is tr ib u tio n  
caused  by  e ith er th e  su rp lus (Figs 1, 2) or th e  defic ien t num ber, or even 
ah  sence, of m ito c h o n d ria  (Figs 3, 4, 5). T h e  e x te n t o f th e  change depends on 
th e  num ber of th e  su rp lu s  or lacking m ito ch o n d ria . B o th  th e  d is tr ib u tio n  an d  
th e  s tru c tu re  of th e  m ito ch o n d ria  are ch an g ed  by  th e  presence o f accessory  
m ito ch o n d ria . T hose  s itu a te d  outside th e  sh e a th  shoMed changes in  shape .
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F igs. 4— 6. 4, L ong itu d in a l section  of ta il m iddle  piece. The m itochondria l sh e a th  in th e  p o ste 
r io r  p a r t  is m issing; in  th e  ex is ting  p a r t  o f th e  sh e a th  th e  cytop lasm  exceeds th e  norm al c y to 
p lasm ic  m ass. The m ito ch o n d ria  are changed  in  shape. X 51,600; 5, L o n g itu d in a l section  of 
m iddle  piece. The m ito ch o n d ria l sh ea th  is localized m ainly  in the  p o ste rio r p a r t. T he m ito 
c h o n d ria  a re  irregu lar in  shape, some of th em  p a rtly  d isin teg ra ted . X 36,900; 6, L o n g itu d in a l 

se c tio n  of th e  m iddle piece w ith  com plete ap lasia  of th e  m itochondria l sh ea th . X 41,200

I f  m ito ch o n d ria  are reduced  in  n u m b er, p a r tia l aplasia, if  th e y  are  ab sen t, 
to ta l  ap lasia  of th e  m ito chondria l sh e a th  occurs (Fig. 6). T h e  absence of 
m ito ch o n d ria  m ay occur in any  p a r t  o f th e  m itochondria l sh e a th . O nly Sper
m ato zo o n s in  w hich, due to  lack ing  m ito ch o n d ria , th e  cy to p lasm ic  m em b ran e  
w as fo u n d  ad jacen t to  th e  ax ial f ib ril b u n d le  (Figs 3, 4, 5) w ere considered  to  
show  p a r tia l  ap lasia . E m p ty  space in  th e  neck, w here th e  absence of m ito 
c h o n d ria  is a no rm al phenom enon  in  th e  d rak e  Sperm atozoons, o r th a t  due to  
in su ffic ie n t co n tac t betw een  th e  m ito ch o n d ria  was no t considered  ap lasia .
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F igs. 7— 10. 7 ,T ransverse  section  of a sperm  h ead  su rro u n d ed  by  m ito ch o n d ria  and  d is ta l 
cen trio le . X 51,600; 8, L o n g itu d in a l section  of th e  p rox im al p a r t  o f ta il. N ote the  ab n o rm a lity  
in  th e  a rticu la tio n  b e tw een  ta il and  head . X 51,600; 9, T ransverse  section  of th e  m iddle piece 
o f th e  double ta il w ith  su rp lu s  m itochondria . X 36,900; 10, O blique section of th e  place of 

a r ticu la tio n  betw een th e  double ta il and head . X 41,100

A plasia  often  occurs w hen  m ito ch o n d ria  accu m u la te  a t  som e place. Such places 
w ere found  a t th e  a n te r io r  and  th e  p o ste rio r p a rts  of th e  m iddle  piece; th e  m ito 
c h o n d ria  were changed  in  s tru c tu re  an d , especially , in  sh ap e ; th e  changes w ere 
co n d itio n ed  b y  space  lim its . The m ito ch o n d ria  w ere irreg u la r in shape, fre 
q u e n tly  tr ia n g u la r  (F igs 4, 5). The changes, being d eg en era tiv e , were c h a ra c te r i
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zed by  th e  d isappearance  o f c ris tae , w hich w ere rep laced  by a s t ru c tu re 
less m a tte r .

The annu lus, w hich in no rm al sperm s is s itu a te d  b e tw een  th e  m ito c h o n 
dria l sh ea th  of th e  m iddle piece an d  th e  am orphous sh e a th  of th e  m a in  piece, 
in  Sperm atozoons w ith  ab n o rm alitie s  of th e  m iddle piece w as alw ays p re se n t 
in  th e  sam e place, even in Sperm atozoons in w hich th e  m ito ch o n d ria l sh e a th  
did no t reach  th e  m ain  piece (F igs 4, 6). I ts  shape, how ever, was m ark ed ly  
changed, th e  c h a ra c te r  o f change depend ing  on th a t  in  th e  m ito ch o n d ria l 
sh ea th . In  Sperm atozoons w ith  p a r tia l  or to ta l ap lasia  th e  an n u lu s  was 
less obvious an d  la te ra lly  f la tte n e d  (Figs 4, 6).

All th e  above-described  changes in  th e  s tru c tu re  o f th e  m ito ch o n d ria l 
sh ea th  occurred  in S perm atozoons in  w hich th e  ta il  axis, i.e., th e  d ista l 
cen trio le  and  th e  ax ia l f ila m e n t com plex, fu rth e r, th e  p lace of a r tic u la tio n  
w ith  th e  head , were n o rm ally  developed . Changes w ere n o ted  sp o rad ica lly  
also in  th e  a r tic u la tio n  of th e  ta i l  w ith  th e  head (F ig. 8). In  ra re  cases, th e  
m itochondria l sh e a th  was fo u n d  on th e  sperm atozoon  h ead  (Fig. 7), and , 
som etim es, we found th a t  tw o m idd le  pieces were covered  by  one cy to p lasm ic  
m em brane  show ing all th e  co m p o n en ts  and  s tru c tu re  o f th e  m idd le  piece 
(Figs 9. 10).

D iscussion

In  d rakes, as in fowls in genera l, th e  m ito chondria l sh ea th  in  th e  sp e r
m atozoon is a rranged  in a sim p ler w ay  th a n  in m am m als. I t  consists o f  m ito 
chondria  s itu a te d  free a ro u n d  th e  d is ta l centriole an d  th e  p rox im al p a r t  of 
th e  axial f ilam en t com plex (Ma r e t t a , 1974). C onsequen tly , i t  could be p re 
sum ed th a t  th e  occurrence o f ab n o rm a l Sperm atozoons in  fowls w ould  be less 
num erous th a n  in  m am m als, in  w hich  th e  m itoch o n d ria l sh e a th  form s a sp ira l. 
Y et, our find ings show  a w ide ran g e  o f abnorm alities o f th e  m ito ch o n d ria l 
sh ea th  of th e  sperm atozoon  from  h e a lth y  breeding d rak es. A sm all p ro p o rtio n  
o f ab n orm alities is a c u rre n t phenom enon  and th ese  generally  in d ica te  
fu r th e r  changes in th e  Sperm atozoons, b o th  in m am m als an d  fowls. Changes 
in  th e  m itoch o n d ria l sh ea th  m ay  be due to  certa in  in fectious diseases, as observed  
b y  Ch e n o w e t h  an d  B u r g e s s  (1972) in  bulls, or m ay  ap p ea r a fte r  exposu re  
to  stress, as rep o rted  by  R a t h o r s  (1969) in ram s. M ost freq u en tly , th e  changes 
in  th e  m ito ch o n d ria l sh ea th  s tru c tu re  are only a p a r t  o f m ore  com prehensive 
changes in  th e  sp erm ato zo o n  as described  in m am m alian  Sperm atozoons 
( K o j im a  e t al., 1969; F u j i t a  e t a l., 1970; Sm it h  et al., 1970; P e d e r s e n  e t al., 
1971; R o ss  e t al., 1971). A lm ost all au th o rs  have found  changes in  th e  a rra n g e 
m en t of th e  m ito ch o n d ria  in  th e  sh e a th  caused b y  e ith e r  defic iency  or s u r 
plus of m ito ch o n d ria , ju s t  as we h a v e  found  i t  in  d rake  sp e rm ato zo o n . In  Sper
m atozoons w ith  su rp lus m ito ch o n d ria  th e  changes in  th e  sh e a th  s tru c tu re  are
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n o t  as m a rk e d  as t h o s e  in  t h e  S p e rm a to zo o n s  o f  m a m m a ls ,  w h e re  th e  m i t o 
c h o n d r ia l  s h e a th  fo rm s  a s p i r a l .  N e i th e r  d id  w e  f in d  ch a n g e s  in  t h e  le n g th  of  
t h e  m i to c h o n d r ia l  s h e a t h  as  d esc r ib ed  b y  P e d e r s e n  e t  al. (1971) a n d  Ross 
e t  al .  (1971, 1973) in  h u m a n  s p e rm a to z o o n .

I t  seems n o te w o rth y  th a t  th e  an n u la r rin g  was p resen t in ev ery  abnorm al 
m ito ch o n d ria l sh e a th  s t ru c tu re  in  d rake  sp erm ato zo o n , even in  those  in  w hich 
th e  m ito chondria l s h e a th  w as m issing, c o n tra ry  to  th e  o b se rv a tio n  of F u j i t a  
e t al. (1970) and  Ch e n o w e t h  e t al. (1970), w ho failed  to  f in d  th e  an n u la r ring  
in  som e hum an  S perm atozoons.

Several m id-p iece ab n o rm a litie s  were described  b y  W a k e l y  and K o s in  
(1951) in  tu rk ey  sp e rm a to z o o n ; some of th em  w ere in  accord  w ith  our obser
v a tio n s , e.g., th e  absence  o f  th e  m ito ch o n d ria l sh e a th  an d  accum ulation  of 
m ito ch o n d ria  a t places. H ow ever, these ab n o rm alitie s  w ere found  under th e  
l ig h t m icroscope an d  so w e can n o t com pare th e  n a tu re  o f th e ir  s tru c tu re .

Summary

Several s tru c tu ra l ch an g es in  th e  m ito ch o n d ria l sh ea th  of d ra k e  sperm atozoon  are 
described . The changes are  d u e  to  d isorder in th e  a rra n g e m e n t o f th e  m ito ch o n d ria , caused 
b y  e ith e r  lacking or su rp lu s m ito ch o n d ria . M itochondria l accu m u la tio n  is accom panied  by  
changes in th e ir  shape. O th e r , in freq u en t changes w ere th e  p resence o f th e  m itochondria l 
sh e a th  a round  th e  sp e rm ato zo o n  h ead  and  changes in  th e  a rtic u la tio n  o f th e  head  and tail.
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OCCURRENCE OF HONG KONG INFLUENZA A 
(H3N2) VIRUS INFECTION IN THE BUDAPEST ZOO

B y

J . R o m v á r y  a n d  J .  T a n y i

V eterinary  M edical R esearch  I n s t i tu te ,  H u n g arian  A cadem y of Sciences, B u dapest 
and V e te rin a ry  In s ti tu te , Debrecen

(R eceived  A pril 9, 1975)

In  th e  years follow ing the  1968 H o n g  K ong pandem ic sen sitiv ity  to  th e  h u m an  in fluenza 
v iru s  H 3N 2 of dom estic  an im als liv ing  in  close connection  w ith  m an  h as been  rep o rted  to  be 
successfu lly  infected  in  d ifferen t p e rcen tag es (R omváry  andViZY, 1971; K u n d in , 1970; Sandow  
a n d  W il d f ü h r , 1970; P o p o v ic i e t al., 1972; H a r k n ess  e t al., 1972), m ain ly  in  epidem ic periods 
w hen  farm  w orkers m ig h t have been th e  source of infection . The v iru s som etim es prevailed  
in  sw ine stocks for re la tiv e ly  long periods o f tim e  (R omváry et al., 1975a). N a tu ra l in fection  
o f horses (R omváry e t al., 1975b), c a ttle  ( I zmailov  e t al., 1973; F a tk h u d d in o v a  e t al., 1973) 
a n d  p rim ates (K a lte r  e t al., 1969; J o h n s e n  e t al., 1971; P a n ik e r  an d  N a ïr , 1972) has also 
been  reported . M onkeys (apes) showed severe , occasionally  fa ta l in fluenza-like  illness ( J o h n sen  
e t  a l., 1971). Presence of an tibodies to th e  p ro to ty p e  v irus (H ong K ong (1/68) in serum  sam ples 
from  chickens and wild b irds has been  re p o rte d  from  th e  Soviet U n ion  (Sh e n d e r o v ic h  and  
Y efu m o v a , 1969; Zh ezm er  e t al., 1973; K ir ia n o v a  e t al., 1973; Ch e r n e t s o v  et al., 1973; 
SoLDUKHiN et al., 1973) an d  in  duck se ra  fro m  th e  U .S.A . (Slem ons e t a l., 1974). In  ad d itio n  
to  th e  dem o n stra tio n  of h aem ag g lu tin a tio n  in h ib itin g  (H I) an tibod ies , v a r ia n ts  of th e  H ong 
K o n g  v irus have been iso lated  írom  p igs (K u n d in , 1970; P o po v ici e t a l., 1972; R omvára' 
e t  a l., 1974, 1975a), c a tt le  ( Izmailov e t a l., 1973; F a tk h u d d in o v a  e t al., 1973), m onkeys 
( J o h n s e n , et al., 1971), chickens (Zh e z m e r  e t al., 1973; K ir ia n o v a  e t a l., 1973), duck  
(S lem o n s  et al., 1974) an d  bears k e p t in  Zoo (R etesc u  e t al., 1970).

M aterials and  m ethods

Virus isolation  was a tte m p te d  from  19 collared doves ( Streptopelia deca- 
octo)  cap tu red  on prem ises of th e  B u d a p e s t Zoo.

Experim ental infection. N ine liens were in fected  in tra p lia ry n g e a lly  w ith  
in flu en za  s tra in  iso la ted  from  co lla red  dove for de tec tion  o f an tib o d ies  in th e  
egg yolk.

Serological tests. H I and  v iru s -n e u tra liz a tio n  (VN) te s ts  w ere perfo rm ed  
in  e ig h t serum sam ples su b m itted  from  th e  A viary  of th e  B u d a p e s t Zoo and  
in  th o se  from  15 dogs and 11 g o a ts , all k e p t in  th e  sam e Zoo. T he H I and  VN 
te s ts  were p erfo rm ed  as recom m ended  by  th e  W HO in  c ircu la r No. Z2/180/ 
11/67. I f  no t in d ica ted  o therw ise, th e  s tra in  in fluenza A /H 3 N 2 /H u n g a ry /l/7 3  
w as used.

The an tibod ies in  the  egg y o lk  w ere exam ined as described  b y  Ch u  and  
B a r h o u m a  (1967). In  brief, th e  a lb u m e n  was fu lly  rem oved  from  th e  surface
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of th e  yo lk  sac, to  av o id  nonspecific  H I  reac tio n , a yo lk  sam ple sucked off 
b y  a syringe was d ilu te d  in  four volum es of saline an d  cen trifuged  for 15 m in 
a t  3000 r.p .m . The H I  an tib o d ies  in  th e  su p e rn a ta n t w ere t i t r a te d  as in th e  
serum  sam ples.

R esults

H u n g ary  was a ffec ted  by  an in fluenza  ep idem ic early  in  1973. The 
epidem ic was caused b y  a v iru s closely re la ted  to  th e  h u m a n  s tra in  in fluenza  
A /H 3N 2/E ngland /42 /72 . D u rin g  th e  epidem ic, 19 co llared  doves cap tu red  in 
th e  prem ises of th e  B u d a p e s t Zoo for a n o th e r pu rpose  w ere te s te d  for serum  H I 
an tib o d ies . F our doves p ro v ed  to  be positive  up  to  a t i t r e  betw een  1 : 16 and 
1 : 32. V irus was iso la te d  from  th e  lungs an d  b ro n ch i o f one collared dove 
( Streptopelia decaocto). T h is b ird  was seronegative  w hen  te s te d  w ith  th e  ep i
dem ic s tra in . The h aem ag g lu tin in  of th e  iso la te  was u n re la te d  to  any  of th e  
a v ia n  in fluenza  v iru s  reference  s tra in s  and  to  th e  N D V ; w hen te s ted  w ith  
d iffe ren t v a rian ts  o f th e  H ong  K ong v iru s , i t  show ed th e  closest re la tion  to  
th e  epidem ic s tra in  c irc u la tin g  s im u ltaneously  in  h u m an s.

A t th e  end o f th e  h u m a n  epidem ic, in M arch 1973, b lood  sam ples were 
ta k e n  from  wild b ird s  a n d  m am m als k e p t in  th e  B u d a p e s t Zoo. Of the  serum  
sam ples su b m itte d  from  th e  A viary , th o se  from  a L am pronessa  sponsa proved 
to  be positive  up  to  a d ilu tio n  of 1 : 16; tw o Lam pronessa  ( A ix )  galericulata  
h a d  a H I t i tre  of 1 : 32 a n d  1 : 64, respective ly . O f 15 dogs four (titre , 1 : 16—
1 : 64), of 11 goats tw o  K am ero u n  goats (1 : 32) p ro v ed  to  be positive. The 
V N  titre s  agreed well w ith  th e  H I titre s .

T hree to  17 m o n th s  a fte r  th e  end of th e  epidem ic in  h u m an s, blood sa m 
ples w ere collected from  y o ung  tu rk ey s  and  from  ducks and  layers l 1/2 to
2 years  of age. A n tib o d ies  to  th e  epidem ic s tra in  could  n o t be d em o n stra ted .

Attem pts to in fect hens with the strain isolated fro m  collared dove

N ine layers w ere in o cu la ted  in tra p h a ry n g e a lly  w ith  th e  s tra in  iso la ted  
from  collared  dove. In  th e  serum  sam ples collected on p o s tin o cu la tio n  day  13 
th e  hens h ad  H I t i t re s  b e tw een  1 : 64 an d  1 : 128. One w eek la te r , even 1 : 256 
ti tre s  occurred . No t i t r e  rise was observed  a fte r an in tra p h a ry n g e a l re-inocu 
la tio n  on th e  21st d ay . In  five  of th e  n ine re -in o cu la ted  hens th e  serum  H I 
t i t r e  h ad  fallen below  1 : 10 b y  th e  3 6 th  day  follow ing th e  f irs t inocu la tion , 
an d  in  four hens i t  ra n g e d  betw een  1 : 1 6  and  1 : 64.

H I an tibod ies u p  to  1 : 10 —1 : 20 were d e m o n s tra te d  in the  yolks of 
eggs lay ed  7— 9 days a f te r  th e  f irs t inocu la tion . S u b seq u en tly , th e  yolk titre s  
rose up  to  1 : 80— 1 : 160 (days 14—16), th e n  ten d ed  to  decline. F rom  th e  21st
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d a y  on, th e  t i tre s  d id  no t exceed 1 : 20. A fte r an  in tra m u sc u la r  in o cu la tio n  
o f th e  live v iru s  e igh t days follow ing secondary  in ocu la tion , b o th  th e  H I  and  
V N  an tib o d ies  in  th e  sera reached  a t i t re  of 1 : 64 1 : 512 and  th e n  rem ain ed
a t  th e  sam e level, or sligh tly  in creased  (1 : 256— 1 : 512) over a perio d  o f 
6 to  7 w eeks. In  th e  yolk , th e  t i tre s  ran g ed  betw een  1 : 20 an d  1 : 80 on th e  
8 th  d a y  follow ing booster in fec tion . T hree  weeks la te r  and  in  th e  su b seq u en t 
w eeks th e  yo lk  t i t re s  were equal to  th e  s im ultaneous serum  titre s .

T w en ty -fiv e  cocks were k e p t for 2— 3 m on th s in  a room  to g e th e r w ith  
dogs e x p e rim en ta lly  in fected  an d  re -in fec ted  w ith  th e  s tra in  H ungary /1 /73 . 
A t th e  end of th is  period  th ree  o f th e  cocks h ad  H I and  YN an tibod ies to  th e  
sam e s tra in  up  to  a t i tre  of 1 : 32 —1 : 40.

D iscussion

T he p resen t resu lts  suggest th a t  th e  w ild b irds, dogs an d  goats g iv ing  
p o sitiv e  serological response to  th e  s tra in  iso la ted  from  th e  s im u ltaneous h u m a n  
ep idem ic , w ere su scep tib le  to  in fec tion  b y  th is  v a r ia n t o f th e  H ong K ong in f lu 
enza v iru s . T he iso la tio n  from  a co llared  dove of a s tra in  of re la ted  haem agglu - 
tin in  is in  acco rdance  w ith  th is . Supposed ly , th e  anim als h ad  been in fec ted  
from  th e ir  c a re ta k e rs . The collared dove is th e  th ird  av ian  species a fte r  th e  
d o m estic  fowl (Zh e z m e r  et al., 1973; K ir ia n o v a  e t al., 1973) and  duck  
(S l e m o n s  e t al., 1974) from  w hich a v a r ia n t  of th e  H ong K ong v irus has been  
iso la ted . In  ad d itio n , d a ta  have been pub lished  on th e  su scep tib ility  o f w ild 
b ird s —  Clangula hyem alis, Gavia arctica and  Larus argentatus —  liv ing  in  th e  
a rc tic  areas of th e  Soviet U nion; H I  a n tib o d y  to  th e  H ong K ong  v iru s was 
d e m o n s tra te d  in  6, 11 and  15% , resp ec tiv e ly , of sam ples collected from  these  
b ird s. T he possib ility  of d rop le t in fec tio n  in  b irds is suggested  b y  our o b se rv a 
tio n  th a t  specific serum  an tibodies ap p ea red  in  cocks k e p t to g e th e r w ith  dogs 
a r tif ic ia lly  in fec ted  w ith  a v a rian t of th e  H ong K ong virus.

T h e  an tib o d ies  were dem o n strab le  in  th e  serum  of our in fec ted  hens for 
5— 6 w eeks; in  th e  yo lk  sac th e  t i t re s  w ere low er and  th e  an tib o d ies  w ere 
d em o n strab le  for a s till sho rte r period  of tim e. The rap id  decline of th e  a n ti
bo d y  t i t r e  m igh t exp la in  our find ing  th a t  an tibod ies to  the  H ong K ong v iru s 
could  n o t be d e m o n s tra te d  in serum  sam ples collected from  hens, ducks and 
tu rk ey s  in d iffe ren t areas of H u n g ary . In tra m u sc u la r  re-inocu la tion  o f  th e  
v irus w as follow ed by  an an tib o d y  response d em onstrab le  b o th  in  th e  serum  an d  
in  th e  egg yo lk ; in  th e  la t te r  th e  an tib o d ies , th o u g h  th e y  appeared  la te r , reached  
th e  sam e level as in  th e  serum . The h igh an d  long lasting  yolk  a n tib o d y  level 
seem s to  be prom ising  as regards an  effective yolk  im m u n ity  in b irds v acc in a ted  
ag a in st av ian  in fluenza .
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S um m ary

H a em a g g lu tin a tio n -in h ib itin g  and  v iru s-n eu tra liz in g  an tib o d ies  to  th e  epidem ic s tra in  
(a v a r ia n t  o f th e  H ong K o n g  v irus) were d e m o n s tra te d  in  23%  of serum  sam ples collected  in 
th e  B u d a p es t Zoo from  w ild b ird s, dogs and  g oats . F ro m  th e  re sp ira to ry  m ucosa of a sero
n eg a tiv e  collared dove ( Streptopelia decaocto)  a v iru s  s tra in  h av in g  a h aem ag g lu tin in  re la ted  
to  th e  H ong K ong v iru s , w as isolated.

W ith  th e  iso late , h en s were infected in tra p h a ry n g e a lly . T hese developed serum  a n ti
bodies u p  to  a t itre  b e tw een  1 : 16 and 1 : 256, w h ich  rem ain ed  dem o n strab le  for 5— 6 weeks. 
Y olk  an tib o d ies a p p ea red  la te r , persisted  for a sh o rte r  period  of tim e, an d  reached  a low er 
level th a n  th e  serum  a n tib o d ies . An in tra m u sc u la r  re -in fection  w ith  th e  sam e s tra in  was 
follow ed by  re -ap p earan ce  of h ig h er-titre  an tib o d ies , f i r s t  in  th e  serum  and  th ree  weeks la te r  
in  th e  yo lk . The an tib o d y  t i t r e s  reached  a p p ro x im a te ly  th e  sam e levels in  th e  yo lk  as in  th e  
serum . T he h igh yo lk  a n tib o d y  levels are p ro m isin g  as reg ard s an  effective y o lk  im m u n ity  
in  b ird s v acc ina ted  ag a in s t a v ia n  influenza.

I t  is concluded th a t  in  connection  w ith  h u m an  ep idem ics H ong K ong v iru s v a r ia n ts  
m ay  sp read  from  an im al to  an im al; even in d iv id u a ls  o f d iffe ren t an im al species m ay in fect from  
one an o th er.
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INFECTION OF DOGS AND CATS WITH THE HONG 
KONG INFLUENZA A(H3N2) VIRUS DURING 

AN EPIDEMIC PERIOD IN HUNGARY
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V eterinary  Medical R esearch  In s t i tu te , H u n g a ria n  A cadem y of Sciences, B u d ap es t, 
C o u n ty  V eterinary  S ta tio n . Szeged, and  H u n g a rian  Society of M icrobiology, B u d ap est

(R eceived  A pril 9, 1975)

In  the  course of h u m an  in fluenza ep idem ics, especially in  th e  re ce n t y ea rs , in fec tion  of 
d o m es tic  pigs, horses, calves, dom estic  and  w ild  b ird s has o ften  been re p o rte d . L itt le  is know n, 
h o w ev er, of th e  reservo ir role o f dogs an d  c a ts . T h eir p o ten tia l role w as a lread y  in v estig a ted  
b e fo re  th e  H ong K ong (H 3N 2) era. T odd  e t al. (1970) succeeded in re -iso la tin g  th e  in fluenza 
A (S ingapore)l/57  s tra in  fro m  artific ia lly  in fec te d  dogs, b u t  th e  v irus d id  n o t sp read  in  co n tac t 
c o n tro ls . They failed to  d em o n s tra te  serum  an tib o d ies  to  th e  S ingapore s tra in  in any  of 600 
b lo o d  sam ples collected in 1964— 1966 fro m  dogs.

P a n ik er  and Na il  (1970) succeeded in  in fec tin g  dogs and cats w ith  th e  p ro to ty p e  s tra in  
o f  th e  H ong K ong v irus (in fluenza  A /H 3 N 2 /H o n g  K ong/1/68) and cage m a te s  of th e  experi
m e n ta lly  infected  an im als becam e also in fec ted . T he corresponding an tib o d ies  were dem on
s t r a te d  in  21.4%  of blood sam ples collected  from  cats.

N ik it in  e t al. (1972) re-iso la ted  th e  H o n g  K ong  v iru s from  th e  m a jo r ity  o f dogs exposed 
to  th e  v irus, and found  5.9%  of th e  dog se ru m  sam ples collected from  d iffe ren t a reas o f th e  
U .S .A . an d  E ngland  positive . P y sin a  and  Su r in  (1972) iso lated  from  a sick dog a v a r ia n t  of 
th e  H 3N 2 su b type  in  th e  P ry m o re  d is tr ic t o f th e  Soviet U nion.

Materials anil methods

V irus isolation. N aso p h ary n g ea l flu id s  from  11 p e t dogs w ere in o cu la ted  
in to  th e  am nio tic  an d  a llan to ic  sacs o f  9 —11-day-old  chick  em bryos and  in to  
k idney -ce ll m onolayers p rep ared  from  pupp ies and  k itte n s  an d  co lostrum - 
d ep riv ed  new born calves.

Serology. P a ired  serum  sam ples from  th e  11 p e t dogs an d  from  fu r th e r  
29 dogs were exam ined  for v iru s-n eu tra liz in g  (VN) and h aem ag g lu tin a tio n - 
in h ib itin g  (H I) an tibod ies to  th e  s tra in  in flu en za  A /H 3 N 2 /H u n g a ry /l/7 3 , w hich 
is a v iru s  of h u m an  origin closely r e la te d  to  E ngland/42/72  a n d  to  a s tra in  
iso la ted  by  us from  a dog d u ring  th e  sam e epidem ic w hich y ie ld ed  th e  H un- 
gary /1 /73  s tra in . T he sera  exam ined  w ere tre a te d  and  th e  te s ts  w ere p e r
fo rm ed  as recom m ended in  th e  c ircu la r Z2/180/11/W H O /1967.

Experim ental infection. P upp ies 3 w eeks to  7 m o n th s o f  age, a b itch  
w ith  h e r tw o-w eek-old pupp ies, a n u rs in g  c a t and k its 10-days an d  5-weeks of 
age w ere inoculated  in tran asa lly .
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R esults

D uring th e  1973 in flu en za  epidem ic in  H u n g a ry  we fa iled  to  iso la te  th e  
v iru s  from  naso p h ary n g ea l flu id s ob ta ined  from  11 dogs 8 m o n th s to  5 years of 
age in  p u p p y  and  ca lf  k idney -ce ll m onolayers. H ow ever, tw o  s tra in s  (0112/73 
a n d  108/73), b o th  id e n tic a l w ith  th e  B udapest/1 /73  s tra in  w ere iso la ted  from  
th e  sam e dogs in  ch ick  em bryos. The dogs (1 and  4 y ea rs  o f age) yield ing v iru s  
h a d  an  elevated  te m p e ra tu re  up  to  39.6°C and  40.3 °C, respective ly . T h ey  
w ere  w eary  and  o ften  sneezed. In  th e  fam ilies w here th e y  lived one or m ore  
fam ily  m em bers in  each  w ere suffering from  in flu en za  (clinical diagnosis) a t 
th e  sam e tim e. B lood sam ples w ere ta k e n  from  th e  11 dogs a t  th e  tim e of ta k in g  
n asopharyngea l f lu id , a n d  3 — 5 weeks la te r . In  th e  f ir s t  sam ples H I an tibod ies 
to  th e  H ungary /1 /73  specified  s tra in  could n o t be d e m o n s tra te d , excep t fo r 
one dog who h ad  a 1 : 16 t i t r e .  O f th e  second sam ples six  co n ta in ed  an tib o d ies; 
th e  titre s  ranged  b e tw een  1 : 64 and  1 : 256. The sp ec ific ity  of th e  an tibod ies 
w as confirm ed w ith  Y N  te s ts . The dogs from  w hich v iru s  was iso la ted  h ad  
no an tibodies in th e ir  f i r s t  serum  sam ples, b u t  in  th e  second sam ples, ta k e n  
24 an d  29 days a f te r  th e  f irs t  sam pling , re sp ec tiv e ly , th e  H I t i tre  was 1 : 64 
a n d  1 : 128. Soon a f te r  th e  h u m an  epidem ic 15 dogs k e p t in  cage in  th e  B u d a 
p e s t Zoo were ex am in ed  fo r serum  an tibod ies. In  th re e  cases th e  H I t i t r e  was 
as h igh as betw een  1 : 16 and 1 : 64. In  th e  o th e r sam ples no an tib o d y  could  
be d em o n stra ted . A t th e  sam e tim e  blood was ta k e n  from  14 dogs k e p t tie d  
up  in  th e  o u tsk irts  o f a v illage. T hese dogs h ad  no c o n ta c t w ith  e ith er h u m an s 
(excep t th e ir feeder), or o th e r  an im als. All th e  14 serum  sam ples p roved  to  
be  negative.

E xperim e ntal infection o f  dogs and cuts with in flu en za  A jH 3 N 2 j virus

The tw o dogs in o c u la te d  in tra n a sa lly  w ith  th e  H u n g a ry (l)7 3  s tra in  h ad  
a te m p e ra tu re  e lev a ted  u p  to  40 .2—40.4 °C fo r 1 an d  3 days, re spec tive ly , 
beg inning  on th e  f i r s t  an d  fo u rth  days a fte r in o cu la tio n . T h e ir cage-m ate (one 
dog) h ad  a te m p e ra tu re  o f 40.0 °C on th e  4 th  day . W e succeeded  in  re-iso la tin g  
th e  v irus from  all th re e  dogs over a period  of 5— 7 d ay s. T h e  H I a n tib o d y  ti tre s  
rose  to  1 : 64— 1 : 128 in  th e  serum  of all th e  th re e  dogs b y  th e  4 th  week fo l
low ing inocu la tion . S u b seq u en tly , th e  dogs w ere re -in o cu la ted  w ith  th e  sam e 
v iru s . T heir serum  a n tib o d y  titre s  reached  1 : 512— 1 : 1024 by  th e  8 th  d ay  
a f te r  re-inocu la tion .

In  the fo llow ing ex p erim en t a beagle b itch  an d  th re e  of her five  tw o- 
w eek-old  youngs w ere  in o cu la ted  w ith  th e  H un g ary /1 /7 3  v iru s. V irus w as 
shed  by  th e  dam  an d  each  of th e  5 puppies over a perio d  o f  3 to  7 days. O n th e  
1 3 th  p o stin o cu la tio n  d a y  th e  specific a n tib o d y  t i t r e  in  th e  serum  of th e  b itc h  
reach ed  1 : 256. O n th e  16 th  day  a fte r th e  f irs t  in o cu la tio n  th e  b itch  w as 
re -inocu la ted  in tra n a sa lly . In  th is  case th e  v iru s  could  n o t be recovered e ith e r
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from  the  b itch  or from  the  th re e  in o cu la ted  and tw o u n in o cu la ted  p u p p ies . 
Seven weeks a f te r  th e  f irs t in o cu la tio n  th e  H I  titre s  of th e  f iv e  puppies ran g ed  
betw een  1 : 32 an d  1 : 128. The b itc h  h ad  a higher t i tre :  1 : 512. In  th e  w hey  
o f th e  b itch  th e  V N  an tibody  t i t r e  w as 1 : 20 on th e  1 0 th  an d  4 9 th  days 
a f te r  the  f irs t ino cu la tio n . The th re e  a rtif ic ia lly  infected  p u p p ies  show ed w eari
ness, anorex ia  a n d  inco o rd in a ted  m o v em en ts  and h ad  an  e lev a ted  te m p e ra 
tu re  in th e  5 th  w eek a fte r the  f irs t  in o cu la tio n . The in co o rd in a ted  m ovem ents 
la s ted  for tw o w eeks, w hereafter th e  pup p ies  were k illed. V irus iso la tion  from  
th e ir  organs in  m onolayer cu ltu res  from  dog, ca t, pig a n d  ca lf  k idney  cells 
w as unsuccessful. T hree  m onths a f te r  th e  f irs t  inocu la tion  th e  serum  a n tib o d y  
t i t r e  of the  b i tc h ’s serum  was 1 : 64, t h a t  o f th e  serum  sam p les  from  th e  tw o 
un in o cu la ted  pupp ies was 1 : 16.

W ith  one o f th e  s tra in s re -iso la ted  from  one of th e  p e t dogs (G112/73) 
3 puppies th ree  w eeks of age w ere in fec ted . These and th e ir  un in o cu la ted  l i t te r  
m a te s  had  n e ith e r  e levated  te m p e ra tu re  n o r showed an y  o th e r  sy m p to m  of 
illness. N evertheless, th e  virus w as re-iso la ted  from  th e  in o cu la ted  puppies 
in  th e  firs t 4 d ay s, from  the  u n in o cu la ted  one even on th e  5 th  day. T he H i 
a n tib o d y  titre s  ran g ed  betw een 1 : 128 an d  1 : 256 four w eeks a fte r  inocu la tio n  
a n d  was b e tw een  1 : 16 and  1 : 128 on d ay  87. The u n in o cu la ted  con tro l 
p u p p y  had a t i t r e  o f 1 : 16.

In  a fu r th e r  experim ent th ree  k itte n s  from  a 5-w eek-old l i t te r  were in 
ocu la ted  w ith  th e  H ungary/1  73 s tra in  in tran asa lly ; th e ir  th re e  lit te r  m ates 
rem ained  u n in o cu la ted . S u b sequen tly , all th e  k ittens h ad  a slig h tly  e leva ted  
te m p e ra tu re  an d  th e  virus was successfu lly  re-iso lated  on th e  f ir s t  5— 7 days 
a f te r  inocu la tion  from  bo th  th e  in o c u la te d  an d  the  u n in o c u la te d  k itte n s . T he 
in ocu la ted  ones h ad  serum  an tib o d ies  up  to  1 : 32— 1 : 128 on th e  34th  p o s t
inocu la tion  day , w hereas, only one o f th e  un inocu la ted  con tro ls  had  serum  
an tibod ies a t  th e  sam e tim e (1 : 32). A fte r  re-inoculation  th e  serum  an tib o d y  
level rose to  1 : 512. A t th e  sam e tim e  th e  co n tac t l i t te r  m a te s  w ere also in 
o cu la ted  in tran asa lly . The H I a n tib o d y  ti t re s  of these reach ed  1 : 64 to  1 : 256.

F inally , a c a t nursing  four k it te n s  w as inocu la ted  in tra n a sa lly  w ith  th e  
G 112/73 s tra in  o f  dog origin. T he d am  an d  th e  k itten s  sh ed  th e  v irus up  to  
th e  7 th  and 9 th  d ay , respectively . F o u rte e n  days after in o cu la tio n  th e  dam  h ad  
a serum  H I t i t r e  o f  1 : 256, w hile th e  t i t re s  of the  k itte n s  w ere low er: 1 : 8  — 
1 : 32. The H u n g ary /1 /7 3  in fluenza  v iru s s tra in  failed to  grow  in m onolayer 
cu ltu res  p rep ared  from  the  k idneys o f th e se  k itten s  k illed  14 days a fte r  th e  
inocu la tion  of th e ir  dam .

Discussion

The iso la tion  o f th e  hum an  ep idem ic s tra in  of in flu en za  A v iru s from  tw o 
p e t  dogs su p p o rts  th e  view th a t  p e t dogs m ay  becom e in fe c te d  w ith  h u m an  
s tra in s  of v irus from  th e ir  m aste rs . T h e  sign ifican t increase  in  th e  serum  H I
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a n tib o d y  titre  in  fu r th e r  p e t dogs as w ell as th e  in fec ted n ess  of dogs in  Zoo 
are consisten t w ith  th is  view . The la t te r  w ere exposed to  in fec tio n  from feeders 
an d  visitors.

Since th e  a r tif ic ia lly  in fec ted  dogs show ed no c h a ra c te r is tic  clinical sy m p 
to m , the role of th e  v iru s  in  th e  clin ical p ic tu re  observed  in  tw o dogs y ie ld ing  
v iru s , needs co n firm a tio n . The ce n tra l nervous system  (CNS) signs observed  
in  th ree  infected  p u p p ie s  canno t be exp la ined  d is tin c tly  w ith  the  in fluenza  
v iru s  infection, th o u g h  th e ir  u n in o cu la ted  l i t te r  m a tes  d id  n o t show sim ila r 
sym ptom s.

The dogs o f d iffe ren t ages rem ain ed  sym ptom less a f te r  in fection , ex cep t 
for a tem p era tu re  e lev a tio n  la s tin g  fo r 2— 3 days. I t  is o f  in te res t th a t  th e  
s tra in  re-iso lated  from  a n a tu ra lly  in fec ted  dog, co m p ared  to  the  s tra in  
H ungary /1 /73  iso la te d  from  a h u m a n  case, p roved  to  be less pathogen ic  fo r 
dogs when ad m in is te re d  in tra n a sa lly . T he an im als show ed no tem p era tu re  rise, 
th o u g h  the  v irus cou ld  be re-iso la ted  from  th em  for 4 —5 days.

In  the  se rum  o f th ree  dogs th e  a n tib o d y  t i tre  show ed a rise in a period  
w hen  influenza d id  n o t  occur in  h u m an s. In  these  cases c a ts  in fec ted  w ith  H u n 
gary/1/73 s tra in  k e p t  in  th e  sam e room  m ig h t have been  th e  source of in fec tion .

A cat was successfu lly  in fec ted  w ith  one of th e  s tra in s  iso lated  from  a 
n a tu ra lly  in fec ted  dog  an d  th e  v iru s sp read  b y  c o n ta c t in  th e  l i t te r  o f th e  in 
fec ted  cat. The suck lings shed  th e  v iru s  for a longer tim e  th a n  did th e  in 
fec ted  dogs.

The virus e x c re tio n  of ca ts an d  dogs la s tin g  fo r sev era l days seem s to  
p la y  a considerab le  ro le in  th e  tran sm iss io n  o f th e  v iru s , especially  in crow ded 
cages or room s, w here  d ro p le t in fec tion  m ay  often  occur. This is su p p o rted  
b y  th e  observations o f  N i k i t i n  e t al. (1972), who in fec ted  dogs by  H ong K ong  
v a r ia n t  s tra in , s e p a ra te d  th em  in  a n o th e r  room  24 h ours a f te r  th e ir  in fec tion , 
an d  exposed su scep tib le  dogs to  c o n ta c t infection . T hese  au th o rs  succeeded 
in  recovering th e  v iru s  only  in  one o f th e  exposed dogs. F our days la te r , 
th ese  dogs in fec ted  b y  c o n ta c t w ere tra n s fe rre d  in to  a s e p a ra te d  room and  k e p t 
to g e th e r w ith fu r th e r  suscep tib le  dogs b u t  th e  exposed c o n ta c t anim als d id  
n o t develop d em o n strab le  in fec tion .

Dogs soon develop  local im m u n ity . In  our ex p e rim en ts  the  virus could  
n o t be re-iso lated  from  th e  dogs re -in o cu la ted  w ith  th e  v iru s  16 days a fte r  
th e  firs t in o cu la tio n . T he d em o n stra tio n  of H I an d  V N  antibod ies in w hey  
10 and 49 days a f te r  in o cu la tio n  (24 an d  63 days a f te r  w helping) in d ica tes  
th a t  antibodies sec re ted  in  th e  m ilk  are availab le  for p u p p ies  of convalescen t 
b itches. The fa c t t h a t  a b itch  k e p t in  com m on room  w ith  in fected  dogs an d  
ca ts  becam e in fec ted , an d  th e  d em o n stra tio n  of an tib o d ies  in  th e  serum  of tw o 
ca ts  kep t in a w ire-cage a t  a d is tan ce  of 2 0 —30 cm from  dogs in fected  w ith  
th e  Hong K ong in flu en za  v irus, suggest th a t  in d iv id u a ls  o f  these  an im al sp e 
cies m ay be in fec ted  n o t only from  h u m an s, b u t also from  each other.
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S um m ary

D uring an  epidem ic caused by  in flu en za  A v iru s s tra in  closely re la te d  to  E ng land /42 /72 , 
p e t  dogs becam e in fec ted  by  th e  n a tu ra l  ro u te . The v irus w as re -iso la ted  from  th e  
n aso p h a ry n g ea l secretions of tw o sick dogs, an d  th e  specific serum  a n tib o d y  level of six p e t 
dogs show ed a sign ifican t rise. H aem ag g lu tin a tio n -in h ib itin g  (H I)  a n d  v iru s-n eu tra liz in g  
(Y N ) an tibod ies up  to  a d ilu tion  be tw een  1 : 16 and I : 256 were d e m o n s tra b le  in 9 (2 2 .5 % ) 
o u t o f  40 postepidem ic serum  sam ples co llected  from  dogs k ep t in d iffe ren t places.

Local im m u n ity  of th e  u p p e r re sp ira to ry  t r a c t  was d em o n s trab le  in  dogs 16 days 
a f te r  a successful in fection  w ith  a re p re se n ta tiv e  o f th e  h u m an  epidem ic s tra in  H u n g ary /1 /73 . 
Specific  YN  an tibod ies were d em o n s trab le  for a t  least 7 weeks in  th e  whey of a b itc h  
t h a t  h a d  been  in fec ted  in tran asa lly  tw o  w eeks a fte r  whelping.

Dogs and  ca ts  w ere easily  in fec ted  w ith  th e  s tra in  H u ngary  /1 / 73. T he infected  an im als 
show ed some tem p e ra tu re  rise and ex cre ted  th e  v irus for 3 to  9 days. E v en  one of th e  s tra in s  
iso la ted  from  p e t dogs was able to  sp read  from  an in tran asa lly  in fec ted  c a t in her l it te r . T h is 
s tra in  d id  no t cause tem p e ra tu re  rise  a f te r  in tra n asa l inoculation , b u t  i t  w as successfully  re 
iso la ted  for 4— 5 days from  th e  n a so p h a ry n x .

I t  is suggested  th a t  dogs and  ca ts  m ay  serve as reservoir for H ong  K ong  v irus an d  its  
v a r ia n ts ;  th e  v irus carried  by  th em  m ay  sp read  in a closed room  even in  an im als of d iffe ren t 
species.
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In  la s t tw o  decades av ian  influenza  A v iru s s tra in e s  of d ifferen t a n t i 
gen g roups h av e  been  iso la ted  all over th e  w orld.

V irus iso la tion  has been successful in every  geographical a rea  w here ducks were e x a m 
ined  (B laskovic  e t ah , 1959; F ra no  e t ah, 1958; H ig g in s , 1971 ; H w ang  e t ah , 1970; 
M it c h e l l  e t ah , 1968; P aukovic  et ah , 1969; R o b er ts , 1964; R om váry , 1970; S c h e t t l e r , 
1969, 1970; T a n y i, 1972, 1973; T sim o k h , 1961; V r t ia k  and  F r a n o , 1966; W a lk er  an d  
B a n n is t e r , 1953). M ost of the  s tra in s  were iso lated  from  ducklings 1— 3 weeks of age, som e 
of th em  from  older ducklings. In  H u n g ary , successful iso la tion  from  a d u lt  ducks has also been  
re p o rte d  (Ta n y i, 1972, 1973). T he consequences of th e  infection h av e  been h ighly v a riab le . 
In  th e  absence of a d d itio n a l dam aging  effects th e  in fec tion  m ay  re m a in  in ap p a ren t o r sp o 
rad ic  cases w ith o u t an y  appreciable loss m ay  occur. H ow ever, th e  losses m ay  grow severe in  
stocks w here h o using  and /o r n u tr it io n  are u n sa tis fac to ry  or th e  co n d itions in general a re  
unhygienic .

M aterials and m ethods

Virus isolation

Sam ples w ere received from  th e  re sp ira to ry  t r a c t  an d  o th e r organs o f 
sp o n tan eo u sly  d ied  or em ergency-slaugh tered  ducks and  from  sinus secre tions 
a sp ira te d  u n d e r s te rile  conditions from  sick ducklings. T he sam ples were h o m o g 
enized , an tib io tic s  were added , th e  hom ogenates w ere cen trifuged  an d  th e  
su p e rn a ta n ts  w ere in ocu la ted  in to  th e  a llan to ic  sacs of 9 to  12-day-old em b ry o - 
n a te d  h en ’s eggs. T he eggs were opened as th e  em bryo  h ad  died or 3 to  7 day s 
a fte r  in o cu la tio n . T hree b lind  passages w ere carried  o u t u n til  an ex p e rim en t 
was closed as n eg a tiv e .

Serological investigations

In  th e  h aem ag g lu tin a tio n  and  h aem ag g lu tin a tio n -in h ib itio n  (H I) te s t  
ch icken  and  gu inea  pig e ry th ro cy tes  were app lied . T he serum  sam ples w ere 
p re tre a te d  w ith  h e a t, try p s in  and  po tassium  p erioda te . Im m unod iffu sion  te s t  
was p erfo rm ed  as described b y  B e a r d  (1970).
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E xperim en ta l infection

D ay-old  L eghorn  ch ickens, p o u lts , ducklings, y o u n g  L eghorn  chicken 
a n d  cocks, fu rth e rm o re , a d u lt cocks w ere in fec ted  in tra n a sa lly  an d  in to  the  
c o n ju n c tiv a l sac w ith  106 E L D f50/0.1 m l o f 313—V/74 v iru s  iso la ted  from 
a duck .

Epizootiological observations, sym ptom s and pathology

In  a farm , 2 m illion  duck  eggs w ere in c u b a te d  in  th e  period  from  F e b ru a ry  
to  O ctober, 1974. O f th e  ducklings 700,000 were raised  in  th e  sam e fa rm  to 
he  sold as ducks for ro a s t  or to  be used  in  th e  breeding; th e  o thers w ere sold 
as d ay -o ld  ducklings or a t  an age o f a b o u t th ree  w eeks. The egg shell was 
d is in fec ted  w ith  fo rm alin  steam  before an d  during  in cu b a tio n . T he ra te  of 
h a tc h in g  was 79 ^  5 % ; h a tch in g  was in  som e cases b iphasic , i.e., a b o u t 40%  
o f  th e  ducklings h a tc h e d  ab o u t 1 6 h rs  la te r  th a n  the  o th e rs . U ni- or b ila te ra l 
sw elling  o f th e  in fra o rb ita l c av ity  w as f i r s t  observed la te  in  A pril, in  ducks 
10— 18 days of age. In  th e  su b seq u en t m o n th s , b o th  th e  sev e rity  of th e  disease 
a n d  th e  loss increased .

In  th e  d issem ination  o f in fec tion  a n d  in the  increasing  sev erity  o f the 
d isease  several fac to rs p lay ed  a decisive ro le. F irs t of all, th e  u n ex p ec ted ly  
h igh  ra te  of h a tch in g  caused  crow dedness. T he cleaning and  the  d isinfection  
w ere  insuffic ien t because th e  tim e  in te rv a l betw een th e  rem oval o f a g roup  of 
d u ck lings and  th e  in tro d u c tio n  o f new  duck lings was too  sh o rt. F u rth e rm o re , 
15— 30%  of th e  duck lings h ad  n o t re a c h e d  th e  requ ired  b o d y  w eight b y  th e  
e n d  o f th e  th ird  w eek, th e re fo re , th ese  h a d  to  be kep t m ing led  w ith  a younger 
g ro u p  for 4— 7 days. F in a lly , because o f w a te r  supp ly  prob lem s in  th e  fa rm , 
th e  duck-ponds h ad  becom e p lashy .

The o u tb reak  increased  in  sev e rity  up  to  th e  end o f M ay, i t  becam e m ilder 
in  J u n e  and  th e  m o rb id ity  increased  ag a in  la te  in Ju ly . T he n u m b er o f cases 
w as s till considerab le in  S ep tem b er, w hen  m an y  sick ducklings were found  even 
am o n g  th e  six-w eek-old.

T he f irs t sy m p to m s usually  ap p ea red  w hen the  ducklings were 10 days 
o ld . T he affected  ducklings often  sneezed , serous-m ucous secre tion  was oozing 
from  th e ir  nostrils an d  secre tion  welled fo r th  from  the  nostrils  on m ild com pres
sio n . O ccasionally , feed  frag m en ts  a tta c h e d  to  th e  oozing secre tion , th u s  re n 
d e rin g  th e  phenom enon  m o st p ron o u n ced . B y  th e  sam e tim e  th e  in frao rb ita l 
c a v ity  h ad  reached  a ch e rry  in  size. T h e  coryza , variab le  in  sev erity , wras occa
s io n a lly  accom panied  b y  co n ju n c tiv itis . W ell-defined  s inusitis  was observable  
in  20— 40%  of th e  duck lings a t  10— 18 d ay s of age. T he changes w ere b ila te ra l 
in  5— 10%  of th e  cases. T he m ild ly  a ffec ted  ducklings wrere v igorous, th e ir  
a p p e ti te  wras a p p ro x im a te ly  no rm al; th o se  being severely  ill p ressed  close 
to g e th e r , a te  very  l i ttle  an d  were a rre s te d  in  grow th.
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From  th e  in fra o rb ita l c av ity , u n d u la tin g  on p a lp a tio n , 0 .5 —2.0 m l 
w hitish-yellow ish  opa lescen t, h igh ly  v iscous, s tic k y  secre tion  could be a sp i
ra ted . The secre tion  som etim es con ta ined  fib rin o u s frag m en ts .T h e  sam e a m o u n t 
of secretion  could  be a sp ira te d  from  th e  sam e c a v ity  again  a fte r an  in te rv a l 
o f 24 hrs. In  a la te r  s tag e  o f illness th e  in fra o rb ita l sw elling in d u ra ted  an d  se 
c re tion  could n o t be  a sp ira te d  an y  m ore.

In  th e  m a jo r ity  of cases th e  in fra o rb ita l in fla m m a tio n  h ad  d isap p eared  
by  4 — 5 days of age, in  ce rta in  cases, how ever, i t  w as p a lp ab le  even la te r  o r 
a hairless scaly sk in  lesion rem inded  o f th e  p reced in g  process. The uneven  d e 
ve lopm ent of th e  h ig h ly  affec ted  g roups of duck lings rem ain ed  strik ing .

In  th e  m ost c ritica l period , be tw een  10 an d  21 days of age, th e  m o rta li ty  
w as by  4— 6%  h ig h er th a n  usual, th e  to ta l  loss being  4.8 to  22 .5% , 10 .6%  
on th e  average.

A t p o stm o rtem  ex am in a tio n  th e  in fra o rb ita l c a v ity  was alm ost in v a 
riab ly  filled w ith  a m ucous-serous secre tion  w hich  som etim es con ta ined  f ib r i 
nous fragm ents.

The m ucous m em b ran e  of th e  in fra o rb ita l c a v ity  w as reddened , sw ollen 
or dull, w ith  redd ish  spo ts. In  su b acu te  an d  chronic  cases, th e  sinus facialis 
con ta ined  a pea- to  cherry-sized  d ry , yellow ish  d e tr i ta l  caseous substance  o f 
lam inai s tru c tu re .

In  th e  a ir sacs an d  serous m em branes of ce rta in  spon taneously  d ied  
or em ergency -slaugh tered  ducklings fib rin o u s deposits  w ere observed.

B ac te ria  could  n o t be d em o n stra ted  in  m o st o f th e  m ucous secre tions; 
from  a few cases u b iq u ito u s  b ac te ria  were iso la ted . F rom  th e  caseous m a tte r  
coliform  b a c te ria  w ere iso la ted , la rgely  in  p u re  cu ltu res.

F o r th e ra p e u tic  purposes an tib io tic s  w ere m ixed  to  th e  feed, w ith  no 
considerable success.

O f th e  fa rm s th a t  h ad  b o u g h t o f th e  day -o ld  duck lings, sinusitis o u t 
b reaks were d e m o n s tra te d  in  tw o; th e  housing-hyg ien ic  c ircum stances w ere 
ob jectionable  in  b o th . In  th e  o th e r farm s, w here th e  cond itions were u n o b jec 
tio n ab le , only sp o rad ic  cases occurred . In  th e  la t te r  fa rm s, th e  m o rta lity  d id  
n o t exceed 4— 5 %  in  th e  critical age o f 10— 21 days. T he re la tiv e ly  low loss 
can p a r tly  be a t t r ib u te d  to  th e  fac t th a t  th e  farm s b u y in g  day-old  duck lings 
received  as a ru le  th e  best-developed  ones. T h e  recovery  an d  th e  d evelopm en t 
of th e  ducklings sold a t 3 weeks of age, an d  s till show ing clinical sy m p to m s 
in  th e  d ifferen t fa rm s also depended  on th e  hygien ic  cond itions in th e  fa rm .

