
ACTA VET. BRNO, 51,1982: 99-108 

PREPARATION OF HYPERIMMUNE COW COLOSTRUM WHEY 
AND ITS USE IN THE PROTECTION OF PIGLETS AGAINST 

TRANSMISSIBLE GASTROENTERITIS 

J. S'ffipANEK, J. MENSiK, J. FRANZ, J. KREJCi 

Veterinary Research Institute, 62132 Bmo 

Received April 26, 1982 

Abstract 

Stepanek J., J. MenSik, J. Franz, J. Krejci: Preparation of Hyperimmune 
Cow Colostrum Whey and its Use in the Protection of Piglets against Transmissible 
Gastroenteritis. Acta vet. Bmo, 51, 1982: 99 -108. 

Parenteral administration of porcine transmissible gastroenteritis (TGE) virus topreg
nant cows resulted in the production of virus-neutralising antibodies which peaked 4 
to 5 weeks after the start of immunization. Blood serum antibody titres were higher 
in cows immunized intravenously or subcutaneously than in those immunized into 
the mammary gland. Antibody concentration in the colostrum collected within 6 
hours of parturition was little affected by the mode of antigen administration. In sub
sequent colostrum and milk samples, however, antibody titres of the cows immunized' 
into the mammary gland were higher up to the 6th day after parturition. Regular oral 
administration of whey prepared from the colostrum of immunized cows had a fa
vourable effect on the course of transmissible gastroenteritis in experimentally in
fected piglets and considerably reduced their mortality. As compared to controls, the 
treated animals had the incubation time prolonged by at least 24 hours and showed less 
intense clinical signs which, in sow-reared piglets, were limited to sporadic vomiting. 

Pig, cattle, transmissible gastroenteritis of pigs, immunization, antibody production, 
colostrum, prevention. 

Diarrhoeal disease of newborn piglets has been a frequent cause of morbidity and loss in pig 
herds. The advances in its diagnosis in recent years have made it possible to differentiate between 
enteropathogenic bacteria and viruses which play a major role in the aetiology of this syndrome. 

The most important of the viral agents is coronavirus, which is the cause of gastroenteritis (TGE) 
of pigs. Although this economically important disease has received considerable attention, the 
views on its specific prophylaxis are still conflicting. 

The infectious process in TGE remains localized to the intestinal mucosa and is unaffected by 
specific antibodies in the circulating blood (Hooper and Haelterman 1966; Moon et at 1975). 
The only effective antibodies are those present in the gastrointestinal tract that neutralize the virus 
before it gains entrance to susceptible cells of the intestinal mucosa (Haelterman 1965; Hooper 
and Haelterman 1966; Stepanek et al. 1971; Bohl et at 1972; Bohl and Saif 1975). The 
source of this passive local immunity of the gastrointestinal tract of suckling piglets in colostrum 
and milk of their immune dams (Haelterman 1965; Hooper and Haelterman 1966; Stepanek 
et at 1971; Bohl et at 1972; Bohl and Saif 1975). The efficiency of the specific prophylaxis de
pends on as to how quickly sows can be made to produce such a degree of immunity that would 
ensure log-term secretion of a sufficient amount of antibodies by the mammary gland. 

Vaccination of sows before parturition with living or inactivated viral antigen did not yield quite 
satisfactory results (Tamoglia 1972), although it contributed decisively to the control of TGE 
in large pig herds in Czechoslovakia (Stepanek et at 1972). On the other hand, the protection 
of piglets after weaning or the protection of colostrum-deprived specific-pathogen-free (SPF) 
piglets remained practically an open question. Attempts to produce an effective protection by oral 
administration of hyperimmune and convalescent serum failed to meet the expectations eN 0 b Ie 
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1964; Saunders 1964). Unequivocally positive results were recorded only upon oral administra
tion of immunoglobulins prepared from colostrum. of immune sows (Stone et al. 1977). This pro
cedure, however, is impracticable as an prophylactic and because a sufficient amount of pig colo
strum is difficult to obtsin. 

The present study was designed to test the possibility of replacing sow's colostrum with that 
of cows immunized with TGE virus during pregnancy and to assess its protective effect against 
infection under experimental conditions. 

