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Field t r ia ls  were conducted  using an inact iva ted  ro tavi rus  vaccine for  pre- 
vent ion of calf neonata l  d iarrhea.  

For  the tr ials ,  458 pregnant  cows f rom 26 herds  were  involved. In  each herd,  
cows which  had been insemina ted  wi thin  a pe r iod  of two months  were  selected 
and r andomly  subdivided in two groups.  Cows in one group (248 head in to ta l )  
were  vacc ina ted  6 weeks before  calving and again 4 weeks later;  cows in the  o ther  
group (210 head in to ta l )  were  left  as unvaccina ted  controls.  At calving, co los t rum 
was collected f rom each cow and s tored  at  --30°C unt i l  used for  feeding calves. 

The newborn  calves, beginning the second day of life and for the  next  7-10 con- 
secutive days, each was fed a dai ly  supplement  of 400 ml of co los t rum f rom its dam. 

The d ia r rhea  occur red  in 86 (40.9%) calves that  had  received co los t rum f rom 
unvaccina ted  dams  (normal  co los t rum) ,  and  in 7 (2.8%) calves which were  fed 
co los t rum f rom vaccinated  dams  ( immune  colos t rum) .  The disease was very 
severe in the  no rma l  colost rum-fed calves and 52 of them died. Those calves which 
survived the disease underwent  a s ignif icant  loss of condit ion.  By contrast ,  the 
7 immune  colos t rum-fed calves d isp layed a r a the r  mi ld  enter ic  condit ion,  and 
all recovered wi thout  any sequela being observed.  

INTRODUCTION 

Since  1969 (5)  r o t a v i r u s  h a s  b e e n  i n c r i m i n a t e d  
as  one  of  the  m o s t  c o m m o n  p a t h o g e n i c  a g e n t s  
c a u s i n g  n e o n a t a l  d i a r r h e a  in  ca lves .  

A t t e m p t s  to  p r e v e n t  r o t a v i r u s - a s s o c i a t e d  d iar -  
r h e a  w e r e  m a d e  s ince  1973. The  f i r s t  a p p r o a c h  
c o n s i s t e d  of  v a c c i n a t i n g  n e w b o r n  ca lves  w i t h  an  
o r a l  m o d i f i e d  l ive vacc ine  (6) .  The  use  of  the  
vacc ine  a p p a r e n t l y  d e c r e a s e d  ca l f  m o r b i d i t y  a n d  
m o r t a l i t y  (9, 10). H o w e v e r ,  m o r e  r e c e n t  f i e ld  
s t ud i e s  f a i l ed  to s u b s t a n t i a t e  the  e f f i cacy  of  t he  
vacc ine  (1, 4). The  f a i i u r e  was  g e n e r a l l y  a t t r i b u t e d  
to  the  c o l o s t r a l  a n t i b o d i e s  t h a t  e v e n t u a l l y  in te r -  
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f e r r e d  w i t h  ac t ive  i m m u n i z a t 4 o n  of  t he  n e w b o r n  
ca l f  (4) .  

The  s e c o n d  a t t e m p t  w a s  t,o p a s s i v e l y  i m m u -  
nize  the  ca l f  b y  s t i m u l a t i n g  the  d a m ,  t h r o u g h  
v a c c i n a t i o n ,  to  s ec r e t e  a n t i b o d y  in t he  c o l o s t r u m  
a n d  nailk (7, 8, 11 ). T h e r e  w a s  e v i d e n c e  t h a t  feed-  
ing i m m u n e  c o l o s t r u m  f r o m  cows  v a c c i n a t e d  w i t h  
i n a c t i v a t e d  ca l f  r o t a v i r u s  vacc ine ,  d e l a y e d  t h e  
o n s e t  of  d i a r r h e a  a n d  r e d u c e d  i ts  i nc idence ,  du- 
r a t i o n  a n d  s e v e r i t y  in a n a t u r a l l y  o c c u r r i n g  out-  
b r e a k  of  the  d i s e a s e  (8) .  