Virological exam ina tions

A h aem ag g lu tin in g  v iru s was iso la ted  from  th e  sinus secretion  and  fro m  
th e  m ucous m em b ran e  scrap ings o f each o f th e  ill duck lings te s ted  for v iru s  
and  from  th e  lungs o f m ore th a n  a h a lf  o f th em . O f 15 sam ples of caseous s u b 
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s ta n c e  only  tw o y ie lded  v irus. The in o c u la te d  em bryos d ied  4 8 —96 hrs a f te r  
in o cu la tio n . O f th e  42 iso la tes 33 o rig in a ted  from  sinus secre tions, 7 from  lungs 
a n d  2 from  caseous su b stan ces. We a t te m p te d  to  iso late v iru s  from  28 sam ples 
o f  p a ren ch y m al organs (liver, k id n ey , sp leen, b rain ) w ith o u t a n y  success; 
th e  re sp ira to ry  t ra c ts  o f th e  sam e d u ck lings did yield v irus.

T he v irus w as iso la ted  from  one o f  th e  ducklings rep ea ted ly , on 11 occa
s io n s; th e  sam ples y ie ld ing  virus w ere ta k e n  a t 3- to  5 -day  in te rv a ls  over 
7 w eeks. F rom  a n o th e r duck ling , th e  v iru s  was iso la ted  from  b o th  sinuses on 
th re e , an d  from  one sinus on tw o occasions: i.e., th e  v iru s could co n sis ten tly  
b e  iso la ted  u n til no sinus secretion  rem a in e d  to  be a sp ira ted . The double  agar- 
gel d iffusion  te s t  show ed th a t  th e  iso la tes were type-A  in flu en za  v iru s  s tra in s , 
b u t  th e y  could no t be id en tified  w ith  e ith e r  of th e  H a v i  to  H av6 se ro ty p es of 
a v ia n  in fluenza  A v iru s .

E xperim enta l infection

T he day-old  b ird s inocu la ted  w ith  0.2 ml a llan to ic  flu id  each b ecan d  
w e a ry  and  lost a p p e tite  betw een  th e  2 n d  and  the  7 th  day s; th e y  developed  
p o o rly , som e of th em  died . In  th e  a ir  sacs o f these, and  o f severa l b ird s  chosen 
a t  ran d o m , fine f ib rin o u s  in flam m atio n  w as found. T he L eghorn  chickens and 
th e  y o u n g  cockerels show ed no clinical sy m p to m . The one-year-o ld  cocks were 
w e a ry  and  lost a p p e tite  betw een  day s 2 and  7 and  show ed c ircu m o cu la r 
o ed em ato u s  im b ib ition .

In  th e  sera o b ta in e d  betw een  10 a n d  12 days a fte r in o cu la tio n  an tibod ies 
to  th e  iso lates w ere d em o n stra ted .

V irus serological investigations

O f 20 ducklings 14 days of age, show ing  ty p ica l sy m p to m s, 16 h ad  a n t i 
b od ies up  to  1 : 10—1 : 80 serum  d ilu tio n s  as te s ted  w ith  one o f th e  iso la tes . 
E ig h t d ay -o ld  ducklings had  no t su ch  an tibod ies. In  serum  sam ples ta k e n  
fro m  5 ducklings w eekly  up  to  th e ir  age o f 9 weeks, th e  H I t i t r e  f lu c tu a te d  
b e tw een  1 : 20 and  1 : 80. The a n tib o d y  level had  ten d ed  to  decline b y  th e  
1 2 th  w eek and  d isap p eared  by th e  1 5 th  w eek. We failed  to  iso la te  v iru s  from  
10 d u ck lin g s 12 weeks o f age, se p a ra te d  in  a group, b u t an tib o d ies  to  th e  iso
la te s  w ere p re se n t up  to  1 : 20— 1 : 40 in  4 o f th e  sam e ducklings. In  a d d itio n , 
th e  a n tib o d ie s  in tw o  o f th e  sera c o n ta in e d  H I an tibod ies to  th e  H av2  and  
H av6  p ro to ty p e  s tra in s  as well. F rom  th e  sam e farm  H av4  s tra in s  h ad  been 
iso la te d  in  1971, b u t  none of th e  p re se n t sera  con tained  an tib o d ies  to  th is 
v iru s .

In  tw o ad u lt cocks th e  serum  H I  a n tib o d y  titre  to  th e  iso la te  w as 1 : 80. 
I n  tw o  y o ung  cockerels th e  t itre  was 1 : 40 th ree  weeks a f te r  in o cu la tio n . In
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th e  4 th  week th e  cockerels w ere reim m unized ; th e ir  t i t r e s  rose to  1 : 80 an d  
1 : 160, respective ly , in  7 days. T he titre s  show ed a s u b s ta n tia l  fall b y  th e  12 th  
week.

D iscussion

The p resen t o b serv a tio n s call a tte n tio n  to  ce rta in  im p o r ta n t  aspects  o f 
th e  p rev en tio n  of av ian  in fluenza .

A n in itia lly  sp o rad ica lly  app earin g  m ild  o u tb re a k  soon developed in to  
a severe epizootic, ow ing to  crow dedness, to  in ad eq u a te  c learing  and  d isin fec
tion , as well as to  m ingling  of y oung  ducklings w ith  o lder ones. In  th is  w ay  n o t 
only  th e  sp read  of th e  o u tb re a k , b u t  also th e  d ev e lo p m en t of clinical co m p li
cations was acce lera ted . S im ilar clinical p ic tu re  has been  described  in  tu rk e y s  
b y  M o h a m e d  e t al. (1970). T he H I  an tib o d y  level in  th e  se ra  o f convalescen t 
ducklings was low er as co m p ared  to  th e  t i tre s  observed  in  o th e r  av ian  species. 
S im ilar find ings h av e  a lread y  been  rep o rted  by  o th e rs  ( R o b e r t s , 1964; 
S c h e t t l e r , 1969; H i g g i n s , 1971). In fec tious v irus w as p re se n t in  th e  sinus 
secretion  for a re la tiv e ly  long period  of tim e ; from  one d u ck lin g  the  v iru s  could  
be iso la ted  over 7 w eeks. T he u n ex p ec ted ly  high iso la tio n  ra te  in  th e  p re se n t 
s tu d y  seem s to  be a t tr ib u ta b le  to  th e  re la tiv e ly  long -lastin g  carrie rsh ip  fo l
low ing recovery .

T he virus could  be iso la ted  from  th e  serous-m ucous secre tion  in a lm ost 
every  case. A t th e  tim e  w hen th e  serous-m ucous secre tion  tu rn e d  in to  a caseous 
m ass, w hich can be considered  a com plication  of th e  in flu en za  in fec tion , th e  
v irus could n o t be iso la ted  an y  m ore, excep t for a few  cases.

T he m a jo rity  o f th e  iso la tes could no t be id en tified  w ith  any  of th e  sub- 
typ es H a v i— H av6, th o u g h  th e y  have proved  to  be in flu e n z a  A virus s tra in s , 
as show n by  th e  re su lts  of double  im m unodiffusion  te s ts . T hus, th e  iso la tes  
m ay belong to  su b ty p e  H av7  or H av8, th e  an tise ra  to  w h ich  have  n o t been 
availab le  for us, or to  a h ith e r to  unknow n av ian  su b ty p e . T he p a th o g en ic ity  
of th e  iso lates is su p p o rted  by  th e  g rea t n u m b er of c lin ical cases in  ducklings 
and  by  th e  ex p erim en ta l disease in  chickens and  cocks as well as b y  th e  100%  
m o rta lity  of th e  in o cu la ted  ch ick  em bryos.

I t  is of in te re s t th a t  in  a d uck  stock  th ree  su b ty p es  (H av2 , H av6, an d  
one a t p resen t uniden tified )  o f in flu en za  A v irus w ere c ircu la tin g  in  1974 a t  
th e  sam e tim e. C onsidering earlie r experiences in  th e  ab o v e-m en tio n ed  d u ck  
stock  w ith in  4 years (1971— 1974) four H av  su b types (in  1971: H av4 ) o f in f lu 
enza A virus in fec tion  has been  d etec ted .
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S um m ary

In  a duck fa rm , tw o m illion duck  eggs were in cu b a ted  in th e  period  from  April to 
O c tober, 1974. T he m a jo r ity  o f th e  ducklings were sold when one-day  old, th e  m in o rity  w hen 
3 w eeks old. T w en ty  th o u sa n d  ducklings were u tilized  in  the  b reed ing . In  d ifferen t groups 
o f ducklings 15— 50%  w ere a ffec ted  by  an  o u tb rea k  charac te rized  by  u n ila te ra l, occasioally b i
la te ra l ,  sinusitis. T he duck lin g s becam e free of sy m p to m s w ith in  1— 4 w eeks, excep t for com pli
c a te d  cases, when th e  sin u sitis  was still recognizable a t  an  age of 8 w eeks. In  th e  groups 
k e p t  in the farm  up to  a d u lt  age, th e  loss ran g ed  be tw een  4.8 and 2 2 .5 %  (m ean , 10 .6% ).

Fourty-tw o h a e m ag g lu tin a tin g  v iru s s tra in s  were iso lated  fro m  th e  re sp ira to ry  tra c t  
o f  th e  diseased duck lings, m o st o f th e m  from  th e  sinus secretion . In  th e  double  agar-gel d iffu 
sion  te s t the isolates p ro v ed  to  be in flu en za  A v iru s stra in s , b u t  in  th e  haem ag g lu tin a tio n - 
in h ib itio n  (III) te s t  th e y  d id  n o t re a c t w ith  an tise ra  to  th e  p ro to ty p e  s tra in s  of su b types 
H a v i— Hav6.

Chickens, d ay -o ld  ducklings a n d  day-o ld  tu rk ey s  e x p e rim e n ta lly  in fected  w ith  one 
o f  th e  isolates developed  fib rin o u s a ir  saccu litis; a d u lt  cocks sh o w ed  h ead  oedem a lasting  
severa l days. The a rtif ic ia lly  in fec ted  b ird s gave a p o sitive  im m une response , w ell-dem onstrable 
10—12 days a fte r in fec tion .

The virus was iso la ted  from  all th e  serous-m ucous sinus secre tion  sam ples, from  several 
duck lings consisten tly  d u rin g  a period  of 2— 7 weeks. H ow ever, v iru s  iso lation  was ra re ly  
successful from caseous-fib rinous m asses. T he H I  t i t r e s  reached re la tiv e ly  low levels in th e  
se ra  of ducklings a f te r  n a tu ra l  in fection . F rom  carrie r ducklings th e  v iru s  could be isolated 
in  sp ite  of th e  p resence of hom ologous an tib o d ies  dem onstrab le  up  to  1 : 20— 1:40 serum  
d ilu tions. The serum  a n tib o d ies  h a d  d isap p eared  by  th e  5 th — 1 2th  w eek a fte r recovery .
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ISOLATION OF MYCOPLASMA OVIPNEUMONIAE 
FROM SHEEP WITH PNEUMONIA

By

L. S t i p k o v i t s , S . B é l á k , V. P á l f i  a n d  E . T ú r y

V eterin ary  M edical R esearch  In s ti tu te  o f th e  H u n g a rian  A cadem y of Sciences, D e p a rtm e n t 
of E pizootio logy, U n iv e rsity  o f V eterinary  Science, C en tra l V e te rin a ry  In s ti tu te , and  D e p a r t

m en t o f P a th o lo g y , U n iv ersity  of V e te rin a ry  Science, B udapest

(R eceived J u ly  17, 1975)

T he m y cop lasm a infection  of sheep  has n o t been s tu d ied  in deta il so fa r. 
M ycoplasm a agalactiae subsp. agalactiae, th e  aetio log ical ag en t of con tag ious 
ag a lac tia , was th e  f irs t  of th e  m ycop lasm es iso la ted  from  th is  species ( B r i d r e  

and  D o n a t i e n , 1923). A r i s o y  e t al. (1967) re p o rte d  on th e  presence of u n id e n 
tified  m ycop lasm as in  th e  eyes an d  in  th e  nasa l cav ities o f clinically n o rm a l 
an im als. A u stra lian  au tho rs (S t . G e o r g e , 1969; C o t t e w , 1971) p re sen ted  
a d e ta iled  ch a ra c te riz a tio n  of m ycop lasm as iso la ted  from  sheep w ith  p n e u 
m onia. C a r m i c h a e l  e t al. (1972) also iso la ted  ovine m ycop lasm a s tra in s  in  
A u stra lia . Som e of th ese  iso lates w ere classified  as M . ovipneum oniae  
(C a r m i c h a e l  e t ah , 1972).

In  th is  re p o r t  iso la tio n  of M . ovipneum oniae  s tra in s  from  lam bs show ing  
chronic re sp ira to ry  sym ptom s is described . T he iso lation  of th e  s tra in s  w as 
p receded  b y  an  epidem ic of adenov irus p n eu m o en te ritis .

Materials and methods

Epidem iological observations. T he n a tu ra l  h is to ry  of an  epidem ic o f p n e u 
m o en te ritis  am ong  fa tte n in g  lam bs w as re p o rte d  prev iously  ( B é l á k  an d  P á l f i , 

1974c). In  th e  sam e farm  an adenov irus s tr a in  was iso la ted  from  acu te  cases 
and  th e  aetio log ical role of th e  s tra in  w as p ro v ed . In  th e  m a jo rity  of th e  cases, 
th e  acu te  re sp ira to ry  sym ptom s becam e ch ron ic . In  th is  phase  of th e  d isease 
cough an d  dysp n o ea  la s ted  for a long tim e .

Specim en collection. The lungs o f 10 an im als w ith  chronic re sp ira to ry  
signs w ere ex am in ed  patho log ica lly , p a rts  o f 9 lungs w ere fix ed  in  10%  fo r
m alin , em bedded  in  p a ra ffin  and  th e  sections were s ta in ed  w ith  h a em a lau n —- 
eosin for h is to p a th o lo g ica l s tu d ies . B acterio log ical an d  virological in v e s ti
gations w ere m ad e  as described before ( B é l á k  and  P á l f i , 1974a).

T he lungs and  th e  perib ronch ia l ly m p h  nodes w ere exam ined  for th e  
presence of m ycop lasm as. The organs w ere hom ogenized  and  tran sfe rred  to
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m ycop lasm a m ed iu m  B ( E r n 0 and  S t i p k o v i t s , 1973) an d  G o u rlay — L each ’s 
m ed iu m  (G o u r l a y  an d  L e a c h , 1970) fo r cu ltiv a tio n  a t  37°C. E v ery  second 
d a y , th e  in o cu la ted  m ed ia  were s tre a k e d  on th e  sam e ty p e  of solid m ed ia . 
P la te s  w ere in c u b a te d  in  candle ja r  for 3 w eeks. The g ro w th  of colonies was 
checked  reg u la rly . A gar blocks c o n ta in in g  colonies w ere tran sfe rred  in to  
G o u rla y —L each ’s liq u id  m edium  an d  a f te r  5 days of in c u b a tio n  th e  b ro th  
cu ltu re s  w ere f ilte re d  th ro u g h  M illipore f i l te r  (M illipore H A W P  01300,100  
ea  H A  0.45 pm ). F iltra te s  were s tre a k e d  on  solid m edium  a n d  if  th e  c u ltiv a tio n  
w as successful, single colonies w ere p ick ed  up  for fu rth e r  su b c u ltiv a tio n . E ach  
s tr a in  was cloned  th re e  tim es.

Biochem ical and serological characterization o f  the isolated m ycoplasm as. 
A ll s tra in s  w ere exam ined  for c rite r ia  o f  th e  order M ycoplasm atales ( I n te r 
n a tio n a l C om m ittee  on th e  T axonom y o f M ycoplasm atales, 1972 viz., pen icillin  
re s is tan ce , f i l te ra b ili ty , m orphology , absence of b a c te ria l reversion), for 
c lassifica tion  in to  fam ily  (cholesterol re q u ire m e n t, sen s itiv ity  to  sodium  p o lyan - 
e th o l su lp h o n a te  an d  d ig iton in , g row th  a t  20°C) as well as fo r species c h a ra c 
te ris tic s  ( E r n 0 an d  S t i p k o v i t s , 1973). G ro w th -in h ib itio n  te s ts  were perfo rm ed  
as described  elsew here (St ip k o v it s  an d  V a r g a , 1974), w ith  an tise ra  to  50 
m ycop lasm a species.

M ost of th e  reference m ycop lasm a s tra in s  were o b ta in ed  from  th e  
F A O /W H O  R eference  C entre for A nim al M ycoplasm as (D ep a rtm en t o f M edi
cal M icrobiology, L n iv e rs ity , o f A a rh u s , A arhus, D an em ark , P rof. A. E . 
F re u n d t) , th e  M . ovipneum oniae  s tra in s  from  Mr. G. S. C ottew , C SIRO  D iv i
sion  of A nim al H e a lth , P arkv ille , A u s tra lia . All an tise ra  used  were p rep a red  
in  our lab o ra to ry .

Serology. Sera collected from  an im als  o f th e  exam ined  flock  were checked 
fo r a n tib o d y  a g a in s t M . ovipneum oniae  b y  m etabo lism -in h ib itio n  te s ts  w ith  
M . ovipneum oniae  (L  25) reference s tra in s .

Results

Gross pathology. In  d ifferen t areas o f th e  lungs c a ta rrh a l, c a ta rrh a l-  
p u ru le n t and  c roupous pneum onia w ere fo und , especially in  th e  ap ical and  
ca rd iac  lobes, in fre q u e n tly  in o th e r p a r ts , too . P ericard itis  and  p leu ritis  were 
also observed.

L obar conso lid a tio n  was f re q u e n tly  seen in th e  card iac  and  ap ical 
lobes. The affec ted  areas were redd ish  or g rey ish  brow n an d  firm . A co n sis ten t, 
m u d d y , p u ru le n t e x u d a te  could be exp ressed  from  the  bronchio les of th e  cu t 
su rface . E n la rg ed , g rey ish-w hite , firm  p e rib ro n ch ia l lym ph  nodes were found ; 
th e se  show ed an  in d is tin c t s tru c tu re  an d  a ra th e r  d ry  c u t surface.
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Fig. 1. P e riphera l a rea  of in te re s tit ia l  pneum onia , ap p ro x . X 110

Fig. 2. A lveolar sep ta l th ick en in g , approx. X 275

M icroscopic pathology. A lte ra tio n s  w ere observed in  a single lobule or 
in  a d jacen t lobules.

A m ark ed , in tra lo b u la r , in te rs t i t ia l  pneum onia (F ig. 1) was observed  
in  se p a ra te d  lobules of 3 lungs. T h ere  w as a m arked  th ick en in g  of a lveo lar 
s e p ta  (Fig. 2) due to  p ro life ra tio n  o f h istiocy tes. F req u en tly , p ro life ra tion  of 
th e  alveo lar ep ithe lia l cells was also found . The lum en o f a h igh n u m b er of 
alveoles was filled  w ith  d e sq u am a ted  alveo lar ep ithelia l cells (Fig. 3). O nly  
a m o d era te  n u m b er of n eu tro p h il g ran u lo cy tes  could be observed  in  th e  in te r-
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Fig. 3. T he alveolar lu m en  is narrow ed due to  a m ark ed  d esq u am a tio n  an d  in te rs titia l p ro lif
eration , ap p ro x . X 45

Fig. 4. E p ith e lia l  p ro liferation  in  sm all b ronchi, ap p ro x . X 275

s titiu m  and  in a lim ite d  num ber of alveoli and  bronch i. E p ith e lia l cell p ro lif
e ra tio n  was p resen t in  sm all bronchi (F ig. 4). H y p erp lasia  of th e  perib ronch ia l 
ly m p h  follicles was also  cha rac teris tic  (Fig. 5).

In  fu rth e r 4 lu n g s , besides these  p ro life ra tiv e  changes, a m arked  n e u tro 
phil in filtra tio n  was o bserved  in the  in te rs titiu m  and  n eu tro p h ils  and d esq u a
m a te d  ep ithelial cells w ere freq u en tly  p resen t in  th e  alveoli and b ronchi. 
In  th e  peribronchial follicles th e  h y p erp lasia  was s tro n g e r (F ig . 6) th a n  usual 
w ith  such forms of c a ta r rh a l  pneum onia.
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Fig. 5. H y p e rp las ia  o f p erib ronch ia l ly m p h  follicles in  th e  a rea  of in te rs ti tia l  p n eu m o n ia ’
ap p ro x . X 110

Fig. 6. Severe h y p e rp la s tic  changes o f p erib ro n ch ia l lym ph follices, ap p rox . X 45

I n  th e  tw o rem ain ing  lungs a severe lobu lar b ronchopneum on ia  w as 
observed , covering th e  less d o m in an t p ro life ra tiv e  processes.

Bacteriological and virological fin d in g s . Pasteurella haemolytica  was c u l
t iv a te d  from  4 lungs. No viruses could  be iso la ted  from  th e  hom ogenized lungs, 
even a f te r  th ree  successive b lind  passages in  ovine feta l lam b  k id n ey  cu ltu res .

M ycoplasm a isolation. O f 10 lung  sam ples 7 con ta ined  inycoplasm as. All 
th e  iso la tes  were p en ic illin -resis tan t, h a d  pleom orphous colonies and  fo rm s,
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th e y  were f i l te ra b le  th ro u g h  the  0.45 /m i filte r, an d  did  no t show reversion . 
A ccording to  ch o le s te ro l req u irem en t, d ig iton in  an d  p o lyane tho l su lp h o n a te  
sen s itiv ity  an d  in a b i l i ty  to  grow a t  room  te m p e ra tu re , all th e  iso lates belonged  
to  th e  fam ily o f  M ycoplasmataceae. All s tra in s  grew  on G ourlay— L each ’s 
m edium .

Two of th e  7 s tra in s  (Nos 679, 690) grew also on m edium  B. The rem ain ing  
5 s tra in s  (Nos 677 , 678, 680, 689, 684) sp lit te d  glucose, b u t  did n o t sp lit a rg i
n ine, u rea, aescu lin  a n d  arb u tin  an d  d id  n o t form  p h o sp h a tase  and  “ film  an  
sp o t” . These s tra in s  reac ted  in th e  g ro w th -in h ib itio n  te s t  only w ith  th e  a n t i 
serum  M . ovipneum oniae. S trains N o. 679 and  690 w ere negative  for glucose, 
arg in ine , u rea, a e scu lin  and a rb u tin  b u t  th e y  p roduced  p h o sp h a tase  an d  in te n 
sive film  and sp o t. T h e y  did not reac t w ith  any  of th e  sera . T heir id e n tific a tio n  
is in  progress.

Serology. A lth o g e th e r  35 sera w ere exam ined  b y  th e  m etabo lism -in h ib i
tio n  te s t. The t i t r e s  v a ried  betw een 0 an d  320.

D iscussion

Co t t e w  (1971) com pared m y co p lasm a s tra in s  iso la ted  from  diseased 
sheep w ith  tho se  iso la te d  from th e  n asa l cav ities o f h e a lth y  sheep or goats. 
Ca r m ic h a e l  e t al. (1972) suggested t h a t  th e  iso lates h ad  been th e  cau sa tiv e  
ag en ts  of the  c h ro n ic  in te rs titia l p n eu m o n ia . S u l l iv a n  et al. (1973) rep o rted  
on th e  n a tu ra l h is to ry  of a p ro life ra tiv e  in te rs ti t ia l  p n eum on ia  and  suggested  
th a t  th e  disease h a d  been  associated w ith  m ycoplasm as. Follow ing in trav en o u s  
or aerosol a p p lic a tio n  o f m ycoplasm a cu ltu res , th e  la t te r  team  was able to  
p ro d u ce  p ro life ra tiv e  pneum onia in  ex p e rim en ta lly  in fec ted  lam bs.

The m y co p la sm a  stra ins re p o rte d  in  th is  a rtic le  w ere iso lated  from  th e  
lungs of lam bs sh o w in g  b ronchopneum on ia  of various sev erity  and, also, ch ro 
nic in tra lo b u la r in te r s t i t ia l  pneum onia . A ccording to  th e ir  b iochem ical and  
serological b e h a v io u r , five  of the  s tra in s  p roved  to  be M . ovipneum oniae, tw o 
fu r th e r  isolates co u ld  n o t be id en tified  y e t.

Three m o n th s  earlier an ep idem ic o f acu te  pneum o en teritis  occurred  
am ong  the  sam e la m b s . In  the  aetio logy  o f p n eu m o en te ritis  the  cau sa tiv e  role 
o f  adenoviruses w as p roved  (B é l á k  a n d  P á l f i , 1974c). A fter the  acu te  re sp i
r a to ry  and  en te ric  d isease had  ceased, m a n y  lam bs show ed persisting  chronic 
re sp ira to ry  sy m p to m s. In  these cases in te rs ti t ia l  p ro life ra tiv e  changes in  th e  
lungs, d e sq u am a tio n  o f  alveolar ep ith e lia l cells, h y p erp las ia  of th e  p e rib ro n 
ch ial follicles a n d  a n  epithelium  p ro life ra tio n  in  th e  bronch i were th e  m ost 
im p o r ta n t h is to p a th o lo g ica l find ings besides th e  lesions ch a rac te ris tic  of 
c a ta rrh a l p n eu m o n ia , w hich was o ften  p resen t. T hese w ere sim ilar to  those  
re p o rte d  b y  S u l l i v a n  e t al. (1973) in  association  w ith  n a tu ra l and  ex p e r
im en ta l m ycop lasm a infection  of sheep.
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A ccording to  re c e n t stud ies, several v iruses, like reov iruses (B é l á k  an d  
P á l f i , 1974a, b) an d  adenoviruses ( B é l á k  and  P á l f i , 1974c) can p lay  a p r i 
m ary  role in acu te  re sp ira to ry  diseases of lam bs k e p t in ten s iv e ly . E arlier, th e  
aetio log ical im p o rtan ce  of para in fluenza-3  v iruses was also repo rted , f irs tly  
in th e  U. K. ( H o r e , 1966). These v iruses were iso la ted  from  sheep show ing 
re sp ira to ry  sy m p to m s in  H u n g ary , too  ( B é l á k  and  P á l f i , 1974d).

D uring  th e  a c u te  phase of re sp ira to ry  disease th e  iso la tio n  of m ycoplas- 
m as has no t been a tte m p te d  y e t. F u r th e r  w ork is req u ired  to  in vestiga te  th e  
path o g en ic  role o f th e  m ycop lasm a iso lates rep o rted  here , e ith e r  alone or in  
com bined  infections w ith  th e  above viruses. T hese in v es tig a tio n s  will show  
w hether a v iral b ack g ro u n d  is needed  for successful m yco p lasm a in fection .

Summary

M ycoplasm a s tra in s  w ere isolated from  sheep show ing chron ic  re sp ira to ry  sym ptom s. 
This co n d ition  occurred  a f te r  an  epidem ic of acu te  adenovirus p n eu m o en teritis  of lam bs. 
In  th e  lungs in te rs ti tia l  p ro life ra tiv e  changes, d esq u am a tio n  of a lv eo lar epithelial cells, 
p ro life ra tio n  of the  b ro n c h ia l ep ithe lium  a n d  hy p erp lasia  o f th e  p e rib ro n ch ia l follicles w ere 
fo und  h isto p ath o lo g ically  besides th e  lesions of c a ta rrh a l p n eu m o n ia . The m ycoplasm as 
iso la ted  from  th e  ho m o g en ized  lung tissues were ch aracte rized  acco rd ing  to  th e ir  biochem ical 
and  serological b eh av io u r. F iv e  stra in s  p roved  to  belong to  M ycoplasm a ovipneumoniae, 
tw o fu r th e r  isolates cou ld  n o t  be iden tified  y e t. T he aetiological ro le o f th e  isolates needs 
fu r th e r  in v estig a tio n s e ith e r  a lone, or in  com b in a tio n  w ith  v iruses cau sin g  resp ira to ry  diseases 
o f sheep.
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D e p artm en ts  o f  Parasito logy  and  P la n t P ro tec tio n , A syut U n iv e rs ity , E g y p t 

(R eceived  A u g u st 15, 1975)

Owing to  th e ir  in tim a te  associa tion  w ith  m an and usefu l an im als, ro d e n ts  
o f su b fam ily  M urinae  are in c rim in a te d  n o t only  in  the  d issem in a tio n  of serious 
zoonoses b u t also in  trem en d o u s econom ic losses. H ence, sev e ra l w orkers h av e  
th o ro u g h ly  s tu d ie d  these  pests to  e lab o ra te  proper sc ien tific  contro l. F ood  
preference  an d  food consum ption  by  d iffe ren t species are p o in ts  o f in te re s t th a t  
h a v e  n o t been su ffic ien tly  s tu d ie d , p a rtic u la r ly  on w ild ca tch es in E g y p t. 
T h e  p resen t w ork  is a c o n tr ib u tio n  to  th is  sub jec t.

Materials and methods

T h irteen  ty p es  of food rep resen tin g  fie ld  and sto red  p ro d u c ts  as well as 
p re p a re d  an im al p rovender w ere te s te d  for food preference a n d  consu m p tio n . 
F ie ld  collections o f every  species u n d e r s tu d y  were k ep t in th e  la b o ra to ry  fo r 
a few  days, th e n  20 h e a lth y  in d iv id u a ls  of each species, com prising  equal 
n u m b ers  of m a tu re  and  im m atu re  an im als o f b o th  sexes, w ere te sted .

E ach  an im al was k ep t in  a se p a ra te  cage provided w ith  d rink ing  w a te r  
ad lib itum . K now n  am oun ts of th re e  d iffe ren t types of food w ere offered for 10 
d ay s . T he average  consum ption  fo r each  ty p e  of food per k g  b o d y  w eight w as 
th e n  es tim a ted . T hencefo rw ard  o th e r ty p es  of food were te s te d  in  th e  sam e 
w ay , and  th e  m o st p referab le  ty p e s  w ere te s ted  th ree b y  th re e  against each 
o th e r . W ith  th is  m eth o d  of screening  th e  m ost p referable ty p e s  of tr ied  food, 
fo r th e  co rrespond ing  species, s tag e  an d  sex  were de te rm in ed .

Results and Discussion

As show n in  T able I , th e  food p re fe rred  to  all o th e r foods was b ru ised  
m aize for R attus norvegicus an d  A com ys cahirinus, b ru ised  so rghum  for A rv i-  
canth is niloticus, sound  m aize for R attus r. a lexandrinus a n d  b ro ad  beans for 
R . r. frug ivorus. G enerally  speak ing , b ru ised  maize and  so rghum  were p re-
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Table I

Food preference in g/kg b .w ./day  for m urine rodents

Group
No. Type of food Rattus norvegicus Rattus r. alexandrinus Rattus r. j'rugivorus Acomys cahirinus Arvicanthis niloticus

l Sound m aize, sorghum  and beans 95.0, 66.4 152.2, 81.5 79.0, 56.5 35.5, 39.8 98.0, 61.5
35.3 18.2 23.4 65.0 25.5

2 E ars of barley , corn, b road-beans 63.3, 72.1 64.0, 58.3 110.8, 103.6 6.8, 5.6 93.4, 91.0
93.0 90.8 112.6 15.4 118.6

3 B ruised m aize, sorghum  and beans 104.9, 103.3 103.8. 119.8 82.2. 100.1 54.7, 54.1 105.1, 108.8
34.8 14.2 11.7 9.8 37.8

4 Sound w heat, barley  and provender 46.4, 55.3 55.0, 67.8 41.8, 48.6 11.8, 19.6 43.0, 51.3
35.5 26.8 66.8 7.7 23.3

5 Sound m aize, broad-beans and 99.7, 85.1 147.0, 81.6 68.3, 125.1 80.6, 113.2
brouised  maize or 119.5

Sound sorghum  or 121.2
Bruised sorghum  or 90.2 126.3
Sound m aize, b road-beans and 28.1, 18.3

bruised  maize 65.9
6 Sound barley , bruised maize 47.6, 133.2 19.7, 63.0

and bruised provender or 11.3 8.1
Sound m aize, barley  and 173.1, 56.5

bruised provender or 14.2
Sound provender, broad  beans 59.0, 124.9

and bruised provender or 9.0
B ruised sorghum , barley  and 131.0, 49.2

bruised provender 9.8

F  value 35.71 17.57 27.0 91.72 92.8
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Table II

A verage am o u n t of p referred  food co n sum ption  according to  m a tu r i ty  and sex of m urine  ra ts

R odent species Preferable food g/kg b.w./day S tatistical group

R. norvegicus B ruised  maize 143.4. 135.5 

75.4, 56.3

(1) M atu re  m ales and females

(2) Im m a tu re  m ales and females 

F  value  =  35.42 

L .S .D . 0.01 =  26.49 

L .S .D . 0.05 =  19.61

R . r. alexandrinus Sound m aize 203.1

175.3

92.9,107.0

(1) M ature  m ales

(2) M atu re  females

(3) Im m a tu re  m ales and  fem ales 

F  va lue  =  35.42 

L .S .D . 0.01 =  26.49 

L .S .D . 0.05 =  19.61

R. r. frugivorus B road  beans 160.9,142.9 

78.7, 68.9

(1) M atu re  m ales and females

(2) Im m atu re  m ales and  females 

F  va lue  =  23.95 

L .S .D . 0.01 =  36.72 

L .S .D . 0.05 =  27.19

Ar. niloticus B ruised  sorghum 161.1, 141.0 

74.9, 66.4

(1) M ature  m ales and females

(2) Im m a tu re  m ales and females 

F  va lue  =  46.93 

L .S .D . 0.01 =  27.03 

L .S .D . 0.05 =  20.02

ferred  to  m an y  o th e r foods b y  all species. The sound  fo rm  of these  grains seem ed 
to  be h ighly  p a la ta b le  fo r R . r. a lexandrinus  w hile o th e r  species seem ed to  
prefer sound  m aize. T his ind ica tes  th a t  s to red  grains in  b o th  sound and  b ru ised  
form s m ay  be effectively  consum ed  b y  all species o f  m u rin e  pests.

T he grass r a t ,  A rvican th is  n ilo ticus  and  th e  p a lm  ra t ,  R . r. frug ivorus  
show ed m ore preference to  ears o f b a r le y  and  to  co rn  an d  b ro ad  beans th a n  
o th e r species did. H ence, th e  im p o rta n c e  of these tw o  species in  th e  d e s tru c 
tio n  o f unprecessed fie ld  crops o u g h t to  be considered . T he n estin g  h a b it  o f 
th e  grass r a t  in  th e  fields and  th e  com m ensal n a tu re  o f th e  palm  ra t ,  w h ich  
nests m o stly  on trees ou ts id e  houses (Se t z e r , 1963; A r a f a , 1968 an d  S a l it
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e t al., 1975d, e), a p p e a r  to  a ffec t th e ir  feeding h a b its . T he loss caused  by  th e  
p a lm  ra t  m ay e x ten d , in  a d d itio n  to  fie ld  crops, to  sound  p ro v e n d e r (Table I).

As regards fo o d  co n su m p tio n  (Table I I ) ,  i t  appears t h a t  th e  m a tu re  
s ta g e  of m urine ra ts  o f b o th  sexes req u ired  la rg e r am o u n ts  o f  th e  p referred  
food  th a n  the  co rrespond ing  im m a tu re  stage . This is p ro b a b ly  due  to  th e  need 
o f  necessary  p ro te in s  in  grains e ssen tia l for developing  im m a tu re  ra ts . H igher 
p ro te in  req u irem en t m ay  be an  e x p lan a tio n  to  th e  h ig h er co n su m p tio n  by  
a d u lt  males th a n  b y  fem ales, p a r tic u la r ly  in  th e  case of R . r. alexandrinus.

R esults su m m arized  in  T ab les I and  I I  in d ica te  th a t  R . r. alexandrinus  
consum ed the  h ig h es t a m o u n t o f food /kg  b.w ./ d ay  w hen  offered  its  m ost 
p referab le  d iet. I t  w as follow ed b y  A r. niloticus an d  R . r. frug ivorus, th en  
R . norvegicus and , f in a lly , A . cah irinus. T ab le  I I  show s th a t  a m a tu re  ra t  m ay 
consum e an am o u n t o f  th e  p re fe rab le  food equal to  its  bo d y  w e ig h t w ith in  less 
th a n  10 days, in  a d d itio n  to  c o n ta m in a tio n  due to  its  d ro p p in g s, u rine, ha ir 
a n d  sm earing. T he m a tu re  sp iny  m ouse (Table I) needs ab o u t 16 days to  con
su m e an am oun t of food  equal to  its  b o d y  w eight.

Summary

T hirteen  ty p es o f food  rep re sen tin g  field -sto red  p ro d u c ts  an d  p re p a re d  an im al pro- 
v e n d e r  were tes ted  fo r food  preference an d  co nsum ption  by  m urine  ro d e n ts . S tored  grains 
in  b o th  sound and  b ru ise d  form s a re  effec tive ly  consum ed b y  all species. T h e  im portance  
o f  th e  field r a t  A rvicanth is n iloticus  a n d  th e  w hite-bellied  r a t  R . r alius fru g ivo ru s  in  th e  d estru c 
tio n  of unprocessed fie ld  crops co m p ared  w ith  o th e r species is ev id en t. Species of th e  ro d en t 
a n d  its  nesting h a b its  p lay  a role in  food preference. F ood  co n su m p tio n  dep en d s on species, 
m a tu r i ty  and sex. A m a tu re  r a t  m ay  consum e an  a m o u n t of perefe rab le  food equal to its  
b o d y  w eight in less th a n  10 d ays, w hile th e  m ouse in ab o u t 16 days.
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BIRTHDAY TRIBUTE TO JÁNOS MÓCSY

Já n o s  MÓCSY, O rd in ary  M em ber o f  th e  H u n g arian  A cadem y of Sciences, 
com pleted  th e  8 0 th  y ea r of his c re a tiv e  life on th e  30th  N ovem ber, 1975. 
A lth o u g h  th e  en tire  bo d y  of H u n g a ria n  v e te rin a rian s  and  re p re se n ta tiv e s  o f 
v e te rin a rian ism  from  m an y  foreign c o u n trie s  were p rep arin g  for th e  ce leb ra 
tio n , th e  G rea t Old M an of V e te rin a ry  Science refused p u b lic ity  as a lw ays, 
w hen he  could help , an d  rem em bered  his ac tiv e  years in  a little  circle o f  his 
fo rm er pu p ils  and closest cow orkers, w ho  assem bled to  greet him  a t  th e  U n iv e r
sity  o f V e te rin a ry  Science in B u d ap est, be tw een  th e  walls w hich h a d  w itn essed  
his o u ts ta n d in g  tea c h in g  and  resea rch  a c tiv itie s  over th e  long period  o f fo u r 
decades. In  th e  w arm  fam ilial a tm o sp h e re  o f th e  m eeting , D r. F erenc  K o v á c s ,

1 Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



2 8 0 JÁNOS MÓCSY

professor of A nim al H y g ien e  an d  R ec to r o f th e  U n iv e rs ity , u tte re d  th e  w ords 
o f g ra titu d e  on b e h a lf  o f  th e  U n iversity  an d  th e  H u n g a ria n  v e te rin a rian s  fo r 
th e  m an y  o u ts ta n d in g  co n trib u tio n s  of J á n o s  MÓCSY to  w orld v e te r in a ry  
science in  general a n d  H u n g a ria n  v e te r in a ry  science in  p a rticu la r . Now A cta  
V e te rin a ria  is co n v ey in g  its  b ir th d a y  g ree tin g s to  th e  w orld-fam ous sc ien tist, 
on b e h a lf  of its  m a n y  read e rs  b o th  hom e an d  ab ro ad .

J u s t  a lis t o f  P ro fesso r Mo c s y ’s c o n tr ib u tio n s  to  v e te rin a ry  science 
w ould  dem and m u ch  m o re  space th a n  is a v a ilab le  for th is  no te , n o t to  m en tion  
th e  b enefits  o f h is te a c h in g  system  and  p e rso n a l in sp ira tio n . Y e t we t r y  to  
su rv e y  a t  least h is g re a te s t  ach ievem ents on th e  occasion o f th is  an n iv e rsa ry .

As a sc ien tist, MÓCSY has g rea t m erits  in  th e  deve lopm en t of th e  so-called 
“ cilin ical v e te rin a ry  m ed ic in e” . The con cep tio n  h a d  been in itia te d  b y  J . A zary' 
a t  th e  tu rn  of th is  c e n tu ry  and  was evo lv ing  as a school of th o u g h t in  th e  h an d s  
o f J .  M a r e k  an d  h is g roup . Mo c s y ’s c re a tiv e  p a r tic ip a tio n  in  th is  school 
re su lte d  in a sy s tem  o f p rincip les, re fe rred  to  as th e  “ M a r e k — MÓCSY school” , 
in  th is  p a r t  of th e  w o rld . T he basic  a t t i tu d e  ch a rac te riz in g  th is  school is to  
p u sh  im pro v em en t b y  sy s tem atic  resea rch , a lw ays w ith  an eye to  in te r re la 
tio n sh ip s . This o u tlo o k  en ab led  MÓCSY to  im p ro v e  th e  m ethods of v e te r in a ry  
clin ical ex am in a tio n  a n d  to  pursue th e  c lin ica l a sp ec ts  of v e te r in a ry  p a ra s ito 
logy  and  toxicology. In  H u n g a ry  MÓCSY p io n eered  in v estig a tio n s in to  th e  tra c e  
e lem en t supply  o f  d o m estic  an im als as w ell as in to  th e  im p ac t of hygien ic  
co n d itions on a n im a l h e a lth . H e was aw are  o f th e  new  h e a lth  haza rd s  th re a te n 
in g  th e  anim als in  la rg e  herds, and  he in i t ia te d  an im al-hygien ic  research  in  
his in s titu te  a t a tim e  w hen  th e  es tab lish m en t o f la rge  an im al p ro d u c tio n  u n its  
h a d  been in its  in i t ia l  s ta g e  and  m ost an im al sc ien tis ts  h ad  only a vague idea 
o f th e  risks to  be e x p e c te d . T h u s MÓCSY is one o f th e  founders of anim al hygiene, 
w hich  has in th e  m e a n tim e  evolved as a new , v e ry  im p o r ta n t b ran ch  of v e te 
r in a ry  science. I t  is o u r p rid e  th a t  M o c s y ’s school has m an y  followers n o t on ly  
in  H u n g ary , b u t also  ab ro ad . His te x tb o o k , w hich  sum m arizes fu n d am en ta l 
know ledge in th e  fie ld s  o f  v e te rin a ry  m ed ic ine , v e te r in a ry  clinical d iagnostics 
an d  anim al hyg iene , h as  been tra n s la te d  in to  n in e  foreign languages, inc lud ing  
th re e  w orld lan g u ag es , th u s  in tro d u c in g  th e  o u tlo o k  o f th e  M a r e k — MÓCSY 
school to  all p a r ts  o f  th e  w orld.

Mo c sy ’s sc ien tific  ac tiv ities h av e  n o t  been  re s tr ic te d  to  his chosen fie ld . 
H is in te re s t in science policy  has been in d e fa tig ab le  during  th e  35 years of his 
m em bersh ip  in  th e  h ig h e s t scientific  b o d y  o f H u n g a ry . H u n g arian  science in  
general, and a g r ic u ltu ra l  sciences in  p a r tic u la r , h av e  b en efited  from  his o rg a 
n izer and co o rd in a to r  ac tiv ities . H e held  th e  p o s t of S ecre ta ry  in  th e  D e p a r t
m e n t of A g ricu ltu ra l Sciences, H u n g a ria n  A cadem y  of Sciences, for a period  
o f  6 years.

As a te a c h e r  he  d istingu ished  h im se lf n o t only  b y  profound  know ledge 
o f his field and  o u ts ta n d in g  cu ltu ra l e la b o ra tio n , b u t  also b y  his e x tra o rd in a ry
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N ex t M eeting 

J u n e  1976
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G erm an  and  E nglish . C on tac t D r. N o rm an  E . H u tto n , Congress S ec re ta ry , 
College of V ete rin a ry  M edicine, A m es, Iow a 50011 USA for re g is tra tio n  an d  
p ro g ram  in fo rm ation .
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ACTA V E T E R IN A R IA

ТОМ 25-ВЫ П. 2 -3

РЕЗЮМЕ

ЗНАЧЕНИЕ МЕХАНИЗИРОВАННОГО ВСТРЯХИВАНИЯ ОСНОВНОГО 
РАЗБАВЛЕНИЯ ОБРАЗЦОВ В ОЦЕНКЕ МИКРОБИОЛОГИЧЕСКОГО КАЧЕСТВА

КОРМОВ

Л. ЭТТЕР и И. НИРЕДИ

Обнаружено, что механизированным встряхиванием в течение 5— 10 минут образца в 
разбавителе до микробиологической оценки повышается количество выявимых микробов в 
нем на 1 экспонент (крайние показатели: 1,7—48 кратные). Состав и соотношение компо
нентов бактериальной флоры от встряхивания не изменились.

Повышение количества грибков после встряхивания было таким же, но с большим 
диапазоном колебания (1,3— 5000 кратный подъем). Очень большое повышение количества 
плесневых грибков наступило в образцах с низким количеством плесней. От встряхивания 
очень часто изменился и состав плесневой флоры. Причина этого, согласно авторам, за
ключается в необходимости применения очень высоких разбавлений, обеспечивающих 
определение очень больших количеств плесневых грибков. Данные, полученные после 
встряхивания, не повышают надежность микробиологической оценки, поэтому авторы не 
рекомендуют применять встряхивание при микробиологической оценке кормов.

СУДЬБА СПОР ПЛЕСНЕВЫХ ГРИБКОВ В ЖЕЛУДОЧНО-КИШЕЧНОМ ТРАКТЕ
МОЛОДЫХ ЦЫПЛЯТ

И. НИРЕДИ, Л. ЭТТЕР, И. ФЕШЮШ и Г. МАЙЕР

Ради решения того вопроса, могут ли попавшие через рот в организм конидии и 
эндоспоры плесневых грибков вызывать микоз или микотоксикоз, авторы вводили в зоб 
дневных цыплят споры разных видов плесневых грибков. В эксперименте использовано 
7 видов, дружно развивающихся и при температуре живого организма и 3 вида, не развиваю
щихся при такой температуре. В течение 10 дней каждому цыпленку вводили по 500 000- 
1 000 000 конидий и после 4-хдневного перерыва в течение новых 10 дней по 5—40 миллио
нов конидий в виде взвеси на физрастворе поваренной соли. Все животные, контрольные 
включительно, за время наблюдения были здоровыми и развивались безупречно. При вскры
тии животных изменений, указывающих на микоз или микотоксикоз, не обнаружено. 
Некоторые среди использованных в эксперименте видов удалось в течение 3-х, исключи
тельно 10 дней из желудочно-кишечного тракта (главным образом из зоба) реизолировать. 
Во внутренних органах и крови грибки не обнаружены. На основании своих эксперимен
тов авторы приходят к заключению, согласно которому попавшие в организм через рот 
конидии не вызывают ни микоз, ни микотоксикоз.
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ИЗУЧЕНИЕ ВЗАИМОСВЯЗИ МЕЖДУ ОБНАРУЖИВАЕМОСТЬЮ АНТИГЕНОВ 
ГРУПП КРОВИ КУР И БОЛЕЗНЬЮ МАРЕКА В ПРИВИТЫХ И НЕПРИВИТЫХ 

ВАКЦИНОЙ МАРЕКА ПОГОЛОВЬЯХ

М. ПАПП, В. П. ЮХАС и Л. ПАПОЧИ

Статистически проанализированы патологоанатомические данные и таковые групп 
крови у 1193 кур, вакцинированных против болезни Марека и 1167 непривитых цыплят. 
Целью анализа явилась проверка резистентности животных к болезни Марека. Обнару
жена взаимосвязь между наличием двух антигенов групп крови (В4и В10) и резистентностью 
к болезни Марека. Эта взаимосвязь была статистически достоверной только в отношении 
антигена В„ поскольку количество особей В4 было статистически достаточно высоким. 
Но благоприятный эффект редкой частоты антигена В1(| указывает на тот факт, что среди 
особей Вц, изменения, характерные для болезни Марека, наблюдались особенно редко. 
Объяснением указанной взаимосвязи может быть наличие плейотропии или геновой 
спайки.

ИЗУЧЕНИЕ ФУНКЦИИ ЩИТОВИДНОЙ ЖЕЛЕЗЫ 
IN VIVO НА БУРЗЭКТОМИЗИРОВАННЫХ ПЕТУШКАХ

ДЬ. ПЕТЕШ и А. ФОДОР

Изучен эффект хирургической бурзэктомии на некоторые параметры функции 
щитовидной железы бройлерных петушков.

Обнаружено, что доза в 2 /«г/100 г живого веса экзогенного трийодотиронина пол
ностью тормозила секрецию щитовидной железы бурзэктомизированных птиц, тогда как 
доза в 5 fir/100 г живого веса гормона не тормозила функцию контрольных животных, 
если они содержались на метилмазолевой диете. Сравнением in vitro методов опреде
ления темпа выделения тироидного гормона выявлено, что наиболее надежным является 
так наз. метод прямого выделения Синг-Райнеке. Сравнение дало возможное объяснение 
правильности данных темпа выделения тироидного гормона, полученных методом Танабе 
и Комияма (1962).

IN VITRO ЭКСПЕРИМЕНТЫ С ЩИТОВИДНОЙ ЖЕЛЕЗОЙ КУРЫ 

А. ФОДОР, ДЬ. ПЕТЕШ и Т. МУРАНИ

В поисках за надежными параметрами биотитрирования тиротропина в in vitro 
системе с курой как экспериментальным животным обнаружено, что принципы метода 
Чун и Огура (1960) являются применимыми для этого вида. Активность I131, связанного с 
протеином, в инкубированных срезах щитовидной железы, заранее обработанных I131 
птиц, является, согласно авторам, надежным in vitro показателем эффекта тиротропина.

ЭКСПЕРИМЕНТЫ ПО ПРОФИЛАКТИКЕ КОЛИБАЦИЛЛЕЗНОЙ ДИЗЕНТЕРИИ
ТЕЛЯТ ПУТЕМ ВАКЦИНАЦИИ

I. Употребление алюминиевой жели в качестве вяжущего вещества

Я. ВАРГА и А. Ф. ФАРИД

После предварительных серологических опытов проводилась экспериментальная 
вакцинация моно- и тривалентными вакцинами на алюминиевой жели против колибацил- 
лезной дизентерии телят.

Патогенные для подсосных телят колибациллезные штаммы представляют собой 
только 8—10 серологических групп. Большинство штаммов содержит мукоидный К(А) 
антиген и многие среди них полиресистентны к антибиотикам.
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Специфические К антитела против вакцинных штаммов появлялись в крови и 
молозиве коров, дважды вакцинированных в течение последнего месяца беременности. 
Телята приобретают иммунитет благодаря наличию антител К в молозиве. Условием на
дежной вакцинации является точное знание серотипов Е. coli, вызывающих заболевание в 
поголовье телят. При соблюдении гигиенических условий вакцинацией коров по опреде
ленной программе можно профилактировать колибациллезную дизентерию подсосных 
телят.

ИЗУЧЕНИЕ КОЛИБАЦИЛЛЕЗНЫХ ШТАММОВ, ИЗОЛИРОВАННЫХ ИЗ ПАВШИХ 
ОТ МУКОИДНОГО ЭНТЕРИТА КРОЛИКОВ

Е. ЦИРОК и Ф. ВЕТЕШИ

Серологически изучены 65 колибациллезных штаммов, изолированных из кишеч
ника 6 подсосных крольчат и 52 голов молодняка, павших от колибациллезной энтеро
токсемии. Целью изучения явилось выявление того, не формируются ли среди них обычные 
или менее распространенные энтеропатогенные для человека штаммы.

Среди 65 колибациллезных штаммов 13 (20%) принадлежало к некоторой серогруп- 
пе, искаемой авторами, показанной в таблицах 2 и 3. Согласно данным таблицы 4 два 
штамма среди тринадцати принадлежали в группу Е. coli—clyspepsiae (086 и 0125), осталь
ные же 11 в разные патогенные для человека серогруппы.

При изучении чувствительности этих штаммов к антибиотикам бросалось в глаза, что 
среди изученных штаммов только 35% были чувствительны к тетрациклину.

В испражнениях 17,2% ухаживающего за кроликами персонала обнаружены коли- 
бациллезные штаммы, вызвавшие энтеротоксемию у прицеленных к ним кроликов.

ЭКСПЕРИМЕНТАЛЬНОЕ ЗАРАЖЕНИЕ ЯГНЯТ ИЗОЛИРОВАННЫМ ИЗ ОВЕЦ 
ВИРУСОМ, БЛИЗКО РОДСТВЕННЫМ БЫЧЬЕМУ АДЕНОВИРУСУ ТИПА 2.

II. ПАТОЛОГОАНАТОМИЧЕСКИЕ И ПАТОЛОГОГИСТОЛОГИЧЕСКИЕ
ИССЛЕДОВАНИЯ

Э. ТУРИ, Ш. БЕЛАК и В. ПАЛФИ

Проводились эксперименты по заражению одним аденовирусным штаммом (Het/3), 
изолированным из овец, показывающих симптомы заболевания дыхательных органов. 
Изолят, близкий к бычьему аденовирусу тип 2, вводился в носовую полость и трахею семи 
ягнят, не получавших молозиво и два ягненка заражались путем контакта.

У заражавшихся животных развились четко очерченные изменения эпителиальных 
клеток и воспаление слизистой носовой полости, эксудативный бронхиолит и сопровождаю
щая его ателектазия в легких, ограниченная интерстициальная пневмония крупных участ
ков легких, незначительная пролиферация бронхиолярного эпителия. Незначительные 
поражения стенки сосудов наблюдались в почечных гломерулах, отмечался тубулярный 
нефроз различной тяжести и местами пролиферация тубулярного эпителия. В мозгу 
характерных изменений не обнаружено. Характерные внутриядерные включения имелись 
в эпительных клетках бронхиол, альвеол, слизистой носовой полости и ретикулярных 
клеток лимфатических узлов. Включениям подобные структуры наблюдались в ядрах 
некоторых эпителиальных клеток почечных канальцев. Патологоанатомические и патогис
тологические исследования подтвердили данные клинических исследований, согласно 
которым вирусный штамм Het/3 патогенен для овец.

ИЗУЧЕНИЕ ДИАГНОСТИЧЕСКОГО ЗНАЧЕНИЯ КЛЕТОЧНЫХ ВКЛЮЧЕНИЙ
ПРИ ЧУМЕ СОБАК

М. ДОБОШ-КОВАЧ

При помощи светового микроскопа изучены частота обнаруживаемое™, морфология 
и диагностическое значение включений при чуме собак. Изучены органы 30 павших и 23 
убитых на разной фазе болезненного процесса собак. Гистологические препараты фиксиро
вались формалином, заливались в парафин и окрашивались гематоксилин-эозином. В раз
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ных органах всех 53-х животных с неодинаковой плотностью обнаружены включения. 
Включения регистрировались в мозгу (в цитоплазме, часто и в ядре нервных и разных 
глиозных клеток) и эпителиальных и железистых клетках разных органов (главным об
разом в цитоплазме, реже в ядре).