Materials and Methods 
Cell Cultures 

Cell cultures were prepared by trypsinization of kidneys of 7-day-old pigs and were started 
from cell suspensions containing 400 to 800 thousand cells per ml growth medium (Hanks' so
lution with 10 per cent inactivated calf serum, 0.5 per cent lactalbumin hydrolysate and 0.1 per 
cent yeast extract). Infected cell cultures were maintained in Earle's medium without calf serum. 

Viral Strains 

TGE strain M-42 was isolated from the contents of the small intestine of diseased piglets (Stepa
nek et al. 1969). It was propagated and titrated in primary pig kidney cell cultures. The infected 
cell cultures were frozen 36 to 48 hours after infection and then thawed. Cellular debris was re
moved by low-speed centrifugation. The Viral suspension used for immunization of the cows and 
for serological examination had a titre of least 101 to 10' TCIDIO/ml. 

Virulent virus was isolated from a TGE outbreak in Czechoslovakia and was maintained by pas
sage in 3- to 7-day old piglets killed 36 to 48 hours after infection. The viral suspension used for 
experimental infection was obtained by centrifugation (at 1000 rpm for 30 minutes) of the intesti
nal contents of diseased piglets, diluted 1: 10 with buffered saline. 

Imll\.unization of Cows and Preparation of Hyperimmune Cow Colostrum Whey 

Cows were immunized with cell-passaged TGE strain M-42 having to titre of 106•7 TCIDlo/ml. 
They received it either intravenously or subcutaneously in the dose of 30 ml or intramammarily 
in the dose of 80 ml (20 ml into each quarter) four times at 14-day intervals before parturition (Tab
le 1). Blood sera collected at each immunization and colostrum and milk samples collected within 
6 days of parturition were examined with the virus-neutralization (VN) test. 

Hyperimmune cow colostrum whey was prepared from the colostrum collected within 24 hours 
of parturition from two immunized 'Cows. Chymosin-precipitated casein and fat were removed 
from the colostrum by centrifugation at 5000 rpm for 20 minutes at 4°C. The whey thus obtained 
was filtered through a Seitz EK filter and stored at -120°C after previous determination of VN 
antibody titres. 

Serological Examination 

Colostrum and milk samples were precipitated with chymosin to remove casein and then centri
fuged at 5000 rpm/min. for 20 minutes at 4°C. The wheys and blood serum samples were stored 
at - 20°C until examined. . 
. Antibody concentration was determined by the VN test in secondary pig kidney cell cultures 

using plastic microplates with 96 wells and 0.05 ml diluting loops and droppers. The VN titres 
were expressed as the reciprocal of the serum dilution that neutralized 100 TCID 10 of virus in 50 per 
cent of the wells. 

Potency T.ests of Hyperimmune Cow Colostrum Whey 

(a) Experiment with Colostrum-Deprived Piglets 
Ten hysterectomy-derived piglets of one litter reared in incubators on an artificial diet were 

divided into three groups at 4 days of age. Four piglets were given hyperimmune cow colostrum 
whey at 2-hour intervals and another four piglets at 4-hour intervals. The remaining two animals 
were left untreated to serve as controls. All the piglets were infected with the same dose of virulent 
virus 12 hours after the treatment was started and were observed daily for signs of clinical disease. 

(b) Experiment with Suckled Piglets 
Ten sow-reared piglets and 2 piglets weaned on to an artificial diet at two days of age were in

cluded in the experiment (Table 3). Hyperimmune cow colostrum whey was given orally in 5 ml 
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amounts to all sow-reared piglets every two hours. Twelve hours later 4 treated piglets and the two 
piglets weaned on to an artificial diet were infected with 2 ml virulent virus. The administration 
of whey was withdrawn after 5 days. All the piglets were observed for signs of clinical disease. 

Histological Examination 

Samples for histological examination were taken from several parts of the small intestine of 
piglets killed during the experiment. They were fixed in formalin, stained with haematoxylin and 
eosin and examined particularly for atrophy of the villi. 

Immunofluorescent Examination 

Samples of the small intestine for immunofluorescent examination were fixed in chilled acetone 
and embedded in low melting-point paraffin. Sections cut on a microtome were layered with specific 
conjugate for 30 minutes. After being washed thoroughly in phosphate buffer, pH 7.2, for 20 minutes, 
the preparations were mounted in buffered glycerol and examined under-a fluorescence microscope. 