Also,  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s  i t  w a s  
p r o v e d  t h a t  p a s s i v e  i m m u n i t y  does  e f f ec t ive ly  p ro -  
t ec t  t he  n e w b o r n  ca l f  f r o m  r o t a v i r u s  d i a r r h e a  (3) .  
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This pape r  r epor t s  the resul ts  of f ield t r ia ls  
conduc ted  with the a im of ver i fying whe the r  the 
a d m i n i s t r a t i o n  of an inac t iva ted  ro tav i rus  vaccine 
to p regnan t  cows would  p ro t ec t  calves to na tu ra l ly  
occur r ing  d i a r rhea  in herds  wi th  fi h i s to ry  of 
regula r  r ecur rence  of the disease.  

MATERIALS AND METHODS 

V a c c i n e .  - St ra in  81/36F of bovine ro tav i rus  
(2) grown in an embryon ic  rhesus  monkey  k idney 
cell line (MA-104) was used  as antigen.  The vi rus  
was at  its 18th passage and had  a t i te r  of 10 6"74, 
median  t issue cul ture  infect ious doses (TCIDs0)/ 
0.2 ml. The infect ivi ty  of the virus was inac t iva ted  
by  overnight  incubat ion  at  4°C wi th  0.5% formal-  
dehyde. One por t ion  was then emuls i f ied  in an 
equal  volume of F reund ' s  incomple te  ad juvan t  
and  d rown in volumes of 2.0 ml in d i sposab le  
p las t ic  syringes.  The r e m a i n d e r  of the suspens ion  
was d i s t r i bu t ed  in vials in volumes of 10.0 ml. 
The two vaccine p r epa ra t i ons  were  s tored  at  4~C 
unt i l  used. 

H e r d s . .  The t r ia ls  were  conduc ted  in 26 da i ry  
herds  wi th  a h i s to ry  of neona ta l  d i a r rhea  in the 
last  5 years .  The herds  were  loca ted  in two prov- 
inces (Bar i  and  Ta ran to )  of the Puglia region. 
Circula t ion  of ro tav i rus  in the selected herds  was 
revealed by virus  i so la t ion  f rom d ia r rhe ic  calves, 
and  also by  detect ion of neut ra l iz ing  an t ibody  to 
the virus in se rum samples  ob ta ined  f rom cows. 

F i e l d  t r ia l  d e s i g n .  - The field t r ia ls  were  car- 
r ied ou t  dur ing  the 1984-1985 calving season unde r  
the supei-vigion of a coopera t ing  ve te r inar ian .  In  
each he rd  the cows whic~ had  been '  in semina ted  
wi th in  a per iod  of two months  were' se lected for  
the tr ials .  As dep ic ted  in Table 1, the selected 
cows in each he rd  were  r andomly  subdiv ided  
into  two groups.  Cows in one group (248 head  
in to ta l )  were  vaccinated,  whereas  cows in the 
o the r  group (210 head  in to ta l )  served as unvac- 
c ina ted  controls .  Vaccinat ion  was s t a r t ed  approx-  
imate ly  6 weeks  before  calving. At this  t ime each 
cow received 2.0 ml of the emuls i f ied  ant igen  vac- 
cine p r e p a r a t i o n  subcu taneous ly  in the dewlap.  
A second in jec t ion  of 10.0 ml  of single ant igen 
suspens ion  was given by  the same p rocedure  
2 weeks  before  calving. 

A pool  of co los t rum f rom the f i rs t  and  second 
milkings  af te r  calving was ob ta ined  f rom each 
vacc ina ted  or  control  cow. The pool was d i spended  
in 400 ml conta iners  and  s to red  at  --30°C. The 
newborn  calves were  ra i sed  accord ing  to the ex- 
is t ing managemen t  prac t ices  of the herd,  wi th  
the except ion that ,  beginning the second day 
af te r  b i r th ,  and for  the next consecut ive  7-10 days, 
each calf  was fed a supp lemen t  of 400 ml of colos- 
t r u m  ob ta ined  f rom its dam, as desc r ibed  above. 

T A B L E  1. 
Field trials to evaluate the efficacy- of a rotavirus * 

inactivated vaccine against calf ,diarrhea. 

t terd 
No. 

Pregnant cows 

Vaccinated Unvaccinated 
No. No. 