Согласно данным гистологических исследований в уротелии, выстилающем моче
вой пузырь, в 73%-ах случаев имелись включения; если наряду с мочевым пузырьем из
учались и легкие (эпителий бронхов и альвеолей), то включения имелись в 95%-ах живот
ных; а если кроме этих органов изучению подвергались и желудок, третье веко и головной 
мозг (мозжечек и Аммоновы рога), то включения обнаруживались во всех трупах. На 
основании наблюдений рекомендуется при диагнозе чумы собак готовить гистологические 
срезы из упомянутых 6 мест. В случае мацерации мочевого пузыря целесообразно изучение 
эпителиальных клеток почечной лоханки.

Проведены и ориентировочные электронномикроскопические исследования, на 
основании чего дается описание ультраструктуры цитоплазматических включений в 
эпителиальных клетках мочевого пузыря. Для них характерно, что они состоят из сплете
ний нуклеокапсидов промера в 18 наномикронов.

ЭКСПЕРИМЕНТЫ ПО ПРОФИЛАКТИКЕ КОЛИБАЦИЛЛЕЗНОГО ЭНТЕРИТА 
ПОРОСЯТ ОТЪЕМЫШЕЙ ПУТЕМ ВАКЦИНАЦИИ

I. Употребление алюминиевой жели в качестве вяжущего вещества

Я. ВАРГА и А. Ф. ФАРИД

После предварительных бактериологических и серологических исследований про
ведена профилактическая вакцинация против колибациллезного поноса поросят-отъемы- 
шейвакциной, содержащейколибациллезныештаммы 041 : К/А, 0138 : К81,88аЬ, 0141 :К85 
и 0147 : К89, 88ас, адсорбированные к алюминиевой жели.

От двухкратной вакцинации до отъема наступило образование специфических в 
отношении вакцинных штаммов О и К антител. Но антитела формировались только к 
антигенам К88 и в образцах сыворотки не обнаруживались антитела ни К(В), ни К(А). 
В экспериментальных и контрольных группах гибель равнялась 3,6 и 6,7%-ам, соответ
ственно.

Поскольку вакцина стимулирует образование прочного иммунитета только к анти
гену К88, она защищает только от штаммов, содержащих этот компонент. Таким образом 
ее не следует применять в настоящей форме в условиях практики.

ОБЛУЧЕНИЕМ ОБУСЛОВЛЕННЫЕ ИЗМЕНЕНИЯ ФАБРИЦИЕВОЙ СУМКИ И 
ЗОБНОЙ Ж ЕЛЕЗЫ  ВО ВРЕМЯ ОНТОГЕНЕЗА ЦЫПЛЯТ

Р. ДЖУРГЕА, С. МАНЧУЛЕА и И. ИЙЕШ

Рентгеновское облучение вызывает возрасту соответствующие модификации Фабри- 
циевой сумки и зобной железы. При облучении в возрасте 3 дней нет признаков реакции 
инволюции, тогда как облучение в 3-хнедельном возрасте уже после первых нескольких 
часов сопровождается признаком инволюции. От применяемой авторами дозы (100 R) 
наступили обратимые изменения как в фабрициевой сумке, так и зобной железе. Изменения 
в зобной железе — в силу ее большей чувствительности к облучению — были более вы
раженными, чем в фабрициевой сумке.

НАБЛЮДЕНИЯ ПРИ ВСПЫШКЕ МАСТИТОВ СРЕДИ СВИНОМАТОК, 
ВЫЗВАННЫХ КЛЕБСИЕЛЛАМИ

С. X. ДОН

Описывается течение и клиника вспышки маститов свиноматок после опороса, 
вызванной клебсиеллами. Анализируется экономический эффект эндемии.
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ОБНАРУЖЕНИЕ MYCOPLASMA MELEAGRIDIS В ИНДЕЙКАХ ВЕНГРИИ

Л. ШТИПКОВИЧ, А. А. ЭЛ-ЭБЕДИ и Л. ВАРГА

Изолировались штаммы Mycoplasma meleagridis в двух индеечных поголовьях, 
благополучных по Mycoplasma gallisepticum; в сыворотке животных отмечены анти
тела против возбудителя. М. meleagridis оказалась менее чувствительной к галлими- 
цину (эритромицин), чем М. gallisepticum. Патогенный характер М. meleagridis 
доказан путем заражения индюшечного эмбриона и 3-хдневных индюшат. У зараженных 
животных развилось воспаление воздухоносных мешков и перитонит; в их сыворотке 
появились антитела против возбудителя.

ОПРЕДЕЛЕНИЕ ТОКСИНА F-2 (ЗЕАРАЛЕНОНА) ПУТЕМ ЖИДКОСТНОЙ 
ВЫСОКОГО ДАВЛЕНИЯ, ГАЗОВОЙ И ТОНКОСЛОЙНОЙ ХРОМАТОГРАФИИ

Ф. КОВАЧ, Ч. САТМАРИ и М. ПАЛЮШИК

Изучались способы экстракции токсина резорбцил-ацид-лактона (F-2, зеараленона) 
с особым вниманием на конечный продукт сырого экстракта.

Эксперименты по тонкослойной хроматографии показали, что количественное опре
деление фракций возможно на основании оценки цветных реакций при помощи фото- 
дензитометрии.

Количественное определение путем газовой хроматографии осуществлялось ради 
оценки чувствительности этого метода.

Метод выявления токсина путем жидкостной хроматографии при высоком давлении, 
разработанный на кафедре зоогигиены Университета ветеринарных наук обладает тем 
большим преимуществом, что растворенный токсин можно использовать без предваритель
ной манипуляции изучаемого материала и хроматографические показатели удобны для 
количественной оценки.

ЭКСПЕРИМЕНТАЛЬНОЕ ИНВАЗИРОВАНИЕ ЦЫПЛЯТ, УТЯТ И ГУСЯТ 
ИНВАЗИОННЫМИ ЛИЧИНКАМИ AMIDOSTOMUM ANSERIS (ZEDER, 1800)

Д. В. ФУК И И. ВАРГА

В лабораторных экспериментах проведено сравнительное изучение развития и 
патологического эффекта Amidostomum anseris (Zeder, 1800) в цыплятах, утятах и 
гусятах.

Искусственной инвазией дневных цыплят не удалось вызвать видимых патологи
ческих изменений в их мышечном желудке. В этом ненормальном хозяине личинки не 
дорастали до половой зрелости, но отсталые в развитии нематоды обнаруживались вплоть 
до 20-ого дня инвазии.

В сравнении с тяжелыми постинвазионными изменениями в гусятах, обусловившими 
гибель многих животных, в утятах имелись только незначительные патоанатомические 
изменения. В утятах, инвазированных в возрасте 1—18 дней, выжила до половой зрелости 
только незначительная часть инвазированных личинок. Торможение развития нематоды в 
утятах проявилось в слабости инвазии и в меньших размерах нематоды, в задержке раз
вития до половой зрелости, в краткой выживаемости половозрелых нематод и в наличии в 
половозрелых популяциях незрелых самок. С возрастом утят торможение развития 
нематоды значительно усилилось.

Личинки А. anseris от утят, хранившиеся 5,5 месяцев при температуре 4 °С, 
оказались инвазионными как для гусят, так и для утят.

На основании своих экспериментов авторы приходят к заключению, согласно кото
рому утка в молодом возрасте успешно инвазируется инвазионными личинками А. anseris, 
но инвазия не сопровождается тяжелыми патологоанатомическими изменениями. Этот вид 
хозяина может играть некоторую роль в распространении инвазии среди сильно воспри
имчивых хозяев — гусей.
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ОБНАРУЖЕНИЕ ПРЕГНАНДИОЛОВ В МОЧЕ ХОЛОСТЫХ КОРОВ ПУТЕМ 
ГАЗОВОЙ ХРОМАТОГРАФИИ

П. ФЕХЕР, Ф. ОРОС, Л. БОДРОГИ и Я. ХАРАСТИ

В предыдущей работе доложено (Fehér и сотр., 1970) о выделении мочей холостых 
коров 5 /9-прегнан-За, 20а-диола и других эпимерных прегнандиолов. Данные настоя
щей работы, полученные при помощи газовой хроматографии, являются новым подтверж
дением выделения мочей холостых коров 5/1-прегнан-З«, 20а-диола, 5а-прегнан-3а, 
20а-диола и 5/З-прегнан-За, 20/5-диола.

СТРУКТУРАЛЬНЫЕ УРОДСТВА СРЕДНЕЙ ЧАСТИ ХВОСТИКА СПЕРМИЯ
СЕЛЕЗНЯ

М. МАРЕТТА

Описываются разные структуральные изменения митохондриальной оболочки 
спермия. Причиной изменений является расстройство в расположении митохондриев, 
вызванное либо наличием их избытка или недостатка. Избыток митохондриев сопровож
дается изменением их формы. Менее частыми уродствами явились наличие митохондри
альной оболочки вокруг головки спермия и изменений сустава головки и хвостика.

ОБНАРУЖЕНИЕ ЗАРАЖЕНИЯ ВИРУСОМ ХОНГ КОНГ (ИНФЛЮЭНЦА A/H3N2) 
В БУДАПЕШТСКОМ ЗООПАРКЕ

Й. РОМВАРИ и Я. ТАНИ

Гемагглютинацию тормозящие и вирус нейтрализирующие антитела к эпидеми
ческому вирусу (вариант вируса Хонг Конг) обнаружены в 23%-ах образцов крови, полу
ченных от диких птиц, собак и коз зоопарка в Будапеште. Из слизистой дыхательных 
путей серологически отрицательной перепели (Streptopelia decaocto) изолирован вирусный 
штамм, содержащий гемагглютинин, близкий вирусу Хонг Конг.

Этим вирусом интрафарингеально заражены куры. В них образовались антитела до 
титров 1 : 16—1 : 256, выявимость которых продолжалась 5—6 недель. Антитела в желтке 
появились позже, их выявимость была короче и их титр был ниже титра антител сыворотки. 
После внутримышечной реинфекции тем же штаммом последовало повторное появление 
антител, но уже в более высоком титре, сначала в сыворотке, а после — в желтке. Титры 
антител в желтке поднялись примерно до того же предела, как и в сыворотке. Высокий 
уровень титра антител в желтке сулит эффективным желточным иммунитетом птиц, при
витых против инфлюэнцы.

Авторы приходят к заключению, согласно которому варианты вируса Хонг Конг 
при эпидемии инфлюэнцы среди людей могут переходить с животного на животное. Не 
исключена даже возможность заражения друг друга особей разных видов животных.

ЗАРАЖЕНИЕ СОБАК И КОШЕК ВИРУСОМ ИНФЛЮЭНЦЫ ХОНГ КОНГ A(H3N,) 
ВО ВРЕМЯ ОДНОЙ ЭПИДЕМИИ В ВЕНГРИИ

Й. РОМВАРИ, Й. РОЖА и Э. ФАРКАШ

Во время одной эпидемии, вызванной штаммом вируса инфлюэнцы А, близким виру
су England/42/72, щенки заразились естественным путем. Вирус реизолирован из 
выделений назо-фарин[сальной слизистой двух больных собак; в крови же 6 щенков 
наблюдалось статистически достоверное повышение специфических антител. Гемагглю- 
тинацию тормозящие (ГТ) и вирус нейтрализирующие (ВН) антитела до титров 1 : 16—
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1 : 526 наблюдались в 9 от 40 образцов сыворотки (22,5%), полученных после эпидемии из 
разных мест страны.

Местный иммунитет высшего участка дыхательных путей 16 дней после удачной 
инфекции собак репрезентативным штаммом эпидемии Hungary/1/73 доказан. Специфи
ческие ВН антитела выявлялись в течение не меньше 7 недель в молочной сыворотке суки, 
зараженной две недели после щенения.

Собаки и кошки легко заражались штаммом Hungary/1/73. У животных наблюдался 
некоторый подъем температуры и выделение вируса в течение 3—9 дней. Один штамм, 
изолированный из щенков, после заражения в нос кошачей самки, распространился в ее 
помете. Этот штамм не вызывал повышения температуры после заражения в носовую по
лость, но зато реизолировался из назофаринкса в течение 4—5 дней.

Авторы приходят к заключению, согласно которому собаки и кошки могут служить 
резервуаром для вируса Хонг Конг и его вариантов. В закрытом помещении носимый ими 
вирус может распростанится даже на животных другого вида.

ТЯЖЕЛЫЙ СИНУСИТ У УТЯТ, ВЫЗВАННЫЙ ВИРУСОМ ИНФЛЮЭНЦЫ А

Я. ТАНИ, Й. РОМВАРИ, Д. ДЕРЖИ и И. ШАРИ

На одной утиной ферме с апреля по октябрь 1974 г. проводилась инкубация 2 
миллионов утиных яиц. Большинство утят продано в 1-дневном возрасте, меньшая часть 
— в 3-недельном возрасте. Двадцать тысяч утят утилизировано для племенной цели. 
В разных группах утят 15—50% животных был поражен одно- или двухсторонним синуси
том. В течение 1—4 недель за исключением комплицированных случаев утята стали 
бессимптомными. В случае компликации синусит наблюдался до возраста 8 недель. 
В группах, содержавшихся на ферме до половозрелого возраста, гибель животных равня
лась 4,8—22,5%-ам (в среднем 10,8%).

43 гемагглютинирующих вирусных штамма изолировано из дыхательных путей 
больных уток: большинство из выделений синуса. При изучении изолята в диффузии на 
двойном агарном желе патогенное начало оказалось вирусным штаммом А инфлюэнцы, 
но в реакции торможения гемагглютинации он не реагировал с антисыворотками с прото- 
типными штаммами подтипов Ha v i  — Hav 6.

Цыплята, 1-дневные утята и индюшата успешно заражены одним среди изолятов. 
У них образовалось фибринозное воспаление воздухоносных мешков; у взрослых петухов 
возникла эдема головы, продолжающаяся несколько дней. У искусственно зараженных 
птиц выработалась иммунная реакция, хорошо демонстрируемая после 10—12 дней.

Вирус изолировался из всех образцов серозно-мукозных выделений синусов, во 
многих случаях беспрерывно в течение 2—7 недель. Зато редко удавалось изолировать 
вирус из казеозно-фибринозных масс выделений. В сыворотках утят после естественного 
заражения титры торможения гемагглютинации достигали невысокого уровня. Из утят- 
носителей вирус удавалось изолировать, если гомологические антитела демонстрировались 
при разбавлении 1 : 20—1 : 40. Антитела из сыворотки исчезали к 5-й — 12-й неделе.

ИЗОЛИРОВАНИЕ MYCOPLASMA OVIPNEUMONIAE ИЗ ОВЕЦ С ПНЕВМОНИЕЙ

Л. ШТИПКОВИЧ, Ш. БЕЛАК, В. ПАЛФИ и Э. ТУРИ

Микоплазматические штаммы изолировались из овец, показывающих клинику 
хронического заболевания респираторных органов, наступившего после эпизоотии адено
вирусного пневмоэнтерита среди ягнят. В легких кроме признаков катаральной пневмо
нии наблюдались пролиферативные изменения, десквамация альвеолярных эпителиаль
ных клеток, пролиферация эпителия бронхиол и гиперплазия перибронхиальных фолли
кул. Изолированные из гомогенизированной легочной ткани микоплазматические штаммы 
определялись на основании их биохимических и серологических свойств. Пять штаммов 
оказались принадлежащими к Mycoplasma ovipneumoniae; принадлежность двух изолятов 
не удалось определить. Этиологическая роль изолятов требует дальнейшего изучения как 
их одних, так и в комбинации с вирусами, вызывающими заболеваемость респираторных 
органов.
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П О Е Д А Е М О С Т Ь  Р А З Н Ы Х  К О РМ О В М Ы Ш Е В И Д Н Ы М И  Г Р Ы З У Н А М И

М. С. АРАФА, А. М. САЛИТ, А. МАХЕР и К. АБД-ЭЛ-ГАВАД

13 разных сортов корма, в том числе хранимых полевых продуктов и обработанных 
кормов для животных изучено на поедаемость мышевидными грызунами. Зерновые корма 
как в неразмелченной, так и размелченной формах охотно поедаются всеми видами гры
зунов. Значение Arvicanthis niloticus и Rattus rattus frugivorus в уничтожении посевов по 
сравнению с другими видами является очевидным. Предпочитание поедать тот или другой 
корм зависит от вида грызуна и способа гнездования. Количество поедаемого корма зависит 
от вида, возраста и пола. Взрослая крыса потребляет в течение 10 дней охотно поедаемого 
корма равного весом ее живому весу; мышью такое количество корма поедается в течение 
16 дней.
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pedagog ical ab ilities  and  in fo rm al c o n ta c t w ith  his pupils. H is personal 
q u a litie s , love to  w ork , keen sense o f  d u ty , o rderliness, and  fa sc in a tin g  in fo r
m a lity  never fa iled  to  im press his p u p ils  a n d  cow orkers as an  ex am p le  to  be 
fo llow ed. H is te a c h in g  was no t o n ly  a source o f p rofound  pro fessional know l
edge, b u t  also an  ed u ca tio n  of c h a ra c te r . T he value of a school is alw ays 
ju d g e d  by  th e  p e rfo rm an ce  of th e  p u p ils . T he ac tiv itie s  of tw o  g en era tio n s o f 
H u n g a ria n  v e te r in a r ian s  have a t te s te d  to  th e  far-reach in g  in flu en ce  of Já n o s  
M ó c s y , th e  teach er.

E d u ca tio n a l p o licy  was also h is  g re a t concern . F o r m an y  y ea rs  he held  
th e  p o st of D ean , f i r s t  of th e  V e te r in a ry  F a c u lty , la te r  of th e  in d e p e n d e n t 
U n iv e rs ity  of V e te rin a ry  Science.

T he o u ts ta n d in g  m erits of Já n o s  MÓCSY Avon him  also official recogn ition . 
T he H u n g arian  G o v ern m en t aw ard ed  h im  sev era l h igh o rders, in c lu d in g  th e  
G olden  M edal of L a b o u r, th e  K o ssu th  P rize , th e  F irst-D egree  N a tio n a l P rize  
an d , on his 80 th  b ir th d a y , he was a w a rd e d  th e  O rder of th e  B a n n e r o f th e  
H u n g a ria n  P eople’s R epub lic , Second D egree. As a professional acknow ledge
m e n t he holds th e  t i t le  o f H o n o ra ry  D o c to r o f th e  U n iv e rsity  o f V e te rin a ry  
Science in  B u d ap est an d  of th e  H u m b o ld t U n iv e rsity  in  B erlin , th e  H u ty ra  
M em orial M edal, a n d  he was th e  f i r s t  aw ard ee  of th e  M arek M em orial M edal, 
fo u n d ed  a t  th e  U n iv e rs ity  of V e te r in a ry  Science in  B u d ap est. H o ld e r of so 
m a n y  aw ards of h o n o u r, he still m a y  f in d  g re a te s t sa tisfac tio n  in  w itnessing  
how  th e  seeds of his teach in g  and  w o rk  flo u rish  in to  bloom  in th e  professional 
a c tiv itie s  of his p u p ils  an d  continue to  develop  in  th e  hands of a n e x t gen era
tio n  o f  v e te rin a rian s .

Ján o s  MÓCSY re tire d  from  his u n iv e rs i ty  ch a ir as long as 15 years  ago, 
b u t  v e te r in a ry  sc ien tis ts  and  p ra c titio n e rs  s till p ro f it from  th e  tre a s u ry  o f his 
know ledge, because he  is alw ays r e a d y  for help  and  advice. As a b ir th d a y  
g ree tin g , we w ish t h a t  he m ay s ta y  w ith  us in  good h e a lth  fo r m an y  years  
to  com e as our sp ir itu a l m en to r in m a n y  professional problem s aw a itin g  reso 
lu tio n .
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USE OF D-CYCLOSERINE BITARTARATE FOR 
SELECTIVE ISOLATION OF CLOSTRIDIA

B y

J .  T aká cs  a n d  E m ő k e  Z. I m r e h  

C entral L ab o ra to ry , V e terin ary  M ea t C ontrol Service, B u d a p es t 

(R eceived  M ay 22, 1973)

In h ib ito ry  su b stan ces have  b een  increasing ly  p re fe rred  in  d iagnostic  
an d  food  control lab o ra to rie s  as co m p o n en ts  enhancing  th e  se lec tiv ity  o f th e  
m ed ia  used for iso lation  o f pa th o g en ic  an d  food-poisoning c lo strid ia . H ow ever, 
th e  m a jo rity  of th e  in h ib ito rs  fail to  p ro p e rly  in h ib it th e  p ro p a g a tio n  of th e  
fa c u lta tiv e ly  anaerobic  b ac te ria  w hen  used  in a low c o n cen tra tio n , and  in h ib it 
th e  c lo strid ia  to  be iso la ted  w hen u sed  a t  h igher co n cen tra tio n s .

F ű z i  and Csukás (1968, 1969) em p lo y ed  blood agar p la tes co n ta in in g  800 fig /m l D - 
cycloserine  b ita r ta ra te  to  fa c ilita te  th e  iso la tio n  of Clostridium perfringens a n d  o th e r p a th o 
gen ic  c lostrid ia . H abmon  e t al. (1971) used 400 /tg /m l D -cycloserine in  th e ir  TSC ag ar m edium  
ab o v e  a ll for C. perfringens iso lation .

D -cycloserine b i ta r ta ra te  (Chinoin) w as ad ded  to  several m ed ia  com m only  used  in 
H u n g a ry  fo r food m icrobiological stud ies, in  o rd e r to  assess th e ir  v a lu e  fo r th e  iso la tion  o f 
C. botulinum  and  C. perfringens s tra in s  by  c o m p a ra tiv e  evaluation .

T h e  com position of th e  m edia u sed  in  th e  above ex p e rim en ts  is precisely  
d esc rib ed  below, for reasons of e x p e rim en ta l rep ro d u c tio n , w hereas th e  te s t  
o rg an ism s are specified only  in  th e  T ab les .

Materials and Methods

Preparation o f  media. The fo llow ing b ro th  was used as b a sa l b ro th :

Disodium  hydrogen  phosphate  (N a 2H P 0 4 ■ 12H 20 ) 2 g
NaCl 2 g
Glucose 1 g
W itte  peptone 2 g
R ichter peptone 2 g
Y east e x tra c t (p repared  according to  EÖHSI, 1947) 5 m l

M eat e x tra c t 10 g
Distilled w ater 1000 m l

Autoclaved a t  121 °C for 20 m in  

F inal pH  7.6— 7.7
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Preparation o f  m o d ified  H olm an’s Cooked M eat M ed iu m  (C C M ). M inced, 
bo iled  and  su b seq u en tly  dried  horse m e a t w as d is tr ib u te d  in  te s t  tu b es, 2 g 
N a 2H P 0 4-1 2 H 20 ,  2 g N aC l, 5 g y e a s t e x tra c t, 1 g g lucose, 4 g pep tone , 10 g 
m e a t e x tra c t an d  1 g s ta rc h  w ere ad d ed  to  1000 m l d is tilled  w a te r, boiled  
th o ro u g h ly . F in a l p H  7.8— 8.0. F ilte re d  th ro u g h  f i l te r  p ap er. F ifteen  m l 
am o u n ts  of th e  f i l t r a te  w ere d is tr ib u te d  in  th e  te s t  tu b e s  co n ta in in g  th e  d ried  
ho rse  m eat. A u to c lav ed  fo r 20 m in  a t  121 °C. S to red  a t-)-4  °C u n til used.

Preparation o f  su lph ite  agar w ith  egg-yolk-em ulsion. O ne g glucose, 5 g 
p ep to n e , 10 g m ea t e x tra c t ,  20 m l y e a s t e x tra c t (p rep a red  accord ing  to  E ö r s i , 
1947) and  20 g a g a r-a g a r  w ere added  to  1000 m l d is tilled  w a te r . The m ix tu re  
w as boiled. F in a l p H  7 .2 . A utoclaved  fo r 20 m in a t  121 °C. To 446 m l m edium  
cooled to  50 °C 6 m l each  of 5%  fe rru m  c itricu m  o x y d a tu m  an d  5 %  sodium  
su lp h ite  so lu tion  (b o th  G 5-filtered) w ere ad d ed  u n d e r  sterile  cond itions. 
F in a lly  0,20 g D -cycloserine, dissolved in  10 m l s te rile  b ro tte  a t  50 °C 
te m p e ra tu re  w as a d d e d  to  th e  m ed ium  and  32 m l egg-yo lk  em ulsion. T he 
l a t te r  was p rep a red  fro m  tw o egg-yolks an d  25 m l sa line  u n d e r sterile  co n 
d itio n s. T w en ty -fiv e  m l am o u n ts  of th e  fin ish ed  m ed iu m  w ere d is tr ib u ted  in  
P e tr i  dishes a lread y  co n ta in in g  th e  te s t  m a te ria l, an d  w ere allow ed to  solidify.

Preparation o f  blood agar w ith  gelatine added. F if te e n  g agar-agar, 5 g 
g e la tin e  and 1 g g lucose w ere ad d ed  to  1000 m l b asa l b ro th . F in a l p H  7.6— 7.7. 
A u toclaved  for 20 m in  a t  121 °C. T he in g red ien ts  w ere d issolved in  a w a te r  
b a th ,  and  th e  m ed iu m  w as cooled to  45 °C; 20 m l s te rile  d e fib rin a ted  b lood  
w as added  to  400 m l m ed ium .

Preparation o f  inocula. Spore suspension. E a c h  te s t  s tra in  was in o cu la ted  
in to  150 m l H o lm a n ’s CMM placed  in  an  E rlen m ey e r f la sk , an d  in cu b a ted  for 
20 days a t 32 °C. T h e  in c u b a te d  cu ltu res  w ere f il te re d  th ro u g h  sterile  gauze 
a n d  care was ta k e n  to  sq u ash  th e  m e a t frag m en ts  re ta in e d  on th e  gauze. T h e  
f i l t ra te  was cen tr ifu g ed  a t  6000 r .p .m . for 30 m in  an d  th e  su p e rn a ta n t w as 
d ecan ted . The se d im e n te d  spores w ere w ashed  in  f iv e  changes of d istilled  w a te r . 
E a c h  lo t was s to re d  a t  + 4  °C in  ru b b e r-s to p p e re d  v ia ls , each  con ta in ing  50 m l 
d istilled  w a te r a n d  glass beads.

The d en sity  o f  th e  spore suspensions w as a d ju s te d  to  th a t  o f an  o v e r
s a tu ra te d  b a riu m  ch lo rid e  so lu tion  an d  th e  spore co u n ts  w ere dete rm in ed  b y  
d ilu tio n  tech n iq u e , u s in g  CMM m edium .

The CMM c u ltu re s  were in c u b a te d  for 7 to  35 days a t  32 °C, s u b 
seq u en tly  exposed to  20 m in h e a t shock  b y  in o cu la tio n  in to  m edia k e p t a t  
80 °C, and  w ere f in a lly  chilled in cold ta p  w a te r.

D -cycloserine, 800 or 600 pg/m l, w as ad d ed  to  b lood  agar m edium , a n d  
600 pg/m l was ad d e d  to  m odified su lp h ite  agar m ed ium  co n ta in in g  egg-yolk  
em ulsion. M edia w ith o u t D -cycloserine served  as co n tro ls . Ino cu la tio n  w as 
m ad e  e ither d ire c tly  from  48-hr CMM b ro th  c u ltu re  b y  s tre a k  tech n iq u e , o r 
d ilu tions of b ro th  c u ltu re  or of p u rified  spore suspensions in  0 .1%  p ep to n e-
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co n ta in in g  saline w ere sim ilarly  ap p lied . T h ree  p la tes w ere in o c u la te d  b y  s tre a k  
tech n iq u e  from  each d ilu tio n , using a 0.1 m l inoculum  p er p la te . On th e  m edia 
seria l d ilu tions of 24-hr CMM cu ltu res  o f  C. perfringens  w ere t i t r a te d .

T he in o cu la ted  solid m edia w ere in c u b a te d  for 48 h o u rs  a t  37 °C, u n d e r 
an aero b ic  cond itions according to  K o c h  (1934). The m ean  germ  coun ts w ere 
assessed for each d ilu tion  from  th e  co lo n y  counts on th re e  rep lica  p la tes.

Results

I t  was show n in  p re lim inary  e x p e rim e n ts  th a t  800 /ig /m l D -cycloserine 
b i ta r ta r a te  d id  n o t in fluence  th e  g ro w th  o f m ost te s t s tra in s  (C. novy  В 9691, 
C. tetanom orphum  288, C. aerofoetidum  505, C. botulinum  A 2812, C. bifermen- 
tans  506 and  C. sporogenes 533) on b lo o d  ag a r p lates. H ow ever, in  accordance  
w ith  th e  find ings of F ű z i and  Cs u k á s  (1969), th e  s tra in  C. h isto lyticum  7123 
fa iled  to  grow in th e  presence of D -cycloserine b ita r ta ra te ,  an d  th e  s tra in  
C. botulinum  В 3807, a lthough  did  g row , b u t lost its  h aem o ly tic  a c tiv ity . 
U n like  F ű z i an d  Cs u k á s  (1968) we fo u n d  th a t  800 fig jm l D -cycloserine h ad  
a m ark ed  in h ib ito ry  effect on the  o u tg ro w th  of C. perfringens  s tra in s  on b lood 
a g a r  p la tes. This co n trad ic tio n  is p ro b a b ly  due to  m e th o d ica l reasons, viz., 
F ű z i  and  Cs u k á s  p u rsu ed  th e  selec tive  effect of th e  in h ib ito r  b y  em ploying  
its  d iffe ren t co n cen tra tio n s, w hereas w e used  d ifferen t d ilu tio n s o f th e  cu ltu res  
fo r d e te rm in ing  th e  degree of g row th  in h ib itio n .

T he q u a n tita tiv e  d e te rm in a tio n  o f  in h ib itio n  by  D -cycloserine w as c a r
ried  o u t w ith  b ro th  cu ltu res of various c lo strid iu m  stra in s d ilu te d  u p  to  1 0~ 12. 
T ab le  I  shows th a t  th e  presence o f 800 /rg /m l D -cycloserine in  th e  m ed ium  
m ark ed ly  in h ib ited  th e  g row th  of all th e  th ree  C. perfringens  s tra in s  te s te d .

W e o b ta in ed  b o th  w ith  600 an d  800 /rg/m l of D -cycloserine a pow erfu l 
in h ib ito ry  effect on th e  ou tg ro w th  of ae ro b ic  or facu lta tiv e ly  an aero b ic  b a c te ria  
on b lood  agar p la tes. A m ong the  fa c u lta tiv e ly  anaerobic  s tra in s  te s te d  (see 
T ab le  I I )  only E rysipelo thrix  insid iosa , Serratia marcescens an d  Aerobacter 
cloacae were able to  grow , each a t a d ep ressed  ra te .

On su lph ite  ag ar p repared  w ith  egg-yolk  em ulsion a n d  e lev a ted  ag ar 
c o n te n t (20 g /litre), ad d itio n  of 600 p g /m l D -cycloserine d id  n o t seem  to  in te r 
fere w ith  th e  o u tg ro w th  of any  of th e  C lostridium  s tra in s  te s te d  (T able I I I ) :  
w h e th e r u n d ilu ted  b ro th , d ilu ted  b ro th , o r spore suspension w ere used  as in 
ocu lum . Colony shape, su lph ite  red u c tio n  (b lack  colonies), a w ell as lipase  an d  
lec ith in ase  ac tiv itie s  ch a rac te ris tic  of th e  species were e x a c tly  th e  sam e as on 
th e  con tro l m edia  p rep a red  w ith o u t in h ib ito r . Counts o b ta in e d  w ith  co rre 
spon d in g  dilu tions in  exp erim en ta l and  c o n tro l series also w ere in  th e  sam e o rd er 
of m ag n itu d e . Since th e  ty p e  A, В a n d  C s tra in s  of C. botulinum  w ere still 
sp a rse ly  grow ing a fte r  48 h rs, th e  re su lts  w ere read  a t 72 h rs o f in cu b a tio n .

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



286 TAKÁCS and IMREII

Table I

G row th of various c lo s trid iu m  s tra in s  on blood agar p lates, co n ta in ing  800 /tg/m l D-cycloserine
on com m on blood agar and  in  CMM

Strains

Colony counts after 48-hr incubation 
under anaerobic conditions in

CMM
common blood 
agar (control)

blood agar contain
ing 800 ug/ml 
D-cycloserine

C. sporogenes 533 108 4.4 • 107 4.2 ■ 107
C. botulinum  A  2012 107 2.1 ■ 107 1.9 ■ 107
C. biferm entans 506 109 3.5 • 107 1.2 • 107
C. perfringens*  10240 108 1.75 • 106 no outgrow th
C. perfringens*  8235 108 2.4 • 10° no outgrow th
C. perfringens*  1808 
(au th o rs  iso la te )

1012 3.5 • 108 2.1 • 103

* The d ilu tions o f C. perfringens cu ltu res were p repared  from  CMM broth , 
incubated  for 24 hrs.

Table II

Grow th of fa c u lta tiv e  anaerob ic  m icroorganism s on blood a g a r prepared  w ith 600 
and  800 »g/rnl D -cycloserine b i ta r ta ra te  and on com m on blood agar, anaerobic incu b a tio n

for 48 hrs a t  37 °C

Strains

Common blood agar 
medium (control)

Blood agar medium 
containing 600 or 800 

//g/ml D-cyoloserine

grow th haemolysis growth haemolysis

jB. cereus 100003 ATCC + + _ _
B. megaterium  747 + + — —
B. subtilis 100008 ATCC + + — —
Sir. faecium  J5  Sara jevo  70 C + — — —
04 Str. durans O K I 80 174 + — —
L4 Str. zymogenes NCTC 8 176 + + — —
02 Str. liquefaciens O K I 80 172 + — — —
01 Str. faecalis O K I 80 171 
Erysipelothrix insidiosa  (au tho rs’

+ — — —

isolate)
Listeria monocytogenes (au th o rs’

+ “Г + ( + )

isolate)
Corynebacterium pyogenes (au tho rs’

+ “f*

isolate) + + — —
E. coli 33001 + — — —
S. paratyphi В + — — —
Proteus m irabilis 110 + — — —
Serratia marcescens 
Aerobacter cloacae (a u th o rs ’

+ — + —

isolate) + +

F a c u lta tiv e ly  an aero b ic  s tra in s  w ere also te s te d  fo r grow th ab ility  in  th e  
above m edium  (T ab le  IV ): ou t of these , exclusively  Serratia  marcescens show ed  
an  u n d is tu rb ed  g ro w th , b u t  failed its  p ig m en t-p ro d u c in g  ab ility . A d ep ressed  
g row th  was n o te d  w ith  Streptococcus fa eca lis , Str. zymogenes and Corynebacte-

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



USE OF D-CYCLOSERINE BITARTARATE FOR ISOLATION OF CLOSTRIDIA 287

Table III

G row th of C. botulinum , C. sporogenes an d  C. perfringens s tra in  on 
su lp h ite  agar p la te  co n ta in in g  egg-yolk em ulsion  w ith  and  w ith o u t 600 jMg/ml D -cycloserine

Colony counts after 48-hr anaerobic incubation

Strains
in CMM

on sulphite 
agar containing 

egg-yolk 
emulsion

on sulphite 
agar containing 
egg-yolk emul

sion + 600 
fig/ml D-cyclo

serine

C. botulinum  A 7272 ю 7 2.61 ■ 106 1.5 ■ 106
C. botulinum  В 3807 Ю 12 8.3 • 109 7.3 • 109
C. botulinum  С 3732 1012 3.0 • 109 1.5 • 109
C. botulinum D C an ad a  53 1010 8.5 • 10s 7.9 • 10"
C. botulinum  Е  8550 10e 1.7 • 105 1.2 • 105
С. botulinum F  1 T P 1012 7.7 • 109 2.5 • 109
C. sporogenes 3679 
C. perfringens 1008

1012 3.7 ■ 109 3.1 • 109

(au thors’ isolate) 1012 6.6 • 107 2.6 • 107
C. perfringens 8335 1 0 '2 14.3 ■ 10" 7.0 • 10"

Table IV

G ro w th  of facu lta tive  anaerob ic  bacteria  on su lp h ite  agar containing egg-yolk em ulsion w ith  or
w ithou t D -cycloserine

Strains
Sulphite agar contain
ing egg-yolk emulsion

Sulphite agar contain
ing egg-yolk emulsion 
+  600 /ig/m l D-cyclo- 

eerine

B. cereus 100003 ATCC +
B. megatherium 747 + —
B. subtilis 100008 ATCC + —
Str. faecium  J5  Sarajevo  70 C + —
04 Str. durons O K I 80 174 + —
L4 Str. zymogenes 8176 NCTC + ( + )
02 Str. liquefaciens O K I 80 172 + —
01 Str. faecalis O K I 80 171 
Staphylococcus aureus

+ ( + )

(au tho rs’ isolate) 
Erysipelothrix insidiosa

+ —

(authors’ isolate) 
Listeria monocytogenes

+

(au thors’ isolate) 
Corynebacterium pyogenes

+

(au thors’ isolate) + ( + )
E. coli 33001 + —
S. paratyphi В 5 4“ —
Proteus mirabilis 110 
Serratia marcescens 1

-f- sw arm ing —

Aerobacter cloacae 
(au thors’ isolate)

+ ,  p igm ent: + 4 -, p igm ent: —

( +  ), depressed grow th .
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Table V

G row th  of C. botulinum  A, C. sporogenes, C. bifermentans spores an d  C. perfringens on com m on 
blood agar a n d  blood ag ar con tain ing  600 /ig/m l D -cycloserine

Strains CMM
Common blood 

agar

Blood agar 
containing 600 
jU.g/ml D-cyclo- 

serine

C. botulinum  A  7272 107 3 • 109! 3 • 10s '
C. sporogenes 3679 1012 9.5 • 10u 7.9 • 10'°
C. bifermentans 506 1012 2.1 • 1010 1.2 • 10»
C. perfringens 1808 10 '2 1.1 • 107 5.2 • 10"

r iu m  pyogenes. T hus, th e  g ro w th  p o te n tia l o f th e  fa c u lta tiv e ly  anaerobic  s tra in s  
w as essen tia lly  th e  sam e in  th e  above m edium  as in b lood  a g a r p la tes c o n ta in in g  
800 pg/m l D -cycloserine.

W ith  600 /ig /m l D -cycloserine ad d ed  to  b lood a g a r  p la te s  th e  p la tin g  
effic iency  of d ilu ted  spo re  suspensions w as reduced  b y  1— 2 orders o f m ag n i
tu d e  com pared  w ith  th e  co n tro l series (T able У), an d  th e  g row th  o f c e r ta in  
C. perfringens  s tra in s  w as in h ib ite d  to  a s till g rea te r  degree. T hus in  th o se  
cases in  wTiich th e  iso la tio n  o f C. perfringens  s tra in s  is p u rsu ed , th e  D -cyclo 
serine  co n ten t o f th e  se lec tive  m ed ium  shou ld  be d ecreased  to  400 p g /m l, 
a n d  in cu b a tio n  shou ld  be  m ade a t  46 ±  0-5 °C.

Conclusions

Blood agar c o n ta in in g  800 /ig/m l D -cycloserine b i ta r ta r a te  p ro v ed  to  
be  a su itab le  m ed ium  fo r th e  selective iso lation  o f m o st te s t  organism s. T h e  
ap p lied  co n cen tra tio n  o f  D -cycloserine, how ever, h ad  a considerab le  in h ib ito ry  
effect on th e  g row th  o f  C. perfringens  s tra in s  and  co m p le te ly  depressed t h a t  
o f  C. h isto lyticum .

A t 600 p g /m l c o n c e n tra tio n  in  su lp h ite  agar co n ta in in g  egg-yolk e m u l
sion , D -cycloserine b i ta r ta r a te  d id  no t in te rfe re  w ith  th e  lecith inase, lipase , 
a n d  su lp h ite -red u c tio n  a c tiv itie s  of various c lo strid ium  species. All b u t  a few  
s tra in s  m a in ta in ed  fu ll g ro w th  a b ility  in  th is  m ed ium , w hile th e  g ro w th  o f 
aerob ic  spore fo rm ers w as in h ib ited .

All C. perfringens  s tra in s  te s te d  grew  read ily  a t  400 ^ug/ml co n cen tra tio n  
o f  D -cycloserine b i ta r ta r a te  in  th e  m edium , if  th e  in c u b a tio n  te m p e ra tu re  w as 
m a in ta in ed  a t  46 i  0.5 °C. T h u s, th is  is th e  co n cen tra tio n  of choice w hen th e  
iso la tio n  of C. perfringens  is p u rsued .

A t 600 jUg/ml co n c e n tra tio n  of D -cycloserine in  b lood  agar p la tes, th e  
effic iency  of p la tin g  o f spore suspensions was reduced  b y  1— 2 orders of m a g n i
tu d e  com pared  to  th e  co n tro ls . T he se lec tiv ity  of th e  b lood  agar c o n ta in in g
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600 /tg/m l D -cycloserin  enevertheless ro u g h ly  co rresponded  to  th a t  of th e  p la tes 
co n ta in in g  800 /tg /m l o f th e  in h ib ito r . B o th  blood ag ar a n d  su lp h ite  ag ar p la te s  
p rep a red  w ith  600 //g /m l in h ib ito r  c o n te n t and egg-yolk  em ulsion p roved  to  
be su itab le  for ro u tin e  selective iso la tio n  of all C lostrid ium  species excep t 
ce rta in  C. perfringens  s tra in s . H ow ever, for the  iso la tion  o f th e  la t te r  s tra in s  
400 jUg/ml D -cycloserine co n cen tra tio n  shou ld  be used  a n d  th e  cu ltu res  should  
he in cu b a ted  a t  46 ^  0.5 °C.

S u lph ite  ag ar w ith  egg-yolk em ulsion  also enab les th e  read in g  o f th e  
lec ith inase  an d  lipase ac tiv itie s , an d  on b lood  agar m ed ia  co n ta in in g  400— 600 
jWg/ml D -cycloserine, a p a r t  from  colony  m orphology, h aem o ly tic  a c tiv ity  comes 
in to  d isp lay . On th is  basic  C. botulinum  can  easily be d iffe re n tia ted  from  o th e r 
c lo strid ia . The su lp h ite  ag ar m ed ium  con ta in in g  egg-yolk  em ulsion  an d  400 
pg /m l D -cycloserine an d  20 g/1 ag ar is su itab le  also fo r  th e  p o u r-p la te  te c h 
n ique . T he p la tes  shou ld  be in c u b a te d  a t  46 i  0.5 °C. T h u s , th e  p la te  coun t 
o f v iab le  C. perfringens  cells can  be de te rm in ed .

Sum m ary

D -cycloserine b i ta r ta ra te  w as te s te d  fo r g ro w th  inh ib ition  in  b lood  ag ar and  in  su lph ite  
ag ar m edium  co n ta in ing  egg-yolk em ulsion , w ith  special reg ard  to  th e  selective iso la tion  of 
various Clostridium  species. A t 800 jUg/ml c o n cen tra tio n , D-cycloserine depressed  th e  g row th  of 
C. perfringens s tra in s  an d  b locked th a t  of C. histolyticum. A t 600 fig /m l D -cycloserine concen
tra t io n  in  su lp h ite  agar co n ta in in g  egg-yolk em ulsion  and 20 g/1 ag a r, all Clostridium  species 
ex cep t C. perfringens grew  read ily  an d  d isp lay ed  u n d istu rb ed  lec ith in ase , lipase  an d  su lph ite- 
red u ctio n  a c tiv itie s  c h a rac te ris tic  o f th e  species. C. perfringens s t ra in s  grew  only  w hen  th e  
co n cen tra tio n  of th e  in h ib ito r  was red u ced  to  400 fig/m l and  th e  in c u b a tio n  tem p e ra tu re  was 
m ain ta in ed  a t  46 ± 0 .5  °C, while th e  o u tg ro w th  of th e  accom pany ing  f lo ra  was depressed  by  
th e  in h ib ito r.

C. botulinum  an d  C. perfringens c an  b e  re ad ily  de tected  if  b lood  ag ar p la tes  w ith  600 
i(ig/ml D -cycloserine and  su lp h ite  ag ar p la te s  co n ta in in g  egg-yolk em ulsion  an d  600 or 400 
/ig/m l (C. perfringens) D -cycloserine are  u sed  sim ultaneously . Colony m orphology , ch arac te r 
o f haem olysis is to  be seen on  b lood agar, lec ith in ase  and lipase  a c t iv ity  on  su lp h ite  agar 
co n ta in in g  egg-yolk.
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OCCURRENCE OF CONTAMINATING VIRUSES IN 
VARIOUS SWINE FEVER VIRUS STRAINS

I I .  S T U D IE S  ON G IL L E S P IE ’S C Y T O P A T H IC  T Y PE -A  S T R A IN  AN D  ON  O T H E R
S T R A IN S

By

L . B o d o n

V eterinary  M edical R esearch  I n s t i tu te ,  H u n garian  A cadem y of Sciences 

(R eceived O c to b er 26, 1973)

T h e  cy to p a th ic  changes caused  b y  co n tam in a tin g  adenov iruses in  tissu e  
cu ltu res  in o cu la ted  w ith  swine fever (S F ) v irus w ere described in  a p rev ious 
p u b lica tio n  ( B o d o n , 1966). SF v iru s  s tra in s  causing changes n o t c h a ra c te r 
istic  of adenov iruses or any  know n v ira l agen t are d ea lt w ith  in  th is  p ap er.

Gil l e s p ie  e t al. (1960) found  one c y to p a th ic  s tra in  when p ro p ag ated  six SF  v iru s s tra in s  
in p r im a ry  re n a l ep ithelial cell cu ltu res o b ta in e d  from  5— 16 weeks old p ig le ts. T he g row th  
m edium  co n sisted  of 50%  bovine am nio tic  f lu id , 46%  E arle’s so lu tion  and  4 %  lam b  serum . 
This m ed iu m  was la te r  rep laced  by  a n o th e r, consisting  of 86%  P a rk e r 199, 4 %  lam b  serum , 
10%  of a 5 %  lac ta lb u m in  h y d ro ly sa te  so lu tion  a n d  an tib io tics. The g ro w th  m edium  is genera lly  
believed to  have  a decisive influence on th e  developm ent o f th e  cy to p a th ic  effec t (C PE ). 
Gil l e s p ie  a n d  his cow orkers d id  n o t describe  th e  C PE  in a d e ta il, b u t  th ey  re p o rte d  t h a t  th e  
SF  v iru s iso la te  m ain ta in ed  in tissue cu ltu re  p ro d u ced  all ch arac te ris tic  sy m p to m s o f sw ine 
fever in su scep tib le  pigs an d  th e  isolate w as n eu tra lizab le  by  specific SF an tise ru m .

B a ss  an d  R ay (1963) stud ied  Gil l e s p ie ’s cy topath ic  iso late  (type-A  SF  v iru s s tra in )  
by  acrid in e  orange fluorescence in  em bryon ic  p ig  k idney  ep ithe lia l cell cu ltu re . T h ree  to  five 
days a f te r  in o cu la tion  a focal C PE  ap p ea red : th e  cells becam e rou n d ed , th e  cy to p lasm  was 
sh rink ing  a n d  some cells u n d e rw en t necrosis. Cells in  th e  cen tres of th e  foci even d e tach ed  
from  th e  tu b e  wall. A t th e  m arg in a l p a r ts  cell degeneration  was seen.

Ch u n g  T ao Le e  (1962) exam ined  th e  C P E  caused by  G il l e s p ie ’s s tra in  in  em b ry o n ic  
pig k id n ey  cell cu ltu re  b y  e lectron  m icroscope. H e  described th e  changes as follow s: th e  cells 
becam e sw ollen  and ro u n d ed , m ito ch o n d ria l degeneration  an d  cy top lasm ic v acu o la tio n  de 
veloped , th e  nucleoli en larged , and  osm iophilic  electron-dense aggregations ap p ea red  in  th e  
nucleus. T h e  vacuoles b egan  to  app ear on th e  second day a fte r  inocu la tion , th e  o th e r  c y to 
p lasm ic ch an g es on th e  tn ird  d ay , w hereas th e  n u c lear changes app eared  only on th e  f if th  d ay , 
o r la te r. Ch u n g  T ao Le e  reg ard ed  th e  sp h erica l electron-dense aggregations seen in th e  nucleus 
as SF  v irio n s  or SF virion  precursors.

T he p re sen t a u th o r (B o do n , 1965) s tu d ie d  th e  cy to p a th ic  s tra in  PAV-1 by  th e  acrid ine  
orange fluorescence tech n iq u e  in  em bryon ic  p ig  kidney ep ith e lia l cell cu ltu re . H e  found  
(B o d o n , 1967) th a t  th ree  to  five  days a fte r  in o cu la tio n  th e  confluen t m onolayer becam e d iscon
tin u o u s , p a r t  o f th e  cells d e tached , cy to p la sm ic  vacuoles ap peared , th e  cellular R N A  level 
rose, th e  n u c le i becam e sh ru n k en  and assu m ed  a n  eccentric  position . T ak ing  in to  co n sid era tio n  
th e  ty p e  o f changes, and th e  re su lts  of im m unofluorescence and  agar gel d iffusion p re c ip ita tio n  
te s ts , th e  C P E  w as clearly  due to  v irus d ia rrh o e a  (VD) virus. Since, how ever, th e  РА У - l  s tra in  
w as n o t d ire c tly  supplied  fro m  Gil l e s p ie ’s la b o ra to ry , its  c o n tam in a tio n  w ith  YD v iru s m ay  
well h av e  ta k e n  place d u rin g  m ain ten an ce  in  tis su e  culture.

B a chm a nn  e t al. (1967) disagreed w ith  o u r  conclusion (B o don , 1965), because th e y  d id  
o b ta in  th e  ch arac te ris tic  C P E  described b y  G il l e s p ie  e t al. (1960) in  th e  28 th , 135 th  and  
205th  tis su e  cu ltu re  passages o f th e  s tra in  PA V -1. B y  electron m icroscopy th e y  saw  p a rtic le s  
14— 16 n m  in  d iam eter, b u t  these  could b e  scarcely  d ifferen tia ted  from  th e  cell organelles.
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T h ey  fa iled  to  d em o n s tra te  e ith e r  adeno- an d /o r VD  v iru ses o r m ycoplasm as and , accordingly , 
con clu d ed  th a t  the  C P E  w as due  to  th e  S F  v irus.

H rabák  and D xjba n sk y  (1970) in fected  su scep tib le  pigs w ith  th e  2 9 th  passage o f th e  
S F  v iru s  s tra in  PAV-1 in  p r im a ry  pig k idney  cell c u ltu re . A lth o u g h  th e  an im als d id  no t develop 
th e  d isease, they  show ed h y p e rth e rm ia  and  leucopen ia  3— 7 days a fte r  infection . The p igs 
k illed  in  th is  period e x h ib ite d  a  haem orrhag ic  d ia thesis. U nlike  th e  pigs in fec ted  w ith  v iru le n t 
S F  v iru s , those trea te d  w ith  th e  tissue  cu ltu re  passage  d id  n o t  show  m icroscopic lesions in  th e  
c e n tra l  nervous system . T h e  s tra in  PAV-1 p roved  to  be  h igh ly  im m unogenic , b u t  did no t p ro 
du ce  C P E  in p rim ary  p ig  k id n e y  cell cu ltu re  (H r a b á k , 1971).

Materials and Methods

S F  virus stra ins

1. PAV-1 —  G illesp ie’s ty p e  A c y to p a th ic  SF  v iru s s tra in  m a in ta in ed  
in  freeze-dried  sam ples.

2. VSP — S F -v iru s-co n ta in in g  d e fib r in a te d  b lood , o b ta in ed  from  B ulgaria .
3. AVSP —  tissu e -c u ltu re -a d ap te d  a t te n u a te d  S F  v iru s  s tra in , o b ta in ed  

from  B ulgaria in  freeze-d ried  condition .
4. MVSP — tissu e -c u ltu re -a d ap te d  SF  v iru s  s tra in , o b ta in ed  from  B u l

g aria .
5. V P P  —  S F -v iru s-co n ta in in g  d e fib r in a te d  b lood, o b ta in ed  from  R o 

m an ia .
6. RVVS —  S F  v iru s-co n ta in in g  se rum , o b ta in ed  from  R om ania.
T he stra ins lis te d  u n d e r 2— 6 w ere n o t ch a rac te rized  as cy to p a th ic , b u t  

th e ir  exam ina tion  fo r possib le  co n tam in a tio n  w ith  o th e r v iruses was regarded  
as desirable.

Tissue culture

T he PK -15 p e rm a n e n t pig k id n ey  ep ith e lia l cell line ( C h u n g  T a o  L e e , 

1962) w as used th ro u g h o u t. I t  was m a in ta in e d  in  200 m l flasks, in  P a rk e r M 199 
so lu tio n  (90% ), c o n ta in in g  10%  co lo stru m -d ep riv ed  ca lf serum  and  an tib io tics 
(s trep to m y c in  and  k an am y c in ). A fter th e  o u tg ro w th  of th e  con fluen t m ono- 
la y e r, subpassage w as done as follows: th e  g ro w th  m edium  was rem oved an d  
7 m l 0 .25%  try p sin  so lu tio n  was p ip e tte d  in to  th e  flask , w hich was th e n  re 
tu rn e d  to  the  in c u b a to r  (37 °C). A fte r 30 to  45 m in  th e  flasks were checked  
fo r d e tach m en t of th e  m onolayer. I f  th e  cells te n d e d  to  de tach , 7 ml g row th  
m ed iu m  was added  to  th e  cell suspension, th e  c o n ten ts  of th e  fla sk  were th o r 
o u g h ly  shaken, s t ir re d  several tim es b y  p ip e ttin g . In  th is  w ay  suspended  
single cells were o b ta in e d . O f th e  suspension  7 m l w ere tran sfe rred  to  
a n o th e r  flask  as p a ssag e  m ateria l, while th e  re s t w as d is tr ib u te d  to  L eighton  
tu b es  in  1 ml a m o u n ts , a fte r add ition  o f 25 m l m edium  to  a d ju s t th e  cell 
d e n s ity .
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T he o u tg ro w th  of th e  co n flu en t m onolayer to o k  2— 4 d ay s in  the  flask  
and  2 days in  th e  tu b es.

S u b seq u en tly , th e  m ed ium  w as exchanged  fo r a serum -free  P a rk e r 199 
so lu tion  and  th e  cu ltu re s  w ere in fec ted  w ith  SF  v iru s. T he in c u b a tio n  period 
w as 6— 7 days, w hile each cu ltu re  w as checked da ily  fo r C P E . T he m edium  
was n o t exchanged  from  in fection  to  f in a l read ing . A p p ro p ria te  con tro l tu b es, 
s im ilarly  tre a te d  ex cep t for v irus in fec tion , w ere se t u p  w ith  each  series. A fter 
6 or 7 days th e  coverslip  cu ltu res w ere rem oved from  th e  L e ig h to n  tubes and  
w ere sta in ed  w ith  acrid ine  orange ( B o d o n , 1967).