Results 

Production of Antibodies in Immunized Cows 
Administration of cell-passaged TGE virus to pregnant cows induced producti

on of antibodies demonstrable in the blood sera of all the animals 14 days after 
immunization. The onset and dynamics of serum antibody production were little 
affected by the route of antigen administration. Their concentration peaked 4 to 5 
weeks after commencing the immunization. The serum antibody titres recorded 
at this time were higher in i/v or subcutaneously injected cows than in those which 
received viral antigen only by the intramammary route. 

Milk and colostrum antibody titres, on the other hand, showed differences 
depending on the route of antigen administration. In cows injected subcutaneously 
or intravenously the titres were highest in the colostrum collected within 12 hours 
of parturition, then declined steadily so that only a very low VN activity was 
found in the milk collected on day 4. Some milk samples collected on days 4 to 
6 were entirely negative. In cows immunized by the intramammary route the dy
namics of antibody excretion by the mammary gland was the same as in the intra
venously or subcutaneously immunized animals, but the concentrations of both 
colostral and milk antibodies were higher. This quantitative difference was parti
cularly marked beginning 24 hours after calving. Moreover, the antibody titres 
of cows ,immunized by the intramammary route were more sustained; they were 
demonstrated as a rule in the milk collected on days 4 to 6 after parturition (Table 
1). 

Effect of the Administration Hyperimmune Cow Colostrum Whey 
on the Course of Disease in Colostrum-Deprived Piglets 

The typical course of disease was seen only in untreated control piglets where 
the first symptoms, i. e. vomiting and diarrhoea, were observed as early as 18 to 
24 hours after infection. They were soon joined by accompanying signs, i. e. ge- -
neral dehydration and marked cachexia. The disease was fatal within 4 days. 
A piglet killed 36 hours after the onset of diarrhoea showed marked atrophy of 
the villi, and virus was demonstrated in epithelial cells of the mucosa by immuno
fluorescence. 

The experimental animals developed signs of TGE in a substantially milder 
form. The protective effect of hyperimmune cow colostrum whey was manifested 
mainly by prolongation of the incubation period by 24 to 72 hours. A relatively 
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higher degree of protection was recorded in piglets that received colostrum whey 
at 2-hour intervals. Clinical signs were fully developed only by one piglet that 
was given colostral whey at 4-hour intervals; this animal died on day 4 after in
fection. The remajnjng treated piglets had their clinical signs limited to diarrhoea 
lasting 3 to 6 days and survived with some loss of condition (Table 2). 

Effect of the Administration of Hyperimmune Colostrum Whey 
on the Course of Disease in Suckled Piglets 

In sow-reared piglets treated with hyperimmune cow colostrum whey TGE 
signs were not observed until day 4 after infection and were limited to vomiting 
which was found with certainty in two experimentally infected piglets and in one 
animal exposed to contact infection. Diarrhoea did not appear until t;he admin
istration of colostrum whey was withdrawn; in one animal it appeared 8 hours 
and in other two animals 24 hours after this withdrawal. During the next day 
it spread to the whole litter, its duration in individual animals varying from 3 to 
10 days. Two animals were killed in this state of disease and their examination 
confirmed the presence of TGE infection. Both showed mild atrophy of the villi, 
and virus was demonstrated in cells of their mucosa by immunofluorescence. 
The remaining animals survived with slight loss of condition (Table 3). 

The dam developed a profuse diarrhoea at the same time that the first piglet 
began scouring on day 5 after experimental infection. Her disease, accompanied 
by complete inappetence and hypogalactia, lasted 4 days and had a negative effect 
on the course of the experiment, particularly on the health status of the piglets 
which had to be supplemented. 

Control piglets weaned from the sow and reared on an artificial diet began scour-. 
ing in 24 to 48 hours and died within 6 days of infection. 

VN antibodies were demonstrated in the blood sera of some piglets as early 
as 12 days after infection and their titres showed an unequivocal tendency to rise 
(Table 3). 

Discussion 

The administration of hyperimmune cow colostrum whey had a marked effect 
on the clinical course of TGE. In colostrum-deprived piglets its positive effect 
was manifested by prolongation of the incubation period by 2 to 3 days, milder 
clinical symptoms and bYimarkedly reduced mortality. Suckled piglets had their 
symptoms limited to vomiting throughout the administration period. 