1 15 12 
2 7 5 
3 41 37 
4 9 7 
5 6 3 
6 3 6 
7 4 6 
8 6 1 
9 5 4 

I0 7 3 
11 13 11 
12 5 4 
13 8 8 
14 4 6 
15 17 10 
16 5 1 
17 13 10 
18 14 6 
19 10 14 
20 6 6 
21 18 14 
22 6 4 
23 8 18 
24 3 3 
25 5 5 
26 10 6 
Total ~248 210 

* 81/36F bovine rotavirus strain (2). 

T A B L E  2. 
Neutralizing antibody to 81/36F strain of bov ine  
rotavirus in the colostrum .of vaccinated* and 
unvaccinated cows in six randomly selected herds. 

Antibody in the col,ostrum of: 

Vaccinated cows Unvaccinated cows Herd 
No. 

Samples No. Titer ÷ Samples No. Titer + 

2 5 496.00 5 48.00 
3 10 492.00 10 44.00 

11 5 224.00 5 20.00 
17 5 224.00 5 40.00 
19 7 840.00 7 63:00 
21 8 475.00 8 77.00 
Total 40 458.50 40 48.75 

* 81/36F bovine rotavirus, inactivated vaccine. 
* Average reciprocal value. 

6 
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T A B L E 3. - -  The incidence of diarrhea and mortality associated with diarrhea, in calves fed with colos- 
trum from their vaccinated * or unvaccinated dams. 

C a 1 v e s 

Fed with immune colostrum ~ Fed with normal colostrum ÷ 
Herd 
No. Diarrhea Died Diarrhea Died 

No.':' % No. o % No.O % No. o % 

1 2/15 13.3 
2 0/7 0 
3 0/41 0 
4 0/9 0 
5 0/6 0 
6 0/3 0 
7 0/4 0 
8 0/6 0 
9 0/5 0 

10 0/7 0 
ll 2 /13  15.3 
12 0/5 0 
13 0/8 0 
14 0/4 0 
15 1/17 5.8 
16 0/5 0 
17 0/13 0 
18 0/14 0 
19 2/10 20.0 
20 0/6 0 
21 0/18 0 
22 0/6 0 
23 0/8 0 
24 0/~ 0 
25 0/5 o 
26 0/i0 0 
Total 7/248 2.8 

>0 >0 

0 0 

6/12 50.0 4/12 33.3 
2/5 40.0 1/5 20.0 
9/37 24.3 5/37 15.5 
O/7 0 O/7 0 
2/3 66.6 1/3 33.3 
3/6 50.0 1/6 16.6 
3/6 50.0 0/6 0 
1/1 100.0 1/1 100.0 
0/4 0 0/4 0 
2/3 66.6 2/3 66.6 
8/11 72.7 6/11 54.5 
2/4 50.0 1/4 25.0 
3/8 37.5 1/8 12.5 
2/6 33.3 1/6 16.6 
4/10 40.0 4/10 40.0 
1/1 100.0 1/1 100~ 
5/10 50.0 4/10 40.0 
3/6 50:0 1/6 16.6 
9/14 64.2 8/14 57.1 
3/6 50.0 1/6 16.6 
3/14 21.4 0~14 0 
2/4 50.0 1/4 25~ 
5/18 27.7 3/18 16.6 
3/3 100.0 3/3 100.0 
2/5 40.0 1/5 20.0 
3/6 50.0 1/6 16.6 

86y210 40.9 52/210 24.7 

* 81/36F bovine rotavirus, inactivated vaccine. 
From vaccinated cows. 

÷ From unvaccinated cows. 
o No. of calves with diarrhea/No, of calves considered. 
o No. of calves which died/No, of calves considered. 

The calves were observed for 30 days for the 
appearance of neonatal  diarrhea. When diarrhea 
occurred,  fecal swabbings were taken and cul- 
tured for virus. 