All six SF  v iru s  s tra in s  s tu d ie d  w ere carried  th ro u g h  20 passages in th e  
P K -15  cell cu ltu res.

Results

In  th e  non -in fec ted  con tro l tu b e s  no C PE  ap p ea red  in  th e  f irs t 9 p a s 
sages, b u t  from  th e  10th  passage on tw o ty p e s  o f ch an g e  w ere seen, 
(a) focal ro u n d in g  o f a few cells an d  (b) ro u n d in g  o f m a n y  cells over th e  en 
tire  area  of th e  m ono layer (Table I .) .

R ough ly  s im ila r changes ap p ea red  in  th e  cu ltu re s  in fe c te d  w ith  any  of 
th e  6 v iru s s tra in s  te s te d ; d ifferences w ere found  on ly  in  th e  tim e  of ou tse t, 
and  in  th e  p ersistence  or d isap p earan ce  of th e  C P E .

To p ro p erly  in te rp re t  th e  focal and  diffuse ty p e s  of cell round ing , we 
sc ru tin ized  th e  ch a rac te ris tic s  o f C PE  due to  all know n  v iru s  g roups carefully . 
H ow ever, th e  C PE  p roduced  b y  th e  six s tra in s  w as n o t id e n tic a l w ith  any  
know n ty p e  o f v iru s-in d u ced  cell change, an d  i t  also a p p ea red  in  th e  cu ltures 
n o t in fec ted  w ith  SF  v irus.

Discussion

O ut of th e  ex am in ed  s tra in s  th e  РАУ-1 iso la ted  w as th e  m o st in trigu ing , 
because i t  has been  o ften  used as an  S F  v irus s tra in  (C o g g i n s  and  B a k e r , 
1964; G i l l e s p i e  e t ah , 1971; Co g g i n s  an d  S h e f f y , 1961). T h e  o rig inal lyophi- 
lized sam ple was labeled  w ith  th e  t i t r e  10~1,8 T C ID 5o/0.1 m l, b u t  th e  rem aining 
s tra in s  were su b m itte d  w ith o u t such  in fo rm atio n  an d  all we knew  was th a t  
th e y  h ad  been used  e ith e r  for vaccine  p re p a ra tio n  or la b o ra to ry  te sts .

F u rth e rm o re , m ost au th o rs  p rev iously  engaged  in  ex p erim en ts  w ith  
th e  РАУ-1 c y to p a th ic  SF v iru s s tra in s  h ad  used p r im a ry  k id n e y  cell cu ltures. 
W e a tte m p te d  th e  use of a cell line an d  have  ab  ovo ta k e n  in to  consideration  
th a t  p e rm a n e n t cell cu ltu res  are less suscep tib le  to  v iru s  in fec tio n  th a n  p rim ary  
ones. T w en ty  tra n sfe rs  w ere th e re fo re  m ade to  allow  enough  tim e  for a d a p ta 
tio n . In  sp ite  o f th is  th e  risk  h ad  been  ta k e n  th a t  th e  P K -15  line m ight have 
rem ained  re s is ta n t to  SF  v iru s even  a fte r as m a n y  as 20 passages. This
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Table 1

Cell changes in  PK -15 p e rm a n en t pig k idney cell cu ltu res  in o cu la ted  and  n o t

Strains
Passage No.

I

1 2 3 4 5 6 7 8 9 10

V P P 0 0 0 0 0 0 0 + ± +
V SP 0 0 0 0 0 0 0 0 +
AV SP 0 0 ± 0 0 0 0 0 0 +

MVSP 0 0 ± 0 0 0 0 0 0 +

RVYS 0 ± 0 0 0 0 0 0 0 +

PAY-1 0 0 0 0 0 0 0 + ± -f-
C ontrol 0 0 0 0 0 0 0 0 0 0

Sym bols used: d: focal rounding  of a  few  cells; -f- diffuse rou n d in g  of m any  single cells

h a d , how ever, l i ttle  su p p o rt because o th e r au th o rs  h a d  a lread y  used  th is  cell 
line  for SF virus s tu d ies  ( P i r t l e  an d  K n y a z e f f , 1968; A y n a u d , 1968; D a n n e r  
a n d  B a c h m a n n , 1970).

N one of th e  s tra in s  show ed a ch a rac te ris tic  C PE  in  th e  course o f passag 
ing . A ccordingly, c o n ta m in a tin g  c y to p a th ic  v iruses w ere n o t assoc ia ted  w ith  
th e  s tra in s  and  if  SF  v iru s  w as p re se n t in  th e  te s t m a te ria ls , i t  w as c learly  n o t 
c y to p a th ic . In fec tion  ex p e rim en ts  on susceptib le pigs w ere, how ever, om itted  
because  our stud ies w ere cen te red  on C PE . The low t i t r e  o f th e  PAV-1 s tra in  
cou ld  in itia lly  acco u n t fo r th e  absence of CPE, h u t 20 tra n s fe rs  are  generally  
su ffic ien t for effecting  a n o tab le  t i t r e  rise in th e  la te r  s tag e  o f passaging.

The changes seen in  b o th  v iru s-in fec ted  and  c o n tro l cu ltu res  w ere in d i
ca tiv e  of ageing of th e  cells r a th e r  th a n  of a specific, v iru s-in d u ced  C P E . Such 
changes are som etim es seen in  aged  cu ltu res  of b o th  p r im a ry  an d  p e rm an en t 
cells. E p ith e lia l cells a re  co n sid e rab ly  m ore sensitive th a n  f ib ro b la s ts , owing 
to  th e ir  high oxygen re q u ire m e n t. F u rth e rm o re  th e  ep ith e lia l tissu e  produces 
a p ro teo ly tic  enzym e. T h e  m ore in ten se ly  th e  ep ithe lium  is grow ing, th e  s tro n g 
er th e  ly tic  action  o f th e  enzym e, a n d  PK -15 cells a re  n o te d  for fa s t grow th . 
D iscon tinu ities —  fe n e s tra e  —  o ften  a p p ea r in the  co n flu e n t m onolayer, w hich 
g rad u a lly  becom e la rg e r  an d  f in a lly  m erge w ith  one a n o th e r. P ro teo ly tic  
enzym e p roduction  b y  th e  ep ith e lia l cells can be depressed  b y  ad d itio n  of 
in h ib ito rs , e.g., w ith  th e  sera o f ce rta in  anim al species (horse, calf). H ow ever, 
h igh  in h ib ito r co n cen tra tio n s  in  th e  app lied  serum  su p p ress  cell d iv ision . W hen 
th e  n u tr ie n t m ed ium  has been ex h au sted , th e  cells becom e ro u n d ed , and  
f in a lly  d isin teg ra ted .

In  such cases, c o n tro l cu ltu re s  n o t  tre a te d  w ith  v ira l a g en t g rea tly  help 
ev a lu a tio n , especially  in  th e  case o f  v ira l agents req u ir in g  a long —  6 to  10-
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in o cu la ted  w ith swine fev er v irus strains

over th e  entire  m onolayer; Control: N on-infected PK -15 cultures.

d a y  -— cu ltu ring  tim e . Spontaneous cell changes have som etim es been found  
in  co n tro l cu ltu res o f th e  PK -15 line , even  u n d er a p p ro p ria te  conditions o f 
m a in ten an ce .
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Summary

T he swine fever (S F ) v iru s stra in  PA V -1, ch arac te rized  in th e  U n ited  S ta tes  as cy to - 
p a th ic , as well as five  o th e r  SF  virus s tra in s  fa iled  to  produce C PE  in  o u r han d s. T he fiv e  
s tra in s  h ad  been su b m itte d  fo r exam ination  fro m  B ulgaria  and R om ania . T he changes a p 
p e a r in g  in  PK -15 p e rm a n e n t pig k idney ep ith e lia l cell cu ltu res  infected  w ith  th e  stra in s  were 
n o t  c h a rac te ris tic  of an y  k n o w n  group of v iru ses a n d  sim ilar changes also a p p ea red  in  con tro l 
c u ltu re s  n o t infected  w ith  v iru s. This and th e  ty p e  o f changes suggest t h a t  th ese  were due to  
age in g  or spontaneous d eg en e ra tio n  of th e  cells r a th e r  th a n  to  SF virus.

References

A y n a u d , J . M.: R ech . V ét. 1 (1968), 25. I d e m : C. R . Acad. Sei. P a ris  226 (1968), 535. 
A y n a u d , J .  M., Ga l ic h e r , C., L ombard, J . ,  B ib a r d , C. and  Mie r z e je w s k a , M.: Ann. R ech. 
V ét. 3 (1972), 209. B a ch m a n n , P. A.. Sh e f f y , В . E . a n d  S ie g l , G.: A rch. ges. V irusf. 22 (1967), 
467. B a ss , E . P. and R a y , T . D .: JAVM A 142(1963), 112. B odon , L.: A cta  v e t. hu n g . X V  (1965), 
471. I d e m : Ib idem  X V I  (1966), 321. I d e m : M ag y ar Á llato rvosok  L a p ja  (M Á L), 1967, 466. 
Ca r b r e y , E . A., St e w a r t , W . C., K r esse , J .  I .  a n d  L e e , L. R .: 69 th  A nn. P ro c . US L ivestock  
San. Ass. O ctober 1965, p . 487. Chung  T ao L e e , R .: Cornell V et. 52 (1962), 39. Coggins, L . 
a n d  B a k e r , J .:  Am. J .  V e t. R es. 25 (1964), 408. Co g g in s , L. and  Sh e f f y , B . E .: 65 th  A nn.

2 Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



296 BODON

P roc . US L ivestock  San . A ss. O ctober 1961. D a n n e r , К . and  B a c h m a n n , P . A .: Zbl. Y et. M ed. 
17B (1970), 353. Gil l e s p ie , J .  H ., Sh e f f y , B. E . and  Ba k e r , J .  A .: Proc. Soc. E x p . B iol. 
M ed. 105 (1960), 679. Gil l e s p ie , J .  H ., Sh e f f y , B . E ., Coggins, L ., M a d in , S. H . an d  B a k e r , 
J . :  65 th  A nn. Proc. U S L iv esto ck  San. Ass. O c to b er 1961. H r a b á k , R . and  D u b a n sk y , V .: 
A c ta  V et. (B rno) 39 (1970), 457. H ra bák , R .: P e rsonal co m m u n ica tio n , 1971. Me n g e l in g , 
W . L. an d  D r a k e , L .: A m . J .  Y et. Res. 30 (1969), 1817. Me n g e l in g , W . L .: Arch. ges. V irusf. 
23, (1968), 27. Me n g e l in g , W . L ., P ir t l e , E . C. and  P a c k e r , R . A .: Am. J .  V et. R es. 31 
(1970), 2019. P ir t l e , E . C. a n d  K n y a ze ff  A. J . :  A m . J .  V et. R es. 29 (1968), 1177. P ir t l e , 
E . C.: Am . J .  V et. R es. 30 (1969), 209. I d e m : Ib id em  30 (1969), 1913.P ir t l e , E . C. an d  
M e n g e l in g , W . L .: A m . J .  V e t. R es. 31 (1970), 1795.

A ddress o f th e  a u th o r :  D r. Laszlo B o d o n , 1143 B u d ap es t, H u n g á ria  k rt. 21, H u n g a ry .

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



A cta  V eterinaria Academ iae Sc ien tia ru m  Hungaricae, Tom us 25 ( 4 ) ,  p p .  297 — 302 (1975)

THE SPAYING OF PIGS
(O V A R O -H Y ST E R E C T O M Y  OR O V ARIOTOM Y)

By

F . TORDAY

A nim al H e a lth  S ta tio n , B udapest 

(R ece iv ed  M arch 18, 1974)

T he spay ing  of gilts by ho rm o n e  overdoses w as recom m ended in  th e  ’fifties by  B a je z  
(1953, 1954) and , in  H u n gary , by  T a n g e  (1953) an d  Cseh  and  P aál (1953). Since, how ever, 
p ra c tic a l observations (T orday  an d  D r a t s a y , 1954) failed  to  su b s ta n tia te  th e  in itia l prom ising  
re su lts , h o rm onal steriliza tion  of th e  sow  w as p ro h ib ited  by  an  o rder (N o. 81.875/963) o f th e  
M in istry  o f A griculture  and Food fo r p u b lic  h ea lth  reasons. T hus th e  o rig in a l p ractice  of su r 
g ical spay ing  by  oophorectom y w as re su m ed .

R em oval o f th e  ovaries th ro u g h  a n  incision  in  th e  flank , th e  so-called  Chinese procedure  
f ir s t  perfo rm ed  in  Shanghai, had  been reco m m en d ed  for sow s te riliza tio n  a lre ad y  by  th e  end 
o f  th e  p a s t  c en tu ry  (H offm ann , 1890). I n  H u n g a ry , L ászló (1925) d e a lt  w ith  th e  p rac tica l 
a sp ec ts  o f th e  o p era tio n  in a g re a te r  d e ta il,  and  subsequen tly  H e t zel  (1935) advo ca ted  its  
a d v an tag e s  so th a t  i ts  app lication  w as v e ry  w idely sp read  in th e  c o u n try  d u rin g  th e  ’th ir tie s  and  
’fo rtie s . T he m ain  d ifficu lty  m et w ith  b y  th e  p rac titio n ers  was th e  e x p lo ra tio n  of th e  r ig h t 
o v a ry  in  th e  sow recu m b en t on h e r r ig h t  side. In  view  of th is , P a r isis  (1949) proposed th a t  
ex p lo ra tio n  should  be done along th e  lig a m en tu m  teres u teri (Fig. 4).

T his an d  o th e r d isa d v a n ta g e s  o f th e  above p rocedure , v iz ., w eight loss 
d u rin g  fastin g  for 48 hrs (T a n g l , 1953), depression of re s is tan ce  ( L ászló , 1950) 
an d  th e  d ifficu lty  of re s tra in in g  an im als  w eighing 50— 60 kg  on th e  spaying  
ta b le  t i l te d  a t  th e  angle of 60°, in i t ia te d  efforts for th e  e la b o ra tio n  of a m ore 
sim ple p rocedure , w hich m akes possib le  th e  use of b o th  th e  r ig h t and  le ft 
h an d  for th e  opera tion . The r e la te d  stud ies w ere p a rtly  b ased  on J o s h u a ’s 
(1965) good resu lts  o b ta in ed  on  sp ay in g  b itches by  o v a ro -h y ste rec to m y  a t  
10 w eeks of age, i.e., before re a c h in g  sexual m a tu rity .

Experim ental

Surgical removal o f  the ovaries and uterine cornua  
(ovaro-hysterectom y)-spaying before puberty

T en  weeks old g ilts, w eigh ing  25— 30 kg, were spayed  on th e  o p era ting  
ta b le . T he an im als were la id  on  one side, and  a tw o-inch  incision  was 
tra d itio n a lly  m ade cran ia l to  th e  second  an d  th ird  poste rio r te a ts ,  viz. in  th e  
c e n tre  o f th e  abdom inal wall. F a s t in g  for 12 hours is su ffic ien t in  th e  case of 
th is  o p era tio n , because only one o v a ry  and  one u te rin e  tu b e , v iz ., th o se  n ea rb y
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th e  incision have to  be ex te rio rized  (F ig . 1). The sam e app lies to  th e  non-fasted  
p ig  opera ted  upon in  th e  sam e position . A t 10 weeks o f age th e  ovary  is u sua lly  
undeveloped , th e  size o f  a le n til  seed, b u t  som etim es i t  m a y  a lread y  be of norm al 
size. The sexually  im m a tu re  g ilt can  be la id  on e ith e r  side for th e  su rgery , 
because , as m en tioned  ab o v e , i t  is n o t necessary  to  ex te rio rize  th e  co n tra la te ra l 
o v a ry  by  m anual e x p lo ra tio n  of th e  abdo m in a l c a v ity . O ne u terine  horn  is 
exposed  a fte r th e  o th e r , to  fin d  th e  m in u te  o v aries, as recom m ended by

F ig . 1. The reserve space in  th e  abdom inal c av ity  is filled b y  in te s tin e s . The left — u p p e r — 
o v a ry  is caught in tw eezers; th e  ovaria l suspensory  ligam en t is t a u t .  (The sow lies on h e r r ig h t

side.)

H e t z e l  (1942). T his p ro ced u re  is s till reso rted  to  w hen  th e  ovary  is no t easily 
fo u n d  a t th e  side on  w h ich  th e  an im al lies. Being o u t o f fu n c tio n  a t  10 weeks 
o f  age, and co n seq u en tly  n o t hyperaem ic , th e  ovaries can  be sim ply crushed 
w ith  an em ascu la to r. A n o th e r  app ro ach  is to  reach  in to  th e  abdom inal cav ity  
w ith  one finger, an d  to  ex te rio rize  b o th  co rnua along w ith  th e  ovaries b y  lifting  
th e  body of th e  u te ru s  a t  th e  b ifu rca tio n  o f th e  ho rns. S u b seq u en tly , th e  cornua 
a re  cu t off a t th e ir  o rig in , and  th e  o v arian  ligam en ts are  crushed.

Ovariectomy on the operating table — spay in g  after puberty

Good resu lts  h a v e  been  o b ta in ed  for m ore th a n  10 years by  perform ing 
ovariec tom y in g row ing  gilts, w eighing 30— 35 kg, w ith  th e  anim al la id  on its 
r ig h t side on th e  o p e ra tin g  tab le . M ost g ilts com ing u n d e r  th is  w eight ca tegory  
are  3— 4 m onths old, b u t  fa s tly  grow ing breeds m ay  a t ta in  th e  w eight requ ired
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fo r th e  o p era tio n  b y  10 weeks o f age. L ittle  physica l exercise is n ecessary  to  
re s tra in  such an im als an d  to  lift th e m  on th e  o p era tin g  ta b le . In  slow ly-grow ing 
b reeds th e  ovaries are  p rac tica lly  of fu ll size a t  3— 4 m o n th s of age, th u s  th e ir  
rem o v a l is b y  th e  tra d itio n a l su rg ical ap p ro ach  ( H e t z e l , 1942), v iz ., e x p lo ra 
tio n  for b o th  ovaries is m ade along th e  c ran ia l m arg in  of th e  o varia l su spenso ry  
lig am en ts .

Fig. 2. The reserve space in  th e  abdom inal cav ity  is e m p ty . B o th  ovaries are  c au g h t in  tw eezers. 
T he free  m arg ins o f th e  o v aria l suspensory  lig a m en t are  ex ten d in g  a lm o st p a ralle l w ith  th e  
re c tu m . I f  th e  m iddle- and  forefinger are in tro d u ced  in to  th e  ab d o m in a l c av ity  in  cranio- 
c au d a l d irec tio n  b e n ea th  or above th e  re c tu m , th e  lig am en t, and  a t  i ts  end  th e  ovary , is c au g h t 

be tw een  th e  fingers. (The sow lies on he r r ig h t side.)

Preparation fo r  the operation

Serial la p a ro to m y  stud ies have  show n th a t  th e  o p era tio n  can  be safely  
perfo rm ed  24 hrs a f te r  th e  la s t feeding. T h u s 24-hr fa s tin g  is su ffic ien t, b u t 
th is  shou ld  be com plete . E ven  th e  s tra w  bedd ing , especially  fresh  s traw , 
shou ld  be rem oved , to  p rev en t its  ing estio n , w hich often  resu lts  in  in te s tin a l 
gas accu m u la tio n . T h is enhances th e  p e ris ta ltic s  an d  causes th e  sm all in te stin es  
to  bulge in to  th e  poste rio r th ird  of th e  abdom inal cav ity , w hich n o rm ally  
serves as a reserve space allowed for th e  d is tension  of th e  v isceral hollow  organs 
( in tes tin es , u te ru s , u r in a ry  b ladder). T he reserve  space is em p ty  in  F ig . 2, b u t  
it  is filled  ou t by  b lo a ted  sm all in te s tin e s  in  Fig. 1. T he la t te r  cond ition  in te r 
feres w ith  th e  su rg ical p rocedure. A lthough  th e  fastin g  g ilts should  be dep rived  
o f a n y  food, th e y  h av e  to  lie p rov ided  w ith  d rin k in g  w a te r, especially  in  th e  
h o t su m m er season.
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L aying  the p ig  on the table

A d u lt sows sh o u ld  lie p re fe rab ly  on th e ir  r ig h t side, because  th e  p ig  is 
th e  o n ly  species h a v in g  th e  caecum  a t  le ft. T he  duodenocaecal an d  reno liena l 
lig am en ts  fuse w ith  one an o th e r in  a d u lt age.

F ig . 3. The lig. reno-caecale  e t lienale, passing  from  th e  left k id n ey  to  th e  caecum  an d  th e  
colon is exposed in  a slau g h te red  pig. I t  is because of th e  p osition  of th is  lig am en t t h a t  th e  

sow  h as  to  lie on  i ts  r ig h t side fo r surgical spay ing

T he fused lig a m e n t has its  o rig in  a t  th e  d uodenum , from  w here i t  passes 
to  th e  le ft k id n ey  an d , in  a re tu rn in g  a rch , to  th e  caecum  an d  colon. One b ra n c h  
o f  th e  ligam en t is ex ten d ed  to  th e  spleen. T hus th e  positio n  of th e  lig am en t 
resem bles th a t  o f a le a f  in  book; th e  u p p e r p a r t  corresponds th e  duodenocaecal 
lig am en t, th e  low er p a r t  to  the  renocaecal lig am en t, w hich sends one b ra n c h  
to  th e  spleen (F ig . 3). I f  th e  sow lies on h e r r ig h t side, th e  caecum  and  colon, 
su p p o rte d  by  th e  le f t k idney , are  descending  on th e  r ig h t abdom ina l w all 
ow ing to  th e ir  w eig h t, com pressing th e  m otile  sm all in te s tin e s  aga in st it, so th a t  
th e  abdom inal re se rv e  space is le f t e m p ty  fo r easier ex p lo ra tio n  b y  th e  fin g er. 
I f  th e  sow lies on its  le ft side, th e  an a to m ica l cond itions are  less ad v an tag eo u s  
fo r th e  in te rv e n tio n , because th e  caecum  an d  th e  colon descend on th e  le ft 
ab d o m in a l w all an d  th e  sm all in te s tin e s , th u s  released from  com pression , 
fill th e  em p ty  rese rv e  space, an d  in te rfe re  w ith  ex p lo ra tio n  for th e  ovaries.
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T he position  of th e  in te s tin e s  depends no t so m u ch  on th e  h o rizo n ta l 
or t ilte d  position  of th e  spay ing  ta b le  —  a bench of to r tu re s  —  as on lay ing  
th e  ap p ro p ria te ly  fa s ted  sow on h e r r ig h t side.

In  th e  la tte r  p osition , e x p lo ra tio n  fo r the  upper —  le f t —  o v ary  is easily  
done along th e  c ran ia l m arg in  o f  th e  ovarial suspensory  lig am en t (F ig . 2). 
E x p lo ra tio n  for th e  low er —  rig h t —  o v a ry  along th e  lig a m e n tu m  teres u te r i

Fig. 4. F ree m arg in  o f th e  left lig. te re s  u te r i, exposed in  s la u g h te red  sow

(F ig . 4) is n o t p rac ticab le  w ith  th is  p ro ced u re  if  the an im al lies on a h o rizo n ta l 
ta b le , because under such co n d itions th e  said  ligam ent is n o t  fo u n d  in  th e  seg
m e n ta l p lane  of th e  second and  th ird  poste rio r tea ts . A cco rd ing ly , exp lo ra tion  
fo r th e  low er —  rig h t — o v ary  shou ld  be m ade betw een th e  free c ran ia l m argins 
o f  th e  ovaria l su spenso ry  lig am en ts , a t  th e  caudal end o f th e  reno-colonal 
lig am en t (F ig. 3), b y  reach in g  in to  th e  low er p a r t of th e  ab d o m in a l cav ity  
b e n e a th  th e  colon. This is p erfo rm ed  accord ing  to  th e  te c h n iq u e  recom m end
ed b y  P a r i s i s  (1949): w ith  th e  m idd le- and  fo refinger o f  th e  left h a n d  
in tro d u c e d  c ran io cau d ally  in to  th e  “ rachopsoas” sulcus, th e  free m arg in  of 
th e  o v arian  suspensory  lig am en t, a n d  a t  its  end the  o v a ry  is c a u g h t betw een  
th e  tw o fingers (Fig. 2).

S pay ing  on h o rizo n ta l or t i l te d  o p era tin g  tab le  is d iff ic u lt w ith  a d u lt 
sows ru led  o u t from  b reed ing  an d  d es tin ed  for fa tten in g . T hese  an im als are
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so heav y  th a t  th e ir  l if tin g  on a tab le  requ ires th e  a ss is tan ce  of several a t te n 
d a n ts . T hus, such an im a ls  shou ld  be p re fe rab ly  o p e ra te d  u p o n  on the  g round , 
viz . on a clean law n . H e t z e l  (1942) h im se lf had  re p o rte d  a b o u t spaying sows 
on th e  law n. A ccording to  C s e h  (1955), C aesarean sec tion  m a y  also be em ployed 
fo r spaying, b u t th is  h a s  been  little  p rac tised . O v a rio to m y  in the  la c ta tin g  
sow for p ro longa tion  o f  th e  la c ta tio n  period  has n o t  been  fashionable in  
H u n g ary .
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Summary

Since in H u n g ary  h o rm o n a l spaying of g ilts  an d  sows has b een  p ro h ib ited  by legal o rd e r 
fo r m ore th a n  a decade, sp a y in g  b y  surgical m eth o d  has been p ra c tis e d  again  ever since. M ost 
pigs k ep t by  sm allholders in  th e  co u n try  are fa tte n e d  for s lau g h te r  fo r th e  fam ily’s own use , 
an d  th e  owners are an x ious to  hav e  such an im als n eu tered  by  th e  v e te r in a r ian .

C ertain d ifficu lties in v o lv ed  in th e  so-called Chinese m e th o d  o f spaying, w hich h ad  
been  very  w idely sp read  in  th e  c o u n try  du ring  th e  ’th ir tie s  an d  ’fo rtie s , stim ulad  efforts for 
th e  m odification  of th e  t r a d i t io n a l  op eratin g  techn ique.

The p resen t p a p e r  is  th e  re p o rt  of a m odified  p rocedure , reco m m en d ed  for spay ing  of 
g ilts before p u b e rty , a t  10 w eeks of age, w hen th e  body w eigh t o f th e  an im als is ab o u t 20— 
30 kg. The operation , in v o lv in g  th e  rem oval o f b o th  ovaries an d  u te r in e  cornua (ovaro-hyster- 
ec tom y) can be easily p e rfo rm ed  w h e th er th e  an im al lies on i ts  r ig h t  o r le ft side, because e x 
te rio riza tio n  of the  lo w er-sea ted  o v a ry  is n o t necessary , th is  be ing  ex p lo red  e ither by exposure  
o f th e  u terine  horns seg m en t b y  segm ent, or b y  liftin g  and  exposing  b o th  cornua and ovaries 
sim ultaneously , w ith  one f in g e r  p ushed  b e n ea th  th e  body of th e  u te ru s  a t  the  b ifu rca tio n .

Three to  four m o n th s  old g ilts and  sexually  m atu re  sows a re  spayed  by  ovario tom y on 
th e  operating  tab le , w ith  th e  an im al lying on its  r ig h t side. T he fo refin g er and m iddle fin g er 
a re  in troduced  in to  th e  a b d o m in a l cav ity  in cran io -cauddal d irec tio n , along the  rectum . T h u s, 
th e  free m argin  of th e  o v a ria l  suspensory  lig am en t is cau g h t b e tw een  th e  fingers, a t  th e  end 
o f  w hich th e  ovary  is a tta c h in g  on e ither side.
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DEMONSTRATION OF SALMONELLAE  IN SAUSAGES 
OF HIGH FAT CONTENT

By

J. T a k á c s  and G yörgyi В. N a g y

C entra l L ab o ra to ry , V eterin ary  M eat C ontrol Service, B u d ap es t 

(R eceived O ctober 14, 1974)

W e h a v e  show n ( T a k á c s  and  N a g y , 1969) th a t  of all s lau g h te red  an im als 
pigs a re  th e  m ost f req u en t reservoirs o f Salmonellae. Sw ine pick  up  Salm onellae  
from  th e  feed  or en v iro n m en t, h u t  in sec ts , ro d en ts , b ird s  an d  even m an  can  
serve as m ed ia to rs  of in fec tion . Pigs c a rry in g  sm all p o p u la tio n s of th e  p a th o g en  
in  th e  g u t u su a lly  show no sym ptom s.

M eat in spection , how ever carefu l, is n o t in  itse lf  su ffic ien t for th e  d e te c 
tion  of all sym ptom less carriers. I f  th e  s ta n d a rd s  of a b a tto ir  sa n ita tio n  are low , 
Salm onellae  easily  becom e d issem inated  w ith  th e  faeces, accoun ting  for som e
tim es 100%  co n tam in a tio n  of m ea t surfaces.

M eat p ro d u c ts  processed w ith o u t h e a t  t r e a tm e n t  (Takács, 1964; T akács an d  Na g y , 
1969) easily  becom e c o n tam in a ted  w ith  Salmonellae, especially  in  th e  sum m er season, w hen  
m ore th a n  50%  of th em  m ay becom e co n ta m in a te d , a lth o u g h  th e  g rea te r p a r t  o f th e  c o n ta m i
n a tin g  b a c te r ia  p erish  du ring  dry ing  and  rip en in g . D im in u tio n  of w a te r  a c tiv ity  an d  low  p H  
(Sc h e ib n e r , 1969) in  th e  rip en ed  p ro d u c t e ith e r kill, or stop  m u ltip lica tio n  of Salmonellae, 
while the  cells em bedded  in f a t  are p reserved  in an  in ac tive , b u t still in fec tive  s ta te  (Va n  Sch o t- 
horst  an d  V an  L e u s d e n , 1972).

E x a m in a tio n  for Salmonellae  o f each b a tc h  of fin ish ed  H u n g a ria n -ty p e  
sausage p ro d u c ts , cured  b y  sa lting , cold sm oke and  d ry ing , has been co m p u l
sory in  H u n g a ry  since 1972, b u t  i t  h ad  been  a general p rac tice  in  th e  n a tio n 
alized m ea t in d u s try  for a b o u t 10 years  p rev iously . C om para tive  s tud ies w ere 
co n d u c ted  in  th is  la b o ra to ry  to  evolve a ra p id , and  effic ien t, Salm onella  te s t  
for th e  p u rp o se  of com pulsory  ro u tin e  ex am in a tio n s. T his was necessary  because 
sausages p re p a re d  w ith o u t h ea t t r e a tm e n t co n ta in  45— 47%  fa t, 3.5— 5.0%  
sa lt an d  28— 30%  w a te r in  th e  f in ish ed  s ta te , and  Salm onellae  m ay  still be 
p resen t in  th em  a fte r  ripen ing . O rganism s tra p p e d  in  fa t  m ay  rem ain  u n n o ticed  
a t  m icrobio logical ex am in a tio n , acco u n tin g  fo r false neg a tiv e  re su lts  in  in fec ted  
b a tches. C o m p ara tiv e  ex am in a tio n s perfo rm ed  to  p re v e n t such m isju d g em en ts  
are  re p o rte d  in  th is p ap er.
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A. Experim ents with various enrichm ent methods 

Material

F o u r p a irs  o f sausages w ere chosen a t  ran d o m  from  each  b a tch , an d  one 
h a lf  o f each p a ir w as u sed  for th e  p re p a ra tio n  o f a pooled  sam ple. F ro m  spec i
m ens k e p t in  w a te r of 45— 48 °C for a few  m in u tes  th e  casing  was rem oved  
w ith  a sterile  lan ce t. C are w as ta k e n  n o t to  to u ch  th e  filling .

T he filling  w as m inced  in  a s terile  m incing  m ach ine; a sep a ra te  m incer 
a n d  o th e r tools, all s te rilized , were used  fo r each b a tc h  sam ple. T he m inced 
fillin g  was th o ro u g h ly  m ixed  w ith  a s terile  glass rod  and  sam ples w ere m easu red  
fo r Salm onella  te s ts .

Method

E ach  sam ple w as exam ined  b y  th re e  d iffe ren t m eth o d s, viz.
А / l :  a p rocedure  conform ing  to  th e  p rescrip tions o f th e  N a tio n a l F o r 

m u lary  X I I ;
A /2: a p rocedure  conform ing  to  th e  s ta n d a rd  p resc rip tio n s issued b y  th e  

In te rn a tio n a l S ta n d a rd  O rg an iza tio n  (ISO );
A /3: a p rocedure  e lab o ra ted  in  th is  lab o ra to ry .
D etails o f th e  te s t  p rocedures an d  p ositive  te s t  re su lts  are show n in 

T a b le  I.

Results

T h ir ty  sam ples w ere para lle lly  ex am in ed  b y  each p rocedure  A. T w en ty - 
s ix  sam ples w ere fo u n d  to  be n eg a tiv e , fo u r co n ta in ed  Salmonellae.

Conclusions

T he lac to se -co n ta in in g  p re -en rich m en t m edium  (А/ l )  w as n o t p rac ticab le  
in  exam in ing  o f sausages p rep ared  w ith o u t h e a t t re a tm e n t because th e  co n 
c u rre n t m icroflora sh ifted  th e  p H  to  4 .0— 4.5.

The buffered  p e p to n e -w a te r  p re -en rich m en t m ed ium  (A/2) was fa v o u r
ab le  w hen te tr a th io n a te  w as used  for en rich m en t.

T he te tra th io n a te -c o n ta in in g  e n rich m en t m edia  (A /l— a, A /2— a, b , 
A /3— a, b) p roved  to  be considerab ly  m ore e ffic ien t th a n  th e  m edia co n ta in in g  
se len ite  (A /l— b, A /2— c). T his accords well w ith  th e  re su lts  o f our earlie r 
s tu d ies  on m ea t an d  m e a t p ro d u c ts  ( T a k á c s , 1964).

T he 1%  p o ly so rb a te  so lu tion  (A /l) , be ing  a good fa t  so lven t p ro v ed  to  
be  ad v an tag eo u s , b u t  th e  p o ly so rb a te  co n cen tra tio n  p roposed  u n d er A/2 was
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in su ffic ien t because i t  even  failed  to  sa tis fac to rily  dissolve th e  fa t  com ponent 
of 25 m g te s t  m a te ria l on tra n s fe r  to  th e  te tra th io n a te  en rich m en t m edium .

In c u b a tio n  te m p e ra tu re s  of 42— 43 °C were m ore a d v an tag eo u s  th a n  35 
or 37 °C, in  resp ec t o f b o th  ra te  o f iso la tion  an d  fa t  d isso lu tio n . In  sp ite  of 
th is  37 °C in cu b a tio n  w as n o t o m itte d  in  th e  fu r th e r  ex p erim en ts .

T he procedures t h a t  p ro v ed  to  be p rac ticab le  in  th e se  experim en ts w ere 
th e re a f te r  regu la rly  em p lo y ed  in  ro u tin e  Salm onella  e x am in a tio n s  to  decide 
w hich o f them  is th e  m o st e ffic ien t in  th e  detec tio n  of Salm onellae, w ith  special 
reg ard  to  th e ir  serogroups.

T he te s t p ro ced u res  w ere also com pared  for se n s itiv ity  of de tec ting  S a l
monellae in  sam ples a r tif ic ia lly  in o cu la ted  w ith  m in im al doses o f th e  pa thogen .

B. Selection o f the test procedures most sensitive in  routine
exam ination

Material

O n a to ta l, 136 sam ples w ere ta k e n  from  b a tch es su b m itte d  for ro u tin e  
ex am in a tio n ; o u t o f th e se , 31 p roved  to  con ta in  Salm onellae.

Schedules o f  experim ents

T hree  schedules a re  show n in  T ab le  I I .
Schedule В / l  w as u sed  fo r te s tin g  th e  in fluence  o f  th e  te m p e ra tu re  of 

in cu b a tio n .
Schedule B/2 se rv ed  fo r th e  ex am in a tio n  of th e  jo in t  in fluence  of in cu 

b a tio n  te m p e ra tu re  a n d  fa t  so lven t.
Schedule B/3 w as em ployed  to  determ ine  th e  jo in t  in flu en ce  of v ary ing  

of p re-en rich m en t, in c u b a tio n  te m p e ra tu re  and  fa t so lven t.
T he resu lts  a re  in c lu d ed  in  T ab le  I I .

Conclusions

T ab le  I I  show s t h a t  th e  h ig h est ra te  of p o s itiv ity  (31 positive  sam ples) 
was reach ed  w ith  m e th o d  B /2— b, i.e. w hen 25 g hom ogen ized  te s t  m a te ria l 
was p laced  in  225 m l B ie rb ra u e r’s te tra th io n a te  en rich m en t m ed iu m  con ta in ing  
1%  T w een 80, an d  th e  m ix tu re  w as in c u b a te d  for 24 ±  2 h rs a t  42—43 °C. 
P ro ced u re  B/2— a w as th e  sam e as p rocedure  B /2— b ex cep t th a t  th e  in cu b a 
tio n  te m p e ra tu re  w as 37 °C. B y  th is  p rocedure  only  16 sam ples p roved  to  be 
positive . P rocedure  B /2— b p roved  to  be superio r also in  re sp e c t of th e  n um ber 
o f d e tec tab le  Salm onella  О serogroups.
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Table 1

R esults ob tained  w ith  procedures А/ l ,  A/2 and A/3

Method of examination
A /l A/2 A/3

a b a b c a b

P re-enrichm ent A m ount of sam ples 25 g 25 g 5 g 5 g

Lactose b ro th  +  1% Tween 80 225 ml

Buffered aqueous peptone 100 ml

Correction of p H  by N N aO H pH 7.0

Pre-enriched m ate ria l in cubated  a t  35 °C 24 hrs

37 °C 6 —24 hrs

E nrichm en t A m ount o f pre-enriched sam ple 0.1 ml 0.1 ml 25 ml 25 ml 25 ml

E n rich m en t m edium  contain ing
te tra  th io n a te

10 ml 45 ml 45 ml

T e tra th io n a te  m edium  -f- 0.66%
Tergitol 7

225 ml 225 ml

E n rich m en t m edium  contain ing  selenite 10 ml 225 ml

E nriched m ateria l incubated  a t  35 °C 24 hrs 24 hrs

37°C 3 days 3 days 24 hrs

42— 43 °C 24 hrs 24 hrs
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T ransfer to  m odified X L  agar

to  m odified b rillan t g reen-phenol red agar 

to  Salm onella-Shigella  agar 

to  c rysta l v io le t-neu tra l red-bile agar 

to m odified D rigalski agar 

P la tes in cubated  a t  35 °C 

37 °C

Test results

w ith  4 know n positive sam ples

+ +
+ +

24 h rs  24 hrs

+ + + +

+ +

+

24 hrs 24 hrs 24 hrs 24 hrs

A/2 A

a b c a
sam ples found positive

4 4 — 2
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Table II

R esults ob tained  w ith  procedures В/ l ,  B /2 and  B/3

Method o f examination
B /l B/2 B/3

a b a b a b

A m ount o f te s t  m ateria l 25 g 25 g 25 g

Pre-enrichm ent Buffered aqueous peptone 100 ml

Pre-enriched m ate ria l in cubated  a t  37 °C 24 hrs

E n rich m en t A m ount of pre-enriched m ateria l 25 ml 25 ml
B ierbrauer’s te tra th io n a te  enrichm ent 

m edium 225 ml 225 ml
B ierbrauer’s te tra th io n a te  enrichm ent 

m edium  -f- 1%  Tween 80 225 ml 225 ml 225 ml 225 ml
E nriched m ateria l incu b a ted  a t  27 °C 24 hrs 24 hrs 3 days

42—43 °C 24 hrs 24 hrs 24 hrs

T ransfer to m odified b rillan t green—phenol 
red  agar + + + + + +

to  m odified D rigalski agar + + + + + +

Pla tes incubated  a t  37 °C 24 hrs 24 hrs 24 hrs 24 h rs 24 hrs 24 hrs

T est resu lts No. o f sam ples found positive
w ith  31 know n positive sam ples 9 14 16 31 17 18

O-serogroup d istrib u tio n  of th e  Salmonella isolates В 6 8 9 17 10 10

Cl 2 4 2 2

E 3 4 4 6 3 4
L 1 3 1 1
M ixed: B - f  E 1 1 1 1 1
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C. Sensitivity tests

T he Salm onella  species occu rring  in  H u n g ary  m ost fre q u e n tly  w ere used 
fo r a rtif ic ia l io cu la tio n  of sausage fillings. The s tra in s  be longed  to  th e  О 
serogroups В , Сх, C2, D an d  E . In  g enera l on ly  one s tra in  w as p re sen t in  each 
inocu lum , b u t m ixed  infections w ere also carried  ou t w ith  В — E an d  Cx +  C2 
s tra in s .

Preparation o f  the inoculum

E ach  te s t  s tra in  was in o cu la ted  in to  th e  liquid  b a sa l m ed ium  e lab o ra ted  
b y  one of us (T a k á c s , 1964) an d  w as in c u b a te d  for 24 ± 2  h  a t  37 °C. T hree  
p a ra lle l d ilu tio n  series, in  th e  ran g e  o f 1 0~ 5 to  10~15, w ere p rep a red  from  each 
c u ltu re  to  o b ta in  th e  d ilu tio n  in  w hich  1— 9 Salmonella  o rgan ism s w ere p re se n t 
p e r m l.

In  every  case, 1 m l inocu lum  w as ad d e d  to  a 25 g sam ple  of sausage filling  
t h a t  h ad  been  p ro v ed  neg a tiv e  fo r Salm onella; th e  d ilu tio n s co n ta in in g  1— 9, 
10— 99, 100— 999, 1000— 9999 an d  10 000— 99 999 per m l w ere te s ted .

The sen s itiv ity  te s ts  w ere ca rried  o u t according to  schedules В / l ,  B/2 
a n d  B/3.

Results

The ex p erim en ta l resu lts  a re  su m m arized  in  T able I I I .

Conclusions

B ased  on th e  d a ta  in  T ab le  I I I  th e  ran g es of se n s itiv ity  fo r th e  d iffe ren t 
m e th o d s  as de te rm in ed  w ith  d iffe ren t О serogroups w ere as follow s. (The 
se n s itiv ity  values are  expressed  in  th e  low est Salmonella  co u n ts  re su ltin g  in  
b a c te r ia l grow th .)

Method
R ange o f detectability

Salmonella count per 1/g

B /l  a 4 — 3,999.9

b 0.04— 39.9

B/2 a 0.04— 39.9

b 0.04— 3.9

B/3 a 0.04— 399.9

b 0.04— 399.9
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Table III

+  > the crosses in d ica te  th e  low est in p u t of Salmonella  counts d em onstrab le  w ith the  applied

I t  is clear t h a t  m e th o d  B /2— b, viz., in c u b a tio n  in  1%  Tween 80 co n 
ta in in g  B ie rb rau er’s te t r a th io n a te  en rich m en t m ed ium  a t  43 °C, was o f th e  
h ighest efficiency: i t  m a d e  possible th e  d e tec tio n  of B , C15 C2, D and E  S a l
monella 0  groups ev en  w hen  th e  Salmonella  co u n t p e r 25 g te s t  m ateria l w as 
as low as 1— 9.

Discussion

In  c o n tra s t to  o th e r  au th o rs  (Mo r r i s  an d  D u n n , 1970), we found th a t  
Salm onella  d e tec tio n  in  m e a t p ro d u c ts  o f h igh  fa t  c o n te n ts  requires n o t o n ly  
a re la tiv e ly  h igh  (42— 43 °C) in cu b a tio n  te m p e ra tu re , b u t  also the  p resence 
o f  a surface-active  f a t  so lv en t. O therw ise ce rta in  0  serogroups can n o t be 
d e tec ted  unless 100— 999 or m ore germ s are  p re se n t in  25 g te s t m a te ria l.

In cu b a tio n  a t  4 2 — 43 °C enhanced  th e  lip id -so lv en t ac tio n  of Tw een 80 
com pared  w ith  th e  37 °C in cu b a tio n  te m p e ra tu re .

P re -en rich m en t w ith  lactose or bu ffered  aqueous p ep to n e  was o f low  
efficiency.

E nrich m en t m ed ia  b ased  on selenite p ro v ed  to  be u n su ita b le  for th e  p u r 
pose a t 35, 37, 42 a n d  43 °C in cu b a tio n  te m p e ra tu re s  alike.

I t  is reco m m en d ed  th a t  th e  B/2— b p rocedure , c learly  th e  m ost e ffic ien t 
o f all m ethods te s te d , shou ld  be perfo rm ed  as follow s: 25 g hom ogenized 
sam ple should be a d d e d  to  225 ml B ie rb rau e r’s en rich m en t m edium  co n ta in in g

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975
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d e m o n s trab le  by d ifferen t m ethods

o f sausage fillings

100-999 1000 -9 9 9 9 10 0 0 0 -9 9  999

4 -3 9 .9 4 0 - 399.9 400 - 3  999.9
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m eth o d  in  th e  given volum e of sam ple.

1 %  T w een 80 a n d in c u b a tc d  for 24 ± 2  h rs a t  42— 43 °C. S u b seq u en t tran sfe rs  
sh o u ld  be m ade to  m odified  b r il la n t g reen -p h en o l red  ag ar (T a k á c s , 1964) 
a n d  m od ified  D rigalsk i agar (T a k á c s , 1964), and  th e  selective an d  d ifferen
t ia t in g  m edia should be in c u b a te d  fo r 24 ± 2  h rs a t  37 °C. T h is p rocedure  is 
sen s itiv e  enough to  d e tec t 1— 9 v iab le  Salm onella  cells p re se n t in  25 g te s t 
m a te r ia l. A no ther g rea t a d v a n ta g e  o f th e  p rocedure is its  r a p id ity :  evidence 
o f th e  absence of Salmonellae can  be  o b ta in e d  in  2 X 24 h rs a n d  th e  d ifferen
t ia t io n  o f suspect or Salm onella -in fec ted  b a tc h e s  is possible in  3 X  24 h rs. A p re 
e n ric h m e n t would prolong th e  p ro ced u re  b y  24 hrs and  th e  re su lts  w ould  y e t 
be less precise; th u s  p re -en rich m en t is n o t recom m ended fo r th e  te s tin g  of 
sau sag e -ty p e  fin ished  m ea t p ro d u c ts  p rep a red  w ith o u t h ea t t re a tm e n t.

Sum m ary

T h ree  procedures w ere com pared  in  th e  d e tec tio n  of Salmonellae  in  sausages o f h igh fa t  
c o n te n ts  p reserved  by cold sm oke, sa ltin g  an d  d ry in g , w ith o u t h ea t t r e a tm e n t. T he efficiencies 
o f  e n r ic h m e n t m edia a t  37 and  43 °C in cu b a tio n  tem p e ra tu re s  were also co m pared . In cu b a tio n  
fo r 24 h rs a t  42— 43 °C of 25 g hom ogenized  sausage filling in 225 m l B ie rb ra u e r’s te tra -  
th io n a te  en rich m en t m edium  conta in ing  1%  T w een  80 p roved  to be th e  m eth o d  of choice. 
No sa tis fa c to ry  resu lts  were ob ta in ed  w ith  th e  use  o f lac tose  solution or b u ffered  aqueous pep 
to n e  as en rich m en t m edium . E n rich m en t in  T w een  80-contain ing  B ie rb rau er’s m edium  has 
an  a d d itio n a l ad v an tag e , viz ., ba tch es free from  Salmonellae can  be id en tified  w ith in  2 x 2 4 ± 2  
h rs  a n d  su sp ec t and Salmonella-infected  b a tc h es  can  be d ifferen tia ted  w ith in  3 x 2 4  ± 2  hrs. 
T h u s , th is  procedure  is p racticab le  for ro u tin e  use.
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EFFECT OF AGE, NUTRITION AND GONADOTROPHIC 
HORMONE THERAPY ON SERUM AUKAUINE 
PHOSPHATASE ACTIVITY IN EWE UAMBS

B y

H . A b d e l - R a iim a n

D e p a rtm e n t an d  Clinic of O bste trics, U n iv e rsity  o f V e te rin a ry  Science, B u d ap es t 

(R eceived N ovem ber 29, 1974)

L ite ra ry  d a ta  in d ica te  w ide v a ria tio n s  in  th e  a c tiv ity  of serum  a lk a lin e  
p h o sp h a ta se  (A P) am ong and  w ith in  th e  d iffe ren t species of dom estic an im als , 
suggesting  th a t  serum  A P is su b jec ted  to  th e  in flu en ce  of several fac to rs . 
One o f th e  m o st im p o r ta n t fac to rs  a ffec tin g  A P  a c tiv ity  w as p o s tu la te d  to  be 
th e  g ro w th  ra te . G row th  ra te  is in flu en ced  b y  age, n u tr i t io n , genetic an d  h o r
m onal ba lan ce , etc. T he  p resen t in v es tig a tio n  w as co n d u c ted  to  s tu d y  th e  effect 
o f age, n u tr i t io n  an d  gonad o tro p h ic  ho rm one  th e ra p y  on th e  A P a c tiv i ty  in  
th e  se ru m  o f ewe lam bs from  a fte r  w ean ing  till  p u b e rty .

T he serum  A P  a c tiv ity  in  sheep an d  c a t t le  decreases p rogressively  w ith  age (A l l c r a ft  
and  F o l l e y , 1941; My l r e a  an d  H ea l y , 1968; T o m belson  e t ah , 1973). K u n k e l  e t al. 
(1953) re p o rte d  s im ilar ob se rv a tio n  on bovine  serum , how ever, w hen  these  au th o rs  su b d iv id ed  
th e  an im a ls  in to  th ree  age groups (8— 12, 17— 26 m o n th s and  3— 4 y ears), th ey  fa iled  to  fo u n d  
an y  c o rre la tio n  be tw een  age and  A P  a c tiv ity . J ackson  (1952), T u ba  and  Ma d se n  (1952) in  
ra ts , Ch r o o k sh a n k  e t al. (1952) in  ewes an d  cows and  B o Crabo  e t al. (1973) s ta te d  t h a t  th e  
A P  a c t iv ity  could  re flec t th e  n u tr itio n a l s ta tu s . L i e t  al. (1947) re p o rte d  th a t  th e  se ru m  A P  
w as a ffec ted  b y  th e  a d m in is tra tio n  of p i tu i ta ry  horm ones.

Materials and Methods

S ix ty  m erino  ewe lam bs (average  age 15 w eeks; 23.8 kg bo d y  w e igh t) 
w ere ran d o m ized  in  th ree  n u tr itio n a l g roups, v iz ., Gi, Gii an d  Giii, 20 an im als  
in  each  group . T he an im als in  th e  d iffe ren t g roups w ere m atched  fo r b o d y  
w eigh t an d  age. Gi w as fed on 1.0 kg  alfa lfa  h ay  p lus 0.3 kg  lam b grain  m ix tu 
re , Gii on 1.3 kg alfalfa  h ay , and  Giii on 1.0 kg m eadow  h a y  plus 0.3 kg  c ru s 
hed  m aize d ay /an im al. T he resp ec tiv e  ra tio n s  w ere offered tw ice d a ily  to  
lam bs a t  12-hr in te rv a ls  in  group feeding. C lean w a te r  w as availab le  ad  li
b itu m  an d  th e  an im als w ere k e p t in  w ell-ligh tened , good v en tila ted , closed 
pens all over th e  ex p erim en ta l period .

B lood sam ples w ere reg u la rly  collected  a t  4-w eek in te rv a ls  from  15 
lam bs (5 p e r g roup), b y  ju g u la r  ve in  p u n c tu re  a t  10 a .m . O th er 14 an im als 
w ere su b jec ted  to  b lood  sam pling  a t  41 w eeks o f age. T he serum  A P a c tiv i ty  
w as d e te rm in ed  accord ing  th e  m e th o d  of B o d a n s k y  (1932, 1933).

Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 25 (4), pp. 313 — 320 (1975)

3* Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



3 1 4 ABDEL-RAHMAN

H a lf  of th e  an im als  w ere in je c te d  w ith  cho riogonado troph ic  horm one 
(H C G , C horiogonin , G. R ic h te r , B u d a p e s t)  w ith  100, 150, an d  250 I .U  
each  a t  32, 36 a n d  40 w eeks of age, re sp ec tiv e ly . The o th e r h a lf  served  as 
c o n tro l. T he s ta tis t ic a l  analysis  w as p erfo rm ed  accord ing  to  S n e d e c o r  an d  
C o c h r a n  (1967).

Results and D iscussion

E f fect ° f  age

M ean d: s ta n d a rd  e rro r, range , s ta n d a rd  d ev ia tion  an d  coeffic ien t of 
v a r ia tio n  for A P  a c tiv i ty  as a ffec ted  b y  th e  age of lam bs a re  p resen ted  in  
T ab le  I  and  Fig. 1. T he enzym e a c tiv ity  show ed no sign ifican t change w ith in  
each  of periods from  19 to  31 a n d  from  34 to  41 weeks of age. T herefo re , th e  
v a lu es  w ith in  each  perio d  w ere com bined . T he overall averages w ere 6.68 
a n d  12.48 B .U ./100  m l serum , re sp ec tiv e ly . In  general, th e  va lu es  w ere w ith in  
th e  ranges re p o rte d  b y  A l l c r a f t  an d  F o l l e y  (1941), F o r d  (1958), L e a v e r  
(1968) an d  E l -A b d i n  an d  H a m s a  (1972) fo r th e  ovine serum .

T he p rogressive decline w ith  ad v an c in g  age, rep o rted  b y  A l l c r a f t  and  
F o l l e y  (1941), R o u s e l  an d  St a l l c u p  (1966), M y l r e a  an d  H e a l y  (1968) 
a n d  T u m b e l s o n  e t al. (1973), w as no t p ro v ed  in  th e  p resen t s tu d y . H ow ever, 
a v e ry  slight decline in  th e  A P a c tiv ity  w as observed  betw een  19 an d  31 weeks 
a n d  betw een  34 an d  41 weeks. On th e  o th e r  h a n d , s ign ifican t sud d en  rises w ere 
n o ticed  a t  34 w eeks as well as a t  45 w eeks. T hese sudden  rises in  th e  enzym e 
a c t iv i ty  seem  to  be due  to  changes in  th e  rep ro d u c tiv e  a c tiv ity  of sex organs 
a n d  endocrine g lands, r a th e r  th a n  in  a d v an c in g  in  age. T he f i r s t  rise m ay  be 
a t t r ib u te d  to  th e  s ta r t in g  of o v a rian  fu n c tio n , th ough  no sign of h e a t w as 
observed  a t  th a t  tim e . T he o v a rian  fu n c tio n  w as proved  by  te s tin g  th e  chlorine

Table I

Serum  A P  a c tiv ity  in  m erino ewe lam bs a t  various ages

Date of sampling
Age,
weeks No.