The fact that the course of disease was more severe in colostrum-deprived 
piglets than in suckled animals was due to different conditions for the develop
ment of contact infection. The suckled piglets were kept separate from artificially 
reared controls and were therefore not exposed to such intense contact infection 
as colostrum-deprived animals that were kept in incubators together withuntrea
ted controls. 

A higher degree of protection was found in piglets that were given hyperimmu
ne cow colostrum whey at 2-hour intervals. This is apparently due to the fact 
that cow colostrum immunoglobulins persist in the intestinal tract in active form 
only for a limited length of time as was pointed out by Prochazka et al. (1978). 
These investigations found that 131iodine-labelled cow colostral IgG1 and its anti
body fragments persisted in a small quantity in the upper part of the digestive 
tract for about 4 hours after oral administration and only their trace amounts 
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were demonstrable in the caudal part of the small intestine and in the large intes
tine up to 6 hours after administration. 

The disease of the sow and suckled piglets that were not experimentally infec
ted shows that the virus multiplied in the experimentally infected piglets, although 
they were treated with hyperimmune cow colostrum whey, and was excreted 
to the environment. Indirect evidence that the infection did occur is also the anti
body response found in all treated animals. That these antibodies were not ab
sorbed from the hyperimmune cow colostrum whey is evident from the fact that 
they were first detected 12 days after its administration and continued to rise, 
although the colostrum whey was withdrawn. Active antibody production in pig
lets infected with TGE virus and protected against clinical manifestation of the 
disease by specific immunoglobulins was described also by Stone et al. (1977). 

The resUlts of the two experiments confirmed the protective effect of hyper
immune cow colostrum whey against infection taking place in the small intestine. 
,They also direct attention to one of the possibilities of replacing lactogenic immu
nity which results from natural infection or vaccination of the sows (Hooper 
and Haeherman 1966). From the data reported by Bohl and Saif (1974) it 
appears that of antibodies excreted in the milk only IgA antibodies are effective 
in the intestinal lumen. Stone et al. (1977), on the other hand, demonstrated a pro
tective effect also for IgG and IgM antibodies of pig colostrum. Similarly, Noble 
(1964) and Saunders (1964) found a partial protection against natural TGE 
virus infection in piglets that were repeatedly given blood or convalescent serum 
of slaughter pigs per os. 

The results reported here suggest that antibodies present in the colostrum of 
adequately immunized cows may have the same effect as antibodies contained 
in hyperimmune or convalescent serum and colostral whey of pigs. In this res
pect our observations are in keeping with the data of Lecce et al. (1976) and 
Bridger (1979) who prevented the development of clinical manifestation of rota
virus infection in piglets by administration of cow's .milk. 

The finding that cows, which are not susceptible to TGE virus infection under 
natural conditions, respond to parenteral administration of this virus by antibody 
production and that antibodies contained in their colostrum have a protective 
effect opens new possibilities of TGE prevention. Hyperimmune cow colostral 
whey can be used in all pig herds with serious rearing problems due to diarrhoea 
caused by TGE virus. It may prove particularly useful in the protection of 
older piglets and at weaning time and in the prevention of losses in herds prac
tising early weaning or another form of rearing on an artificial diet. 

The evidence published in the past few years suggests that passive local immu
nity of the small intestine in the young as mediated through colostrum and milk 
antibodies of immune dams is of value not only in TGE, but also in other gastro
enteric viral infections such as rotavirus infections of piglets (Lecce et al. 1976) 
and lambs (Snodgrass and Wells 1976) and rotavirus and coronavirus infections 
of .calves (Mebus et al. 1973; Woode et al. 1975). As in TGE, the infectious 
process of these gastroenteric viral diseases remains localized to the intestinal 
tract and can be affected only by antibodies present directly in the intestine. It 
appears probable that whey prepared from colostrum of cows immunized With 
various viral antigens will find application not only in the prevention of TGE, 
but also in the prevention and treatment of gastroenteric diseases of calves and 
piglets of another viral aetiology. 
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Pnprava hyperimunni kravske kolostraIni syrovatky a jeji vyuZiti 
k ochrane selat proti virove gas~roenteritide prasat 