S e r o l o g i c  l e s t s .  - Tests for the presence of 
neutralizing ant ibody to 81/36F bovine rotavirus 
were per formed on S0 colost rum samples obtained 
f rom cows of six randomly  selected herds among 
the 26 considered for the vaccination trials. In  each 
of the selected herds an equal number  of samples 
were taken f rom the vaccinated cows and f rom 
the control cows. Tests were conducted as previ- 
ously described (3). In brief, the colos t rum was 
centrifuged at 5,700 g for 30 minutes and the 
whey obtained from each sample was filtered 

through 0.45 !~nl (a.d.p.) acrodisc membrane  filters 
(Geliman Sciences, Ann Arbor, MichiganL Serial 
2-fold dilutions in minirnum essential medium 
(MEM) (Microbiological Associates, Bethesda, MD) 
of each filtered whey sample were mixed with 
100 TCIDs0 of virus in 96-well microt i ter  plales. 
The plates were held for 90 minutes at room 
tempera ture  (22°C) and then 20,000 MA-104 cells, 
suspended in MEM containing 0.5% fetal bovine se- 
rum and 5 !~g/ml of trypsin, were added to each well 
in a volume of 0.05 ml. Titers were expressed as 
the highest dilution giving complete neutralization. 

V i r u s  i s o l a t i o n .  - Attempts to recover rota- 
virus were made from 34 fecal swabbings obtained 
f rom diarrheic calves in 12 herds. Of these, 7 were 
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f rom calves born from vaccinated cows whereas 
the remainder  27 samples were collected f rom 
calves delivered by unvaccinated dams. For virus 
isolation MA-104 cell cultures were used as de- 
scribed elsewhere (2). When virus Was isolated, 
its identity was determined by neutralization tests 
carried out with ant iserum to 81/36F bovine 
rotavirus prepared in rabbit  (2). 

RESULTS 

Herd 
No. 

C o w s .  - The 458 cows consti tut ing these trials, 1 
both the vaccinees (248 head) and those which were 3 
left as untreated controls (210 head),  did not 6 
display any signs of disease during their pregnancy 11 
and all calved normally, giving birth to healthy 14 
calves. The only observation was the appearance 15 
in most  of the vaccinated cows of a nodule at the 17 
inoculation site 24-48 hours  after  injection of the 19 
antigen conjugated with Freund's  incomplete 20 
adjuvant.  The nodules were variable in size 21 
(from 2 to 5 cm in diameter) ,  warm, and painful 23 
to the touch. They persisted for 5-6 days and re- 26 
gressed without  any residual al teration in the skin. Total 

The whey prepared from the colostrum of 
cows f rom six randomly selected herds, had an 
average neutralizing titer to 81/36F bovine rota- 
virus of 1:458.50 or  1:48.75, resi~ectively, for vac- 
cinated cows or for untreated controls (Table 2). 

T A B L E  4. 
Isolation of rotavirus from diarrheic calves fed 

with colostrum from their vaccinated * 
or unvaccinated dams. 

Isolation of rotavims from feces of calves: 

N e w b o r n  c a l v e s .  - As stated under  ,, Materials 
and Methods ,,, the newborn  calves were fed f rom 
the 2nd day after  birth, and daily for the next 
7-10 days with colost rum collected f rom their 
dams. From Table 3 it can be seen that diarrhea 
occurred in 86 of the 210 (40.9%) calves which 
were delivered by unvaccinated cows (control  
calves) in 24 herds out the 26 selected for the 
trials. Diarrhea was also observed in 7 calves of 
the 248 (2.8%) born  f rom vaccinated cows (im- 
mune calves). The latter were f rom 4 herds in- 
cluded in the 24 mentioned above. In the control  
calves diarrhea usually appeared within 24-72 
hours f rom birth and was consistently associated 
to a marked dehydrat ion which in 52 calves ter- 
minated with death 3 to 15 days after the onset 
of diarrhea. In the calves which survived, the diar- 
rhea lasted from 10 to 15 days ; however, the calves 
recovered very slowly and their general condition 
was still very poor  several weeks after recovery. 

The enteric syndrome which was observed in 
the 7 calves, which were born  f rom vaccinated 
cows, was generally mild compared  to that  of the 
control  calves. The diarrhea developed within 3 
days f rom birth and lasted f rom 3-4 days. The 
diarrheic calves did not show any other  sign of 
disease, and all recovered in about  one week 
without  any significant loss in their condition. 