Enzyme activity, B.U/100 ml,

Mean -f- S.E Range S.D C.v, %

11 M ay 19 15 6 .6 9 ± 0 .6 6 1.9— 11.2 2.57 37

8 Ju n e 23 15 6 .6 2 ± 0 .6 0 1.5— 9.8 2.35 35

5 Ju ly 27 15 7.25 ± 1 .0 3 1.5— 18.9 4.01 55

3 A ugust 31 15 6.17 ± 0 .5 4 2.7—  8.5 2.09 33

31 A ugust 35 15 13.14 ±  1.57 4.8— 27.7 6.09 45

28 Septem ber 39 15 1 3 .1 7 ± 1 .2 4 7.8—22.5 4.81 36

12 O ctober 41 29 1 2 .2 0 ± 0 .9 0 3.6— 22.6 4.86 39

9 N ovem ber 45 15 1 7 .6 2 ± 1 .6 3 9.7—41.0 6.13 34
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c o n te n t in  th e  cervical m ucus b y  a sem iq u an tita tiv e  m e th o d  developed  b y  
B a k s a i  (unpub lished  d a ta ) . T he re la tio n sh ip  betw een th e  o v a rian  a c tiv ity  
a n d  th e  chlorine co n ten t in  cerv ica l m ucus was re p o r te d  b y  V a n  D e r  
W e s t h u y s e n  an d  V a n  N i e k e r k  (1969), T u r n b u l l  e t al. (1967) in  ewes an d  b y  
V e z n i k  e t al. (1964) an d  E l -N a g g a r  e t al. (1970) in  cows. T he second rise  
o b serv ed  a t  45 weeks w as co inciden t w ith  th e  tim e of co n cep tio n  in  71%  o f th e

Fig. 1. Serum  A P  a c tiv ity  as a fu n c tio n  of age in m erino ewe lam b s

la m b s . W hen  th e  d a ta  w ere com bined  on th e  basis o f in c id en ce  o f concep
tio n , th e  enzym e a c tiv ity  w as 19.45 vs. 13.20 B.U/100 ml se ru m  fo r conceived 
a n d  nonconceived  an im als, re sp ec tiv e ly .

E ffec t o f  HCG

D a ta  concern ing  th e  effect o f H CG  tre a tm e n t on th e  A P  a c tiv ity  are  
show n  in  T ab le  I I  an d  Fig. 2. I t  ap p ears  th a t  th e  enzym e a c tiv ity  d id  n o t 
s ig n if ic a n tly  v a ry  before th e  h o rm o n e  in jec tio n . The ho rm one a d m in is tra tio n  
in c rea sed  th e  a c tiv ity  in th e  serum  o f tre a te d  anim als co m p ared  w ith  th e  
u n tre a te d :  15.02, 14.73 and  14.40 vs. 11.27, 11.61 and  10.01, re spec tive ly . 
T h e  enzym e a c tiv ity  a t  45 weeks (on 9 th  N ov.) becam e again  s im ila r for th e  
tw o  g roups (17.83 B .U /100 m l fo r tr e a te d  an d  17.53 B .U /100 m l fo r u n tre a te d  
lam b s). This m ay  also exp lain  th e  rises in  th e  enzym e a c tiv i ty  p rev io u sly  
re p o r te d  on th e  basis of o v arian  fu n c tio n  an d  incidence o f concep tion .

T he resu lts  concern ing  th e  h o rm o n e  effect are c o n s is te n t w ith  tho se  
d e m o n s tra te d  fo r leucocy te  A P a c tiv i ty  b y  P o l is h u k  an d  D ia m a n t  (1973), 
w ho s ta te d  th a t  th e  enzym e a c tiv ity  reach ed  peak  values on  a n d  a b o u t th e  
d a y  o f  th e  lu te in iz in g  horm one surge in  h u m an  sub ject. T h ey  suggested  th a t  
th e  enzym e is u n d e r horm one con tro l.
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Table II

Effect of H  CG tre a tm e n t on serum  A P  a c tiv ity  in m erino  ewe lam bs

Treatm ent No.
Enzyme activity , B.U/100 ml

samplling Mean ^  S.E Range S.D C.V, %

3 Aug. Before 7 6 .3 3 ± 0 .7 8 3.9— 8.8 2.07 31
8 5 .8 1 ± 1 .5 4 2.7—  9.7 4.35 74

31 Aug. T reated 7 15 .02±1.66 8.6 =  20.5 4.40 29
U n trea ted 8 11 .27± 2 .46 4.8— 27.7 6.96 58

28 Sept. T rea ted 7 14 .73±1.20 9.8— 19.7 3.18 21
U n trea ted 8 11.61 ±1-95 7.8— 22.5 5.46 46

12 Oct. T reated 15 14 .40±1.37 7.9— 22.6 5.32 36
U n trea ted 14 10.01 ± 0 .8 1 3.6 15.8 2.92 29

9 Nov. T rea ted 6 17 .83±2 .60 9.7— 28.3 6.37 35
U n trea ted 8 17.53 ± 3 .8 1 10.0— 41.0 10.78 61

T reatm ent: HCG (C horiogonin , G. R ich te r , B u d ap est (i.m . in jec ted , doses 100, 150 and 
250 L U  on 17 Aug., 7 S e p t., and  5 Oct., respectively .

Fig. 2. E ffect of H C G  t r e a tm e n t  on serum  A P in ewe lam bs •  — •  trea te d : • ------------•
u n tre a te d

Effect o f n u tr ition

Table I I I  a n d  F ig . 3 in d ica te  th e  effect o f n u tr i t io n  on th e  serum  A P 
a c tiv ity  in ewe lam b s. T h e  enzym e a c tiv ity  in  serum  o f Iam bs of Gi was only  
s ligh tly  higher th a n  t h a t  for lam bs of e ith e r  Gii or Giii. T he corresponding  
a c tiv ity  did n o t v a ry  b e tw een  Gii and  Giii ex cep t on 9 th  N ov., abou t th e  co n 
cep tion  tim e. T his m a y  re flec t the  concep tion  ra te  r a th e r  th a n  th e  n u tr itio n a l 
s ta tu s  (conception r a te  fo r Gii was 40 %  vs. 60%  fo r Giii). The difference in  
th e  enzym e a c tiv ity  d u e  to  n u tr itio n  is co n sis ten t w ith  th e  d a ta  rep o rted  b y  
T u b a  and  Ma d s e n  (1952), J a c k s o n  (1952), Ch r o o k s h a n k  e t al. (1952) an d

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



SERUM ALKALINE PHOSPHATASE ACTIVITY IN EWE LAMBS 3 1 7

Table III

E ffect of n u tr itio n  on  serum  A P  in  m erino ewe lam bs

N utritional
group

Av. body wt, 
kg^ No.

Enzyme activity , B.U/100 ml

Mean +  S.E Range S.D C.V, %

Gi 32.20 5 7 .5 6 ± 0 .6 0 6.0—  9.4 1.35 17
Gii 29.30 5 4 .3 6 ± 0 .8 6 1.9— 7.4 2.17 48
Giii 29.80 5 7 .8 4 ± 1 .1 8 4.9— 11.2 2.67 34

Gi 34.60 5 7 .8 4 ± 0 .5 7 6.2— 9.8 1.28 16
Gii 31.00 5 7 .0 6 ± 0 .7 2 4.5— 8.5 1.61 22

Giii 31.50 5 4 .9 6 ± 1 .3 5 1.5— 9.0 3.02 60

Gi 39.80 5 10 .90±2.66 3.7— 18.0 6.29 57
Gii 34.60 5 5 .3 4 ± 1 .3 1 1 .5 -  9.0 3.10 57

Giii 34.00 5 5 .9 2 ± 0 .8 0 2.6— 7.5 1.90 32

Gi 41.60 5 7 .0 8 ± 0 .8 5 5.4— 7.9 2.01 28

Gii 37.60 5 5 .8 2 ± 0 .9 4 2.7— 8.5 2.22 38
Giii 38.20 5 5 .6 2 ± 0 .9 6 3.9— 8.0 2.29 40

Gi 44.80 5 1 5 .2 6± 3 .20 9.2— 27.7 7.57 49

Gii 39.40 5 12.87 ± 2 .8 7 4.8— 20.5 6.78 52

Giii 40.00 5 1 1 .9 4± 1 .37 8.5— 15.4 3.24 27

Gi 47.20 5 1 3 .6 2± 2 .35 8.9— 22.4 5.65 41

Gii 41.40 5 1 3 .1 4± 2 .36 8.9— 19.7 5.57 42

Giii 43.40 5 12 .76±1.81 7.8— 18.4 4.29 33

Gi 40.90 9 1 2 .92± 1 .88 3.6—22.4 5.94 14

Gii 41.60 10 1 4 .08± 1 .79 8.9—22.6 5.12 12

Giii 40.50 10 9 .6 9 ± 0 .5 7 6.3— 11.9 1.82 18

Gi 47.80 5 21 .9 8 ± 5 .5 8 12.7—41.0 12.48 56

Gii 43.25 4 13 .95±2.41 10.0— 21.0 4.83 21

Giii 43.20 5 16 .3 2 ± 9 .5 6 9.7— 26.5 7.97 48

Gi, 1.0 kg alf. h ay  -f- 0.3 g rain  m ix tu re ; Gii, 1.3 kg alf. h ay ; Giii, 1.0 kg  m eadow  hay 
-f- 0.3 kg  crushed maize.

B o Cr a b o  et al. (1973). Such in fluence  d id  n o t ap p ea r fo r G ii or Giii, since 
th e  r a te  of gain w as a b o u t th e  sam e, how ever, i t  was co n sid e rab ly  h igher for 
Gi (T ab le  I I I  and  Fig. 4). T h is is in  ag reem en t w ith  d a ta  re p o rte d  b y  F l e t 
c h e r  e t al. (1956) and  B o g a r t  e t al. (1963), w ho found p o sitiv e  co rre la tio n  
b e tw een  ra te  of gain  and enzym e a c tiv ity . On th e  o th e r h an d , L i e t al. (1947) 
in d ic a te d  th a t  th e  enzym e a c tiv i ty  w as in fluenced  by  th e  p i tu i ta ry  som a- 
to tro p h ic  horm one. T his is also in co n sis ten t w ith  th e  p re se n t s tu d y .
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F ig. 3. E ffec t of n u tr it io n  on  serum  A P  a c tiv ity  in m erino ewe lam b s. 1, Gi; 2, Gii; 3, Giii

F ig . 4. Average bod y  w e ig h t o f ewe lam bs in  d ifferen t n u tr it io n a l g roups. 1, Gi; 2, Gii; 3, Giii

Summary

The serum  a lk a lin e  p h o sp h a tase  was d e term ined  in  ewe lam bs a t  4-week in te rv a ls . 
A verage of enzym e a c t iv ity  a t  19— 31, 35— 41 an d  45 w eeks w as 6.68, 12.48 an d  17.62
B .U /100 ml serum , re sp ec tiv e ly . The rise in a c tiv ity  a t  35 w eeks w as co inciden t w ith  s ta r tin g  
of o v arian  a c tiv ity  w h ich  w as p roved  by  f lu c tu a tio n  in  cervicom uous chlorine co n ten t, a lth o u g h  
sign of h e a t did n o t a p p ea r  a t  th a t  tim e. T he second rise was a t  concep tion  tim e (71%  of th e  
an im als conceived). T re a tm e n t w ith  HCG increased  th e  en zy m ea c tiv ity . L am bs fed on alfalfa  
h a y  p lus grain  m ix tu re  h a d  b e tte r  gain  and  show ed h igher a c t iv ity  th a n  those fed on e ith e r 
a lfa lfa  h ay  only or m eadow  h ay  and  crushed  m aize. The effec t o f age was no t p roved  in  th e  
p re sen t study .
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ULTRASTRUCTURE OF ADRENAL MEDULLARY CELLS 
IN THE GOOSE AND DUCK

By

E. G u z s a l  and A. H a s sa n

D ep artm en t o f A n a to m y  an d  H isto logy, U n iv e rsity  o f V e te rin a ry  Science, B u d ap es t 

(R eceived D ecem ber 9, 1974)

In  th e  av ian  a d re n a l un like th e  co rrespond ing  m am m alian  organ , th e  
co rtex  and  th e  m edu lla  do n o t form  sep a ra te  layers. T h e  co rtica l cells form  
an  irregu la r n e tw o rk , w hich  trav erses  th e  en tire  s tru c tu re , an d  th e  m edu llary  
cells are a rran g ed  in  g roups o f v a ry in g  sizes. T he la t te r  cells show a basophilic  
g ran u la tio n  on s ta in in g  w ith  h aem ato x y lin  an d  eosin, an d  ta k e  on a brow n 
sta in  on tre a tm e n t w ith  chrom ium  sa lts. T he ch ro m affin  cells are th e  secretors 
of th e  catecho lam ines, ad rena line  and  n o rad ren a lin e .

T he cy to p lasm  of m ed u lla ry  cells ch a rac te ris tica lly  co n ta in s  catecho lam ine  granules. 
A d renaline-con tain ing  an d  no rad ren a lin e -co n ta in in g  cells can  he d iffe re n tia te d  from  one a n 
o th e r  b y  size, shape an d  s tru c tu re . E lec tro n  m icrographs show ing th e  u ltra s tru c tu re  o f adrenal 
m ed u lla ry  cells are now ad ay s fo u n d  in  p rac tica lly  all h isto log ical te x tb o o k s , a tlases and  m ono
g rap h s , b u t  re la ted  lite ra ry  d a ta  are  scan ty  on b irds: even  W ells  a n d  W ig h t  (1971) gave only 
a b rie f o u tline  of th e  to p ic , based  chiefly on d a ta  p resen ted  by  o th e rs , in  th e ir  co n trib u tio n  
to  th e  m onograph  of B e l l  a n d  F beem a n  (1971). H all and  H u g h e s  (1970) stu d ied  th e  av ian  
ad ren a l s tru c tu re  d u rin g  th e  s tag e  of em bryonic  developm en t. D e ta iled  s tu d ies on  th e  s tru c tu re  
an d  in n erv a tio n  of a d ren a l m ed u lla ry  cells in  various a v ian  species h av e  recen tly  been co n d u ct
ed by  U n sic h er  (1973).

In  dom estic  geese a n d  du ck s w ell-defined periods o f sexual a c t iv ity  follow one an o th er 
in  b o th  m ale and fem ale b ird s. T he s tru c tu ra l changes tak in g  p lace  in  th e  endocrine g lands 
and rep ro d u c tiv e  o rgans w ere follow ed up  in  th is  lab o ra to ry  in  a series o f  e x p erim en ts  and  ligh t 
m icroscopic s tru c tu ra l a n d  h is tochem ical stud ies of th e  ad ren a l w ere described  in  a previous 
p ap er (H assa n , 1975). T he u l tra s tru c tu ra l  stud ies of m ed u llary  cells rep o rted  here  rep resen t 
a fu r th e r  step  in th is  series o f  investiga tions.

Materials and Methods

T he geese an d  ducks used  in  th e  experim en ts  w ere p ro cu red  from  a large 
p ro duc tion  u n it (S ta te  F a rm  o fT a ta ) . F o u r a d u lt b ird s  o f each species, in c lu d 
ing tw o m ales and tw o  fem ales, w ere s tu d ied  every  m o n th , all th e  y e a r ro und . 
F rom  th e  an im als k illed  b y  bleeding, o rgan  specim ens w ere ta k e n  im m ed ia te ly , 
and  w ere fixed  e ith e r  in  0 s 0 4 or in  g lu ta ra ld eh y d e . B o th  f ix a tiv e s  were p re 
pared  in  chilled ( +  4 °C) 2 %  M illonig buffer an d  w ere a d ju s te d  to  p H  7.2. The 
g lu ta ra ld e h y d e -tre a te d  specim ens were p o st-fixed  in  0 s 0 4. T he fix a tio n  tim e  
was 1.5 hours th ro u g h o u t. T he fix ed  blocks w ere d e h y d ra te d  in  step -g raded
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e th a n o l and  were em b ed d ed  in  D u rc u p a n  ACM (F lu k a). S ections w ere c u t w ith  
a R e ic h e rt Om U2 u ltra m ic ro to m e . T he sections w ere c o u n te rs ta in e d  w ith  
u ra n y l ace ta te  an d  lead  c itra te , a n d  w ere exam ined  in  a T esla  BS ty p e  613 
e lec tro n  m icroscope. S em i-th in  sec tions s ta in ed  w ith  to lu id in e  b lue  w ere p re 
p a re d  fo r ligh t m icroscopic  ex am in a tio n .

Results

T he m edullary  tis su e  can  be read ily  d istingu ished  from  th e  bundles 
o f  co rtic a l tissue also in  th e  e lec tro n  m icrographs. T he m ain  elem ents o f th e  
m e d u lla ry  tissue a re  ch ro m affin  cells an d  in te rs titiu m .

C hrom affin  cells

T he cy top lasm  o f th e se  cells co n ta in s granu les of ca tech o lam in e . F o u r 
cell ty p e s  can be d iffe re n tia ted  on th e  basis of th e  shape , size a n d  s tru c tu re  o f 
th e  g ranules, viz., a d ren a lin e -co n ta in in g  cells, n o rad ren a lin e-co n ta in in g  cells, 
so -ca lled  “ d a rk  cells”  a n d  tr a n s i to ry  cell form s (sy m p a th ico b lasts).

A drenaline-containing cells. T hese u sua lly  co n ta in  ro u n d  g ranu les 50— 200 
n m  in  d iam eter, su rro u n d e d  b y  a lim itin g  m em brane . T he size and  d en sity  
o f  th e  granules d epend , a p a r t  from  v a ria tio n s  re la te d  to  th e  p lan e  of section , 
on th e  degree of accu m u la tio n , an d  d eg rad a tio n  or e lim in a tio n  o f th e  a d re n a 
lin e-co n ta in in g  su b stan ce . T he “ m a tu re ”  granu les are th e  la rg es t, an d  th e ir 
hom ogeneous, h igh ly  e lec tro n -d en se  b o d y  is sep a ra ted  from  th e  lim itin g  m em 
b ra n e  only by  a n a rro w  halo . T h e  granu les are  va riab le  in  ap p ea ran ce , m an y  
o f th e m  are vesicle-like; in  th ese , th e  dense nucleus is su rro u n d ed  e ith e r by  
an  “ e m p ty ” halo or b y  a f in e ly  g ra n u la r  zone, b u t  th e  en tire  vesicle m ay  con
s is t o f evenly d is tr ib u te d , fin e  g ranu les.

In  some cells th e  cy to p lasm ic  region is a lm ost en tire ly  filled  b y  g ranules, 
am o n g  w hich m ito ch o n d ria  an d  ribosom es, b u t  no o th e r cell s tru c tu re  can  be 
d iffe ren tia ted . In  o th e r  cells th e re  are  absence or p au c ity  o f g ranu les in  ce rta in  
p a r ts  o f th e  cy to p lasm , e.g., in  th e  pe rin u c lea r zone, a t  th e  sinuso ida l m arg in , 
o r in  th e  region of sy n ap ses . T h e  m ito ch o n d ria  are oval or e lo n g a ted  and  have 
la m e lla r  cristae. T he g ra n u la r  endop lasm ic re ticu lu m  is u n d erd ev e lo p ed , b u t  
free  ribosom es an d  po lysom es a re  a b u n d a n tly  p resen t. T he G olgi com plex is 
com posed  of sm all, f la t te n e d  saccules. T he nucleus is c en tra lly  p laced , ro u n d  or 
o v a l, w ith  a loose c h ro m a tin  co n te n t.

N oradrenaline-containing cells. T hese are  ch a rac te rized  b y  vesicu lar or 
v a c u o la r  s tru c tu re  r a th e r  th a n  dense g ran u la tio n  o f th e  cy to p la sm  and  rem ind , 
a t  f i r s t  sight, of d eg en era ted  or in a d e q u a te ly  fix ed  cells, th e  m ore  as all m em 
b ra n o u s  organelles, ex cep t th e  m ito ch o n d ria , have a frag m en ted  appearance .
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Fig. 1. A d renaline-con tain ing  (A), no rad ren a lin e -co n ta in in g  (N) and tra n s ito ry  (T) cells in  
a d ren a l m ed u llary  tissue . N o te  u n m y elin a ted  nerve  fib res, a de ta il of a Schw ann cell (S), th e  
long, th in  process o f a  f ib ro b la s t an d  collagen fib res (C) in th e  in te rs titiu m . (F em ale  goose,

A ugust. 0 s 0 4 f ix a tio n , X 9260)

T he n o rad ren a lin e-co n ta in in g  vesicles are  150—500 nm  in  d iam ete r, an d  on ly  
v e ry  few  of th em  h av e  co n ten ts  s im ila r in  d en sity  to  ad rena line  g ranu les. 
T h e  elec tron -dense  p a r t  of th e  vesicle c o n ten ts  varies in  a m o u n t, an d  in  p a r t  
o f th e  cells i t  is t ig h tly  p ressed  ag a in s t th e  m em brane in  th e  form  o f a sem i
lu n a r  or sick le-shaped  m ass. T he cross sections of th e  m itoch o n d ria  are  ro u n d  
or ova l, and  th e  m ito ch o n d ria l c ris tae  are  of th e  lam ellar ty p e . In  p laces 
g ra n u la r  endoplasm ic re ticu lu m  is seen w ith  d istended  spaces. T he Golgi ap p a-
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Fig. 2. A n ad ren a lin e -co n ta in in g  (A) and a n o rad ren a lin e -co n ta in in g  (N) cell in  ad ja ce n t lo
ca liza tion . The cell on  th e  le f t side has a vesicu lar-ap p earin g  cy top lasm , th a t  on  th e  r ig h t con
ta in s  “ sto re”  granules. N o te  th e  deta il of a som atic  sa te llite  cell (Ss) be tw een  th e  tw o d iffe ren t 
m ed u lla ry  cells. A b a se m e n t m em brane  sep ara tes  th e  cells from  th e  sinusoidal en d o th e liu m  

(E ) and  from  th e  in te r s t i t ia l  space. (Fem ale  du ck , A u g u st. 0 s 0 4 fix a tio n , X 19 800)

ra tu s  is sm all, b u t  th e  saccules form ing i t  are  d ila ted , above all a t  th e  m arg in a l 
p a r ts , n earb y  w hich  vesicles, com prising  a su b stan ce  of low electron  d en sity , 
are  localizing. T he ribosom es are generally  less n u m ero u s th a n  in  th e  ad renaline- 
co n ta in in g  cells. T h e  la rge , round  nucleus co n ta in s  a m odera te  a m o u n t of 
ch ro m atin .

T he so-called iidark cells”  rep resen tin g  th e  th ird  ty p e  of m edu lla ry  ele
m en ts  in  th e  av ian  a d re n a l are ch a rac te rized  b y  th e  presence of large, dense
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Fig. 3. A  d a rk  cell (D) w ith  few  vacuoles su rrounded  b y  g ran u les  is seen n earb y  an  adrenaline- 
co n ta in ing  cell (A). (D rake, F eb ru a ry . G lu ta ra ld eh y d e—0 s 0 4 fix a tio n , X 9260)

granules, w hich fill a lm o st th e  en tire  cy top lasm , acco u n tin g  for a d a rk e r shade 
th a n  seen in th e  re s t  o f m edu lla ry  cell e lem ents. B o th  th e  shape an d  th e  size 
of th e  d a rk  cells are  v a riab le : som e are la rg e r th a n  500 nm  in  d iam eter, an d  
ro u n d , oval, an d  e llip tic  form s w ere equally  seen. T he granu les are p acked  
w ith  a h igh ly  elec tron -dense  su b stance , w hich m a y  ren d e r th e  lim itin g  m em 
b ran e  inv isib le . T h e  m ito ch o n d ria  are e ith e r oval o r ellip tic  in  shape , w ith  
lam ella r cristae . T he canals o f th e  g ran u la r endop lasm ic  re ticu lu m  are as a ru le 
d ila ted . Golgi a p p a ra tu s  w as n o t seen in  our e lec tro n  m icrographs, so th a t  no 
in fo rm atio n  w as o b ta in ed  on its  s tru c tu e . M any free ribosom es w ere a p p a re n t,
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Fig. 4. One am ong th re e  n e ighbouring  tra n s ito ry  cells (T) ex ten d s a process in  w hich  p a ralle lly  
a rra n g e d  filam ents are seen. N ote  th e  th in  lam ella  o f a sa te llite  cell and  th e  b a se m e n t m em 
b ra n e  (arrow s) n earb y  th e  tra n s ito ry  cells, a n d  th e  de ta il o f  a fib ro cy te  (F ) in th e  in te rs ti tiu m . 

(G ander, F e b ru a ry . O sO , fix a tio n , X 11 600)

above all in  th e  m arg in a l and  p e rin u c lea r regions. T he ch ro m atin  w as even ly  
d is tr ib u te d , and  th e  nucleolus was la rg e  an d  h igh ly  e lectron-dense in  th e  b u lk y , 
o v a l nuclei.

The transitory cell fo rm s  (sy m p a th ico b lasts) have  also been  classified  
as ch rom affin  cells on th e  basis o f  th e ir  cy top lasm ic  s tru c tu re . D ense-core 
vesicles and  ca techo lam ine  g ranu les w ere e ith e r localized in  one p a r t  o f th e  
cell, or were even ly  d is tr ib u te d  in  th e  en tire  cy top lasm . M ost vesicles were
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F ig. 5. A n ad ren a lin e -co n tain in g  cell w ith  vacuoles (У) an d  several coated  vesicles in th e  c y to 
p lasm ; one of th e  vesicles opens in to  th e  vacuole, a n o th e r  in to  th e  ex trace llu la r space (arrow s). 
E , sinusoidal en d o th e liu m ; N, d e ta il o f a no rad ren a lin e -co n ta in in g  cell. (Fem ale  duck, A u gust.

0 s 0 4 fix a tio n , X 29 700)

10— 50 urn in d iam e te r , b u t also larger ones, filled  b y  a su b stan ce  of low elec
tro n  d en sity , w ere o ften  seen. T he cy top lasm ic  d e ta ils  free from  granules com 
prised  w ell-defined organelles, i.e., a w ell-developed  g ran u la r  endoplasm ic 
re ticu lu m , densely  a rran g ed  ribosom es, an d  m a n y  e longated  m itochondria  
w ith  cristae . Som e cells were even ex ten d in g  processes, inside w hich vesicles, 
vacuoles, granules an d  p a ra lle lly  ordered  fila m e n ts  w ere seen.

Vacuoles 1— 1.5 p m  in d iam eter, filled  b y  a g ran u la r-filam en to u s su b 
stan ce  of low e lec tro n  density , w ere also p re sen t in  th e  ch rom affin  cells. Som e
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Fig. 6. N ote  de ta il o f a ne rv e  cell (Nc) n e a rb y  th e  ad renaline-con tain ing  cell. T here  a re  one f ib ro 
b la s t  cell (F ) and  several collagen fib res  (C) in  th e  in te rs titiu m . D etail o f a co rtica l cell (Co) 
w ith  larg e  tu b u la r  m ito ch o n d ria  an d  d is ten d ed  endoplasm ic re ticu lu m  is also seen. (F em ale  

duck , F e b ru a ry . OsO , fix a tio n , X 9 2 6 0 )

v acuo les were su rro u n d ed  b y  vesicles an d  granules of v a ry in g  size an d  den sity , 
o th e rs  show ed associa tion  of th e  lim itin g  m em brane w ith  co a ted  vesicles; 
th e  la t te r  s tru c tu re s  w ere also seen to  associa te  w ith  th e  cell m em b ran e , or to  
occu r freely  and  sing ly  in  th e  cy to p lasm .

T he m edu llary  cells form ed m in o r or m ajo r groups or nests  o f vario u s 
sizes in  th e  spaces b e tw een  th e  b u n d les  o f cortical tissue . In  acco rdance  w ith  
th e ir  nervous origin o f th e  m ed u lla ry  cells, th e  aggregations of th ese  cells are 
su rro u n d ed  h y  e lem ents of glia cell o rig in , so-called “ so m atic”  sa te llite  cells.
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Fig. 7. A dren alin e-co n ta in in g  granules, vesicles a n d  filam en ts  in th e  swollen p a r t  o f a n  u n m y e lin 
a ted  ad ren erg ic  axon , w hich  is su rrounded  b y  th e  th in  lam ella  o f a Schw ann cell a n d  b y  th e  

b asem en t m em brane. (Fem ale goose, A ugust. 0 s 0 4 fix a tio n , X 14 850)

Fig. 8. C holinergic synapsis w ith  ad ren a lin e -co n tain in g  m edu llary  cell. (Fem ale goose, A u gust.
0 s 0 4 f ix a tio n , X 19 800)
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Fig. 9. Synapsis to  tw o  n e ighbouring  tra n s ito ry  cells. T h e  p re sy n ap tic  p lasm a co n ta in s m an y  
m ito ch o n d ria , cholinergic vesicles and  a few dense-core  vesicles. The sy n a p tic  ax o n  te rm in a l 
is se p a ra ted  from  th e  in te r s t i t iu m  by  a sa te llite  cell a n d  b y  th e  basem en t m em brane . Several 
f ib ro b la s tic  processes a n d  c u t  surfaces o f collagen f ib re s  a re  seen in th e  in te rs titiu m . (F em ale  

goose, A ugust. 0 s 0 4 f ix a tio n , X 16 200)

T h e th in  lay er of sa te llite  cells form s a co a t over th e  free surfaces of m ed u lla ry  
cells an d  also ex te n d s  betw een  th e  la t te r  to  v a ry in g  dep ths. A t each  d iscon 
t in u i ty  of th e  sa te llite  cell coat, th e  b a sem en t m em brane  w as e ith e r  d ire c tly  
assoc ia ted  w ith  th e  m ed u lla ry  cells, or ex te n d e d  above th e  sa te llite  cells. T h e  
m ed u lla ry  cells w ere in  close c o n ta c t w ith  one a n o th e r over la rge  su rfaces; 
th e  in te rce llu la r space  sep ara tin g  th em  w as a b o u t 20 nm  w ide or in  p laces 
w ider, and  in te rd ig ita tio n s  were also fre q u e n t. M any desm osom es co n n ec ted  
th e  cells w ith  one a n o th e r , b u t  zona occu ludens-like s tru c tu re s  w ere n ev er seen.

E lem en ts  resem b lin g  nerve cells in  s tru c tu re  also occur in  th e  m e d u lla ry  
tissu e ; these  c o n ta in  a  w ell-developed g ra n u la r  endoplasm ic re ticu lu m  an d  
m a n y  ribosom es a n d  on ly  few ca techo lam ine  granules.
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Fig. 10. Synapsis to  a n o rad ren a lin e -co n ta in in g  cell. T he p re sy n ap tic  ax o n  te rm in a l con ta ins 
cholinergic vesicles, a few  dense-core  vesicles an d  m itochondria . A n au to lysosom e is seen in  
th e  sa te llite  cell localizing n e a rb y  th e  synapsis. N ote  th e  d e ta il of a  f ib ro b la s t an d  several col

lagen  fibres in  th e  in te rs ti tiu m . (Fem ale  goose, A ugust. OsO, f ix a tio n , X 16 200)

The in terstitium

T he in te rs titiu m  co n ta in s  f ib ro b la s ts , collagen fib res , Schw ann cells, 
u n m y e lin a ted  nerve  fib res , an d  sinusoids lined  by  fe n e s tra te d  en d o the lium . 
T he Schw ann cells m ay  co n ta in  ca techo lam ine  g ranu les, vesicles an d  vacuoles, 
w hich reside in  th e  p e rik a ry o n  an d  in  th e  th ic k  processes. T h e  u n m y elin a ted  
nerv e  fib res  v a ry  in  th ick n ess ; a swollen —  h u ffy  —  axon , c o n ta in in g  ca tech o l
am ine g ranu les, vesicles a n d  vacuo les, is show n in Fig. 7; th is  s tru c tu re  p ro 
b a b ly  rep resen ts  a d e ta il o f an  ad renerg ic  nerve  fib re .

T he pre-gang lional sy m p a th e tic  nerve  fib res  fo rm  synapses w ith  th e  
m ed u lla ry  cells; th ese  ax o -so m atic  synapses have  cho linerg ic -type  te rm in a ls . 
T he axon  te rm in a ls  are  o f  v a rio u s  shapes an d  each com m u n ica tes  w ith  tw o 
or th re e  neighbouring  cells. A few  o f th e  cholinergic vesicles in  th e  p resy n ap tic  
p lasm a a re  o f th e  dense-core ty p e .
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D iscussion

The cell e lem ents o f  th e  ad ren a l m edulla  p roduce  ad ren a lin e  an d  n o r
ad ren a lin e . E x te rn a l in fluences im m ed ia te ly  elicit th e  secre tion  of th ese  c a te 
cho lam ines. The re la tio n sh ip  o f th e  sy m p a th e tic  nerv e  sy s tem  to  th e  ad ren a l 
m e d u lla ry  cells is n o t o n ly  fu n c tio n a l, b u t  also phy lo g en e tic , th e  la t te r  being  
d iffe ren tia ted  from  sy m p a th ic o h la s t cells. T he fu n c tio n a l connec tion  betw een  
n e rv e  system  an d  m e d u lla ry  cells is m a in ta in ed  b y  d ire c t synapses. Cells 
described  by  U n s i c k e r  an d  o th e rs  as sy m p a th ico b las ts , p h aeo ch ro m o b lasts , 
o r  v a rious tra n s ito ry  fo rm s of ch rom affin  cells, w ere also fo u n d  in  ou r m ateria l. 
T e h v e r  (1972) m en tio n ed , w ith  reference to  sim ilar f in d in g s o f o th e r a u th o rs , 
t h a t  tran s ito ry  cell fo rm s, ch a rac te rized  b y  th e  s im u ltan eo u s  presence of 
ch ro m affin  cells a n d  sh o rt processes, can  also be found  in  m am m als. A n o th er 
in d ica tio n  of th e  n e rv o u s  orig in  of th e  m ed u lla ry  cells is th a t  th e y  are  su r
ro u n d ed  by sa te llite  cells o f glia origin.

The sy m p a th ico b la s ts  d iffe ren tia te  to  ad ren a lin e  an d  n o rad ren a lin e  p ro 
d u c in g  cells, w hich s to re  th ese  sub stan ces in  th e  form  o f g ranu les or vesicles. 
T h e  adrenaline an d  n o rad ren a lin e  granules can be d iffe ren tia ted  from  each o th e r 
o n  th e  basis o f sh ap e , size an d  s tru c tu re . D escrip tions o f th e  ad rena line-con 
ta in in g  granules are  g en era lly  u n eq u ivoca l, b u t  opinions are  d iv erg en t on th e  
ch a rac teris tic s  of th e  n o rad ren a lin e  granules. B l o o m  an d  F a w c e t t  (1969), 
a n d  also o thers, h a v e  described  th e  la t te r  as spherica l or oval, w ith  m ark ed ly  
e lec tron-dense  c o n te n ts . S a n d b o r n  (1970), B e n e d e c z k y  e t al. (1965) an d  
U n s i c k e r  (1973) c h a ra c te r iz e d  th e  m ed u lla ry  cells on th e  basis of stud ies in  
v a rio u s  species as e lem en ts  rem in iscen t of d eg en era ted  or in a d e q u a te ly  fixed  
cells w ith  cy to p lasm ic  v és icu la tio n . Cells o f such  ap p ea ran ce  w ere m et in  th e  
p re se n t studies, to o , in  geese an d  ducks o f b o th  sexes, in  sexua lly  ac tiv e  an d  
in a c tiv e  periods a like. E ith e r  0 s 0 4 or g lu ta ra ld eh y d e  w as used  for f ix a tio n .

The th ird  ty p e  o f  ch ro m affin  cells, th e  so-called d a rk  cells, w ere found  
b y  B e n e d e c z k y  e t al. (1965) in  th e  adrenals o f th e  snake  N a tr ix  na trix  and  
b y  ourselves in  th o se  o f  th e  goose an d  the duck . In  view  o f th e  size, shape  an d  
s tru c tu re  of th e  g ran u les  seen in  th e  d a rk  cells, we believe t h a t  th e y  rep resen t 
a func tiona l form  o f n o rad ren a lin e -s to rin g  cells, w hich  tra n sfo rm  to  vesicu lar 
cells only w hen th e  ac tiv e  stage  o f secre tion  has ensued . T he above-c ited  
a u th o rs  concluded from  ex p e rim en ta l observ a tio n s th a t  d u rin g  th e  increased  
secretion  of ca tech o lam in e , th e  vesicles, w hereas in  th e  re s tin g  s ta te  th e  g ra n 
u les arc increasing  in  n u m b er.

B e n e d e c z k y  e t  al. (1965) an d  U n s i c k e r  (1973) ho ld  th e  v iew  th a t  th e  
la rg e  vacuoles p re se n t in  th e  ch rom affin  cells con ta in  th e  precurso rs (d o p a 
m ine?) of ad ren a lin e  an d  n o rad ren a lin e . V acuoles su rro u n d ed  by  granu les 
v a riab le  in  size a n d  d e n s ity  w ere also found  b y  us. O th e r vacuoles w ere asso
c ia ted  w ith  co a ted  vesicles; th e  la t te r  were p re sen t in  la rge  m asses in  th e  cy to-
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p lasm  and p a r t  o f th e m  were m erg ing  w ith  th e  m em b ran e  of th e  vacuole , 
open ing  in to  its  lu m en , while o thers w ere fused  w ith  th e  cell m em brane  an d  
opened  in to  th e  e x tra c e llu la r  space. T hese s tru c tu ra l  d e ta ils  in d ica te  th a t  th e  
co a ted  vesicles e ith e r  tra n sp o rt th e  c o n ten ts  o f th e  vacuo le  in to  th e  e x tr a 
ce llu la r space or vice versa , th ey  tra n s p o r t  ex trace llu la r  m a te ria l in to  th e  vesicle. 
T h u s  b o th  exo- a n d  endocytosis seem  to  h av e  a c e r ta in  su p p o rt.

S um m ary

The u ltra s tru c tu re  o f  adrenal m ed u lla ry  cells w as s tu d ied  in  m ale an d  fem ale geese 
and  ducks during th e  sex u a lly  active  and  in ac tiv e  periods. F o u r ty p es  o f ch rom affin  cells were 
fo u n d . The ad ren a lin e -co n tain in g  cells were 50— 200 n m  in  d iam e te r, m o stly  spherical in  shape, 
a n d  show ed various deg rees o f electron d en sity . T he n o rad ren a lin e -co n ta in in g  cells h a d  vesi- 
c u la ted  cytoplasm s; th e  vesicles, 150— 500 n m  in  d iam ete r, w ere  spherica l or ellipsoid, and  
com prised  various a m o u n ts  o f a diversely a rran g ed  dense su b stan ce . T he so-called d a rk  cells, 
ch arac te rized  by th e  p resen ce  of t ig h tly -a rra n g ed , large , h ig h ly  electron-dense cy top lasm ic 
g ran u les  of he terogeneous shapes, m igh t be reg ard ed  as a  fu n c tio n a l v a r ia n t  of th e  n o rad re 
na line-con tain ing  cell. T h e  fo u rth  chrom affin  cell ty p e  w as re p re se n ted  by  a tran s ito ry  fo rm  
(sym p ath ico b last), e q u ip p e d  w ith  processes. Sm all, m u ltip o la r  ne rv e  cells were also found  in  
th e  m edu llary  tissue.

In  chrom affin  cells tw o  types of large  vacuoles hav e  b een  described . These cells fo rm  
cholinergic synapses w ith  th e  preganglional sy m p a th e tic  fib res . Som e of th e  u n m y elin a ted  
f ib res  have been id en tif ie d  as adrenergic. T he ch ro m affin  cells a re  su rrounded  by  som atic  
sa te llite  cells. The cell e lem en ts  are connected  w ith  one a n o th e r  b y  desm osom es. The in te rs ti-  
t iu m  contains f ib ro b lasts , co llagen fibres, S chw ann  cells, u n m y e lin a ted  nerve fib res and  sinuses 
lin ed  wi th fen estra ted  en d o th e liu m .

The u ltra s tru c tu re  o f  th e  adrenal m ed u lla  does n o t n o ta b ly  d iffer e ith e r be tw een  m ale 
a n d  fem ale birds, o r b e tw een  th e  sexually  a c tiv e  and  in ac tiv e  periods.
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In  recen t y e a rs , a rtific ia l in sem in a tio n  in  sheep has aroused  m uch in 
te re s t. T echniques h a v e  been developed an d  im p ro v ed , y e t  m an y  problem s 
rem ain ed  unsolved . K now ledge of th e  n o rm a l d im ensions and  w eights o f th e  
g en ita l organs is n ecessa ry  for an a d e q u a te  d iagnosis as well as for th e  con tro l 
an d  tre a tm e n t of in fe r ti l i ty . H ow ever, th e  re la te d  l i te ra tu re  is poor and  th e  
an im als s tud ied  up  to  th e  p resen t tim e  w ere o f u n k n o w n  rep ro d u c tiv e  h is to ry  
(ewes w ere usually  o b ta in e d  from  s lau g h te rh o u ses). In  th e  p resen t s tu d y  ewes 
of know n rep ro d u c tiv e  h is to ry  and  s la u g h te re d  on th e  sam e d ay  of th e  est- 
rous cycle were in v o lv ed .

M aterial a n d  M ethods

Tw elve h e a lth y  m erino  ewes (21 m o n th s  old) w ere s laugh te red  on th e  
th ird  d ay  of th e  e s tro u s  cycle. The an im als  w ere checked  for e s tru s  b y  allow ing 
a fe rtile  ram  to  in se m in a te  them . T hese  ewes a lre a d y  reach ed  p u b e r ty  a t  
9— 10 m on th s of age a n d  lam bed a t  14— 15 m o n th s . T hey  w ere fed  on d ry  lo t 
from  4.5 m on ths till  s lau g h te r.

T he genita l o rg an s w ere rem oved soon a f te r  s lau g h te r, tra n sp o rte d  to  
th e  lab o ra to ry , w here  th e y  were care fu lly  freed  from  ex tran eo u s tissues an d  
th o ro u g h ly  exam ined . N o ta tio n s  on gross a n a to m y  an d  b io m e try  w ere reco r
ded w ith in  30— 60 m in . T he tech n iq u es of D e  L a n g e  (1950) and  S i s s o n  

(1959) w ere followed w h en  th e  d ifferen t p a r ts  o f g en ita l organs w ere m easured . 
A  sim ila r tech n iq u e  w as used by  A b d e l - R a h m a n  (1966), w ho s tu d ied  th e  
fem ale  sex organs o f  E g y p tia n  buffaloes. T he m easu rem en ts  w ere ta k e n  by  
m eans of steel ca llipers, excep t th e  le n g th  of th e  F a llo p ian  tu b es  and  u te rin e  
h o rn s w hich  were ta k e n  w ith  a th in  w ire , la te r  a d ju s te d  on a cen tim e te r scale.

T he ovarian  le n g th  was rep re sen ted  b y  th e  d im ension  from  tu b a l to  
u te rin e  ex trem ities, w id th  from  m edial to  la te ra l  surfaces (a t la rgest d istance) 
an d  th ick n ess  from  a tta c h e d  to  free b o rd ers . T he tw o  ovaries w ere sep ara te ly  
w eighed a fte r tr im m in g  an d  follicles o v er 2 m m  in  d iam e te r  w ere estim a ted . 
A th in  lo n g itu d in a l sec tio n  was m ade to  expose o v a rian  s tru c tu re s .
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T he ex te rn a l d ia m e te r  o f th e  u te r in e  horns a t  th e  e x te rn a l b ifu rca tio n , 
a n d  betw een  th e  in te rn a l  and  e x te rn a l b ifu rca tio n s a t  m iddle  p o rtio n , as w ell 
as th e  ex te rn a l len g th  o f th e  h o rn s a long  th e  m id -do rsum  (from  apices to  
e x te rn a l b ifu rca tion ) w ere e s tim a te d . A fte r  sep a ra tin g  th e  b ro a d  lig am en ts  
a n d  s tra ig h ten in g  th e  o v id u c ts  a n d  h o rn s , g en ita lia  w ere c u t open, th e  len g th  
o f  o v id u c t (from  tu b o -u te r in e  ju n c tio n  to  o stium  abdom inale), o f  h o rns (from  
tu b o -u te r in e  ju n c tio n  to  in te rn a l b ifu rca tio n ), of u te rin e  bo d y  (from  os in te r 
n u m  to  in te rn a l b ifu rc a tio n ), o f c e rv ix  (from  os in te rn u m  to  os ex te rn u m  
in c lu d in g  po rtio  v ag in a lis), o f v ag in a  p ro p ria  (from  os ex te rn u m  to  th e  v e s ti
b u le  o f  th e  vagina) an d  o f  th e  v e s tib u le  o f vag in a  (from  th e  v u lv o -v ag in a l b o r
d e r to  vag ina p ro p ria ) w as es tim a ted . T h e  w id th  of these  organs w as rep re sen ted  
b y  th e ir  in te rn a l b re a d th . T he F a llo p ia n  tu b e  was n o t c u t open, th e re fo re  th e  
e x te rn a l d iam eter a t  m id -p o rtio n  rep re sen ted  th e  w id th . T he d is tan ce  b e tw een  
th e  in te rn a l and  e x te rn a l b ifu rc a tio n s , d iam ete r of ex te rn a l g en ita l opening  
a n d  w eigh t o f th e  o rg an s w ere also de te rm in ed . D a ta  w ere su b jec ted  to  s ta 
tis t ic a l  analysis as described  by  S n e d e c o r  and  C o h r a n  (1967).

R esu lts an d  D iscussion

D a ta  concern ing  av erag e  i  s ta n d a rd  erro r, range , s ta n d a rd  d ev ia tio n  
a n d  coefficien t of v a r ia tio n  o f d im ensions and  w eight for ovaries an d  o v arian  
s tru c tu re s  are show n in T a b le  I  an d  th o se  for various p a r ts  o f th e  g en ita l t r a c t  
in  T ab le  I I .

T ab le  I

A verage ±  S.E, range, s ta n d a rd  dev ia tion  an d  coefficient o f v a ria tio n  for dim ensions an d  w eight 
o f ovine ovaries an d  ovarian  stru c tu res

Observations No. A verage +  S.E Range S.D C.V, %

L en g th , m m L 12 1 6 .50± 0 .61 11.0— 20.0 2.12 12.9
R 12 J6 .6 2 ± 0 .6 6 13.0— 21.0 2.30 13.9

W id th , m m L 12 9.72 ± 0 .2 6 8.0— 11.3 0.92 9.4
R 12 9.79 ± 0 .3 6 7.0— 11.0 1.23 12.5

T hickness, m m L 12 11.77 ± 0 .5 3 10.0— 15.0 1.87 15.8
R 12 12.57 ± 0 .4 4 9.8— 15.0 1.53 12.1

W eig h t, g L 12 0 .8 9 ± 0 .0 4 0.7— 1.4 0.14 15.9
R 12 0 .9 6 ± 0 .0 8 0.5— 1.6 0.29 29.5

Fol. over 2 m m L 12 10.25 ± 1 .3 0 3.0—20.0 4.51 44.0
R 12 11 .33±1 .10 3.0—16.0 3.82 33.7

0 larg. G. fol., m m 12 7 .4 0 ± 0 .3 8 5.0— 9.0 1.31 17.7
L arg . 0 CL, m m 12 9.20 ± 0 .3 9 6.0— 17.0 2.98 32.3
0 CA, mm 12 4 .5 0 ± 0 .3 9 3.0— 6.0 1.37 30.4

S.E , s tan d ard  erro r; 0, d iam ete r; L , le ft; R , righ t.
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T ab le  I I

A verage ±  S.E , range, s ta n d a rd  deviation a n d  coefficient o f v a ria tio n  of dim ensions (cm) a n d  
w eight (g) o f ovine fem ale gen ita l t r a c t

Observations No. A verage +  S.E Range S.D c.v, %

F allopian tubes:

L ength L 12 20.41 ± 0 .7 4 16.5— 27.0 2.57 12.6
R  12 19.39 ± 0 .3 6 16.9— 21.0 1.25 6.4

W id th L 12 0 .2 4 ± 0 .0 1 0.2— 0.3 0.03 12.6
R  12 0 .2 6 ± 0 .0 1 0.2—  0.3 0.03 11.6

W eight L 12 0.68 ± 0 .0 3 0.5—  0.9 0.13 19.1
R  12 0.67 ± 0 .0 2 0.5— 0.9 0.09 13.4

Uterine horns:
E x t. length L 12 1 0 .7 9 ± 0 .8 4 6.7— 13.2 2.90 26.9

R 12 10.92 ± 0 .4 9 9.5— 14.0 1.80 16.4
E x t. 0. 1. L 12 2 .0 1 ± 0 .0 8 1.3—  2.6 0.31 15.4

R 12 1.91 ± 0 .1 0 1.3—  2.8 0.37 19.3
E x t. 0, 2. 12 3.39 ± 0 .0 5 3.1—  3.7 0.18 5.2
In t. length L 10 1 6 .6 9 ± 0 .7 2 12.3— 21.0 2.28 13.5

R  10 16.67 ± 0 .8 7 11.1— 21.5 2.78 16.6
In t .  w idth L 12 3.92 ± 0 .5 3 3.1— 4.5 1.77 45.1

R 12 3 .4 2 ± 0 .1 0 2.7—  4.3 0.37 10.6
No. o f curuncles L 12 4 1 .8 3 ± 2 .3 2 31.0— 55.0 8.07 19.2

R  12 4 5 .5 8 ± 1 .8 7 35.0— 55.0 6.49 14.2
W eight L 12 17.05 ± 0 .8 9 12.0— 22.0 3.11 18.2

R 12 17.09 ± 0 .8 0 13.5—21.3 2.78 16.2
I n t . -ext. bifur. L 12 6.15 ± 0 .3 3 4.5—  8.7 1.17 19.0

B ody o f uterus:

L eng th 12 3.39 ± 0 .1 8 2.5— 4.4 0.64 18.8
W id th 12 3 .0 4 ± 0 .1 8 2.4— 3.9 0.64 21.0
W eight 12 5.37 ± 0 .3 3 3.7—  6.9 1.14 21.0

Cervix :
L eng th 12 6.21 ± 0 .3 5 4.2— 8.6 1.24 19.9
W id th 2.15 ± 0 .2 7 1.4— 5.0 0.94 43.7
W eight 12 10.91 ± 0 .2 7 7.3— 16.9 1.14 21.0

Vagina propria:

L eng th 12 9.75 ± 0 .2 9 7.9— 11.0 1.03 10.5
W id th 12 4 .9 6 ± 0 .2 6 3.5— 6.7 0.91 18.3

Vestibule o f vagina:

L ength 12 4 .4 3 ± 0 .2 6 3.3—  6.0 0.92 20.7
W id th 12 5 .8 3 ± 0 .1 5 4.7—  7.0 0.53 9.0
V aginal weight 12 3 8 .1 8 ± 2 .3 2 26.8—49.9 8.01 20.9
0  ex t. opening 7 4.30 ± 0 .7 5 3.0—  7.0 1.99 46.2

E x t. 0, 1., e x te rn a l d iam eter a t  e x te rn a l b ifu rca tio n ; E x t.  0, 2., ex ternal d iam e te r 
betw een  the  two b ifu rca tio n s; L, left; R , r ig h t.
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T h e r ig h t o v ary  w as s ligh tly  la rg e r  (2.09 vs. 1.89 cm 3), h eav ie r (0.96 vs. 
0 .89 g), and  co n ta in ed  so m ew hat m ore  follicles over 2 m m  in  d iam e te r (11.33 
vs. 10.25) th a n  th e  le f t one. T hese d ifferences, n o t s ign ifican t s ta tis tic a lly , m ig h t 
be  a t t r ib u te d  to  a m ore  fre q u e n t a c t iv i ty  o f th e  r ig h t o v ary . T he p ercen tag e  
o f  co rp o ra  lu tea  in  th e  r ig h t  o v ary  w as 58.3, verify ing  th e  s lig h t d ifference in  
o v a r ia n  size and  w e ig h t in d ica ted . T h e  m ore freq u en t a c tiv ity  o f  th e  r ig h t 
o v a ry  com pared  to  th e  le f t one was also d em o n stra ted  in  ru m in a n ts  by  H a f e z  

(1968), E l -S h e i k h  an d  A b d e l - H a d i  (1970) and  R o b e r t s  (1971).
T he average o v a ria n  w eight o b ta in e d  in  th e  p resen t s tu d y  is a b o u t th e  

sam e as rep o rted  b y  S i n g h  e t al. (1974) fo r goats (0.96 vs. 0.91 fo r r ig h t an d  
le f t, respective ly ). A l l e n  an d  L a m m i n g  (1961) repo rted  h ig h er va lues (1.42 ± 0 .0 9  
a n d  1.33 i  0.09 g) fo r o v a rian  w eigh t o f  ewe lam bs rea red  on h igh  a n d  low  
n u tr i t io n  levels, re sp ec tiv e ly . H a f e z  (1968) gave a range b e tw een  3 a n d  4 g. 
H e a d d ed  th a t  th e  o v a ria n  w eight an d  d im ensions are in flu en ced  b y  age, n u t r i 
t io n  a n d  th e  rep ro d u c tiv e  phase . T he o v a ry  w as found slig h tly  lo n g er (16.56 m m  
on th e  average) th a n  t h a t  rep o rted  b y  S i s s o n  (1959) for ewes an d  b y  S i n g h  

e t a l. (1974) for goats , b u t  w ith in  th e  ra n g e  rep o rted  by  R o b e r t s  (1971) from  
13 to  19 m m  for ewes. T h e  r ig h t an d  le f t ovaries did n o t show  a co n sis ten t 
d ifference  in  e ither le n g th  or w id th  (T ab le  I), while th e  average  th ick n ess  fo r 
th e  r ig h t  ovary , 12.57 m m , s ligh tly  exceeded  th a t  for th e  le f t one, 11.77 m m . 
T h is m ay  be a ttr ib u te d  to  th e  h igher p e rcen tag e  of the  presence o f co rpora  lu te a  
p ro tru d in g  from  th e  free  ovarian  su rface .

T he average of th e  la rg es t d ia m e te r  o f CL a t 3 days p o s te s tru s , 9.2 m m , 
is c o n s is te n t w ith  t h a t  re p o rte d  b y  H a f e z  (1968) for m a tu re  CL. T he la rg es t 
d ia m e te r  o f th e  G raa fian  follicle, 7.4 m m , falls w ith in  th e  ran g e  4 .0— 10 m m , 
g iven  b y  H a f e z  also. H ow ever, th e  o b ta in e d  values do n o t reach  th e  u p p e r 
lim it of 10 m m . T h is m a y  be due to  differences in  m a tu r i ty  o f follicles 
(3 d ay s  p o stestru s  vs. m a tu re  follicle; p re se n t and  H a f e z ’s d a ta , re sp e c t
ive ly ).