Parenteralni podani viru virove gastroenteritidy prasat bfezim kravam bylo do
provazeIio tvorbou virusneutralizacnich protilatek, ktera kulminovala za 4--'-5 
tjdnu po zahajeni imunizace. V krevnich serech krav imunizovanych intraven6zne 
a subkutanne byly zaznamenany vyssi titry protilatek nez u krav imunizovanych 
do mleene ziazy. V kolostru odebranem do 6 hodin po porodu nebyia koncentrace 
protilatek ryrazne ovlivnena zpusobem aplikace antigenu. V pozdeji odebranych 
vzorcich a v mlece byly vsak vyssi titry protilatek, aZ do 6. dne porodu, prokazo
vany u krav imunizovanych intramamame. Pravidelna, peroralni aplikace syrovat
ky pfipravene z kolostra imunizovanych krav vYznamne ovlivnila prubeh virove 
gastroenteritidy u experimentaine infikovanych selat a zamezila jejich hynuti. 
U lecenych zvifat doslo k prodlouieni inkubaCni doby nejmene 0 24 hodin a zmir
neni intenzity klinickych pfiznakil, ktere zustaly, u selat odchovavanych pod pras
~ci, omezeny jen na sporadicke zvraceni. 

nOllrOTOBKa rHnepHMMYHHOH KopoBbeH MOJI03HBHOH CbIBOPOTKH 

H ee npHMeHeHHe llJIJI 3a~HTId nopocJIT OT BHpYCHoro raCTpOSHTepHTa 

napeHTepaJIbHaJl rro.naqa BHpyca BHpYCHoro raCTpoaHTepHTa rropoCJlT CTeJIb~ 
HbIM KopOBaM corrpOBO»<:llaJIaCb o6pa30BaHHeM HeHCTPaJIH3yIO~Hx BHpyC aHTHTeJI, 

.: KYJIbMHH~HeH qepe3 4-5 He.neJIb nOCJIe HaqaJIa HMMYHH3aU;HH. B KPOBHHOH 

CbIBopOTKe HMMYHH3HPOBaHHbIX BHYTpHBeHHO H nOllKO}I(HO KOPOB Ha6JIIO.n.arrHcb 

60JIbIIIHe THTpbI aHTHTeJI, qeM y KOpoB, HMMYHH3HpoBaHHbIX B MOJIOlJHyIO »<:eJIe~ 
ay. B MOJI03HBe, oTo6paHHoM .no 6 qaCOB nOCJIe OTeJIa, KOHu;eHTp~HJI aHTHTeJI He 

HaXO.IlHJIaCb no,ll cyzqecTBeHHbIM BJIHHHHeM cnocooa nOllaqH .aHTHreHa. B n03»<:e 

0'l'06paHHbIX 06pa3u;ax H B MOJIOKe, OllHaKO, Ha6JIIOllaJIHCb n060JIbIlIe THTpbI aH~ 
Tl'ITeJI, BnJIOTb ,IlO 6 llHH nOCJIe OTeJIa, y KOPOB, HMMyHH3HpOB~HHbIX B MOJIOqHYIO 

»<:eJIe3y. PerYJIHpHaH nepopaJIbHaH nO,llaqa CbIBOpOTKH, nOllrOTOBJIeHHoii· H3 MO~ 
JI03HBa HMMYHH3HpoBaHHbIx KOPOB, OKa3aJIa BJIHHHHe Ha npOTeKaHHe BHpycHoro 

raCTpOSHTepHTa y sKcrrepHMeHTaJIbHO HH<!?HU;HpoBaHHbIx nopocHT H npenHTCTBO~ 

BaJIa OTXOllY MOJIO,llHJlKa. Y JIeqeHHbIX »<:HBOTHbIX yBeJIHqHJICb HHKy6aU;HoHHbIH 

nepHO,ll MHHHMaJIbHO Ha CyTKH H YMeHbIIIeHHe HHTeHCHBHOCTH KJIHHHqecKHX 

npH3HaKOB y OCTaBIlIHXCH nOllCOCHbIX nopocHT OrpaHHqHJIOCb JIHIlIb cnopallH~ 

qeCKHMH BpOTaMH. 
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