Fed with immune 
colostrum ~ 

Fecal samples No. 
(Positive/examinedo) 

Fed with normal 
colostrum ÷ 

Fecal samples No. 
(Positive/examined¢) 

0/2 NT 
NA 1/5 
NA 2/3 
0/2 1/2 
NA 0/2 
0/1 NT 
NA 2/4 
0/2 2/3 
NA 2/3 
NA 1/3 
NA 0/1 
NA 0/1 
0/7 11/27 

* 81/36F bovine rotavirus, inactivated vaccine. 
From vaccinated cows. 

* From unvaccinated cows. 
o All fecal samples of diarrheic calves (7 samples) 

in this group have been available for testing. 
~ Among 86 diarrheic calves in this group, fecal sam- 

ples of 27 of them have been available for testing. 
NA = not applicable (no cases of diarrhea occurred). 
NT = not tested. 

The results of the at tempts  to recover virus 
f rom rectal swabbings of diarrheic calves are 
depicted in Table 4. Virus was not isolated f rom 
any of the 7 diarrheic calves born  from vaccinated 
cows. By contrast ,  rotavirus was isolated f rom 11 
of the 27 fecal swabbings that were collected f rom 
the control calves. 

DISCUSSION 

The results of these field trials show that by 
feeding newborn  calves with colost rum of their 
dams previously vaccinated with an inactivated 
bovine rotavirus, we reduced significantly the 
incidence of neonatal  diarrhea. This is substan- 
t ia ted  by two main findings obtained in this study. 
First, the occurrence of diarrhea was observed 
in the 40.9% of the control  calves, with the involve- 
ment  of 24 herds of the 26 that were selected 
for the trials. By contrast,  ,only 2.8% of the calves 
that were fed the immune colostrum, had clinical 
signs of the disease, and diarrheic calves were 
seen in 4 herds only. Second, the disease which 
was observed in the ' immune  calves'  was ra ther  
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m i l d  a n d  n o n e  died.  I n  these  ca lves  t he  d i a r r h e a  
was  of  a s h o r t  d u r a t i o n  (3-4 d a y s ) ,  t h e r e  w a s  no  
s i gn i f i c an t  loss  of  c o n d i t i o n ,  a n d  v i r u s  was  n o t  
i s o l a t e d  f r o m  t h e i r  feces.  On the  c o n t r a r y ,  a m o n g  
the  c o n t r o l  ca lves ,  d i a r r h e a  l a s t e d  m u c h  l o n g e r  
(1.0-15 d a y s )  and_ 52 of  the  86 a f f e c t e d  ca lves  d ied .  
F ina l ly ,  a m o n g  27 feca l  s w a b b i n g s  o b t a i n e d  f r o m  
t h e s e  ca lves ,  11 w e r e  p o s i t i v e  fo r  r o t a v i r u s .  

The  r e s u l t s  of  th is  s t u d y  s e e m  to s t r e n g t h e n  
b o t h  t he  o p i n i o n  t ha t  t he  r o t a v i r u s e s  have  an  
i m p o r t a n t  e t io log ica !  ro le  in t he  n e o n a t a l  d i a r r h e a  
of  ca lves ,  a n d  the  s u g g e s t i o n  t h a t  p a s s i v e  im- 
m u n i t y  w o u l d  r e p r e s e n t  a logical  w a y  to  p r e v e n t  
the  d i s e a s e  (3, 8). As f a r  as  the  l a t t e r  a s p e c t  is  
c o n c e r n e d ,  t he  a i m  m i g h t  b e  a t t a i n e d  b y  the  w a y  
i n d i c a t e d  in t h e s e  tes t s  a n d  a l so  s u g g e s t e d  b y  
o t h e r s  (3, 7, 11), i .e . :  a. v a c c i n a t i o n  of  the  d a m s  
w i t h  an  i n a c t i v a t e d  vacc ine  and ,  b. f e ed ing  new-  
b o r n  ca lves  t h r o u g h o u t  the  p e r i o d  of  g r e a t e s t  
r i s k  ( t he  f i r s t  7-10 days  of  t h e i r  l i fe )  w i t h  
c o l o s t r u m  of  t h e i r  d a m s  as  p a r t  of  the  die t .  
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