T w in  ovu la tion  w as n o t recognized  in  th e  p resen t s tu d y , a lth o u g h  tw in  
la m b in g  h ad  been reco rd ed  for these  an im als  a t  th e  f irs t  lam b in g  a t  14— 15 
m o n th s  o f age (lam bing  ra te  per 100 ew es w as 125). T his in d ica te s  th a t  th e  
o v u la tio n  was re s tr ic te d  a t  21 m o n th s  as com pared  w ith  th e  tim e  a t  f ir s t  b re e d 
ing  (a t  9 m onths o f age). Since ewes w ere a year o lder a t  th e  tim e  o f 
s la u g h te r , th is  age d ifference  w ould be  ex p ec ted  to  have  th e  opposite , i f  an y  
effec t. I t  appears th a t  th e  low  o v u la tio n  ra te  m ay  be due to  co n fin em en t as 
su g g ested  by  D a h m e n  (1969) an d  H u l e t  e t  al. (1974). Som e o th e r  m odify ing  
fa c to rs  m u s t be acco u n ted  fo r th is  c o n s is te n t difference; e.g. th e  m etero logical 
fa c to rs  w ere d ifferen t d u rin g  these  tw o  periods (S ep tem ber, 1973 and  S ep
te m b e r , 1974) in  H u n g a ry . F u rth e rm o re , th e  anim als w ere k e p t  in  th e  f irs t  
p e rio d  in  th e  V értesbog lár, w hereas in  th e  second period in  th e  clinic in  B u d a 
p e s t, w here  th e  illu m in a tio n  was d iffe ren t.
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T he le ft F a llo p ia n  tu b e  w as longer th a n  th e  r ig h t one (20.41 vs. 19.39 cm ). 
Such an  a sy m m e try  w as n o t found  e ith e r  in  th e  w id th  a t  th e  m iddle p o rtio n  
or in  th e  w eigh t o f tu b es . H a f e z  (1968) rep o rted  s im ila r v a lue  fo r ovine tu b a l 
len g th ; a g re a te r  d ifference (ab o u t 3 cm ) w as re p o rte d  in  goats b y  S i n g h  

e t al. (1974).
T he e x te rn a l len g th  and  d iam e te r, th e  in te rn a l w id th  as well as th e  

n u m b e r of cu ru n c les  in  u te rine  horns also show ed a sy m m etry  (T able I I ) . 
S im ilar difference in  len g th  of horns was d e m o n s tra te d  fo r goats ( H a d i , 1961; 
B a s u , 1961; S i n g h  e t ah, 1974). T he average  w eigh t o f u te rin e  horns w as 
ap p ro x im a te ly  th e  sam e for r ig h t an d  le ft (17.09 vs. 16.05 g), re spec tive ly . 
T h e  d istance  b e tw een  th e  in te rn a l an d  th e  e x te rn a l b ifu rca tio n s m easu red  
6.15 cm  on th e  av erag e . T he horns w ere coiled in  sp ira l fo rm s, cu rv ing  d ow n
w ard , fo rw ard , o u tw a rd  and  tu rn in g  b ack w ard  a n d  u p w a rd  and  g rad u a lly  
ta p e r in g  to w ard s th e  F allop ian  tu b es. T he tu b o -u tc r in e  ju n c tio n  w as n o t 
as c learly  d is tin c t as in  bovine.

T he average  b o d y  of u te ru s  (3 .39  cm ) o b ta in e d  in  th e  p re sen t s tu d y  w as 
longer th a n  g iven b y  H a f e z  (1968) (1— 2 cm  in  ewes) an d  b y  S in g h  e t al. 
(1974) (1 .3  cm in  goats). The cervical lum en  w as t ig h tly  closed b y  rec ip rocal 
p rom inences a n d  depressions of th e  m ucous m em b ran e  in  5 to  6 an n u la r folds. 
T h e  cerv ical le n g th  w as 6.21 cm on th e  av erag e  an d  v a rie d  betw een  4.8  an d  
8 .0  cm. The re sp ec tiv e  values w ere 4 .0 — 10.0 cm  in  ewes (H a f e z , 1968) an d  
3.42  cm  in goats (S in g h  e t ah, 1974).

T he average  len g th  of th e  vag ina  p ro p ria  w as 9.75 cm  and  th a t  of th e  
v e s tib u le  o f th e  v a g in a  was 4.43 cm. T h e  g o a t v ag in a l len g th  (from  v u lv o 
v ag in a l b o rd e r to  os ex te rn u m ) w as only  8.0 cm  as re p o rte d  b y  S i n g h  e t ah  
(1974).

Sum m ary

The d im ensions a n d  w eights of th e  g en ita l t r a c ts  o f 12 ewes (21 m o n th s  old) were m ea 
su red  on th e  th ird  d a y  of th e  estrous cycle. T he o b ta in e d  v a lues w ere com pared  w ith  those  r e 
p o rted  in  l ite ra tu re  fo r ewes and goats.
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S T U D I E S  O N  T H E  C Y C L IC  C H A N G E S  I N  P L A S M A  
P R O G E S T E R O N E  L E V E L  A N D  P R E G N A N D I O L  
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weis M edical U n iv e rs ity , B u d ap est

(R eceived  A pril 7, 1975)

T h e  a l t e r a t i o n s  o f  p r o g e s t e r o n e  l e v e l  d u r i n g  t h e  s e x u a l  c y c le  c a n  b e  

f o l lo w e d  u p  e i t h e r  b y  d e m o n s t r a t i o n  o f  t h e  b i o lo g i c a l l y  i n a c t i v e  p r o g e s t e r o n e  

m e t a b o l i t e  p r e g n a n d i o l  i n  t h e  u r i n e ,  o r  b y  d e t e r m i n a t i o n  o f  p r o g e s t e r o n e  

c o n c e n t r a t i o n  in  t h e  p e r i p h e r a l  b l o o d .

A ccording to  d e te rm in a tio n s b y  th e  m eth o d  of F e h é r  e t al. (1967), th e  average d a ily  
p regnand io l ex cre tio n  was 2.0 m g du rin g  o estru s, 6— 7 mg on d ay s 7— 8, a n d  4— 5 m g on  days 
14— 15, of th e  cycle (H araszti e t  ah , 1968). N ew  m ethods h av e  m a rk e d ly  increased  th e  re li
a b ility  o f th e  m easu rem en t o f  p lasm a  p ro g estero n e  based on gas ch ro m a to g ra p h y  ( J ann o ns  
e t  ah , 1964; VAN d e r  Mo len  an d  Gr o e n , 1965; Sta b e n fe l d t  e t ah , 1969) o r on  th e  d e te rm i
n a tio n  of co m p etitiv e  p ro te in  b in d in g  (M u r p h y , 1964 and o th ers). E .g . R o bertso n  (1972) 
fo u n d  0.1— 0.4 ng /m l p lasm a p rogestero n e  im m ed ia te ly  before a n d  d u rin g  oestru s, 3— 6 ng/m l 
fro m  th e  11 th  to  13 th  d ay  a f te r  oestru s, an d  a g a in  0.1— 0.4 ng /m l a t  72— 24 h rs  before th e  n e x t 
h e a t. Sim ilar average va lues w ere o b ta in ed  b y  St a b en feld t  e t  ah  (1969), w ho found  0.4 ng /m l 
in  th e  fo llicu lar phase  and  6.6 n g /m l in  th e  lu te a l phase. The d ifferences b e tw een  th e  va lues 
given by  d iffe ren t au th o rs  hav e  in  a ll p ro b a b ili ty  been due to  th e  d iv e rs ity  of th e  m ethods 
em ployed.

M aterials an d  M ethods

W e exam ined  five  an im als, o f w hich  four were 18— 20 m o n th s  old heifers 
an d  one w as a 3 -year-o ld  cow w hich  h a d  a lread y  p ro d u ced  one calf. T he a n i
m als were k e p t u n d e r u n ifo rm  co n d itio n s of en v iro n m en t a n d  w ere fed on th e  
sam e schedule th ro u g h o u t th e  e x p e rim en t and  d u rin g  th e  p reced ing  m o n th . 
D e te rm in a tio n s of p ro geste rone  an d  p regnand io l w ere c a rr ie d  o u t in  s im u l
tan eo u sly  o b ta in ed  sam ples of b lood  an d  urine d u rin g  th e  cycle, in  cases of 
corpus lu teu m  (CL) p e rs is ten s  an d  in  th e  early  stage  o f  g e s ta tio n . T he d ay  
on w hich th e  anim als show ed th e  m ost p ronounced  signs o f  o e s tru s  b y  b eh av io u r 
an d  on clin ical an d  re c ta l ex a m in a tio n  as well, was reg a rd ed  as th e  d ay  o f onset 
o f th e  cycle. B lood sam ples fo r p ro geste rone  d e te rm in a tio n  w ere o b ta in ed  
from  th e  ju g u la r  vein , an d  urine  ex c re ted  over 24 hrs w as u sed  fo r each p re g n a n 
diol d e te rm in a tio n . T he d e te rm in a tio n s  w ere carried  o u t on fiv e  to  six occa
sions per an im al.
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The p lasm a p ro g este ro n e  levels w ere m easu red  b y  th e  gas ch ro m a to 
g ra p h y  m ethod  deve loped  b y  F e h é r  e t  al. (1975). T h e  w o rk in g  p rincip le  of 
th is  p rocedure is th e  g a s-ch ro m a to g rap h ic  analysis o f a p la sm a  e x tra c t p u r i
f ie d  b y  th in -lay e r c h ro m a to g ra p h y . A  P y e-U n icam  104 a n a ly tic a l gas ch ro 
m a to g ra p h  and  a 3 %  SE -30 co lum n  an d  flam e  io n iza tio n  d e te c to r  were used. 
T h e  q u a n tita tiv e  d e te rm in a tio n s  w ere ca rried  o u t b y  a s ta n d a rd iz e d  m eth o d  
evo lved  by  th e  m e th o d  o f F e h é r  e t al. (1967), based  on acid  hyd ro ly sis , e x tra c 
tio n , th in -lay er c h ro m a to g ra p h y  an d  a c e ty la tio n  of th e  te s t  m a te ria l, followed 
b y  sp ec tro p h o to m etric  read in g  of th e  co lour reac tio n  p ro d u ced  w ith  su lphuric  
acid .

R esults

The num erica l re su lts  of th e  p ro geste rone  and  p reg n an d io l d e te rm in a tio n s 
a re  show n in T ab les  I ,  I I  an d  I I I ,  th e  dynam ics o f th e  ho rm o n e  levels are  
p resen ted  g rap h ica lly  as a fu n c tio n  of tim e  in  Figs 1— 5. T h e  con tinuous line 
rep resen ts  th e  p reg n an d io l, th e  b ro k en  line th e  p ro g este ro n e  co n cen tra tio n . 
T h e  horm onal cycles o f  th e  3-year-o ld  cow No. I  an d  o f he ifer No. I I  are 
show n in Table I  an d  F igs 1 an d  2. T he b lood  p rogeste rone  leve l an d  th e  u rin a ry  
e lim ination  of p reg n a n d io l changed  s im ila rly  d u rin g  th e  cycle. P eak  values 
w ere generally  o b ta in e d  b e tw een  8 an d  14 days.

The cycles o f he ife rs  N o. I l l  an d  IV  w ere a rre s ted  b y  p ersistence  of CL 
m eto estru m ; w ith  an im a l N o. IV , in te r ru p tio n  of th is  s ta te  w as possible b y  
c rush ing  the  co rpus lu te u m  by  re c ta l in te rv e n tio n . T he clin ical s ta te  is reflec ted  
in  T able  I I  and  F igs 3 a n d  4. H eifer No. I l l  show ed re tu rn  o f a h igh  progeste-

Т а Ы е  I

B lood progesterone levels a n d  u rin a ry  pregnandio l excretion  during  th e  norm al cycle of th e
bovine female

Animal No. I A nim al No. I I
Day of 

cycle Progesterone,
ng/m l

Pregnandiol, 
mg/24 h

Progesterone,
ng/m l

Pregnandiol, 
mg/24 h

l 1.1 (oestrus) 0.8 1.8 2.0
6 1.7 1.8 2.8 4.0
8 4.8 5.1
9 5.4 6.1

13 2.5 4.5
14 6.2 7.0
16 1.4 1.7

18 1.7 (oestrus) 1.9
19 1.2 (oestrus) 0.9
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T ab le  II

Blood progesterone levels and u rinary  pregnand io l excretion du ring  th e  cycle o f tw o heifers
w ith p e rs is ten t corpus lu teum

D ay of cycle

Animal No. I l l Animal No. IV

Progesterone,
ng/m l

Progesterone,
ng/ml

Pregnandiol, 
mg/24 h

l 0.2 (oestrus)

3 0.7 0 .1

7 0.7

8 0.7 0.5

14 1 .0

16 1.4 1.6

18 1.7

21 0.8 1 .0

26 0.9

27 1.5 (enucleation) 1.8

29 0.5 0.8

32 4.6

T ab le  I I I

P rogesterone levels and pregnandiol excre tion  du ring  early  p regnancy  of th e  bovine fem ale

D ay of cycle

Animal No V

Progesterone,
ng/ml

Pregnandiol, 
mg/24 h

l 0.7 (oestrus) 0.2

6 1.4 1.5

14 1.7 2.0

20 1.8 2.2

26 2.3 3.5

rone level on th e  32nd d ay  of o b se rv a tio n . H eifer N o. IV  show ed m ax im u m  
p ro geste rone  level an d  p regnand io l e lim in a tio n  on day s 16 and  27, b u t  th e  
in c rem en t w as below  th e  no rm al m ax im a .

T he d a ta  of heifer No. V can  he seen in  T ab le  I I I  an d  Fig. 5. T his an im al 
had  been in sem in a ted  on th e  day  o f o e s tru s  an d  on th e  su b seq u en t d ay  ag a in , 
so th a t  i t  becam e p re g n a n t. The p la sm a  p rogesterone  an d  u r in a ry  p reg n an d io l 
levels o f th is  an im al are  ch a ra c te ris tic  o f p regnancy  b o th  hav in g  risen  co n 
tin u o u sly  u n til  reach ing  levels 4 to  10 tim es  h igher th a n  th e  oestrus levels on 
th e  2 6 th  d a y  o f gesta tio n .
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Fig. 1. D ynam ics o f th e  p lasm a  p rogesterone  leve l a n d  u rin a ry  p regnand io l excre tion  du rin g  
th e  n o rm a l cycle of a 3 -year-o ld  cow (A nim al No. 1)

I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ l- - - - - - - - - - - - - -
1 6 8 14 18 20 DAYS

Fig. 2. H o rm one levels in  blood an d  u rin e  o f heifer No. I I  during  a n o rm al cycle
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ _ _
7 1A 18 26 32 DAYS

Fig. 3. P lasm a  p rog estero n e  levels in  th e  case o f p e rs is ten t CL (heifer No. I I I ) .  CLP, co rpus
lu te u m  persistens

Fig. 4. D ynam ics o f p lasm a  p rogesterone  a n d  u r in a ry  p reg nand io l levels in  th e  case o f p e r
s is ten t CL, before  and a f te r  enuclea tion  (heifer N o. IV)
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F ig . 5. D ynam ics of p lasm a p ro g este ro n e  an d  u r in a ry  p regnandio l levels in  early  p regnancy , 
a fte r  successfu l a rtif ic ia l in sem in a tio n  (heifer No. У)

Discussion

T he exp erim en ta l re su lts  c learly  re flec t the  p ara lle lism  of changes in 
p la sm a  progesterone an d  u r in a ry  p reg n an d io l levels w ith  th e  d ev e lo p m en t and  
fu n c tio n a l s ta te  of th e  CL. T he p ro geste rone  levels m easu red  in th e  course 
o f  o estru s  were sim ilar to  th o se  re p o rte d  b y  G u p t a  an d  P o p e  (1968), and  th u s  
g en era lly  higher th a n  th o se  g iven  b y  St a b e n f e l d t  e t al. (1969) an d  R o b e r t s o n  
(1972), h u t d e te rm in a tio n s  in  th e  la te r  phases of th e  cycle w ere in  ag reem en t 
w ith  th o se  described b y  th e  la t te r  au th o rs . T he clinical ex am in a tio n s  an d  th e  
la b o ra to ry  tests  u n eq u iv o ca lly  show ed th a t  each of heifers N o. I  and  I I  had  
a n o rm a l cycle. A nim als N o. I l l  an d  IV  b o th  had  a p e rs is te n t CL, c h a ra c te r
ized  b y  a low p ro g este ro n e  level w ith  peaks a t 27 an d  32 d ay s, a ten d en cy  
rem in d in g  of the rise o f p la sm a  p ro geste rone  in th e  early  stag e  of p reg n an cy  
as seen in  heifer N o. Y. C rush ing  o f th e  p e rs is ten t CL in  heifer No. IV  w as 
fo llow ed 48 hrs la te r  b y  fa ll of th e  pro longed  high p rogesterone  level and  u rin a ry  
p reg n an d io l excre tion  to  p ra c tic a lly  o estru s  levels. T his accords well w ith  th e  
f in d in g  of E d q u is t  e t a l. (1970) th a t  th e  p rogesterone level fell to  0.5 ng/m l 
3 d ay s a fte r en u c lea tion  perfo rm ed  a t  37 days of p reg n an cy  an d  follow ed by  
a b o rtio n , w hereas i t  p e rs is te d  a t  4 .8 — 5.0 ng/m l in  th e  co rrespond ing  early  
s ta g e  —  betw een 16 a n d  36 days —  o f u n in te rru p te d  p reg n an cy . A ccording 
to  R o b e r t s o n  (1972), d u rin g  early  g e s ta tio n  th e  p lasm a  p ro geste rone  level 
co rresponds rough ly  to  t h a t  c h a ra c te ris tic  of th e  CL p h ase  o f th e  cycle. T he 
cvclic  changes of u r in a ry  p reg n an d io l e lim ination  were th e  sam e as those  d e te r
m in ed  earlier ( H a r a s z t i  an d  F e h é r , 1970).
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As fa r as we are in fo rm ed , p a ra lle l ex am in a tio n s of p lasm a  p ro geste rone  
a n d  u r in a ry  p reg n an d io l levels in  th e  bov ine  fem ale have  n o t y e t  been described  
in  th e  lite ra tu re . T he d a ta  re p o rte d  in  th is  p ap e r su p p o rt th e  conclusion th a t  
th e  sim u ltan eo u s d e te rm in a tio n  o f th ese  tw o p a ram e te rs  o f o varia l fu n c tio n  
is a  v a lu ab le  a id  in  th e  e v a lu a tio n  o f th e  ho rm onal fu n c tio n  of th e  o v ary  an d  
fo r  ta k in g  a p p ro p ria te  th e ra p e u tic  m easures i f  requ ired .

Summary

The a lte ra tio n s  o f p rogesterone level du rin g  th e  sexual cycle o f th e  bovine  fem ale can  
be  follow ed up  e ith e r by  d e m o n s tra tio n  o f th e  biologically  in ac tiv e  p ro g esterone  m etab o lite  
p re g n an d io l in  th e  u rin e  o r by  d e te rm in a tio n  of th e  p rogesterone c o n ce n tra tio n  in th e  b lood 
p lasm a . A verage da ily  p regnandio l e x cre tio n  w as d e te rm in ed  as 2.0 m g d u rin g  oestrus, 6.8 m g 
a t  7— 8 days an d  4.6 m g a t  14— 15 d ay s o f th e  cycle. P lasm a  progesterone  levels in  th e  no rm al 
cycle  w ere assessed as 1.2— 1.8 ng /m l on  th e  d ay  o f o estrus, 1.7— 2.8 n g /m l a t  6 days, 4 .8— 5.4 
n g /m l a t  8— 9 d ay s, 2.5— 6.2 ng /m l a t  13— 14 days an d  1.2— 1.7 ng /m l a t  18— 19 d ays, w hen  
th e  o estrus w as re tu rn in g . In  th e  cases o f p e rs is ten t corpus lu teu m  an d  early  p regnancy , th e  
changes o f b o th  p a ram ete rs  were ch ara c te ris tic  o f th e  clinical s ta te .
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ISOLATION OF PARAINFLUENZA-3 (PI-3) VIRUS FROM 
CATTLE DISEASED WITH ACUTE RESPIRATORY

SYMPTOMS

By

A. B a r t h a  and B . K öves

In s t i tu te  of Epizootio logy, U n iv e rsity  o f V eterinary  Science, B u d ap es t 

(R eceived  M ay 25, 1975)

An acu te  re sp ira to ry  d isease, charac terized  b y  e x tra o rd in a ry  rap id  
sp read , has been  affecting  th e  la rg e  c a ttle  herds in  H u n g a ry  since th e  early  
’six ties. I ts  incidence w as in itia lly  sporad ic , la te r  i t  te n d e d  to  rise, an d  occa
sionally  c a ttle  k e p t in  sm all p r iv a te  fa rm y ard s  w ere also invo lved . T he cond i
tio n  has been te rm ed  “ bovine co n tag ious cough”  in  th e  H u n g a ria n  v e te r in a ry  
lite ra tu re .

The disease is easily  id en tified  b y  i ts  epizootiological and  c lin ical ch arac te ris tics , w hich 
d iffer from  those  of b o th  in fectious b o v ine  rh in o trach e itis  and ad en o v iru s-in d u ced  pnexm o- 
e n te ritis . H ow ever, d esp ite  th e  w ell-defined p ic tu re  and  course, d iffe re n t ty p es  o f v iruses have 
been  iso lated  from  a ffec ted  c a t t le ;  am ong o th e rs  parainfluenza-3  (P I-3 )  v iru s  (R e is in g e r  e t al., 
1959) and re sp ira to ry  sy n cy tia l (R S) v iru s (P a ccaud  and J a q u ie r , 1970) h av e  been described 
as causal facto rs and  ty p e-A  in fluenza  v iru s  has also been  in c rim in a te d  (Ta n y i, 1974).

The epizootiological c h a rac te ris tic s , sy m p to m s and gross lesions o f th e  disease were 
s tu d ied  and  described by  several a u th o rs  (R omvAr y , 1961; Cso n to s , 1970; B a rth a , 1973; 
D omán , 1974; R a d n a i, 1974; T a n y i e t ah , 1974), b u t  aetio logical in v es tig a tio n s  h a d  failed 
u n t i l  Csontos (1970) re p o rte d  iso lation  of P I-3  v iru s from  th ree  o f th e  m an y  cases p u rsu ed  
b y  viro logical m eth o d s. T a n y i e t al. (1974) h av e  recen tly  iso lated  in flu en za  v iru s from  an im als 
show ing th e  ch ara c te ris tic  sym ptom s of th e  disease.

W e iso la ted  P I-3  v iru s  or R S v iru s  from  calves d iseased  w ith  acu te  
re sp ira to ry  sy m ptom s. Iso la tions of P I-3  v irus are rep o rted  in  th is  p ap er.

Epizootiology and Course

O utb reaks o f an  acu te  re sp ira to ry  disease, ac tio log ica lly  u n re la te d  to  
e ith e r  IB R  v irus or adenoviruses, w ere s tu d ied  by  us in  23 h erd s  d u rin g  th e  
’s ix ties and  in  9 herds in  th e  early  ’seven ties. In  every  case, th e  disease sp read  
ra p id ly  in th e  affec ted  p o p u la tio n s, above all am ong f irs t-p re g n a n t heifers 
an d  fa tte n in g  c a ttle , b u t  occasionally  i t  also involved 3— 6 m o n th s  old calves, 
causing  severe sy m ptom s. The course of th e  disease v a rie d  accord ing  to  th e  
e n v iro n m en ta l cond itions, being  m ild  an d  n o n -le tha l in som e h e rd s , b u t  causing  
severe econom ic losses in  o thers. A ccord ing  to  our ow n experience, th e  o u t
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b re a k s  were generally  m ild er an d  econom ically  less re le v a n t d u rin g  th e  ’sixties 
th a n  in  th e  ’seventies. O n 14 o f th e  23 large h e rd s  a ffec ted  d u rin g  th e  ’six ties, 
th e re  were no fa ta l  cases. In  th e  rem ain ing  9 h e rd s  th e  av e rag e  loss due to  
d e a th  or em ergency s la u g h te r  d id  n o t exceed 0 .6% . T he m ax im u m  loss w as 
2 %  m o rta lity  in  one o f th e  fa tte n in g  bu ll herds invo lved . In  c o n tra s t, only one 
o f th e  nine herds s tu d ie d  in  th e  ’seven ties w as free from  loss d u e  to  spon taneous 
d e a th ; in seven h e rd s  th e  av erag e  m o rta lity  ra te  w as 2 .3 %  (34 anim als of 
1480) and  in one h e rd  52 %  of th e  c a ttle  (23 o f 44) w ere lo st.

A few o u tb reak s  a re  described  below  in d e ta il, w ith  special reg ard  to  
d ifferences in  course.

In  one s ta te  fa rm  (H ) a g roup  of 40 ha lf-y ear-o ld  grow ing  calves was 
d riv en  over 5 km  d is tan ce  from  one u n it  of th e  fa rm  to  a n o th e r, and  was 
p laced  in an iso la ted  house. S evera l calves beg an  to  show  acu te  re sp ira to ry  
sym ptom s on th e  d a y  a f te r  a rr iv a l, an d  w ith in  fu r th e r  th re e  days th e  en tire  
g roup  was ill. F iv e  calves developed  pneum on ia . T hese an im als recovered  
a f te r  tw o weeks, ow ing to  th e ra p e u tic  in te rv e n tio n . No sy m p to m s of disease 
occurred  e ither in  th e  h e rd  o f orig in , or in  th e  h e rd  jo in ed .

In  a collective fa rm  (D) 15 p re g n a n t heifers w ere p u rc h a se d  from  p riv a te  
ow ners for rep lacem en t o f  th e  cow herd  w hich consisted  of 100 anim als. T hree 
new ly-procured  heifers deve loped  re sp ira to ry  sy m p to m s on th e  fo u rth  d ay  
a f te r  arrival and  th e  rem a in in g  12 heifers on th e  f if th  d ay . Several cows of 
th e  original herd  also becam e diseased on th e  f if th  d ay  a n d  th e  cond ition  
sp read  alm ost to  th e  e n tire  h e rd  d u ring  th e  su b seq u en t w eek. T he m ost c h a r
ac te ris tic  sym ptom  w as f re q u e n t cough, d ry  on th e  f i r s t  d ay , th en  m oist. 
T h e  anim als s im u ltan eo u sly  show ed serous n asa l d ischarge  an d  lac rim atio n , 
an d  the  body te m p e ra tu re  rose to  40.5— 4 1 .5 °C . A fte r 24 hours the  nasa l 
d ischarge becam e m ucinous, in  several cases even p u ru le n t. Some anim als 
developed su b cu tan eo u s em p h y sem a in th e  sp inal region. T h e  overw helm ing 
m a jo rity  of th e  d iseased  an im als  recovered  sp o n tan eo u sly  in  3— 5 days, only  
tw o  heifers developed  p n eu m o n ia  b u t  these , too , im p ro v ed  a fte r tw o weeks 
as th e  resu lt o f a n tib io tic  t re a tm e n t. No an im al d ied  an d  no em ergency 
s lau g h te r was necessary . V ery  m ild  sym ptom s of th e  d isease were also show n 
b y  growing calves k e p t  in  a house 50 m  aw ay  from  th e  cow shed, b u t i t  d id  
n o t  spread to  th e  suck lin g  calves m a in ta in ed  on th e  cows.

In  a second s ta te  fa rm  (K ) th e  cow h e rd , th e  fa tte n in g  bu ll herd  and  th e  
rea rin g  calf h erd , 300, 200 a n d  120 an im als, re sp ec tiv e ly , w ere k ep t each in 
a d ifferent u n it. A n o u tb re a k  of ‘‘contag ious cough”  occu rred  in th e  c a ttle  
u n it  of the  ne ig h b o u rin g  co llective farm , a b o u t 6 km  aw ay  from  s ta te  farm  K . 
O ne week la te r  the  fa tte n in g  bullocks in  th e  s ta te  fa rm  b eg an  to  show acu te  
re sp ira to ry  sy m p to m s, a lth o u g h  no new an im al h ad  been  in tro d u ced  to  th e  
fa rm  for tw o m o n th s . T h ree  days la te r  th e  disease a r re a re d  in  th e  cow herd  
an d  ano ther tw o day s la te r  am ong  th e  rea rin g  calves as w ell. T he la tte r  show ed
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m ild er sym ptom s th a n  e ith e r  th e  fa tte n in g  bullocks or th e  cow s: th e y  coughed  
less, an d  none of th em  developed  su b cu tan eo u s  em physem a. N everth e less , tw o  
5 -m o n th -o ld  calves d ied  o f acu te  p u lm o n a ry  em physem a d u rin g  th e  su b seq u en t 
w eek  an d  fu r th e r  fou r calves (5% ) succum bed  to  p n eu m o n ia  in  th e  follow ing 
th ree -w eek  period. Tw o bullocks (1% ) an d  one cow (0 .3% ) also d ied , b u t none 
o f th e  2 -m onth-o ld  calves developed  th e  disease.

In  collective fa rm  B, 44 heifers in  an  adv an ced  s ta te  o f p reg n an cy  w ere 
p ro cu red  from  sm allho lders. T he an im als  w ere tied  dow n in  e m p ty  sta lls a t  
one en d  of th e  fa tte n in g  bull house, a t  th e  o th e r end o f w h ich  20 cows, re m 
n a n ts  of th e  orig inal d a iry  herd , h a d  been  accom m odated . S ix  weeks before 
th e  in tro d u c tio n  of th e  p re g n a n t he ifer group an  o u tb re a k  o f acu te  non- 
fa ta l  re sp ira to ry  disease h ad  ta k e n  p lace. All 44 new ly -p rocu red  heifers d evel
oped  severe, acu te  re sp ira to ry  sy m p to m s betw een  5 and  14 d ay s a fte r  e s ta b 
lish m e n t in  th e  house, h u t  none o f th e  fa tte n in g  bulls s till in  th e  s tab le  becam e 
ill. T h e  few calves p ro d u ced  du ring  th e  period  of th e  o u tb reak  rem ain ed  h e a lth y , 
b u t  severa l m iscarriages occurred . P o s tm o rte m  ex am in a tio n  show ed acu te  
em p h y sem a , w ith  a ir bub b les  u p  to  th e  size of a fis t. T he tra c h e a l m ucosa w as 
d a rk  red  and  filled w ith  a foam y, v iscous ex u d a tio n . T he disease d id  n o t sp read  
to  th e  o th e r ca ttle  u n it  of th e  farm .

Virus Isolation

N asal sw abs collected  from  diseased  an im als, and  o rgan  specim ens from  
carcases  w ere p laced  in  H a n k s ’ so lu tion  and  w ere tra n sp o rte d  to  th e  la b o ra to ry  
in  ice box  for processing on th e  sam e d ay , or on th e  n e x t d a y  a t  th e  la te s t . 
R in s in g  flu ids of sw abs an d  1 : 10 d ilu te d  organ  suspensions w ere cen trifuged  
a t  3000 r.p .m . for 10 m in , th e  su p e rn a ta n ts  w ere tre a te d  w ith  an tib io tic s  and  
w ere cen trifuged  again . In  every  case, th e  second su p e rn a ta n t w as tra n sfe rre d  
to  fo u r tu b e  cu ltu res o f ca lf  k id n ey  ep ith e liu m  cells, using 0.1 m l as inoculum . 
E a c h  cu ltu re  was exam ined  daily  for c y to p a th ic  (CP) changes. C u ltu res show ing 
no ch an g e  were exam ined  by  th e  h aem ad so rp tio n  te s t of V o g e l  an d  S h e l o k o v  
(1957) a fte r  rem oval o f th e  tissue  c u ltu re  flu id . CP changes w ere s tu d ied  in  
p re p a ra tio n s  sta ined  w ith  h aem alau n  an d  eosin a fte r em bedd ing  in  celloidin. 
P a ire d  sera  ta k e n  from  diseased an im als a t  an  in te rv a l of 3 w eeks w ere te s te d  
for an tib o d ies  by  v iru s  n e u tra liz a tio n  an d /o r h aem ag g lu tin a tio n  in h ib itio n  
(H I)  te s t ,  using 100 T C ID 50 v iru s  an d  serum  d ilu ted  tw ofo ld  seria l steps. A n ti
se ru m  to  th e  s tra in  “ U m ea”  w as u sed  fo r th e  id e n tific a tio n  o f  iso lates.
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Results

A m ong th e  23 h e rd s  s tu d ied  in  th e  ’six ties on acco u n t o f o u tb reak s of 
a c u te  re sp ira to ry  d isease , v iru s was iso la ted  from  on ly  one, th e  grow ing ca lf 
h e rd  in  s ta te  fa rm  H . T h e  CP changes ap p eared  on th e  5 th  d ay  of th e  second 
passage of th e  n asa l sw ab  o b ta in ed  from  a d iseased calf. I n  haem alaun-eosin- 
s ta in ed  p rep a ra tio n s  sy n c y tiu m  fo rm a tio n  as well as in tracy to p la sm ic  in c lu 
sions ta k in g  on a v iv id  re d  s ta in  and , in  a few cells, also c e n tra lly  p laced  in t r a 
n u c lea r inclusions w ere  seen. The tissu e  cu ltu re  flu id  o f  th e  changed  cu ltu re  
ag g lu tin a ted  gu inea-p ig  e ry th ro cy te s . H a e m a g g lu tin a tio n  d id  n o t ta k e  place 
in  th e  presence of an tib o d ie s  to  th e  v iru s s tra in  “ U m ea” , w hich  also n eu tra lized  
th e  in fec tiv ity  of th e  iso la te .

P a ired  sera ta k e n  from  th e  d iseased  calves in  th e  s ta te  farm  H  on th e  
d a y  of onset and th re e  w eeks la te r  in  th e  conva lescen t s tag e  w ere also exam ined  
fo r H I  an tibod ies. T h e  te s t  was positive  in  ab o u t h a lf  o f th e  f irs t blood sam ples 
a t  titre s  rang ing  from  1 : 20 to  1 : 40; th e  t i t re  levels show ed a considerab le  
increase  in  th e  second sam ples and  th e  an tibod ies ap p ea red  also in  th e  in itia lly  
seronegative  cases. A ll calves w hich h a d  n o t developed  clin ical illness d u rin g  
th e  o u tb reak  in fa rm  H  also h ad  specific an tibod ies in  th e  second blood sam ple 
an d  those  positive a lre a d y  in  th e  f irs t sam ple  show ed a t i t r e  increase of a degree 
s im ila r to  th a t  dev e lo p ed  b y  th e  fa tte n in g  bullocks.

Fig. 1. In tracy to p la sm ic  a n d  in tran u c lea r inclusions in  calf k id n ey  ep ithe lia l cell cu ltu re  in 
fec ted  w ith  P I-3  v iru s. H . and  E ., x 4 0 0
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Iso la tio n  ex p erim en ts  failed in  22 o f th e  23 herds s tu d ied  on acco u n t of 
acu te  re sp ira to ry  disease d u rin g  th e  ’s ix ties, a lth o u g h  H I  an tibod ies w ere 
alw ays p re se n t in  a m ino r or m a jo r p a r t  o f th e  sera. H ow ever, a s ig n ifican t 
rise of th e  a n tib o d y  level occurred  only  in  fou r h e rd s , in  th e  rem ain ing  18 th e re  
was no change from  onset to  convalescence.

A m ong th e  n ine  c a ttle  herds s tu d ie d  fo r acu te  re sp ira to ry  disease in  th e  
’seventies, P I-3  v iru s  w as d e m o n s tra te d  in  six , v iru s  iso la tio n  failed in  one, 
an d  re sp ira to ry  sy n c y tia l (RS) v iru s  was iso la ted  in  tw o ( K ö v e s  an d  B a r t h a , 

to  be pub lish ed ).
All P I-3  v iru s  s tra in s  w ere iso la ted  from  n asa l sw abs ta k e n  in  th e  in itia l 

stage  of th e  d isease : all a tte m p ts  to  iso la te  v iru s  from  anim als w hich h a d  
been ill for sev e ra l days or from  organs o f sp o n tan eo u sly  died  or em ergency- 
s lau g h te red  c a t t le  failed. T he cy to p a th ic  changes c h a rac te ris tic  of P I-3  v iru s  
appeared  in  th e  cell cu ltu res ab o u t 96 h rs a f te r  in o cu la tio n  w ith  v iru s-co n ta in in g  
nasa l secre tions. T he cells becam e ro u n d ed , sy n c y tia  fo rm ed  by  a few cells 
m ade ap p e a ra n ce ; in  th e  s ta in ed  p re p a ra tio n s  in tra c y to p la sm ic  inclusions an d , 
in  a few cells, in tra n u c le a r  inclusions w ere also seen (F ig . 1). In  th e  ch an g ed  
tissue  cu ltu re s  h aem ad so rp tio n  could  be d e m o n s tra te d  before th e  CP changes 
becam e a p p a re n t, a t  ab o u t 48 h rs (F ig . 2). T he v iru s  grow n in  th e  tissue cu ltu res  
ag g lu tin a ted  g u inea-p ig  e ry th ro cy te s  a t  low  t i tre s , viz. 1 : 16 or 1 : 32. A n ti-

Pig . 2. H a em a d so rp tio n  is tak in g  p lace in  cell cu ltu res  in o cu la ted  w ith  P I-3  v irus before th e  
c y to p a th ic  changes are  m ak ing  ap p ea ran ce . H . an d  E ., X 400
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bod ies to  th e  P I-3  s tra in  “ U m ea”  n eu tra liz e d  all iso lated  o b ta in ed  from  th e  
six  herds.

P a ire d  sera ta k e n  in  th e  a ffec ted  h e rd s  a t  th e  onset o f th e  o u tb re a k  an d  
th re e  w eeks la te r  w ere te s te d  b y  v iru s  n e u tra liz a tio n , because th is  te s t  w as in  
th e  m ean tim e  show n to  be m ore re liab le  a n d  m ore specific ( C s o n t o s , 1970) 
th a n  th e  H I  te s t  p rev io u sly  app lied . N one of th e  f irs t serum  sam ples ta k e n  
from  th e  heifers w hich h a d  been p ro cu red  from  p riv a te  ow ners co n ta in ed  a n t i 
b o d ies, w hereas 50— 80%  o f th e  an im als  re a re d  in  th e  farm s h a d  1 : 4 to  1 : 128 
t i t r e  levels o f v iru s-n eu tra liz in g  a n tib o d y  in  th e  f irs t serum  sam ple. T he d iseased  
fa tte n in g  bullocks in  th e  co llective fa rm  В all h ad  an tibod ies in  th e  t i t r e  range  
o f 1 : 32 to  1 : 1024. T he p ro p o rtio n s  o f p o sitiv e  reac to rs  an d  a n tib o d y  levels 
v a r ie d  betw een  c a ttle  g roups w ith in  one an d  th e  sam e fa rm , b u t  th is  h ad  
a p p a re n tly  no influence  on th e  course o f th e  disease. A t th e  second sam pling  
th re e  w eeks a fte r  onset, an tib o d ies  w ere found  to  ap p ea r also in  th o se  sera 
w hich  h ad  been n egative  a t  th e  f irs t  sam p lin g  in herds ju d g e d  as p o sitiv e  on 
th e  g rounds of v iru s  iso la tion . In  th o se  h e rd s , how ever, in  w hich a t te m p ts  a t 
iso la tio n  of P I-3  v iru s fa iled , th e re  w as no rise in th e  a n tib o d y  titre s .

Conclusions

T he o u tb reak s  of bov ine  co n tag ious cough were genera lly  m ilder d u rin g  
th e  ’six ties th a n  in  th e  ’sev en ties . P I-3  v iru s  w as iso la ted  from  only  one h e rd  
o f  th e  23 s tu d ied  in  th e  f ir s t  period , b u t  from  6 of th e  9 s tu d ied  in  th e  second 
one. S tud ies o f p a ired  sera  in  th o se  h erd s  from  w hich v iru s  w as iso la ted  also 
su p p o rte d  th e  conclusion th a t  P I-3  v iru s  had  been th e  causal ag en t, viz., 
specific  an tib o d ies  w ere found  in  all co n va lescen t sera an d  in  those  cases in 
w hich  th e y  h ad  a lre a d y  been  p re se n t in  th e  f i r s t  sam ple th e  t i t re s  
show ed  a fourfo ld  or s till h ig h er increases. In  those herds in w hich a t te m p ts  a t 
iso la tio n  o f P I-3  v iru s  h a d  failed  serological evidence in  su p p o rt o f its  causa l 
ro le could  be o b ta in ed  on ly  in  fo u r in s ta n c e s , w hereas in  th e  m a jo rity  o f th e  
cases th e re  w as no in d ica tio n  o f th e  ae tio log ica l resp o n sib ility  of e ith e r  P I-3  
or IB R , YD or adenov iruses. I t  shou ld  be  rem em bered  th a t  P I-3  v iru s  had  
b een  iso la ted  from  only  th re e  o f th e  m a n y  o u tb reak s o f “ bov ine  con tag ious 
co u g h ”  s tu d ied  in  th e  ’six ties ( C s o n t o s , 1970). Since in d irec t ev idence o f th e  
p a th o g en ic  role of P I-3  v iru s , viz ., th e  ap p ea ran ce  of an tib o d ies  to  th is  a g en t in  
th e  sera  of th e  d iseased an im als w as also lack ing  in  p a r t  of th e  h e rd s , C s o n t o s  

a rriv e d  a t  th e  conclusion th a t  th e  acu te  re sp ira to ry  disease u n d e r s tu d y  was 
m u ltifa c to ria l, viz., v iruses o th e r  th a n  P I-3  m ay also h av e  been in v o lv ed  in 
i ts  aetio logy . In  ag reem en t w ith  C s o n t o s ’s in te rp re ta tio n , we believe th a t  th e  
P I-3  v iru s  h ad  been responsib le  only  fo r a m ino r p a r t  of th e  “ con tag ious co u g h ” 
o u tb re a k s  o f th e  ’six ties, b u t i t  a lread y  p la y e d  th e  m ain  role in th e  m ore  severe
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enzoo tics occurring  in th e  ’seven ties, w hile RS and  o th e r v iruses h a d  a m inor 
re sp o n sib ility .

O u r a tte m p ts  to  iso la te  P I-3  v iru s  s tra in s  from  organ  specim ens o f died  
or em ergency -slaugh tered  an im als fa iled . This can p ro b ab ly  be ex p la in ed  by 
th e  fa c t  th a t  specim ens were ta k e n  in  an  advanced  stage  in  w hich  th e  v iru s 
m ay  a lread y  have  d isappeared . In  th e  in fec ted  cell cu ltu res  th e  h aem ad - 
so rp tio n  te s t becam e positive well before  th e  c y to p a th ic  changes m ade 
ap p ea ran ce . This phenom enon  has been  u tilized  for ea rly  d iagnosis.

T h e  course an d  outcom e of th e  o u tb reak , as well as th e  e x te n t o f th e  
losses, show ed a m ark ed  in d iv id u a l v a r ia tio n . I t  is know n th a t  b o v in e  re sp ira 
to ry  d iseases are g rea tly  in flu en ced  b y  pred isposing  fac to rs , v iru lence  o f th e  
v iru s , degree of im m u n ity , and  occasional presence of secondary  d isease.

F a tte n in g  an d  g esta tio n  o b v io u sly  p lay ed  a m a jo r ro le as p red isposing  
fa c to rs , for fa tte n in g  bullocks an d  p re g n a n t heifers or cows show ed th e  m ost 
severe sy m ptom s in  alm ost all d iseased  herds. A ccording to  ou r ow n experience, 
t ra n s p o r t  is an o th e r im p o r ta n t re sistance-dep ressing  fac to r. N ev erth e rless , 
we fa iled  to  find  d rastic  res is tan ce-d ecreasin g  stressors in  m ost o f th e  herds 
s tu d ie d , p a rtic u la rly  in  th e  o u tb re a k s  o f th e  ’seventies, w hich w ere c h a ra c te r 
ized b y  epidem ic-like sp read  from  one a rea  to  th e  o th er, a ffec ting  even  sm all 
g roups o f ca ttle  in  p riv a te  fa rm y a rd s , w hich are usually  free of o u tb re a k s  
of re sp ira to ry  disease caused  by  o th e r  v iruses.

In fo rm a tio n  ab o u t th e  im p ac t o f v ira l v iru lence on th e  sev e rity  o f sy m p 
tom s a n d  losses is n o t em erging from  th e  availab le  d a ta . H ow ever, th e  susp icion  
th a t  m ore  v iru le n t s tra in s  th a n  th e  ind ig en o u s ones m ay  h av e  been  in tro d u c e d  
in to  H u n g a ry  w ith  recen t c a ttle  im p o rts  is su p p o rted  b y  th e  p ra c tic a l o b ser
v a tio n  th a t  th e  sp read  of th e  disease h as  becom e ep idem ic-like, th e  sy m p to m s 
w ere m ore severe and  losses h a v e  considerab ly  increased  since th e  
’six ties.

T h e  postin fec tion  s ta te  g rea tly  dep en d s on the  im m une s ta te  of th e  o rg an 
ism . As p rev iously  described , H I  an tib o d ie s  to  P I-3  v iru s  w ere d em o n strab le  
in  50— 80 %  of th e  serum  sam ples in  each  large herd . I t  w ould be ex p ec ted  th a t  
an im als possessing an tibod ies show  v e ry  m ild  if  any  sy m ptom s; n o tw ith s ta n d 
in g ^ ,  th e  disease in  h e rd  m ates o f id e n tic a l origin was u n re la te d  to  th e  p re s 
ence or absence of serological an tib o d ie s  an d , to  a ce rta in  e x te n t also to  th e  
a n tib o d y  ti t re . T his w eighs in  fa v o u r o f  th e  in tre p re ta tio n  th a t  v iru s -n e u tra 
lizing  a n d  H I  serum  an tibod ies to  P I-3  m ay  p lay  little  role in  th e  im m u n e  
m echan ism , com petence being ch ie fly  associa ted  w ith  th e  sec re to ry  (IgA ) 
an tib o d ies , n o t y e t in v es tig a ted  b y  us. T h is accords w ell w ith  th e  experience 
th a t  th e  to p ica l im m u n ity  of th e  tr a c h e a l m ucosa has a decisive in flu en ce  on 
th e  course of re sp ira to ry  disease.

S ince th e  sym p to m s did  n o t u su a lly  reap p ear in  th e  herds w hich  h ad  
reco v ered  from  an o u tb reak , th e re  w as reaso n  to  p o stu la te  th a t  ac tiv e  im m u n ity

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



3 5 6 BARTHA and KÖVES

w as developed in  re sp o n se  to  th e  in fec tion . T h e  d u ra tio n  o f ac tive  im m u n ity  
could  n o t be ju d g e d  fro m  th e  availab le  o b se rv a tio n s . I t  should  nevertheless 
be n o te d  th a t  in  fa rm  B , those  an im als w hich  h a d  recovered  from  an  o u tb reak , 
d id  n o t  becom e ill w h en  th e  n ew ly -in tro d u ced  g roup  o f suscep tib le  (an tib o d y - 
free) heifers p laced  w ith  th e m  developed  severe sy m p to m s. All anim als re s is ta n t 
to  th e  recurrence o f  th e  o u tb reak  h a d  h igh  ti t re s  o f  v iru s-n eu tra liz in g  serum  
an tibod ies.

P rac titio n e rs  h a v e  rep o rted  ra re  re lapses in  in d iv id u a l cases. Since such 
cases have no t y e t  b een  availab le  for la b o ra to ry  in v es tig a tio n , no aetio logical 
s ta te m e n t can be m a d e . T he re sp o n sib ility  o f tw o  causa l ag en ts  (P I-3 , RS or 
o th e r  virus) for su ch  a p p a re n t re lapses seem s h ig h ly  possible.

The e x te n t o f  losses from  “ con tag ious co u g h ”  g re a tly  depends also on th e  
p resence or absence o f  secondary  p n eu m o n ia . M inor resistance-depressing  
fac to rs  m ay a lread y  be  su ffic ien t to  p ro m o te  th e  d ev e lo p m en t of pneum on ia  
especially  in  y o u n g , 3— 6 m o n th s old calves w hich , a lth o u g h  develop th e  
sy m p to m s of th e  v iru s  disease in a less c h a ra c te r is tic  form  th a n  grow ing or 
a d u lt  ca ttle , are  as a ru le  m ore severe ly  a ffec ted  th a n  th e  la t te r ,  ow ing to  
g re a te r  liab ility  to  seco n d ary  c a ta rrh a l-p u ru le n t p n eum on ia .

Summary

P I-3  v irus w as iso la ted  from  several o u tb rea k s  o f  a rap id ly -sp read in g , acu te  bovine 
re sp ira to ry  disease, a ffe c tin g  above all large  ca ttle  h e rd s. Seronegative  rep lacem en t heifers 
in  advanced  s ta te  o f  p re g n an c y  developed th e  disease in  a v e ry  severe, o ften  le th a l fo rm , 
sh o rtly  a fte r th e ir t r a n s fe r  from  sm allho lder fa rm s to  th e  la rg e -p ro d u ctio n  u n it. In  several 
cases th e  fa tten in g  b u ll h e rd  and th e  3— 6 m o n th s old rea rin g  calves also becam e ill, and  m an y  
of th e  la t te r  developed seco n d ary  pneum onia . Those an im als  w hich  h ad  been  affected  by  o u t
b re ak  six weeks e a rlie r  a n d  h a d  h igh serum  an tib o d y  t i t r e s  rem a in ed  clinically  h ea lth y , while 
new ly-in troduced  su scep tib le  anim als in th e  sam e stab le  becam e severely ill. A nim als posses
sing low serum  levels o f v iru s-n eu tra liz in g  an tib o d ies  developed  m ild to  severe sym ptom s. 
I t  m a y b e  supposed th a t  sec re to ry  (IgA ) an tibod ies p lay  a g re a te r  role in th e  im m une response 
th a n  th e  v iru s-n eu tra liz in g  serum  an tibodies .

References

B artha , A.: Á llategészségügyi és T ak a rn i. K özi. 3 (1973), 4. Csontos, L.: F o rtp fl. 
H a u s t. 6 (1970), 308. D o m á n , I.: M agyar Á lla to rv o so k  L a p ja  (M ÁL), 1974, 76L P a ccaud , M. 
F . a n d  J a q u ier , Cl .: A rch . ges. V irusforsch . 30 (1970), 327. R a d n a i, L.: MÁL, 1974, 765. 
R e is in g e r , R. C., H e d d l e s t o n , K . L. an d  Ma n t h e i, C. A.: JA V M A  135 (1959), 147. 
R om váry , J .:  M ÁL, 1961, 241. T a n y i, J . ,  R om váry , J . ,  Áld á sy , P . an d  Má t h é , Zs .: M ÁL, 
1974, 373. V ogel , J .  a n d  S h elo k o v , Á.: Science 122 (1957), 358.

Address o f th e  a u th o rs :  dr. A dorján  B arth a , 1143 B u d ap es t, H u n g ária  k rt. 21; dr. B éla 
K ö v e s , 1143 B u d a p es t, H u n g á ria  k r t .  23, H u n g a ry

Acta Veterinaria Academiae Scientiarum Hungaricae 25, 1975



Acta Veterinaria Academiae Scientiarum Hungaricae, Tomus 25 (4), pp. 357 — 362 (1975)

I S O L A T IO N  O F  R E S P I R A T O R Y  S Y N C Y T I A L  (R S ) V I R U S  
F R O M  C A T T L E  D I S E A S E D  W I T H  R E S P I R A T O R Y

S Y M P T O M S

B y

B .  K ö v e s  a n d  A. B a r t h a

In s t i tu te  o f E pizootio logy , U n iv ersity  o f V e te rin a ry  Science, B udapest 

(R eceived Ju n e  5, 1975)

A etiological in v es tig a tio n s  in to  an  acu te  re sp ira to ry  disease, show ing 
rising  incidence an d  causing  g rea t econom ic losses in  th e  large c a ttle  h e rd s , 
re su lted  in d e m o n s tra tio n  o f th e  causal role o f pa ra in flu en za-3  (P I-3 ) v iru s  in  
p a r t  of th e  cases ( C s o n t o s , 1970; B a r t h a  an d  K ö v e s , 1975).

Since, how ever, a causal re la tio n sh ip  was n o t alw ays d em o n strab le  betw een th e  c h a r
ac teristic  acu te  sy m p to m s, te rm ed  in H u n g ary  as “ contag ious cough”  and  th e  P I-3  v irus, 
a  m u ltifac to ria l aetio logy  of th e  disease h as been  p o stu la te d  (Cson to s, 1970). R ecen tly  r e 
sp ira to ry  sy n cy tia l (R S) v iru s has been  show7n  to  be responsib le  for o u tb reak s of an  acu te  
bovine re sp ira to ry  disease b o th  in  W este rn  E u ro p e  (P accaud  e t ab , 1970; W ellem a ns e t ab , 
1970; J acobs e t ab , 1971) an d  J a p a n  ( I naba  e t ab, 1970). In  H u n g a ry , iso lation  of in flu en za  
v iru s was also re p o rte d  from  sim ilarly  d iseased ca ttle  (Ta n y i e t ab , 1974).

The causa l role o f RS v iru s  has been  con firm ed  b y  us in  th e  course o f 
s tud ies co n d u c ted  re c e n tly  in n ine d iseased  h erds. RS v iru s  was iso la ted  
from  tw o of th ese  herds.

Epizootiological Course

In  a s ta te  fa rm  (N) th e  b eef bu ll house, acco m m o d a tin g  200 an im als, 
w as stocked  g rad u a lly  b y  in tro d u c in g  20 fa tte n in g  bullocks in  each tu rn . 
F ifteen  days a fte r  th e  in tro d u c tio n  of th e  la s t g roup , p a r t  of th e  an im als 
began  to  show  acu te  re sp ira to ry  sym p to m s: f irs t  th e  y o u n g er bullocks and  
w ith in  10 days th e  en tire  h e rd  becam e ill. T he sy m p to m s w ere c h a ra c te r is ti
cally  th e  sam e as know n  from  prev ious o u tb reak s  of th e  so-called contag ious 
cough: th e  body  te m p e ra tu re  rose to  ab o u t 41 °C, accom pan ied  b y  serous nasa l 
d ischarge and  fre q u e n t cough. T he cough was loud  on th e  f ir s t  day , la te r  m oist. 
F in a lly  dyspnoea  developed . A fte r  one or tw o days th e  n asa l d ischarge b eca 
m e m ucous, an d  co n ta in ed  d e tr itu s . In  som e cases i t  w as even p u ru len t. 
Som e anim als developed  su b cu tan eo u s em physem a in  th e  sp inal region. T he 
overw helm ing m a jo rity  of th e  bu llocks recovered  sp o n tan eo u sly  a fte r five  
day s of illness, b u t  in  ce rta in  cases th e  course la s ted  10— 15 days. Two of th e
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180 an im als died w ith  a c u te  sy m p to m s w ith in  tw o days, an d  one h ad  to  
be em ergency -s laugh te red . A t p o s tm o rte m  ex am in a tio n  all th re e  an im als 
show ed  severe p u lm o n a ry  em physem a an d  an ex tensive oedem a invo lv ing  
a lm o st th e  en tire  lung . T h e  b ronch i an d  tra c h e a  were filled by  a foam y, serous- 
m ucous exu d a tio n .

T he disease d id  n o t a ffec t o th e r  age groups in  th e  a ffec ted  c a ttle  herds.
In  an o th e r s ta te  fa rm  (H ), an  a c u te  re sp ira to ry  disease w as sp read ing  

ra p id ly  am ong four to  six  m o n th s old calves k ep t in  th e  rea rin g  u n it. The 
feb rile  course —  40— 41 °C b o d y  te m p e ra tu re  —  was accom pan ied  b y  very  
severe  dyspnoea an d  n a sa l d ischarge , w hich  was f irs t  serous, la te r  p u ru le n t. 
C oughing was less fre q u e n t th a n  in  p rev ious o u tb reak s o f th e  “ con tag ious 
co u g h ” . This n o n -ch a rac te ris tic  re sp ira to ry  disease invo lved  th e  g re a te r  p a r t  
o f  th e  above 3 m o n ths o ld  calves w ith in  tw o  weeks. T he m a jo rity  o f th e  d iseased 
an im als  h ad  recovered  b y  th e  7 th  to  10 th  d ay  of illness, b u t  seco n d ary  p n eu 
m on ia  supervened  in  a b o u t 20%  of th e  cases, and  h a lf  o f th e  affec ted  calves 
d ied ; th e  o th e r h ad  seem ingly  reco v ered  in  one m o n th , h u t  co n sid e rab ly  re- 
t a r te d  in  grow th . One c a lf  d ied  in  th e  acu te  stage  of th e  o u tb re a k  an d  10 
an im als  died o f seco n d ary  p n eu m o n ia . T h e  c a ttle  herds k e p t in  o th e r  u n its  
o f th e  fa rm  did  n o t becom e affected .

Virus Isolation

N asal sw abs ta k e n  from  an im als show ing acu te  sy m p to m s, as well as 
ch an g ed  organs an d  asso c ia ted  ly m p h  nodes o b ta ined  a t  au to p sy , were t r a n s 
fe rre d  to  th e  la b o ra to ry  in  ice boxes. R insings of sw abs in  H a n k s ’ so lu tion  
a n d  1 : 10 d ilu ted  organ  suspensions w ere cen trifuged  tw ice a t 3000 r.p .m . 
fo r 15 m in, tre a te d  w ith  an tib io tic s  an d  in o cu la ted  in to  ca lf-k idney  an d  calf- 
te s tic le  cell cu ltu res. E a c h  sam ple w as tran sfe rred  to  four tu b e s  of b o th  cu l
tu re s . T he g row th  m ed iu m  o f th e  cu ltu re s  d id, th e  m a in ten an ce  m edium  did  
n o t co n ta in  foetal ca lf  serum . B o th  p rim a ry  and  secondary  cell cu ltu re s  were 
em ployed  for v irus iso la tion . P a r t  o f th e  cell cu ltu res w ere s ta tio n a ry , p a r t 
w ere ro ta te d  12 tim es an  h o u r d u rin g  th e  period  of o u tg row th . M icroscopic ex am 
in a tio n  for c y to p a th ic  (CP) changes w as perfo rm ed  daily . T he tissue  cu ltu re  
flu id s  of th e  m onolayers n o t show ing CP changes were co llected  w hen th e  spon
ta n e o u s  cell d eg en era tio n  began  to  a p p e a r  a t  10— 14 days a f te r  inocu la tio n  
and  w ere tran sfe rred  to  fresh  cu ltu res . A t least five b lind  passages w ere j er- 
fo rm ed  in  th is m an n er before  an  ex p erim en t was accep ted  as n eg a tiv e . The 
changes w ere s tu d ied  in  p re p a ra tio n s  s ta in ed  w ith  h aem alau n  an d  eosin. T he 
iso la tes w ere id en tified  b y  m eans o f a ty p e  an tiserum  to  h u m a n  RS virus.*

* M ade available by  th e  co u rtesy  o f D r .  I. DÖMÖK, N atio n a l In s t i tu te  o f H y g ie n e , 
B u d ap es t
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P aired  serum  sam ples from  d iseased  anim als w ere s tu d ie d  b y  v iru s n e u tra liz a 
tion  te s t , using  v iru s  from  th e  tissu e -cu ltu re  a d a p te d  10 th  passage of th e  
iso late , w hich h ad  sa tis fa c to ry  g ro w th  p roperties.

R esults

RS v iru s  w as iso la ted  from  one nasa l d ischarge o b ta in e d  in  farm  N and  
from  a ly m p h  node o rig in a tin g  from  th e  em erg en cy -s lau g h te red  an im al in 
farm  H . In  b o th  cases, CP changes appeared  only  in  th e  th ird  passage and  
exclusively  in cu ltu res w hich  h ad  con tinuously  been ro ta te d  d u rin g  in cu b a tio n . 
T he CP changes ap p earin g  in  th e  th ird  passage w ere focal a n d  sligh t, and  took  
12— 14 days to  develop. O nly  few m icroscopically  v isib le  gaps were seen in 
th e  co n flu en t m onolayer, w ith  sy n cy tia  form ed b y  a few  cells a t  th e  m arg ina l 
p a rts  (F ig. 1). T he CP changes developed  sooner, w hen th e  v iru s  was in o cu la ted  
e ith e r in to  a still developing  m ono layer, or in to  a cell suspension , and  i t  a p 
peared  earlie r in each su b seq u en t passage: th e  e igh th  passage  of th e  s tra in  B F  
p roduced  easily  read ab le  CP changes a lready  a fte r  fiv e  d ay s. In  sta in ed  cell 
cu ltu re  p rep a ra tio n s  sy n cy tiu m  fo rm a tio n  and  hom ogeneous acidophilic  in c lu 
sions su rro u n d ed  by  a halo  w ere seen (F ig. 2).

Fig. 1. S y ncy tia  produced  by  CSS v iru s in calf k idney ep ithe lia l cell cu ltu re . U nsta ined
p re p a ra tio n , X 200
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F ig . 2. Syncytia  and  in tra cy to p la sm ic  inclusions in  calf k idney  e p ith e lia l cell cu ltu re  infected  
w ith  R S  v iru s. H . an d  E .-s ta in e d  p re p a ra tio n , X 400

N either th e  v iru s-in fec ted  cell cu ltu res , nor th e  v iru s-co n ta in in g  tissue 
c u ltu re  fluid adso rbed  th e  red  b lood cells of an y  an im al species te s ted . T he 
v iru s  proved sensitive  to  ch loroform .

The B F  s tra in  w as n eu tra lized  by  1 : 80 d ilu tion  o f th e  an ti-h u m an -R S  
v iru s  serum , w hich h a d  a hom ologous t i t re  of 1 : 320, b u t  its  in fec tiv ity  was 
n o t  affected by  1 : 10 d ilu te d  a n ti-P I-3  serum , th e  t i t r e  of w hich  w as 1 : 620.

Paired  serum  sam ples o b ta in e d  from  diseased an im als  in b o th  herds 
w ere  tested  for an tib o d ie s  n eu tra liz in g  P l-3 , adenov iruses or th e  v iruses of VD 
o r IB R . The calves in  h e rd  N  h ad  b o th  adeno- and  P I-3  v iru s  an tibodies a t 
id en tica l levels in  b o th  sam ples an d  calves of herd  H  ad d itio n a lly  had  VD 
v iru s  antibodies. T es tin g  fo r an tib o d ies  to  th e  iso la te  —  s tra in  B F  —  w as 
possib le only in  h e rd  N : th e  f irs t  serum  sam ples did n o t co n ta in  specific 
n eu tra liz in g  an tib o d ies , b u t  th e se  w ere found  to  be p re sen t a t  t i tre s  of 1 : 4 
to  1 : 16 in 16 o f 20 in  th e  second sam ples.
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D iscussion

R S v iru s  h as  been iso la ted  from  one ca lf  each  in  tw o herds a ffec ted  b y  
an a c u te  re sp ira to ry  disease (“ con tag io u s cough” ). T he causal role o f o th e r  
re sp ira to ry  v iru ses, such  as Y D , IB R , P I-3  an d  adenov iruses could be excluded  
b y  serological evidence. The aetio log ica l re sp o n sib ility  of RS v iru s w as con
firm ed  in  one h e rd  b y  d em o n stra tio n  of v iru s-n eu tra liz in g  an tibod ies in  serum  
sam ples ta k e n  d u rin g  convalescence.

R S  v iru s  w as iso la ted  on ly  from  tw o o f th e  d iseased  an im als, exclusively  
in  ro ller tu b e  cu ltu re s  of ca lf  k id n e y  cells; a t te m p ts  a t  iso la tion  failed  w hen 
s ta t io n a ry  cu ltu res  w ere used. T h e  CP changes due to  RS v iru s  d id  n o t ap p e a r 
u n til  th e  th ird  passage , in  w hich i t  to o k  12— 14 day s to  develop. In  th e  e ig h th  
p assage  th e  changes appeared  a lre a d y  a fte r  f iv e  d a y s’ in cu b a tio n . A sa tis fa c to ry  
rep lica tio n  to o k  p lace also in  s ta tio n a ry  cu ltu res  w hen  these  w ere in o cu la ted  
befo re  th e  com ple tion  of th e  m o n o lay er or w hen  th e  cell suspension  serv ing  
fo r th e  p re p a ra tio n  of m onolayers w as in o cu la ted . Such cu ltu res  could  be u t i 
lized fo r v irus n e u tra liz a tio n  te s ts , too .

Since th e  iso la tion  ex p erim en ts  w ere in itia lly  m ade only  in  n o n -ro ta te d  
co n flu en t m onolayers of calf k id n ey  or ca lf te s tic le  cells, th e  iso la tion  of RS 
v iru s  from  tw o cases does n o t re flec t th e  tru e  ro le o f th is  agen t in  th e  o u tb reak s  
s tu d ied . D iagnostic  d iffe ren tia tio n  o f th e  ep izootio logical course, sym p to m s 
an d  gross lesions of th e  R S-virus disease from  th o se  of th e  P I-3 -v iru s  disease 
w as n o t possible e ith e r  because th e  o u tb re a k  h a d  com plete ly  subsided  b y  th e  
tim e  th e  RS v iru s  w as iso la ted , v iz. 6— 8 w eeks a f te r  onset. H ow ever, th e  v iru s 
n e u tra liz a tio n  te s t  appears to  be a he lp fu l la b o ra to ry  d iagnostic  p rocedure  if  
h ig h er passages o f th e  v irus, p ro d u c in g  CP changes in  five days, are  used.

In  W este rn  E u ro p e  g rea t im p o rta n c e  has been a tta c h e d  to  th e  p a th o g en ic  
role of R S v iru s: in  B elgium  ( W e l l e m a n s , 1970) i t  has even been classified  
as th e  m ain  causal agen t of bov ine  re sp ira to ry  disease. In  view  of th is , close 
in v es tig a tio n s  in to  th e  epizootio logical course, sy m p to m s and  gross lesions of 
th e  R S v iru s  disease seem to  be of im m ed ia te  in te re s t  also in  H u n g a ry , w ith  
special reg a rd  to  d iagnostic  d iffe ren tia tio n  from  th e  sim ilar cond ition  caused  
b y  th e  P I-3 -v iru s .

Summary

R S v iru s was iso la ted  in roller tu b e  cu ltu res  of ca lf k id n ey  ep ithe lium  cells from  calves 
show ing a cu te  re sp ira to ry  sym ptom s. T he c y to p a th ic  effect o f th e  v irus did n o t a p p ea r u n til  
th e  th ird  passage in  w hich  it  took  12— 14 d ay s to  develop, b u t  th is  period  w as g rad u ally  reduced  
to  five  d ay s a f te r  several consecutive tran s fe rs . V irus rep lica tio n  also to o k  place in  n o n -ro ta ted  
cu ltu res , w hen  ino cu la tio n  was m ade e ith e r p rio r  to  th e  o u tg ro w th  of th e  co n fluen t m onolayer, 
or in to  cell suspensions serv ing for th e  p re p a ra tio n  of m onolayers . T he iso late  d id  n o t haem ag- 
g lu tin a te  red  blood cells o f various an im al species. T he iso la tes w ere neu tra lizab le  b y  an tib o d ies 
ap p ea rin g  in  th e  convalescence a t  t it re s  ran g in g  from  1 : 4 to  1 : 16. T he aetio log ical ro le  o f 
o th e r  re sp ira to ry  v iruses could be excluded  b y  serological ev idence in  b o th  verified  cases o f RS 
v iru s in fec tion .
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EFFECT ON LAYING GEESE OF FEEDS CONTAINING 
THE FUSARIOTOXINS T2 AND F2

By

M. P a l y u s i k  and É v a  K o p l i k - K ovács

V eterinary  M edical R esearch  In s ti tu te , H u n g a rian  A cadem y of Sciences, B u d ap es t, a n d  
D e p a r tm e n t o f  A nim al B reeding, U n iv e rs ity  o f A g ricu ltu ra l Sciences, Gödöllő

(R eceived Ju n e  9, 1975)

E x p erim en ta l ob se rv atio n s of H un g arian  a u th o rs  (P a l y u sik  e t al., 1971; Vá n y i e t a l., 
1973) a ttra c te d  a tte n tio n  to  th e  depressive effec t o f th e  F 2 -tox in -p roducing  fungus F u sa r iu m  
gram inearum  on  sperm iogenesis in  ganders. M ore re ce n t stud ies (P a l y u sik  e t al., 1974) h av e  
show n th a t  feeds in fec ted  w ith  F. sporotrichioides or /' . poae, th e  fungi know n to  p ro d u ce  th e  
to x in  T2 an d  o th e r  to x in s o f tricho thecene  s tru c tu re , a re  still m ore pow erful in h ib ito rs o f a n 
serine sperm iogenesis th a n  F2.

The p re se n t stud ies were carried  o u t to  exam ine th e  effect of to x in s  F2 
and  T2 on th e  egg p ro d u c tio n  of lay ing  geese.

M aterials and  M ethods

M aize in fec ted  a rtific ia lly  w ith  e ith e r  F 2 -p ro d u c in g  F . culm orum , o r 
T 2-producing  F . sporotrichioides was ad d ed  to  th e  feed o f one-year-old R h in e 
lan d  lay ing  geese as a 10%  ra tio n . T he to x ic  feeds, con ta in in g  100 ppm  F2 
o r 3 ppm  T2 w ere fed to  th e  layers for 42 an d  10 days, respectively , w ith o u t 
in te rru p tio n . T h e  a m o u n t of T2 was th e n  red u ced  to  one h a lf  over th e  s u b 
sequen t six day s because th e  b irds becam e ill, an d  th e  to x ic  ra tio n  was o m itte d  
com pletely  fro m  th e  16 th  day . E x p e rim e n ta l feed ing  w as com m enced in  
M arch, i.e ., in  th e  m o st ac tiv e  period  of th e  lay in g  season. T en  birds w ere u sed  
in  each group . E x p e rim e n ta l and  con tro l geese, on a to ta l  30 b irds, p ro d u ced  
271 eggs befo re  th e  beg inn ing  of th e  e x p e rim en t, w hich corresponds to  a g roup  
average  of 90. T h e  b ird s  w ere observed  fo r 10 w eeks. T h e  contro l b irds w ere 
given a 10%  to x in -free  m aize m eal ra tio n  th ro u g h o u t th e  period of e x p e ri
m en ta l d iet.

Q u a n tita tiv e  d e te rm in a tio n s  of th e  to x in s  F2 an d  T2 were carried  o u t 
b y  th in -la y e r ch ro m a to g ra p h y , using p u rif ie d  re ference  s tan d ard s .

D etec tio n  o f  F2 in  th e  th in -lay e r ch ro m a to g ram s w as m ade e ith e r b y  
fluorescence te s t  or b y  th e  v iv id  yellow ish-o range co lour reaction  p roduced  
w ith  4 -b rom obenzo l-d iazon ium fluo robora te  o f th e  flu o ro b o ra te  series recom 
m ended  by  Sa r u d i  (1974).
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F o r th e  d e te rm in a tio n  of T 2, an  e x tr a c t  was p rep ared  from  th e  to x ic  
feed  w ith  d ich lo ro m e th an e  (m ethy lene  ch lo ride). The e x tra c t w as p u rif ied  b y  
p h ase  sep a ra tio n  w ith  p e tro leum  e th e r , e th y l  ace ta te  an d  ace to n itrile , an d  
0.05 m l of th e  a c e to n itr ile  frac tio n  w as ap p lied  to  the  ch ro m a to g rap h y  p la te s  
p re p a re d  in  th is  la b o ra to ry  from  S ta h l’s 10— 40 p  K ieselgel G (M erck). A fte r  
tw od im en sio n a l ch ro m a to g rap h y , th e  silica gel p la tes were sp ray ed  w ith  20%  
aq u eo u s su lp h u ric  ac id  so lu tion  a n d  w ere  h e a t- tre a te d  for 10 m in  a t  100 °C. 
T h e  pe tro leu m  e th e r—d ie th y l e th e r—glacia l ace tic  acid m ix tu re  (70 : 30 : 2) reco m 
m en d ed  b y  O l i f s o n  e t al. (1972) w as u sed  as f irs t  developing so lv en t a n d  th e  
com m only  em ployed  ch lo ro fo rm -m e th an o l (95 : 5) m ix tu re  as second so lv en t. 
As a re su lt of th e  above tre a tm e n t, T2 w as easily  d iffe ren tia ted  b y  its  sk y -b lu e  
fluorescence.

H  ow ever, th e  F . sporotrichioides-in fec ted  toxic feed c o n ta in ed , a p a r t  
from  T2, th ree  trich o th ecen e  to x in s , w h ich  h a d  lower R f-values th a n  T 2, b u t  
also show ed a sky -b lue  fluorescence. Id e n tif ic a tio n  of th e  la t te r  th ree  to x in s  
w as n o t possib le fo r lack  of reference s ta n d a rd s , and  still less in fo rm a tio n  cou ld  
be o b ta in ed  on th o se  unknow n tr ic h o te c e n e  to x in s  which did n o t show  flu o re s 
cence.

R esu lts

Egg production . Control b ird s  a n d  b ird s  fed on th e  F 2 -co n ta in in g  d ie t 
reg u la rly  p ro d u ced  eggs for 37 an d  38 d ay s , respective ly , a f te r  th e  beg in n in g  
o f  th e  e x p e rim en t, w hereas th e  lay e rs  g iven  th e  T 2-con ta in ing  d ie t ceased  to  
p ro d u ce  eggs w ith in  10 days (F ig . 1). T h e  eggs produced  d u rin g  th e  above 38 
d ay s n u m b ered  89, 68 and  28 in  th e  co n tro l, F2 and T2 groups, re sp ec tiv e ly . 
I n  th e  m ean tim e  tw o  b irds in each  g roup  w ere killed by  b leed ing  to  check  
th e  s ta tu s  o f th e  o v a ry  and  th e  o v id u c t, so th a t  only 8 layers p er g roup  w ere 
alive a t  th e  an d  o f th e  egg-laying p e rio d . T h e  b irds were fe rtilized  b y  a r tif ic ia l 
in sem in a tio n  w ith  sem en from  h e a lth y  g an d ers  fed on n on-tox ic  d ie t. F ro m  th e  
con tro l, F2 a n d  T2 groups, 70, 56 a n d  13 eggs, respective ly , w ere p laced  in  
th e  in c u b a to r. In  th e  above o rder, egg fe r ti l i ty  was 77, 46 an d  54% .

Sym ptom s. B irds of th e  co n tro l a n d  F2 groups did no t show  an y  sign  of 
d isease. F eed  co n su m p tio n  and w eig h t ga in  w ere, a p a r t from  m inor f lu c tu a tio n s , 
un ifo rm  in  th e se  tw o  groups; th e  b ird s ’ m ean  w eight being 4.20 an d  4.25 kg , 
resp ec tiv e ly , in  th e  e igh th  w eek o f th e  ex p erim en t.

L ayers o f  th e  T2 group, h ow ever, refused  p a r t of th e  to x ic  feed and , 
w ere g rad u a lly  losing  w eight. A t 14 d ay s , w hen th e  to x ic  d ie t w as s till fed, 
th e  average  d a ily  feed co n sum ption  o f  th e  T2 birds was only  98 g, c o n tra s te d  
to  222 an d  227 g in  th e  con tro l an d  F2 groups, respective ly , an d  i t  rose l i ttle  
even  a fte r  om ission  of th e  to x in , th e  m ax im u m  being 138 g daily . D urin g  th e  
e ig h th  w eek th e  average  body w eig h t o f th e  T2 layers fell to  2.40 kg. O ne cause
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of th e  reduced  feed consum ption  m ay  h av e  been  th e  presence of th e  “ refusa l 
o f  feed  fa c to r” , a t  least a t  th e  b eg inn ing  of th e  ex p erim en t, an d  fu rth e rm o re  
th e  ex ten siv e  n ecro tic  and  d ip h th e ro id  lesions o f oral, g lo tta l an d  p h a ry n 
geal m ucosa m ay  h av e  in te rfe red  w ith  feed in ta k e  and  deg lu titio n . A p a rt from  
tw o  b ird s , one of w hich was k illed a t  2 w eeks, th e  o th e r a t  4 w eeks fo r d iagnostic  
p u rp o ses , th e  rem ain ing  eigth T 2-layers all died spo n tan eo u sly  5 to  10 weeks 
a f te r  th e  onset of th e  experim en t. N o b ac te ria  could be iso la ted  from  th e  organs 
o f th e  b irds.

N u m b er of th e  g e e s e

T2 10----------------------------  9" ----------------------------  8' -------------------  6” ----  6
F2 10---------------------------- 9 * ------------------------------8 " ---------------------- 8 ------8

C ontrol 10.....................................  9* ......................................  8 ..........................  8   8

A m o u n t of th e  fu s a r io to x in s  in th e  fo o d  

--------------------------------------- 3 ^ -  1.5 ppm  T2

100 ppm  F2

I I I I I I - * - *  +■ f  t » I I I I I I I I I I I I I I I I I I I I I I I I I I I i I I—

1 5 10 15 20 25 30  35 A0 A2 d a y s

Fig. 1. E ffec t of fu sario tox ins on th e  egg  p ro d u c tio n  of lay ing  geese. B irds g iven  T 2-tox in - 
co n ta in in g  d ie t ceased to  p roduce eggs w ith in  10 days. X , th e  m issing b ird s w ere killed by

bleeding; X X , th e  m issing b ird  died

Gross and microscopic lesions. T he  organs of con tro l an d  F2 b ird s k illed 
b y  b leed ing  for d iagnostic  s tu d y  did  n o t show  an y  ab n o rm ality .

T h e  carcases of T2 b irds show ed m ark ed  em acia tion , cachexy , severe 
m y o card ia l degenera tion , and  n ecro tic  an d  d ip h th e ro id  lesions in  oral, g lo tta l 
a n d  p h a ry n g ea l m ucosa, w hich h ad  a lread y  been p resen t while th e  b ird s  h ad  
b een  alive. Such oral lesions w ere described  earlier in  grow ing geese fed  on 
d ie ts  in fec ted  w ith  F . sporotrichioides ( P a l y u s i k  e t al., 1968) or in  hens fed 
w ith  F . tricinctum  (Sp e e r s  e t al., 1972). Y ellow ish-w hite lesions of s im ila r ty p e , 
b u t  o f v a ry in g  severity , were fo u n d  in  chicks fed 4 —16 p p m  of p u rified  T2 
to x in  ( W y a t t  et al., 1972). This dose o f T2 caused disease in  th e  d ay -o ld  chicks, 
h u t  d id  n o t kill th em . P o stm o rtem  ex am in a tio n  of th e  T2 geese show ed m ark ed  
d ila ta tio n  of th e  h e a r t, especially  o f th e  r ig h t ven tric le , th e  th in n e d  wall of 
w hich  w as spraw ling  over th e  left v en tr ic le  like a loose sac. T he sp leen  ap p eared
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n o rm al, b u t th e  liv e r an d  k idneys w ere d eg en era ted , and  in  som e cases a 
haem o rrh ag ic  e n te ritis  w as found.

T he rap id  decrease, and  su b seq u en t cessa tion , of egg p ro d u c tio n  in  th e  
T 2-group  was c learly  due  to  th e  a lte ra tio n  of th e  o v ary  and  ov iduct. B o th

Fig. 2. E x p erim en ta l fu sario tox icosis in lay ing  goose. C entre : a tro p h ic  ov iduct and ov ary  
o f  a lay ing  goose fed  feed  co n ta in in g  3 and  1.5 p p m T 2  to x in  da ily  for 10 and 6 days, respectively ; 
th e  m aize was ex p erim en ta lly  infected  w ith  F. sporotrichioides (28 th  day  of experim ent). 
R ig h t: O vary  and  o v id u c t o f contro l bird  fed on non-tox ic  d iet. L eft: O vary  and  ov id u ct of 
lay in g  goose fed on  F 2 -to x in -co n ta in in g  d iet. E ach  goose w as ex san g u in a ted  on th e  28 th  day

of th e  exp erim en t

organs exh ib ited  a m ark ed  a tro p h y  a lread y  a t  14 days, being only  h a lf  as 
large as in th e  co n tro l b irds, and  a t  28 days only  a sm all, sh ru n k en  m ass was 
found  (Fig. 1). A t th e  sam e tim e th e  co rrespond ing  organs of con tro l and  F2- 
tre a te d  b irds show ed all m orphological signs of ac tiv e  egg p roduc tion .

Specim ens o b ta in e d  from  th e  ovary , h e a r t  m uscle an d  liver of b irds
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killed on th e  2 8 th  d ay  and  of those sp o n tan eo u sly  died  on th e  56th d ay  o f th e  
ex p rim en t w ere em bedded  in p a ra ff in , an d  th e  sec tions w ere s ta in ed  w ith  
h aem ato x y lin  an d  eosin. In f la m m a to ry  cell e lem en ts w ere n o t found  in  th e  
organs. T he a tro p h ic  ovaries of th e  b ird s t r e a te d  w ith  T2 co n ta in ed  m a in ly  
a tre tic  or a tre tiz in g  follicles, b u t  such  follicles also occu rred , in considerab ly  
lower num bers, in  th e  ovaries of co n tro l an d  F 2 - tre a te d  b ird s on th e  2 8 th  d ay  
of th e  ex p erim en t, viz. while these b ird s s till p ro d u ced  eggs. T he germ inal ep i
th e liu m  w as, how ever, in ta c t  also in  th e  ovaries of T 2 -tre a te d  b irds. M icro
scopic h aem o rrh ag es w ere in  places found  in  liv e r an d  h e a r t  m uscle o f b ird s  
of th e  T2 group .

Conclusions

T he F2 to x in  d id  n o t n o ta b ly  affect th e  a m o u n t o f egg p ro d u c tio n  by  
th e  lay ing  geese, b u t  caused  a sligh t, n o t s ig n ifican t, decrease in egg fe r ti l i ty  
as com pared  to  th e  con tro ls. This is in  good acco rdance  w ith  th e  earlier o b se r
v a tio n s  of Sp e e r s  e t al. (1972) on F 2 - tre a te d  lay in g  hens an d  ofVÁNYi e t al. 
(1973) on s im ila rly  t r e a te d  lay ing  geese.

U nlike th is , co n su m p tio n  of feed in fec ted  w ith  th e  T 2-producing  F . spo- 
rotrichioides fungus w as followed f i r s t  b y  a m ark ed  red u c tio n , th en  b y  ces
sa tio n , of egg p ro d u c tio n  w ith in  10 days, w hile co n tro l an d  F 2 -tre a te d  b ird s  
con tinued  to  lay  eggs reg u la rly  for fu r th e r  fiv e  w eeks. Sp e e r s  e t al. (1972) re p o r t
ed th a t  lay ing  hens fed on a d iet co n ta in in g  F. tricinctum  or F . oxysporum  
ceased to  produce  eggs w ith in  a week. In  th e  p re sen t ex p e rim en t th e  a tro p h y  of 
th e  ov id u c t an d  o v a ry  accoun ted  for th e  cessa tion  o f egg lay ing  by  th e  geese 
tre a te d  w ith  T2. Since T 2-producing  F u sarium  s tra in s  com m only  occur in  
H u n g a ry , th e  T2 to x in , or a re la ted  to x ic  su b stan ce  m ay  w ell be in c rim in a ted  
as a fac to r responsib le  for egg p ro d u c tio n  d iso rders in  goose flocks.

A ccording to  th e  histo logical find ings, a p a r t  from  causing  a tro p h y  o f th e  
o v ary , th e  T2 to x in  accelerates follicle a tre s ia , w ith o u t, how ever, giving rise 
to  in flam m atio n  e ith e r  in th e  ovary  or in  an y  o th e r o rgan . T he fresh  m icroscopic 
haem orrhages fo u n d  in  th e  h e a r t m uscle an d  liv er of spo n tan eo u sly  d ied  an d  
ex san g u in a ted  T 2-b irds w ere clearly  n o t due to  th e  d irec t effect of th e  to x in , 
fo r th e  tox ic  ra tio n  w as o m itted  for a lm ost tw o  w eeks before  ex san g u in a tio n  
an d  for a lm ost six weeks before spon taneous d ea th . T he p resence of th e  fresh  
haem orrhages nev erth e less  su p p o rts  th e  conclusion th a t  th e  fu sario to x in  m ay  
h av e  given rise a t  an  earlie r tim e  to  th e  v ascu la r  w all in ju ry  responsible for 
th e  ap p earan ce  o f haem orrhages a t ex san g u in a tio n . I t  shou ld  be n o ted  th a t  
W y a t t  e t al. (1973) d em o n stra ted  in chicks v a scu la r  w all d am age liver haem a- 
to m a  u n d e r th e  in fluence  o f T2.

W e hold  th e  v iew  th a t ,  a p a r t  from  T2, o th e r  fac to rs  share  th e  re sp o n si
b ility  for th e  severe lesions found  in  th is  s tu d y .
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S um m ary

The effec t o f th e  fusario tox ins F2 a n d  T2 on  th e  egg p ro d u c tio n  of lay in g  geese w as 
s tu d ied  by  feeding tox ic  m aize ra tio n s , in fec ted  w ith  F2-producing  Fusarium culmorum,  an d  
T 2-producing  F. sporotrichioides, re sp ec tiv e ly , to  b ird s in th e  lay ing  season.

Geese g iven  3 ppm  T2 to x in  in  th e  feed  d a ily  ceased to p roduce eggs w ith in  10 d ays. 
A ll b irds in  th is  g roup  died  spo n tan eo u sly , e x cep t fo r tw o geese w hich h ad  been k illed  b y  b leed 
ing  for d iagnostic  purposes. A t p o stm o rtem  ex am in a tio n  m arked  em acia tio n , cachexy , a tro p h y  
of th e  ovary  an d  o f th e  ov iduct, severe m y o ca rd ia l degeneration  and  n ecro tic  an d  d ip h th e ro id  
lesions o f oral, g lo tta l  and  p h a ry n g ea l m ucosa  w ere found . The m ucosal lesions h a d  a lread y  
b een  seen in  th e  living.

No in fla m m a to ry  changes w ere fo u n d  in  th e  o rgans of th e  T 2 -tre a te d  b ird s b y  m icro 
scopic ex am in a tio n , b u t  all show ed p re m a tu re  a tre s ia  o f th e  g rea te r p a r t  o f th e  o v a ria n  fo lli
cles. M icroscopic haem orrhages, fo u n d  in  th e  h e a r t  m uscle and  liver, m ay  p ro b a b ly  h av e  been 
co n co m itan t u p o n  v ascu la r w all in ju ry  b y  tric h o tec en e  toxins.

T he to x ic  feed con ta ined  a p a r t  fro m  T2 u n id en tif ied  tricho tecene  tox ins.
Feed ing  of a d ie t con ta in ing  100 p p m  F2 d id  n o t  n o tab ly  in te rfe re  w ith  e ith e r  egg p ro 

d u c tio n  or egg fe rtility .
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SEASONAL VARIATION IN THYROIDAL 131I UPTAKE 
AND THYROXINE SECRETION RATE IN BUFFALO

(Bubalus bubalis)
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College of V eterin ary  M edicine an d  R ad io trace r L ab o ra to ry , G. B. P a n t  U n iv e rsity  of 
A gricu ltu re  an d  T echnology, P a n tn a g a r  263145, D is tt. N a in ita l, U. P . In d ia

(R eceived Ju ly  25, 1975)

T he im portance  of en v iro n m en ta l influences and  seasonal flu c tu a tio n s  in th y ro id  a c tiv 
ity  o f th e  m ale r a t  h av e  b een  a ttr ib u te d  to  th e  action  of h e a t a n d  cold on th y ro id  fu n c tio n  
( K n i g g e , 1960). S t a h l  a n d  T u r n e r  (1961) rep o rted  th e  changes in  th y ro x in e  secretion  ra te  
(TSR ) in tw o stra ins o f N ew  H am psh ire  fowls and observed a decline  by  41.6%  from  w in te r 
to  sum m er, while P r e m a c h a n d r a  e t al. (1958) described a  v a ria b le  e x te n t  of depression  be
tw een  30 and  40%  in  cows an d  calves. S o r e n s e n  (1961) re p o rte d  a  ten fo ld  increase in  T S R  
o f pigs m ain ta ined  a t  a  te m p e ra tu re  o f 3 °C as com pared w ith  pigs m ain ta in ed  a t  24 °C. H ow 
ever, no such ex p erim en ts h av e  been rep o rted  in  buffalo.

T he p resen t in v es tig a tio n  is, therefo re , an  a t te m p t  to  de term ine  th e  
e x te n t o f f lu c tu a tio n  in  th y ro id a l 131I u p ta k e  (UT) an d  T S R  during  sum m er, 
a u tu m n  and  w in te r seaons in  buffalo.

M aterials and  M ethods

A to ta l of 180 d e te rm in a tio n s  of UT and  T S R  w ere m ade in  buffalo  
calves of b o th  sexes in  th re e  age groups, viz., u n d e r 6 m o n th s , 1— 1 У2 years  
ans 2 % — 3 years d u rin g  su m -m er (M ay—Ju ly ) , a u tu m n  (F eb .-A p ril)  and  w in te r 
(N o v .-Ja n .)  seasons.

Thyroidal 13iI  uptake

131I was in jec ted  su b cu tan eo u sly , caudal to  th e  base of th e  ear, 400 
jhCí /100 kg body  w eig h t in  each anim al. The m easu rem en ts  of th y ro id a l 
u p ta k e  w ere m ade fo r 12 days w ith  a g am m a-ray  sp ec tro m ete r. In  o rder to  
im m obilize ex p erim en ta l an im als while m easu ring  th y ro id a l 131I a c tiv ity , 
a special re s tra in in g  c h u te  was co n stru c ted  w ith a h ead  co llar for securing th e  
head , neck  and  shou lder regions. T he d istance  b e tw een  th e  th y ro id  an d  th e  
sc in tilla tio n  head  w as m a in ta in e d  a t  30 cm. A th y ro id  p h a n to m  was p rep a red  
w ith  th e  sam e dose of 131I , as was in jec ted  in to  bu ffa lo  calves and  w as used  
as a s ta n d a rd . All read in g s w ere co rrec ted  for b ack g ro u n d  ra d ia tio n , w hich
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w as d e te rm ined  im m e d ia te ly  p rio r to  each  read in g  period . T h e  U T was ex 
p re sse d  as percentage (U T  % ) an d  w as ca lcu la ted  as follows:

U T  o/o =  N('ck c p m - t h i g h  cpm  x  100 
N e t s ta n d a rd  cpm

T h yrox ine  secretion rate determination

F o r dete rm in a tio n  o f  T S R , exogenous L -th y ro x in e , 0.1 m g/100 kg body  
w e ig h t, was firs t in jec ted  48 h rs  a fte r  a d m in is tra tio n  of 131I  a n d  re p e a te d  in jec 
tio n s  w ere th en  given ev e ry  24 h rs .T h io u rac il, a goitrogen, w as also m ixed  w ith  
th e  ra tio n  (33 g/100 k g  ra tio n )  a n d  p laced  in  th e  feeders 48 h rs  follow ing th e  
in je c tio n  of 131I u n til  co m p le tio n  o f th e  exp erim en ta l period  in  an  effort to  
in d u c e  a sharper 131I re lease  ra te . T he level of exogenous L -th y ro x in e  was 
in c re a se d  a t 48 hrs in te rv a ls  b y  in c rem en ts  of 0.05 m g. T his p ro ced u re  was con
t in u e d  u n til the  level o f th y ro x in e  w hich a p p a re n tly  b locked  th e  release of 
th y ro id a l  131I to  achieve eq u ilib riu m  rep resen ted  th y ro x in e  secre tion  ra te  of 
th e  buffa lo  calves.

R esults

U T curves for m ale  an d  fem ale buffalo  calves of th e  th re e  age groups 
d u rin g  w in ter, a u tu m n  a n d  su m m er seasons are show n in  F igs 1 to  3. T ab ic  I 
p re se n ts  the  m ax im um  U T  %  in  b o th  m ale and  fem ale calves d u rin g  d ifferen t 
seasons.

D uring  w in ter season  m ax im u m  UT occurred  in all th e  an im als of d iffer
e n t age groups a t 36 h rs ,w h ereas  d u rin g  a u tu m n  and  sum m er seasons th e  peaks 
w ere  n o ted  a t 42 hrs. T he u p ta k e  w as h igher in  th e  young an im a lso f b o th  sexes 
th a n  in  older ones an d  s lig h tly  h igher in  th e  m ales th a n  in th e  fem ales .

T able  I

T h y ro id a l 131I u p tak e  in  buffalo

Age group Sex Summer A utum n W inter

U nder 6 m onths Male 33.2 36.2 40.0

Fem ale 30.6 32.8 37.2

1 — 112 years Male 29.6 31.2 35.8

Fem ale 27.8 29.6 31.8
2 y ,— 3 Male 28.2 29.4 31.2

Fem ale 25.0 27.6 29.4

D ata  show m ean  o f p eak  values in per cent.
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Fig. 1. T h y ro id a l 131I u p tak e  in  buffalo  calves u n d e r 6 m o n th s  o f age du ring  w in te r о -------О,
a u tu m n  • ----------- •  an d  su m m er •  — • • — • • — • .

Table I I

D aily  thyrox ine  secretion  ra te  in buffalo

Age group Sex
Mean TSR values in m g/100 kg body weight

Summer A utum n W inter

U nder 6 m onths Male 0 .3 6 ± .0 3 0 .4 4 ± .0 5 0.60 ± .0 7

Fem ale 0 .3 8 ± .0 4 0 .4 8 ± .0 4 0 .6 2 ± .0 6

1—134 years Male 0 .3 1 ± .0 3 0 .4 2 ± .0 4 0 .4 6 ± .0 3

Fem ale 0.32 ± .0 4 0 .4 4 ± .0 3 0 .4 8 ± .0 2

2 У2— 3 years Male 0 .2 9 ±  02 0 .3 3 ± .0 3 0 .4 0 ± .0 2

Fem ale 0.30 ± .0 3 0 .3 4 ± .0 4 0.42 ± .0 3

D a ta  show m eans ±  S.D.

T he U T was found to  be th e  h ighest d u rin g  w in te r  an d  th e  low est d u ring  
sum m er.

T ab le  I I  shows th e  m ean  T S R  values fo r m ale  an d  fem ale buffa lo  calves 
o f d iffe ren t age groups du ring  w in te r, a u tu m n  an d  sum m er seasons. T he
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372 PRAKASH and SHARMA

F ig . 2. T h y ro id a l m I  u p ta k e  in  buffalo  calves 1— 1 lj ,  y e a rs  o f age during  w in ter о ------- О,
a u tu m n  • -------------- •  an d  sum m er • — ■ • — • • — • .

av erag e  daily  T S R  w as sligh tly  h igher in  fem ale th a n  in  m ale buffalo  calves. 
T h is d ifference w as s ta tis tic a lly  n o n -s ig n ifican t. A decline in  seasonal T S R  
v a lu es  w ith  ad v an c in g  age w as n o ticed  in  b o th  m ale  an d  fem ale calves. T he 
m ean  daily  T S R  values for calves u n d e r 6 m o n th s  w ere s ig n ifican tly  h igher 
(P  <[ 0.05) th a n  fo r th o se  of 2 % — 3 years.

In  th e  g roup  o f m ale  buffalo  calves u n d e r  6 m o n th s  of age th e  m ean  daily  
T S R  w as 0.6 m g/100 kg  bo d y  w eigh t d u rin g  th e  w in te r  season. T he co rresp o n d 
in g  a u tu m n  an d  su m m er values w ere low er b y  27 %  an d  40% , resp ec tiv e ly . 
T h e  m ean  w in te r T S R  v alue  for th e  fem ale calves of th e  sam e age w as 0.62 
m g/100 kg bo d y  w eigh t. The correspond ing  su m m er an d  a u tu m n  values w ere 
low er b y  39%  an d  2 3 % , respective ly . T his decline w as found  to  be s ta tis tic a lly  
s ig n ifican t (P  <7 0.01).

In  th e  1— l) /2 -year age group , th e  m ean  w in te r  T SR  va lu e  p e r 100 kg 
b o d y  w eight w as 0.46 m g for th e  m ale buffalo  calves and  0.48 m g fo r th e  fem ale 
ca lves, resp ec tiv e ly ; th e  sum m er values w ere low er b y  33%  fo r b o th  sexes 
( P < 0  .01). T he red u c tio n  of TSR  from  w in te r  to  a u tu m n  was s ta tis t ic a lly  n o n 
sign ifican t.
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SEASONAL VARIATION IN THYROIDAL 131I UPTAKE 373

F i g . 3 . T hyroida l  131I  u p ta k e  in buffalo calves 2 l/2— 3 years  of  age during  winter  о —  
a u tu m n  •  — ------ •  an d  sum m er  •  — • • — • .

The m ean  w in te r  T S R  values fo r th e  2]/о— 3 y ea rs  age group of m ale  
a n d  fem ale buffalo  ca lves were 0.40 m g an d  0.42 m g p e r 100 kg  bo d y  w eigh t, 
re spec tive ly . The re sp ec tiv e  declines w ere from  w in te r to  sum m er season 28%  
an d  29%  (P  <C 0.01) an d  from  w in te r to  a u tu m n  18 an d  19%  (P  <C 0.05).

D iscussion

In  th e  p resen t s tu d y  on buffalo calves th e  p eak  fo r th e  m ax im um  U T 
o ccu rred  betw een  36 a n d  42 hrs during  d iffe ren t seasons of th e  year. The UT %  
w as h igher for y o ung  calves of b o th  sexes th a n  fo r o lder ones. T he h igher values 
in  th e  young  calves a re  ev id en tly  due to  h ig h er basic  m e tab o lic  ra te s . T h is 
is in  conform ity  w ith  ou r earlier o b serv a tio n s in  th e  g o a t ( P r a k a s h  an d  
S h a r m a , 1972).

T he tim e  a t w h ich  U T reaches a p eak  v a lu e  differs in  d iffe ren t species. 
In  dog, th e  peak  occurs a t  72 hrs ( K a n e k o  e t  ah , 1959). K e a t i n g  and  A l b e r t
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(1949) found  m axim um  U T  b e tw een  24 an d  28 hrs in m an . In  th e  bov ine, 
H o w e s  e t  al. (1961) o bserved  m ax im u m  U T a t  72 hrs and  re p o rte d  th a t  i t  w as 
n o t a ffec ted  b y  th e  dose level, w hereas in sw ine a period o f 48 h rs fo r m ax im al 
U T  w as suggested  b y  R o m a c k  e t al. (1964).

T hese find ings in  th e  buffa lo  calves show  an increase in  U T values from  
su m m er to  w in ter, w hich  in d ica te s  t h a t  high te m p e ra tu re  depresses UT. 
Cold en v iro n m en t m ay  be a g re a te r  s tim u lu s  to  an increase in  th y ro tro p h ic  
h o rm o n e  o u tp u t th a n  a w arm er one, w hich  in tu rn  increases th e  a c tiv ity  of 
th e  th y ro id  gland d u rin g  th e  w in te r  m o n th s  ( P r e m a c h a n d r a  e t  ah , 1960). 
L e b l o n d  e t al. (1944) an d  Catz  e t  al. (1953) also n o ted  d ecreased  UT in  ra ts  
ex p o sed  to  high te m p e ra tu re . S im ilar co rre la tion  betw een  U T and  season 
w as rep o rted  by  B l i n c o n e  and  B r o d y  (1955) in ca ttle .

I t  is ev iden t from  th is  in v e s tig a tio n  th a t  there  w as a m a rk e d  decline in 
T S R  values from  w in te r to  su m m er as also from  w inter to  a u tu m n  in th e  buffalo  
ca lves (u n d e r 6 m on ths, 1— 1 1/ 2 y ea rs  a n d  2 % — 3 years) o f b o th  sexes. D e m p s e y  
an d  A s t w o o d  (1943) re p o rte d  a m ark ed  in fluence  of e n v iro n m en ta l te m p e ra tu re  
in  T S R  values of ra ts . S t a h l  an d  T u r n e r  (1961) show ed a s im ila r re la tio n  in 
fow ls. S tu d y  of th e  T S R  in  d a iry  c a t t le  has ind ica ted  consid erab le  v a ria tio n  
d u e  to  seasonal changes in  en v iro n m e n ta l tem p era tu re . D u rin g  th e  sum m er 
m o n th s , th e  m ean  secre tion  ra te  w as a b o u t 1/3 of th e  w in te r  ra te  ( P r e 
m a c h a n d r a  e t al., 1958). T he red u ced  in ta k e  of food by  th e  an im als  in  sum m er 
m a y  be one o f th e  fac to rs  for re d u c tio n  in  T SR  values an d  vice versa. I t  is 
assu m ed  th a t  a p a r t  o f th e  th y ro id  g lan d  becom es in a c tiv e  d u rin g  sum m er 
w hile  th e  rem ainder of th e  g lan d  tr ie s  to  com pensate  th e  th y ro x in e  release, 
h u t  th e  abso lu te  a m o u n t o f th e  ho rm o n e  secreted  is less, ow ing to  th e  te m p o 
ra ry  im p a irm en t of som e th y ro id  cells, re su ltin g  in th e  decrease o f T S R  values. 
I t  is well docum ented  th a t  th y ro id  cell im p a irm en t leads to  a te m p o ra ry  in te r 
ru p tio n  of io d id e -co n cen tra tin g  processes and  horm one sy n th es is  (G r e e n e , 
1971). A f i e f y  (1967) re p o rte d  th a t  se rum  th y ro id  ho rm one levels in  buffaloes 
a n d  c a ttle  during  sum m er w ere o n ly  25 %  o f th e  w in te r va lues. H e concluded  
th a t  th e  low horm one level p ro d u ced  b y  high am bien t te m p e ra tu re s  was re 
sponsib le  for decreased fe r tility  in  sum m er.

O ur resu lts show  a decline in  T S R  due to  advanc ing  age. T he d ifference 
b e tw een  th e  average T S R  values o f m ale  and  fem ale an im als  was n o t sign ifi
c a n t. T hese observa tions are  in  ag reem en t w ith th e  f in d in g s o f R o m a c k  e t al. 
(1964) in swine. T he red u c tio n  in  T S R  in sum m er an d  a u tu m n  as com pared  
w ith  th e  w in ter va lues im plies t h a t  an im als w ith  p o te n tia lly  h igh  th y ro id  
a c t iv i ty  should he selec ted  for b reed in g  purposes in  w in te r season  only . M ore
o v er, these  stud ies h av e  also es tab lish ed  th e  feasib ility  o f m easu ring  daily  
T S R  of buffalo b y  rep lacem en t te ch n iq u e  w ith  th y ro x in e  d u rin g  th io u rac il 
a d m in is tra tio n  (to  p re v e n t recycling  o f 131I).
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Sum m ary

T he seasonal v a ria tio n s  in  th y ro id a l u p tak e  of 131I (U T) a n d  th y ro x in e  secretion  ra te  
(T SR ) in buffalo calves o f d iffe ren t age groups of b o th  sexes hav e  been  d e te rm ined . The per 
cen t UT in  th e  m ale buffalo  calves reco rded  an  increase  from  28 to  40 fro m  sum m er to  w in ter; 
in fem ale calves th e  v a ria tio n  w as from  25 to  37. The peak  UT values w ere ob ta in ed  a t  36 hrs 
during  w in ter, and a t  42 h rs  du rin g  a u tu m n  an d  sum m er. The m ean  values o f daily  T SR  showed 
an  increase from  0.29 to  0.60 m g/100 kg  body  w eight from  sum m er to  w in te r  in  th e  m ale buffalo 
calves of d ifferen t age groups. S im ilarly , an  increase from  0.30 to  0.62 m g/100 kg body  w eight 
was observed in th e  fem ale calves. A red u ctio n  in  T S R  values due to  ad v an c in g  age was noticed  
in buffalo calves of b o th  sexes du rin g  d iffe ren t seasons.
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TWO SOLID-PHASE RADIOIMMUNOASSAYS FOR THE 
QUANTITATIVE DETERMINATION OF 

Clostridium botulinum TYPE-A ANTIBODIES

B y

E. H a b e r m a n n  and S. B e r n a t h

D e p a rtm e n t of Pharm aco logy , Ju s tu s-L ieb ig  U n iv e rs ity , G ießen, an d  S ta te  In s t i tu te  fo r th e  
Control o f V e terin ary  Serobacterio log ical P ro d u c ts , B u d ap es t

(R eceived S ep tem b er 9, 1975)

A rad io im m u n o assay  sim ilar to  t h a t  o f Y a l o w  an d  B e r s o n  (1960) has 
been developed  for th e  d e te rm in a tio n  o f ty p e -A  to x in  of Clostridium  botulinum  
b y  B o r o f f  and  Sh u -Ch e n  (1973). I t  is based  on th e  com petitio n  b e tw een  
131I-lab e led  and un labeled  to x in  for b in d in g  to  specific an tib o d y .

W e h av e  re c e n tly  developed tw o  so lid-phase rad io im m u n o assay s for 
th e  q u a n tita tiv e  d e te rm in a tio n  of C lostrid ium  botulinum  ty p e  A an tib o d ies  
accord ing  to  th e  p rincip le  used fo r th e  m easu rem en t of te ta n u s  an tib o d ies  
( H a b e r m a n n  and  W i e g a n d , 1973; B e r n á t h  and  H a b e r m a n n , 1974). In  b o th  
m eth o d s th e  a n tib o d y  is de te rm ined  b y  reversed  so lid-phase rad io im m u n o 
assay  ( H a b e r m a n n  an d  W i e g a n d , 1973) in  w hich  th e  in v es tig a ted  a n d  th e  
so lid -phase-hound  a n tib o d y  com pete fo r 123 I  labeled  to x in . T he ra d io a c tiv ity  
b o u n d  to  th e  solid p h ase  is inverse ly  re la te d  to  th e  q u a n ti ty  of th e  a n tib o d y  •

Materials and Methods

C rysta lline  h o tu lin u s  A to x in  w as labe led  b y  th e  ch loram ine T  m e th o d  
as described  p rev iously  ( H a b e r m a n n , 1974). T he specific  a c tiv ity  o f th e  m a te 
ria l w as a b o u t 7 m Ci/m g. T he n e u ro to x in  an d  h aem ag g lu tin in  com p o n en ts  
w ere se p a ra te d  by  gel f iltra tio n  ( H a b e r m a n n , 1974). T he labeled , p u rified  
n eu ro to x in  w as used fo r th e  te sts .

B o tu lin u s a n tito x in  from  horse (B ehringw erke , M arburg) co n ta in in g  
750 IU /m l ty p e  A, 500 IU /m l ty p e  В an d  50 IU /m l ty p e  E  a n tito x in  w as u sed  
for p rep a rin g  bro inoacety lcellu lose (B A C )-bound a n tib o d y , for co a tin g  th e  
tu b es an d  fo r s tan d a rd iza tio n .

ВАС (Serva) so lid-phase a n tib o d y  w as p rep a red  accord ing  to  R o b b in s  
e t al. (1969), except th a t  0.5 M  sodium  h y d ro c a rb o n a te  buffer of p H  9.7 w as 
used  in s te a d  of 0.1 M  bu ffer of pH  8.9.

T he p re -in cu b a tio n  an d  th e  in c u b a tio n  w ere m ade in  p o lyethy lene  vessels 
(S ystem  E p p en d o rf, H am b u rg ), and  E p p e n d o rf  tu b es  w ere used for co a tin g ,
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too . T h e  tu b es w ere co a ted  overn igh t a t  room  te m p e ra tu re  w ith  th e  above- 
m en tio n ed  serum  in sa line  (1 IU /m l ty p e -A  a n tito x in ) . T he 0.5 m l co a ting  
so lu tio n  w as sucked off, a n d  th e  tu b es w ere w ashed , dried  an d  s to red  as d e 
sc rib ed  p rev iously  fo r te ta n u s  an tito x in  ( B e r n a t h  and  H a b e r m a n n , 1974).

T h e  te s tin g  m ix tu re  for th e  c o a te d -tu b e  m eth o d  was p rep a red  in  th e  
fo llow ing o rder in  u n tre a te d  tubes:

0.3 m l p h o sp h a te  (0.05 M , p H  7 .5 )-buffered  saline (PB S) con ta in in g  
0 .1%  bo v in e  serum  alb u m in  (B SA );

0.1 m l no rm al r a b b i t  serum ;
0.1 ml serial d ilu tio n  (1 : 1, b e tw een  0.0005 and  1 IU /m l) of s ta n d a rd  

serum  or d ilu tions of serum  u n d e r  te s tin g ;
0.1 ml 125I-lab e led  to x in  d ilu tio n , a b o u t 7000 cpm .

T he m ix tu re  fo r В A C -bound a n tib o d y  m eth o d  w as:

0.2 ml PB S w ith  BSA;
0.1 ml no rm al r a b b i t  serum ;
0.1 m l serial d ilu tio n  of s ta n d a rd  se ru m  or d ilu tions o f serum  u n d er 

te s tin g ;
0.1 m l 125I-lab e led  to x in  d ilu tion .

All d ilu tions w ere m ade in  PB S  w ith  B SA  if  n o t o therw ise s ta te d .
T h e  m en tio n ed  m ix tu re s  were p re -in c u b a ted  fo r 16 hrs a t  room  te m p e r

a tu re  an d  a 0.5 m l a liq u o t was tra n sfe rre d  in to  th e  coated  tu b e . A lte rn a tiv e ly , 
0.1 m l of w ashed  an d  su itab ly -d ilu ted  B A C -bound an tib o d y  was added  to  th e  
m ix tu re . The tim e  o f in cu b a tio n  was 4 h rs  a t  room  te m p e ra tu re , in  th e  case of 
co a ted  tu b es in  u p r ig h t position . Vessels co n ta in in g  B A C -bound an tib o d ies  
w ere ro ta te d  a ro u n d  th e ir  ho rizon ta l ax is. In  every  exp erim en t positive  co n tro l 
tu b e s  w ere a tta c h e d  w ith o u t dissolved an tib o d ies . T he in cu b a tio n  in case o f  
n e g a tiv e  con tro l w as m ad e  e ither in  u n c o a te d  tu b e s  or in th e  presence of BAC- 
b o u n d  BSA.

W hen  w ork ing  w ith  an tib o d y -co a ted  tu b e , we sucked off th e  liqu id  a f te r  
th e  in cu b a tio n , th e  vessels were th en  w ashed  w ith  saline, and  th e  ra d io a c tiv ity  
ad h e rin g  to  th e  vessel w as coun ted  in  a P a c k a rd  A u togam m a S p ec tro m eter. 
In  case of th e  ВАС m e th o d  th e  tu b es w ere cen trifu g ed  (2.5 m in, ab o u t 8000 g ), 
an  a liq u o t of th e  su p e rn a ta n t  (0.2 ml) w as tran sfe rred  to  a n o th e r vessel an d  
co u n ted .

Results

D ifferen t re a c tio n  cond itions w ere chosen to  fin  dou t th e  op tim u m  p a 
ra m e te rs . In  th e  f irs t  in cu b a tio n  th e  a n tib o d y  u n d e r te s tin g  reac ted  w ith  th e  
125I-lab c led  to x in . In  th e  second in c u b a tio n  th e  so lid -phase-bound  a n tib o d y
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Fig. 1. M easurem ent o f C lostridium  botulinum  A an tibod ies by  a n tib o d y -co a ted  tube  m eth o d  
(16 h rs  f irs t incubation , 4 h rs  second incubation). O rd ina te : ra d io a c tiv ity  adhering  to  th e  vessels 
in  cpm . Abscissa: co n ce n tra tio n  of th e  serum  used for s ta n d a rd iz a tio n  in  IU /m l. E ach  d o t 
rep re sen ts  the  average of 4 d e te rm in a tio n s. T he v e rtica l b a rs re p re se n t th e  s tan d ard  dev ia tions. 
^  The h o rizo n ta l line rep resen ts th e  p ositive  co n tro l value

F ig. 2. M easurem ent o f C lostrid ium  botulinum  A  an tib o d ies in  serum  d ilu tio n s used for s ta n 
d a rd iz a tio n  by  th e  b rom oacety lcellu lose-bound  a n tib o d y  m eth o d . O rd in a te : rad io ac tiv ity  of 

0.2 m l su p e rn a ta n t in  cpm . A bscissa: co n cen tra tio n  of s ta n d a rd  serum  in  IU /m l
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w as p re se n t, too. The tim e s  of b o th  in c u b a tio n s  were v a ried  b e tw een  lh i  and  
16 h rs . A  f ir s t  in cu b a tio n  o f  16 h rs follow ed b y  a second in c u b a tio n  o f 4 h rs was 
fo u n d  to  be th e  m ost sen sitiv e  an d  co n v en ien t. W ith o u t th e  f i r s t  in c u b a tio n  
th e  lim it  of detection  b o th  m ethods is a b o u t 0.08 IU /m l. T h is lim it becom es 
d o u b led  b y  16 hrs p re -in cu b a tio n . T he sa tis fa c to ry  serum  a n tito x in  level in  m an  
is a b o u t 0.02 IU  ty p e-A  a n tito x in /m l (F iock e t al., 1962). T h e  m eth o d s can 
th e re fo re  be declared sen s itiv e  even w ith o u t p re -in cu b a tio n .

T h e  parallel te s ts  as well as th e  re p e a te d  experim en ts in d ic a te  th e  re p ro 
d u c ib ility  by  b o th  m e th o d s  (Figs 1, 2). T h e  inv estig a tio n  o f som e h u m a n  serum  
sam p les  y ielded d a ta  w h ich  are in  good agreem ent w ith  th e  re su lts  o f m ouse 
assay  (T able I). T he im m u n iza tio n  w as m ade b y  a lu m in iu m  p h o sp h a te - 
a b so rb e d  A, B, C, C a n d  E  toxo ids (C om m unicable D isease C en te r, A tla n ta , 
G a ., U SA ). The В (0.4 U ) an d  E (2.5 U) an tib o d y  values o f serum  IX  w ere 
d e te rm in e d  by  m ouse assay . T he p rin c ip les  of our m e th o d s are  v a lid  for th e  
q u a n ti ta t iv e  d e te rm in a tio n  o f n o t o n ly  a n tito x in  A, b u t  also o th e r  an tito x in s .

Table I

D e te rm in a tio n  of Clostridium  botulinum  A  a n tib o d y  level of sera b y  d iffe ren t m ethods

IU/ml

Serum coated tube  
m ethod

BAC-antibody
method Mouse assay

I—V 0 0 0

V I 0.026 0.02 0.02

V II 0.075 0.067 0.07

V III 4.6 4.9 4.5

IX 4.8 4.8

to
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Summary

Two rad io im m unoassays based  on  th e  co m p etition  betw een  free  a n d  so lid -phase-bound  
a n tib o d ies  for labeled  to x in  were ap p lied  fo r th e  q u a n tita tiv e  d e te rm in a tio n  o f Clostridium  
botulinum  ty p e  A an tib o d ies . In  th e  f irs t  ty p e  o f assay  th e  so lid-phase an tib o d ies  w ere p rep ared  
b y  co atin g  p lastic  tu b es ; in  th e  second ty p e  th e  an tibodies w ere co v a len tly  b o u n d  to  brom o- 
acety lcellu lose. W hen  th e  an tibodies o f th e  in v es tig a ted  sam ple  a n d  th e  125I-labe led  to x in  
w ere in cu b a ted  to g e th e r w ith  th e  so lid -phase  an tibod ies th e  l im it  o f d e te c ta b ili ty  w as ab o u t 
0.008 IU /m l for b o th  te s ts . B y a  p re -in cu b a tio n  of th e  an tibodies to  be  te s te d  w ith  125I-labeled  
to x in  th e  sen sitiv ity  in creased  ab o u t tw o  tim es.
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PRESENCE OF REOVIRUSES IN CERTAIN GOOSE 
EMERYО ISOLATES OBTAINED FROM OUTBREAKS OF 
VIRAL GOSLING DISEASE AND IN [CHICKEN EMBRYOS

By

D . D e r z s y , J .  K i s a r y , Lilia M. K o n t r i m a v ic h u s  
and G. A. N a d TOCHEY

V eterin ary  M edical R esearch  In s ti tu te , H u n g arian  A cadem y of Sciences, B udapest, a n d  
A ll U n io n  V e terinary  M edical R esearch  In s t i tu te ,  M oscow

(R eceived O ctober 16, 1975)

T he agen t responsib le  for th e  v ira l gosling disease, a disease v e ry  im p o r ta n t  econom ically 
w as id en tified  by  S c h e t t l e r  (1971), an d  la te r  by  o th ers  (D a n n a c h e r  e t  ah , 1974; K is a r y  
a n d  D er z sy , 1974; Na d t o c h e y  and  K o n t r im a v ic h u s , 1975), as a  p rev io u sly  unknow n p a r 
v o v iru s. The h o st ran g e  o f th e  p a rvov irus is narrow : a p a r t  from  y o u n g  geese i t  affects ex c lu 
sively  M uscovy ducklings, a n d  it  can  be grow n on ly  in  em bryos or c u ltu re d  cells of these tw o  
species. E arlier a tte m p ts  a t  a d ap ta tio n  to  chick  em bryo  of s tra in s  iso la ted  in  goose em bryo  
fa iled  also in our h an d s (D er z sy  et ah , 1970; K o n trim a v ich u s , 1971, 1975).

O ur in s titu te s  h av e  reg u la rly  exchanged  iso la tes from  goose organs 
since 1972, for th e  p u rp o se  of co m p ara tiv e  ex am in a tio n , an d  a d a p ta tio n  to  th e  
ch ick  em bryo. T he ex p e rim en ta l re su lts  a re  re p o rte d  in  th is  p ap er.

Materials and Methods

V irus strains. T h e  s tra in s  w ere iso la ted  from  organ  h o m o g en a tes  ob ta ined  
from  goslings w hich d ied  of th e  v ira l disease. Iso la tio n  an d  m ain ten an ce  w ere 
b o th  m ade by  in o cu la tio n  in to  th e  a llan to ic  c a v ity  o f e m b ry o n a te d  goose eggs 
p re -in cu b a ted  for 9— 10 days (D e r z s y  e t ah , 1966, 1970).

T he s tra in s  iso la te d  in  th e  Sov iet U nion  w ere d e s ig n a te d  as Y u, K S, 
BS, K l, D K , L I, th o se  iso la ted  in  H u n g a ry  as H , Csősz, A p a j, R ác , TA, SzE , 
F , L  an d  B.

T h e  s tra in  IT A  w as iso la ted  in  B u d a p e s t from  a freeze-d ried  organ hom o
g en a te  supplied  b y  P ro fesso r M andelli, I ta ly , w hose c o u rte sy  is g ra tefu lly  
acknow ledged.

Physicochemical properties o f  the isolates propagated in  chick embryo

E ach  iso late  w as tre a te d  w ith  ch loroform  as follows: V irus-con ta in ing  
a llan to ic  flu ids w ere cen trifu g ed  an d  an equal vo lum e o f ch loroform  was 
ad d ed  to  each. T he m ix tu re  was in c u b a te d  for one h o u r a t  ro o m  tem p era tu re
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d u rin g  w hich i t  w as sh ak en  several tim es . T hen  th e  m ix tu re  w as in c u b a te d  
o v e rn ig h t a t  + 4  °C an d  cen trifuged  ag a in . T he v irus in  th e  s u p e rn a ta n t  was 
t i t r a t e d  para lle l w ith  a sam ple  of th e  a llan to ic  fluid.

C erta in  iso la tes w ere te s te d  fo r h e a t  resistance b y  ex posu re  to  50 °C 
fo r  one hour, to  56 °C fo r  30 m in an d  to  60 °C for 30 m in .

Inoculum . P a r t  o f th e  iso lates w ere tran sfe rred  to  ch ick  em bryos a fte r  
one or tw o passages in  goose em bryo , o th e rs  a fte r 5— 30 passag es. T he v iscera l 
o rg an s of th e  in fec ted  goose em bryos a n d  fragm ents o f  th e  cho rioallan to ic  
m em b ran e  were hom ogen ized  in  th e  a llan to ic  flu id , an d  th e  o rg an  suspensions 
so o b ta in e d  were c e n tr ifu te d  a t 4000 r .p .m . for 20 m in. T h e  su p e rn a ta n t  was 
d ilu te d  1 : 2 or 1 : 5 in  bu ffered  saline, o r infusion b ro th . I n  th e  f irs t  passage 
in  ch ick  em bryo , th e  inocu lum  w as p re p a re d  sim ilarly . T h e  eggs in  w hich  th e  
em b ry o s h ad  n o t d ied  b y  th e  f if th  d a y  a fte r  inocu la tio n  w ere cooled before 
o pened . 0.2 ml of th e  1 : 5 or 1 : 10 d ilu te d  suspension w as u sed  as inocu lum  
in  th e  a llan to ic  sac. In  th e  la te r  p assages m ore d ilu ted  in o cu la  w ere used . F rom  
th e  th ird  to  th e  f if th  p assage  th e  a lla n to ic  flu id  of d ead  em b ry o s w as used  as 
in o cu lu m . F ive ch ick  em bryos each se lec ted  a t  random  fro m  tw o  large  groups 
n o t  in o cu la ted  w ith  v iru s  m a te ria l w ere  processed as ab o v e  an d  used  fo r serial 
b lin d  passages.

Chick embryos. E m b ry o n a te d  h e n ’s eggs p re -in c u b a ted  fo r 7— 12 days 
w erep u rch ased  from  co n v en tio n a l b ro ile r-ch ick en -p ro d u c in g  p la n ts . T he h ea lth  
s ta tu s  of th e  flocks o f o rig in  was n o t  kn o w n  to  us.

A ntisera . One- to  3-year-old  cocks w ere given e ith e r  tw o  in tra m u sc u la r  
doses or 4 — 5 a lte rn a te  in tra v e n o u s  a n d  in tram u scu la r  doses o f one of th e  
iso la ts  H . Csősz, IT A , K L , BS, Y u , K l  or ITA. W e ex sa n g u in a te d  tw o cocks 
im m ed ia te ly  a f te r  th e ir  a rr iv a l to  o b ta in  contro l sera.

E x p e rim e n ta l a n d  com m ercial b a tc h e s  of h y p e rim m u n e  serum , p rep ared  
w ith  s tra in  “ B ”  ( D e r z s y  e t ah , 1970) in  goose bro ilers, w ere  also used.

V irus neutra liza tion  tests. T h e  cen trifuged  s u p e rn a ta n t  o f a llan to ic  flu id  
o r o rgan  suspension w as d ilu te d  in  te n fo ld  serial s tep s  (1 : 10— 1 : 10°) an d  to  
each  d ilu tion  an  eq u a l volum e o f u n d ilu te d  or 1 : 2— 1 : 4 d ilu ted  in a c tiv a te d  
(56 °C, 30 m in ) se ru m  w as added.

In  th e  c o n tro l series e ith e r sa lin e  or unfusion b ro th  w as used  in stead  
o f  serum . The m ix tu re s  w ere th o ro u g h ly  shaken, in c u b a te d  for tw o hours 
a t  room  te m p e ra tu re , an d  su b se q u e n tly  0.2 ml of each  w ere in jec ted  in to  th e  
a llan to ic  c a v ity  o f f iv e  e m b ry o n a te d  h e n ’s eggs p re - in c u b a te d  for seven  days.

Cell culture. M onolayer cu ltu re s  o f renal ep ith e lia l cells w ere p rep ared  
from  th e  k id n ey s o f 11-day-old ch icks b y  the  u su a l m e th o d , a f te r  d igestion  
w i th  try p s in . T he cell suspension co n ta in ed  10f> cells/m l. T h e  cell suspensions 
w ere  in fected  w ith  0.1 ml a llan to ic  f lu id , in  fu rth e r  tra n s fe rs  w ith  0.1 ml tissue  
c u ltu re  flu id , an d  w ere  in cu b a ted  in  P e tr i  dishes ( 0  35 m m ) a t  40 °C, in  C 0 2- 
c o n ta in in g  a tm o sp h ere .
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Concentration o f  the virus by u ltracentrifugation. A llan to ic  flu ids fro m  
chick  em bryos, in o cu la ted  w ith  ch ick -em b ry o -p ro p ag a ted  s tra in s  o f h igh  t i t r e ,  
w ere p u rified  b y  re p e a te d  frac tio n a l c en tr ifu g a tio n , an d  w ere su b seq u en tly  
sed im en ted  a t  120,000 g  for th ree  hours in  a B eck m an  Spinco M odel L2-65B  
u ltracen trifu g e , u sin g  aT i6 0  ro to r. T he sed im en t so o b ta in ed  from  300 m l m a te 
r ia l was re su sp en d ed  in  0.3 m l PB S.

T he tissu e  c u ltu re s  w ere c o n cen tra ted  as above, a f te r  freezing a n d  
thaw ing .

Electron microscopic exam inations. T hese w ere carried  o u t in  a T E S L A  
BS613 and  a JE M 7 A  elec tron  m icroscope, a f te r  n eg a tiv e  s ta in in g  of th e  c o n 
c e n tra te d  m a te r ia l w ith  a 4 %  p h o sp h o tu n g stic  acid  so lu tion .

R esults

T he s tra in s  B S , Csősz and  IT A  killed  th e  ch ick  em bryos w ith in  fiv e  day s 
a lread y  in  th e  f i r s t  passage. The t i t r e  of th e se  s tra in s  w as above 103 from  th e  
beginning . T he s tr a in  A paj also seem ed to  be  easily  a d a p ta b le  to  th e  ch ick  
em bryo : 1 : 5 a n d  1 : 10 d ilu ted  m a te ria l from  th e  f i r s t  passage k illed  all ch ick  
em bryos in  th e  second  passage w ith in  3 days, an d  m a te ria l from  th e  second 
passage was s im ila rly  le th a l in th e  th ird  chick  em bryo  passage, up  to  1 : 1000, 
th e  h ighest d ilu tio n  te s ted . The s tra in s  Y u  a n d  K L  killed  on ly  10— 50%  o f 
th e  chick em bryos in  th e  f irs t tw o or th ree  passages, b u t  in  fu r th e r  tran sfe rs  
th e  em bryo  m o rta li ty  increased  rap id ly , w hile th e  la te n c y  period  was decreas
ing  u n til  th e  v iru s  t i t r e  reached , or even su rp assed , 105 in  th e  f if th  passage. 
T he s tra in s  H  an d  K S  sim ilarly  reached  h igh  t i t r e  levels an d  killed  a su b s ta n tia l 
p ro p o rtio n  of th e  ch ick  em bryos a fte r th re e  or fo u r passages.

A d ap tio n  w as p ro m o ted , and  rise o f  th e  v iru s  t i t r e  w as enhanced  w hen 
th e  p re in cu b a tio n  o f  th e  chick em bryos w as red u ced  from  10 days to  7— 8 days. 
T w elve-day-o ld  ch ick  em bryos were even less su scep tib le  th a n  th e  10-day-old 
ones. The ex p erim en ta l d a ta  o b ta in ed  w ith  s tra in  Y u  in th e  tw o in s titu te s  
are  show n in T ab le  I.

T ab le  I  show s t h a t  in  th e  group of th e  o lder em b ry o s b o th  th e  m o rta lity  
an d  th e  v iru s t i t r e  w ere low er and th e  la te n c y  w as longer th a n  in  th e  g roup  
o f th e  younger em b ry o s. The titre s  of th e  v iru s  s tra in s  p ro p ag a ted  in  ch ick  
em bryo  w ere 105— 106 as de te rm ined  in  eggs p re - in c u b a ted  for 7— 8 days an d  
ab o u t 104 in tho se  p re -in cu b a ted  for 10 days.

T he lesions fo u n d  in  th e  chick em bryos k illed  by  th e  v iru s w ith in  4 — 5 
d ays a fte r  in o cu la tio n  were sim ilar to  those  found  in  goose em bryos. O edem a 
o f th e  ch o rioa llan to ic  m em brane caused its  d e ta c h m e n t from  th e  shell m em 
b ran e : th is  change w as occasionally  seen a lread y  a t  cand ling , w hile th e  em bryo  
w as still alive. T h e  a ffec ted  em bryos reg u la rly  show ed su b cu tan eo u s oedem a
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Table I

T he effect of th e  age of chicken em bryos on  th e  cu ltivation  of stra in n Y U  
(Sum m ary of re su lts  in d ep en d en tly  ob ta ined  in tw o in stitu tes)

Virus dilution Ag
7 - 8

o f  chick embryo (days)

10 12

1 0 - 1 9/9 (2— 3) 10/10 (3—8) 4/4 (4— 7)

10* 2 9/9 (2— 3) 8/10 (3— 5) 1/4 (5)

о 1 со 9/9 (2— 4) 8/10 (2— 7) 1/4 (5)

to -4 9/9 (3— 4) 4/10 (3— 6) 1/4 (5)

1 0 "5 9/9 (3— 5) 4/10 (3—4) 0/4

N u m era to r: the  nu m b er of inocu lated  em bryos; denum erator: th e  n u m b er o f killed 
em b ryos; figures in b rackets: th e  sh o rtest an d  th e  longest tim e in  days requ ired  b y  th e  v irus to  
k ill th e  em bryo.

a n d  h y p eraem ia  in  th e  regions o f a b d o m in a l w all, lungs, h e a d  a n d  neck> 
cau sin g  a roundish  con fo rm ation  o f th e  en tire  body . In  m ost cases h a e m o r
rh ag es  w ere fo u n d in  th e  sk in , f irs t o f all on th e  head , neck and  toes. F u rth e rm o re , 
th e  h e a r t  was often  pale , occasionally  yellow ish  w hite  or w h ite , an d  its  w all 
w as d is ten d ed . M any em bryos h ad  a sw ollen  liver, hyperaem ic , or occasionally  
ochre  yellow  in colour. Som etim es one lobe ex h ib ited  a p a r tia l o r com plete  
necrosis.

In  th e  em bryos w hich  died 5— 6 d ay s  a fte r inocu la tion  or la te r , th e  oedem a 
w as less pronounced , b u t  these  em bryos w ere re ta rd ed , h ad  a d efic ien t fea th e rin g  
an d  deform ed, crooked legs an d /o r to es . Paleness an d /o r d istension  o f th e  h e a r t 
also w ere  ra re , b u t th e  liv e r w as e ith e r  g ra y  or g reenish-gray , or o f a v a rieg a ted  
ap p e a ra n ce , owing to  m osaic-like yellow ish  spots of necrosis. Som e em bryos 
in  th is  ca teg o ry  h ad  a lig h t green a llan to ic  flu id .

Tw o isolates from  th e  S ov ie t U n ion  (D K , Li) and  six from  H u n g a ry  
cou ld  n o t be ad ap ted  to  th e  chick em b ry o  even by  6— 8 b lind  passages.

A ltho u g h  m ore th a n  h a lf  o f th e  s tra in s  iso la ted  in  goose em bryo  could 
n o t be  a d a p te d  to  th e  ch ick  em bryo , a n d  th e  degree of a d a p ta tio n  o f th e  a p p a 
re n tly  a d a p te d  s tra in s  w7as variab le , we considered  th e  possib ility  th a t  th e  agen t 
d e m o n s tra te d  in  th e  course of th e  b lin d  passages m ay  h av e  been  a la te n t  v irus 
re s id e n t in  th e  chick em bryo . F o r th is  reason , 10 chick em bryos n o t in o cu la ted  
w ith  th e  goose v irus w ere killed an d  hom ogenized , th e  hom ogenates w ere c e n tr i
fu g ed  an d  p a rts  of th e  su p e rn a ta n t w ere in ocu la ted  in to  th e  a llan to ic  cav ities 
o f  em b ry o n a ted  h en ’s eggs p re -in c u b a ted  for seven days. The resu lts  o f th is  ex 
p e r im e n t are show n in  T ab le  I I .  L a te n t  v iru s in fection  w as ind eed  p resen t in 
p a r t  o f th e  chick em bryos, and  th e  t i t r e  o f th is  v iru s (te rm ed  K I) considerab ly  
in creased  during  th ree  to  four tra n sfe rs  so th a t  it reached  n ea rly  th e  sam e level
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Table II

R e su lts  of blind passages of hom ogenates o b ta in ed  from  chick em bryos n o t inocu lated  w ith  v iru s

Passage
No.

Dilution of 
inoculum

No. of
killed / inoculated 

embryos

Time required 
by the agent 

to  kill the 
em bryo 
(days)

l 1 : 2 0/10 —

1 : 5 2/10 8

2 1 : 5 1/5 7

1 : 10 1/5 7

3 1 : 5 6/10 3— 4

4 1 : 5 6/10 3— 7

1 : 10 4/5 3— 7

1 : 100 5/5 3— 7

5 1 : 10 4/5 2— 3

1 : 100 5/5 2— 3

1 : 1 000 4/5 3— 4

6 1 : 10 5/5 3— 7

1 : 100 5/5 3— 6

1 : 1 000 3/5 3— 8

1 : 10 000 3/5 7— 8

7 1 : 100 5/5 2

1 : 1 000 5/5 2— 4

1 : 10 000 3/5 3

8 1 : 1 000 5/5 3— 6

1 : 10 000 5/5 3— 7

1 : 100 000 5/5 4

1 : 1 000 000 4/5 4— 8

A verage ±  S.E, range, s tan d ard  dev ia tion  a n d  coefficient o f va ria tio n  o f d im entions (cm) and  
w eight (g) o f ovine fem ale gen ita l tra c t

an d  th e  sam e la te n c y  periods as th e  s tra in s  hav ing  in itia te d  from  in fec ted  goose 
em b ry o s. E ven  th e  lesions were s im ila r in  every  respect.

A ll chick em bryos w hich d ied  in  th e  course of th e  ex p erim en ts  w ere 
ex am in ed  bacterio log ically , using  a g a r p la te s  con ta in ing  ho rse  serum . O u t
g ro w th  of b ac te ria  to o k  place in  less th a n  1%  of th e  em bryos. These w ere 
ex c lu d ed  from  fu r th e r  passages.

A ll v irus s tra in s  w hich could  be p ro p a g a te d  in  th e  ch ick  em bryo  p ro v ed  
to  be re s is ta n t to  chloroform . T he v iru s  t i t re  d id  n o t ch an g e  on one-hour 
ex p o su re  a t  50 °C, i t  decreased on th e  average  b y  th ree  lo g a rith m ic  orders on 
30 m in  exposure a t  56 °€  and  th e  in fe c tiv ity  was lost a f te r  30 m in  exposure 
a t  60 °C.
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A cy to p a th o g en ic  ch lo ro fo rm -resis tan t ag en t p ro d u c in g  in tra -cy to p la sm ic  
inclusions was iso la ted  in  ch ick  k idney  ep ith e lia l cell c u ltu re  a f te r  several b lind  
passages o f th e  ch ick -em b ry o  isolates K I , Csősz, IT A , Y U  an d  BS, and  of th e  
goose-em bryo iso la te  H . N e ith e r  C PE , n o r v iru s  w as d em o n strab le  in  th e  chick  
k id n ey  cell cu ltu re  i ts e lf  a f te r  several b lin d  passages. E le c tro n  m icroscopic 
ex am in a tio n  of tissue  c u ltu re  co n cen tra tes  o b ta in ed  b y  fra c tio n a l u ltra c e n tr i
fu g a tio n  show ed th e  p resence  of v irions 65— 70 nm  in  d iam e te r. The v irions 
of th e  s tra in  Csősz, su p p o sed  to  be of goose orig in , p ro v ed  to  he closely sim ilar 
to  th o se  of th e  v e rified  ch ick  em bryo iso la te  K l  (F ig. 1).

Fig. 1. E lec tro n m icro g rap h  on s tra in  K I. N eg ativ e-s ta in in g , x  300 000

T he an tise ra  p re p a re d  in roosters w ith  goose reo v iru s  s tra in  capab le  o f 
g row ing in th e  ch ick  em bryo  had  a u n ifo rm  n eu tra liz in g  effect against all such  
s tra in s . H ow ever, low  an tib o d y  ti tre s  w ere d em o n strab le  in  p a r t  o f th e  p re 
im m u n iza tio n  cock se ru m  sam ples, an d  ce rta in  h a tch es o f h y p erim m u n e  serum  
co n ta in ed , a p a r t  from  parvov irus an tib o d ies , n eu tra liz in g  an tibod ies to  th e  
reov irus.

D iscussion

A ch lo ro fo rm -resis tan t agent, cap ab le  of grow ing in  th e  chick em bryo , 
w as d em o n stra ted  in  s tra in s  iso lated  from  endem ic o u tb re a k s  of a le th a l gosling 
disease in  th e  S o v ie t U nion , H u n g ary , an d  I ta ly . A s im ila r agen t was iso la ted  
a fte r  several b lin d  passages from  ch ick  em bryo  h om ogenates no t in fec ted  
w ith  goose v iru s. Som e isolates could  he ad a p te d  to  ch ick  k idney  ep ithe lia l
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cell cu ltu re ; o u t o f  th ese  th e  goose iso late  Csősz an d  th e  ch ick  em bryo iso la te  
K I  w ere found  to  co n ta in  non-enveloped  h ex ag o n a l v irio n s, 65— 70 n m  in  
d iam ete r. On th e  basis  o f ce rta in  im p o r ta n t physicochem ical p roperties, th e  
ch ick -em b ry o -ad ap ted  v irus s tra in s  as well as th e  ch ick  em bryo  iso late K I  
w ere classified  as reoviruses.

I t  was o ften  d ifficu lt to  e s tab lish  w h e th e r one or th e  o th e r iso late co r
resp o n d ed  to  c h ick -em b ry o -ad ap ted  v irus s tra in  or to  a reo v iru s  s tra in  re sp o n 
sible for la te n t in fec tio n  in  th e  ch ick  em bryo . A t all ev en ts , no do u b t was le f t 
in  re sp ec t o f th e  o rig in  of s tra in  H  iso la ted  d ire c tly  in  ch ick  k idney  ep ith e lia l 
cell cu ltu re  from  a goose em bryo  m ate ria l; th e  c o n ta m in a tio n  w ith  a reov irus 
o f th e  cell c u ltu re  could  be excluded . The iso la te  K I ,  h av in g  been iso la ted  
from  chick  em bryos n o t in fec ted  w ith  goose v iru s , m u s t be  considered  of ch icken  
orig in . T he s tra in s  B S, Csősz an d  IT A , w hich grow  read ily  in  th e  chick em bryo  
a lre a d y  in  th e  f i r s t  passage, are  in  all p ro b a b ility  goose v iru ses. T he s tra in  IT A  
w as iso la ted  from  th e  organs of a goose w hich h a d  g roups o f ch a rac te ris tic a lly  
reov irus-like  v irions in  u ltra - th in  sections o f h e a r t  m uscle ( M a n d e l l i  e t a l., 
1971). T he orig in  o f  those  iso la tes w hich req u ired  sev era l b lind  passages 
to  grow  in th e  ch ick  em bryo  a t  h igh  titre s  is d o u b tfu l, b u t  th ere  are ce r
ta in  ind ica tio n s in  su p p o rt o f th e ir  goose origin. I t  shou ld  be n o ted  th a t  p a r t  
o f th e  iso lates o b ta in e d  from  endem ic o u tb reak s  o f th e  v ira l gosling disease 
req u ired  5— 8 day s to  kill th e  goose em bryos, w hile o th ers  req u ired  only 2— 4 
d ay s. E x c lusive ly  th e  s tra in s  be longing  to  th e  la t te r  c a teg o ry  w ere a d ap tab le  
to  th e  chick em b ry o , and  killed  i t  a fte r a sim ila rly  sh o r t period  of la ten cy , 
viz. a f te r  2— 4 days. I t  is rem ark ab le  th a t  th e  goose em bryos in o cu la ted  w ith  p u re  
p a rv o v iru s  or m ix ed  p a rv o v iru s  -f- reov irus iso la te s  show ed th e  sam e gross 
lesions as d id  th e  ch ick  em bryos on in fec tion  w ith  reo v iru s , viz., oedem a o f 
th e  em bryo  an d  m em b ran es, h y p eraem ia , h aem o rrh ag es , card iac  and  liv e r 
lesions. T hus, th e  lesions are in  them selves n o t conclusive o f  th e  n a tu re  of th e  
causa l agent.

T he in c o n s is te n t resu lts  o b ta in ed  in  goose em bryo  cross n eu tra liza tio n  
te s ts  w ith  goose em b ry o  iso lates ( D e r z s y  e t a l., 1970) can  be explained b y  
p o s tu la tin g  th a t  th e  goose em bryo  iso late  H  w as a m ixed  s tra in , con ta in ing  
besides th e  p a rv o v iru s  ( K i s a r y , 1974), a reov irus. T he p a rv o v iru s  com ponen t 
p ro v ed  to  be an tig en ica lly  id en tica l w ith  th e  H u n g a ria n  В s tra in , and  w ith  th e  
p a rv o v iru s  iso lates o b ta in ed  in  th e  N e th e rlan d s, in  F ran ce  an d  in  the  Soviet 
U nion  as well ( K i s a r y , 1974; K i s a r y  and  D e r z s y , 1975). A lth o u g h  ind ica tions 
o f  a serological re la tio n sh ip  betw een  all exam ined  s tra in s  a re  a lread y  em erging 
from  th e  resu lts  o f an tig en ic  analysis  perfo rm ed  in  th e  course of th e  p resen t 
s tu d ies , th e  fin a l ev idence  of th is  requ ires fu r th e r  s tu d ies  w ith  an tisera  p re 
p a re d  in  such species (e.g., in  th e  ra b b it)  in  w hich  th e  p resence of av ian  reo 
v iru ses  can be exc lu d ed . The co n tam in a tin g  av ian  reo v iru ses  can  account fo r 
th e  s ign ifican t v iru s-n eu tra liz in g  effect of p re -im m u n iza tio n  cock sera.
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T his also applies to  th e  h y p e rim m u n e  sera p rep ared  in  b ro ile r geese w ith  
th e  goose parv o v iru s  s tra in  “ B ” . T he m a rk e d  reovirus n eu tra liz in g  p o ten cy  of 
su ch  sera  has a ttra c te d  a t te n tio n  to  th e  g rea t frequency  o f reo v iru s  in fec tion  
in  y o u n g , 1— 2 m o n ths o ld  geese. T h is conclusion is su p p o rte d  b y  th e  obser
v a t io n  th a t  th e  h y p e rim m u n e  sera  p re p a re d  in  roosters w ith  th e  exam ined  
re o v iru s  iso lates h ad  no n eu tra liz in g  e ffec t w hatev er on th e  tissu e -cu ltu re -p ro  
p a g a te d  goose p a rv o v iru s  s tra in  “ B ”  ( D e r z s y  and  K i s a r y , u n p u b lish ed  d a ta ).

T h e  basic in fo rm a tio n  av a ilab le  on  th e  p a th o g en ic ity  o f reo v iru s  s tra in s  
fo r goslings is s till t h a t  re p o rte d  b y  C s o n t o s  and K is  C s a t á r i  (1967), viz., 
t h a t  th e  v iru s-co n ta in in g  tissu e  c u ltu re s  k illed  abou t 20 %  of th e  in ocu la ted  
goslings. The re la ted  in v es tig a tio n s  o f  G a u d r y  and  T e k t o f f  (1972) are  no t 
fu lly  conclusive because th e y  te s te d  th e ir  reov irus iso late on M uscovy ducklings, 
o f w h ich  25%  succum bed to  th e  in fec tio n . I t  would be o f im m ed ia te  in te re s t 
to  o b ta in  precise in fo rm a tio n  on th e  a c tu a l role of sim u ltan eo u s reo v iru s  in fec
tio n s  in  th e  v a ria tio n  of sy m p to m s, gross lesions and  m o rta li ty  b e tw een  en
d em ic  o u tb reak s of th e  goose p a rv o v iru s  disease in th e  d iffe ren t co u n trie s  or 
ev en  w ith in  the  sam e c o u n try .

B eovirus in fections h av e  been s tu d ie d  in  g rea te r d e ta il in  ch ickens th a n  
in  geese and  evidence h as  been  a c c u m u la tin g  th a t  a t le a s t som e reo v iru s  typ es 
a re  tran sm issib le  th ro u g h  th e  egg ( D e s h m u k h  and  P o m e r o y , 1969; M e n e n d e s  

e t  a l., 1975). I t  w as also re p o rte d  t h a t  a la te n t  reovirus in fec tio n  m ay  he p re 
s e n t in  chick  k idney  ep ith e lia l cell c u ltu re s  ( A c h m e d  an d  S c h e t t l e r , 1974), 
h u t  fo r th e  p resen t s tu d ies  th is  p o ss ib ility  could he excluded  b y  th e  unsuccess
ful seria l b lind  passages o f  th e  cu ltu re . T h e  verified  goose reo v iru s  an d  verified  
ch ick en  reovirus s tra in s  iso la ted  in  th is  s tu d y  were show n to  be an tig en ica lly  
re la te d  to  one a n o th e r in  cross n e u tra liz a tio n  te sts . F u r th e r  s tu d ies  are , how 
ev e r, req u ired  to  c larify  w h e th e r th e  reo v iru s  stra ins fo u n d  in  goslings rep re sen t 
a g iv en  ty p e  or ty p es a n d  w h e th e r th e y  h av e  any  re la tio n sh ip  to  one or m ore 
o f th e  know n av ian  reo v iru s  ty p es , w h ich  differ from  one a n o th e r  in  respect 
o f  an tig en ic  p a tte rn  an d  p a th o g e n ic ity .
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Summary

P ro p ag a tio n  of ch lo ro fo rm -res is tan t v iru s  s tra in s  in chick  em b ry o s in o cu la ted  w ith  
goose em bryo  isolates o b ta in e d  from  endem ic  o u tb rea k s  of v ira l gosling  disease in  th e  Soviet 
U n io n , H u n g ary  and I ta ly  is rep o rte d . S im ilar s tra in s  were also iso la te d  in  serial b lin d  passages 
o f h o m ogenates ob ta in ed  fro m  u n in o cu la ted  ch ick  em bryos. T he a g en t capab le  o f  grow ing 
in  th e  chick  em bryo w as id en tif ie d  as a  re o v iru s  on  th e  basis o f physico -chem ical p roperties 
a n d  e lec tro n  m icroscopic ap p earan ce .
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The chick em bryos k illed  by  reo v iru s in fec tion  show ed c h an g es  (m em brane oedem a, 
cu tan eo u s oedem a, hy p eraem ia , h aem orrhages, card iac  and liver lesions) sim ilar to those  show n 
b y  th e  goose em bryos k illed  b y  th e  goose p a rv o v iru s .

The an tisera  p rep ared  in  geese w ith  ce rta in  goose p a rv o v iru s  s tra in s  n eu tra lized  the  
ch ick-em bryo-p ropagated  reo v iru s , b u t  h y p erim m u n e  sera p re p are d  w ith  th e  la tte r  fa iled  to  
n eu tra lize  th e  goose p a rv o v iru s  s tra in s .

F u rth e r  in v estig a tio n s are  req u ired  to c larify  th e  p a th o g e n ic ity  o f  th e  reov irus s tra in s  
for th e  goose as well as th e ir  precise role in endem ic ou tb reak s of th e  goose parvov irus disease.
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A CTA  V E T E R I N A R I A

TOM. 25 —ВЫП. 4

РЕЗЮМЕ

ИЗБИРАТЕЛЬНЫЙ ЭФФЕКТ D-ЦИКЛОСЕРИН БИТАРТАРАТА В 
КУЛЬТИВИРОВАНИИ КЛОСТРИДИЙ

Я. ТАКАЯ и Е. 3. ИМРЕХ

Авторами изучено торможение D-циклосерин битартаратом роста разных видов 
клостридий на кровяном агаре и сульфит редукционной среде с яичным желтком. D-цикло- 
серин в концентрации 800 /гг/мл сильно тормозил развитие штаммов С. perfingens, таковые 
же С. h isto ly ticu m  совсем не развивались в этих условиях. При концентрации D-цикло- 
серина 600 /ír/мл в сульфитном агаре, содержащем взвесь яичного желтка и 20 г/л агара, все 
виды рода C lostrid ium  за исключением С. perfringens росли дружно и развивали 
лецитиназную, липазную и сульфит редуцирующую активности, характерные для данных 
видов. Штаммы С. perfringens развивались только в том случае, если концентрацию 
ингибитора снизили до 400 /ír/мл и культура содержалась при температуре 46 ±  0,5°С; 
развитие сопровождающей флоры тормозилось ингибитором.

С. b o tu lin u m  и С. perfringens легко определимы, если пластинки кровяного агара 
с 600 /ír/мл D-циклосерина и пластинки сульфитного агара с эмульсией яичного желтка и 
600 или 400 /гг/мл D-циклосерина (С. p erfringens) будем применять симультанно. Мор
фология колоний, характер гемолиза следует проверять на кровяном агаре, активность 
же лицитиназы и липазы — на сульфитном агаре с яичным желтком.

ОБНАРУЖИВАЕМОСТЬ ЗАСОРЯЮЩИХ ВИРУСОВ В ШТАММАХ ВИРУСА ЧУМЫ
СВИНЕЙ

И. Изучение цитопатогенного штамма Джилепси типа А и других зарубежных штаммов
вируса чумы свиней

л. БОДОН

Изученный нами цитопатогенный вирус чумы свиней PAV-1 из США в наших усло
виях не обладал цитопатогенным эффектом. Равным образом не были цитопатогенными 
вирусные штаммы из Румынии и Болгарии. Наблюдавшиеся изменеия в постоянных кле
точных культурах РК-15 не были характерными ни для одной вирусной группы. На осно
вании их характера и подобных изменений в незараженных контрольных клеточных куль
турах можно заключить, что в данном случае имели место старение клеток или их спон
танная дегенерация.



УДАЛЕНИЕ ЯИЧНИКОВ У СВИНОМАТОК ОПЕРАТИВНЫМ ПУТЕМ

Ф. ТОРДАИ

Гормональная овариэктомия поставленных на откорм свиноматок в Венгрии запре
щена, поэтому практикуется способ удаления яичников оперативным путем. В стране очень 
часто пользуются этим мероприятием особенно в приусадьбенных хозяйствах, откармлива
ющих свиней для личных нужд.

В 30—40-х годах распространился так наз. китайский способ овариэктомии, стра
дающий некоторыми недостатками, благодаря чему стало необходимым модифицировать 
старую операционную методику.

У 10-недельных неполовозрелых свинок веса в 30—40 кг автор рекомендует удалить 
яичники и рога матки (овариогистерэктомия). Операцию можно провести на животном, 
лежащем или на левой, или на правой стороне, ибо нижний яичник легко доступен. По
очередным втягиванием в операционную рану отдельных участков рогов матки отыскиваем 
яичник другой стороны, или один палец опускаем в брюшную полость под корпус матки и 
одновременно вынимаем оба рога с яичниками.

У половозрелых свиноматок возраста 3—4 месяцев и больше операция осуществля
ется на столе в лежащем на правой стороне положении. Указательный и средний пальцы 
вдоль прямой кишки протакскиваем в кранио-кавдальном направлении. Между пальцами 
застревает свободный край lig. Suspensorium  ovarii на конце которого имеются яичники.

ВЫЯВЛЕНИЕ САЛМОНЕЛЛ В МЯСНЫХ ПРОДУКТАХ С ВЫСОКИМ 
СОДЕРЖАНИЕМ ЖИРА

я. ТАКАЧ и ДЬ. Б. НАДЬ

В трех экспериментальных сериях сравнивались методы выявления салмонелл и 
эффективность обогающих сред при температурах 37 и 43°С в мясных продуктах с 
высоким содержанием жира, готовленных без температурной обработки, консервирован
ных посолами и сушкой. Обнаружено, что наиболее надежным методом является тот, 
при котором 25 г гомогенизированного колбасного материала вносят в 225 мл тетратио- 
натной питательной среды Бирбрауера, содержащей 1 % твин 80 и содержат в течение 24 
+  2 часа при температуре 42—43°С. Согласно исследованиям авторов ни предварите
льные обогащения лактозой или буфериро ванной пептонной водой, ни инкубация при те- 
пературе 37°С ' и 42—43°С, ни их вариации далеко не так эффективны, как описанный 
метод. Преимуществом последнего является еще и то, что в течение 2x24 +  2 часов мож
но определить благополучие образца по салмонеллам, а неблагополучные по салмонеллам 
производственные партии можно в течение 3x24 + 2  часов выбраковывать; в практике это 
— благодаря быстроте метода— является благоприятным.

ВЛИЯНИЕ ВОЗРАСТА, КОРМЛЕНИЯ И ОБРАБОТКИ ГОНАДОТРОПНЫМ 
ГОРМОНОМ НА АКТИВНОСТЬ ЩЕЛОЧНОЙ ФОСФАТАЗЫ СЫВОРОТКИ ЯРОЧЕК

X. АБДЕЛ-РАХМАН

Определялась активность щелочной фосфатазы в сыворотке ярочек с промежутками 
времени в 4 недели. Средняя активность энзима в возрасте 19—31, и 45 недель равнялась 
6,68, 12,48 и 17,62 BU/100 мл сыворотки соответственно. Повышение активности к возрасту 
35 недель совпало с началом овариальной активности, на наличие которой указывало 
колебание содержания хлора в слизи шейки матки.

Второе усиление активности наступило к моменту оплодотворения (71% животных 
оплодотворено). Обработка гонадотропным гормоном тоже усилила активность щелочной 
фосфатазы. Животные, кормившиеся сеном из люцерны и смесью концентратов, прибавляли 
лучше на весе и показывали высшую активность, чем животные, получавшие только сено из 
люцерны или луговое сено и кукурузную дерть. В опыте не отмечено влияния возраста на 
энзимную активность.



УЛЬТРАСТРУКТУРА МОЗГОВОГО ВЕЩЕСТВА НАДПОЧЕЧНЫХ Ж ЕЛЕЗ ГУСЯ И
УТКИ

Э. ГУЖАЛ и А. ХАССАН

Авторами изучалась ультраструктура мозгового вещества надпочечников гусей и 
уток обоих полов в активный и неактивный периоды функции половых желез. Описывают 
четыре типа хромафинных желез. Гранулы адреналин содержащих клеток размера 50— 
200 ц , в большинстве случаев сферически и разной плотности. Цитоплазма норадреналин 
содержащих клеток везикулярного характера, сферические или эллипсоидные везикулы 
размера 150—500 fi и содержат вещество разной плотности с разным распределением.Так 
называемые темные клетки, содержащие гетерогенной формы гранулы с плотным вещест
вом, согласно авторам являются функционирующей формой норадреналин содержащих 
клеток. Четвертая форма хромафинных клеток представлена переходными клетками, об- 
ладующими отростками (сИмпатикобласты). В мозговом веществе имеются и мультиполяр- 
ные клетки.

Описывают два типа крупных вакуолей хромафинных клеток. Синаптические пре 
ганглионарные волокна образуют с хромафинными клетками холинэргные синапсы. Среди 
безмякотных волокон имеются и адренергные таковые. Хромафинные клетки граничат с 
соматическими сателитными клетками. Клетки спаиваются десмозомами. В интерстиции 
имеются фибробласты, коллагеновые волокна, Шванновские клетки, безмякотные нервные 
волокна и синусы, выстланные фенестральным эндотелием.

Авторами не обнаружено существенной разницы между ультраструктурой мозго
вого вещества надпочечных желез гуся и утки обоих полов и при разном состоянии поло
вых желез.

БИОМЕТРИЧЕСКОЕ ИЗУЧЕНИЕ ГЕНИТАЛЬНОГО ТРАКТА ОВЦЕМАТОК В
ПОСТЭСТРУСНОЙ ФАЗЕ

X. АБДЕЛ-РАХМАН

Размеры и вес генитального тракта 12 овцематок 21-месячного возраста определя
лись в 3-й день полового цикла. Полученные данные сравниваются с таковыми литературы, 
полученными на овцах и козах.

ИЗУЧЕНИЕ ДИНАМИКИ ИЗМЕНЕНИЯ УРОВНЯ ПРОГЕСТЕРОНА В СЫВОРОТКЕ 
И ВЫДЕЛЕНИЯ ПРЕГНАНДИОЛА У КОРОВ

Я. ХАРАСТИ, К. Г. ФЕХЕР и Т. ФЕХЕР

Следить за изменениями уровня прогестерона при половом цикле коров можно 
двумя путями. Первый путь, это определение количества биологически неактивного пре- 
гнандиола в моче, другой — это определение уровня прогестерона в сыворотке периферий
ной крови. При эструсе выделяется в среднем 2,0 мг/сутки; к 7—8-у и 14— 15-у дням цикла 
— 6,8 и 4,6 мг/сутки соответственно. Уровень прогестерона в сыворотке в день эструса, 
потом к 6-у, 8—9-у дням формировался следующим образом 1,2— 1,8 у , 1,7—2,8 у, 4,8—5,4 у  
и 2,5—6,2 у/мл соответственно; к 18—19-у дню т. е., к  моменту следующего эструса его 
показатели равнялись 1,2—1,7 у /мл-ам. При наличии персистентного желтого тела и 
ранней беременности изменения этих двух параметров четко отражают клиническое 
состояние.



ОБНАРУЖЕНИЕ ВИРУСА ПАРАИНФЛЮЭНЦЫ-3 В КРУПНОМ РОГАТОМ СКОТУ С 
ОСТРЫМИ РЕСПИРАТОРНЫМИ СИМПТОМАМИ

А. БАРТА и Б. КЁВЕШ

Повторно изолирован вирус параинфлюэнца-3 (ЛИ-3) из крупного рогатого скота, 
страдающего болезнью с острыми респираторными симптомами, быстро распространяю
щейся в крупных поголовьях. Серологически отрицательные нетели на поздней стадии 
беременности, поступившие из благополучных приусадьбенных хозяйств в неблагополуч
ное крупное хозяйство очень скоро тяжело заболели, часто с летальным исходом. В многих 
случаях болели откормочные бычки и 3—6-месячные телята; у последних обычно возник
ла вторичная пневмония. Животные, которые переболели заразой 6 недель раньше и об
ладали высоким титром антител, при вспышке заразы клинически не болели, зато у заново 
поступивших восприимчивых животных развилась тяжелая болезнь. Животные с низким 
уровнем вируснейтрализирующих антител переболели легко. Можно предполагать, что 
секреторные антитела (IgA) играют более важную роль в иммунологической защитной 
реакции, чем вируснейтрализирующие антитела.

ИЗОЛИРОВАНИЕ РЕСПИРАТОРНОГО СИНЦИЦИАЛЬНОГО ВИРУСА 
ИЗ КРУПНОГО СКОТА, БОЛЕЮЩЕГО РЕСПИРАТОРНЫМИ СИМПТОМАМИ

Б. КЁВЕШ и А. БАРТА

Изолирован респираторный синцициальный (PC) вирус из телят с острыми респира
торными симптомами в вращающихся пробирочных культурах из телятиного почечного 
эпителия. Цитопатогенный эффект вируса наступил только после трех пассажей и то к 
12— 14-у дню последнего. Дальнейшими пассажами удалось укоротить срок наступления 
цитопатогенного эффекта до 5 дней. Репликация вируса наступила в невращающихся 
культурах, если инокуляция наступила еще до возникновения сплошного одноклеточного 
слоя или вирус вводили в взвесь клеток, содержащихся для получения однослойной клеточ
ной культуры. Изолят не гемагглютинировал эритроциты разных видов животных. 
Изолят нейтрализировался антителами из переболевших животных при титрах от 1 : 4 до 
1 : 16. Этиологическую роль других респираторных вирусов удалось исключить на основа 
нии серологической идентификации.

ДЕЙСТВИЕ КОРМА, СОДЕРЖАЩЕГО ФУЗАРИОТОКСИНЫ Т2 и F2 НА КЛАДКУ
ЯИЦ У ГУСЯ

М. ПОЛЮШИК И  Е. КОПЛИК-КОВАЧ

Авторами изучался эффект фузариотоксинов на кладку яиц у племенных гусей 
Гуси-несушки кормились кормом, содержащим культуру грибков F u sa riu m  culm orum  и
F . sp o ro trich io ides на кукурузе, продуцирующих токсины F2 и Т 2 соответственно.

При кормлении кормом, содержащим 3 мг% токсина Т2, кладка яиц в течение 10 
дней полностью прекратилась. Животные этой группы, за исключением убитых ради изу
чения, все погибли. При вскрытии обнаружены сильное похудение, атрофия яичников и 
яйцевода, сильное перерождение сердечной мышцы, некроз и дифтероидные наслоения на 
слизистой рта, гортани и языка.

Гистологическим исследованием в органах гусей, получавших Т2, воспаление об
наружить не удалось, но гибель фолликул в яичниках наступила скоро. В возникновении 
микроскопических кровеизлияний в сердечной мышце и печени — согласно авторам — не 
исключена роль стенку сосудов повреждающих трихотекановых токсинов.

Токсичный корм кроме токсина Т2 содержал и другие, ближе неидентифицирован- 
ные трихотекановые токсины.

Скармливание корма, содержащего 100 мг% токсина F2, по существу не отразилось 
отрицательно на кладке яиц и их вылупляемости.



СЕЗОННАЯ ИЗМЕНЧИВОСТЬ В ИСПОЛЬЗОВАНИИ ЩИТОВИДНОЙ ЖЕЛЕЗОЙ 
I131 И СЕКРЕЦИИ ТИРОКСИНА У БУЙВОЛОВ

П. ПРАКАШ и Д. ШАРМА

У буйволят обоих полов и разных возрастных групп изучалась сезонная изменчи
вость в использовании щитовидной железой I131 и секреции тирокисна. У буйволят- 
бычков от лета до зимы использование повысилось на 28—40%, а у буйволят-телок -  на 
25— 37%. Максимальные показатели получились за срок 36 часов и 42 часов осенью и 
весной соответственно.

Средние показатели секреции тироксина в группах буйволят-бычков разного во
зраста от лета до зимы повысились с 0,29 до 0,60 мг/100 кг живого веса. Подобное повыше
ние секреции пироксина с 0,30 до 0,62 мг/100 кг ж. в., наблюдалось и у буйволят-телок. 
С возрастом у буйволят обоих полов, независимо от сезона, зарегистрировано снижение 
показателей секреции тироксина.

ДВЕ РАДИОИММУННЫХ ПРОБЫ С СТОЙКОЙ ФАЗОЙ ДЛЯ ИЗУЧЕНИЯ 
КОЛИЧЕСТВА АНТИТЕЛ ПРОТИВ Clostvidium botulinum А.

Е. ХАБЕРМАН и Ш. БЕРНАТ

Разработаны две радиоиммунных пробы, базирующиеся на гонке антител, связан
ных с свободной и стойкой фазами, за меченым изотопом токсином. Связанный со стойкой 
фазой антиген в первом методе получался путем обволакивания пластмассовых тубиков, 
во втором-же антитела связывались ковалентной связью с бромацетил-целлюлезой. Если 
изучаемую пробу с антителом и меченный I131 токсин совместно инкубировали со связан
ным с стойкой фазой антителом, то чувствительность метода при обоих способах равня
лась примерно 0,008 ME/мл. Если изучаемые антитела и меченный I131 токсин предвари
тельно инкубировались совместно, то чувствительность повысилась в два раза.

ОБНАРУЖИВАЕМОСТЬ РЕОВИРУСОВ В ИЗОЛЯТАХ ИЗ ГУСИНЫХ ЗАРОДЫШЕЙ 
ПРИ СМЕРТЕЛЬНОМ ВИРУСНОМ ЗАБОЛЕВАНИИ ГУСЯТ И В КУРИНЫХ

ЗАРОДЫШАХ

Д. ДЕРЖИ, я. КИШАРИ, Л. М. КОНТРИМАВИЧУС и НАДТОЧЕЙ

В куриных зародышах удалось размножать хлороформ-устойчивые вирусные штам
мы, изолированные из гусят при вирусных эндемиях в Советском Союзе, Венгрии и Италии. 
Подобный вирусный штамм удалось изолировать путем слепого поссажа материала, полу
ченного из незараженного куриного зародыша. Размноженный в курином зародыше вирус 
на основании электронно-микроскопической картины и некоторых физико-химических 
свойств оказался реовирусом.

Изменения в погибших от заражения реовирусом куриных зародышах (отечность 
зародышевых оболочек, отечность кожи, кровеизлияния, изменения в сердечной мышце 
и печени) были подобны изменениям, обнаруживающимся в погибших от реовируса гуси
ных зародышах.

Антисыворотки, полученные использованием некоторых гусиных парвовирусов, 
нейтрализировали размноженный в курином зародыше реовирус, но антисыворотки, 
полученные использованием последнего, не действовали против штаммов гусиного парво- 
вируса. Это является доказательством того, что некоторые группы гусей естественным 
путем заражаются реовирусом, после чего уних наступает энергичное образование антител 
против данного вируса.

Определение патогенности реовирусных штаммов в отношении гусей, изучение их 
роли в патологической картине и формировании падежей при эндемиях, вызванных 
парвовирусами, требует дальнейших исследований.
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