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ABSTRACT 

At least eight viruses have been iden- 
tified, four within the last 5 yr, that 
produce diarrhea and pathological in- 
testinal lesions in experimentally in- 
oculated calves. Coronavirus and rotavirus 
frequently are associated with the neo- 
natal calf diarrhea syndrome, but the 
etiologic role of the newly identified 
viruses is undefined. All diarrheal viruses 
replicate within small intestinal epithelial 
cells, resulting in variable degrees of 
villous atrophy. 

Immunity against these viral infections, 
therefore, must be directed toward 
protection of the susceptible intestinal 
epithelial cells. Because most of  these 
viral infections occur in calves <3 wk of 
age, passive lactogenic immunity within 
the gut lumen plays an important role in 
protection. This report reviews methods 
of boosting rotavirus antibody responses 
in bovine mammary secretions and 
analyses of passive and active immunity 
in calves supplemented with cotostrum 
and challenged by rotavirus. Results 
indicate rotavirus immunoglobulin G1 
antibodies in colostrum and milk were 
elevated after intramuscular and intra- 
mammary vaccination of  pregnant cows 
with an Ohio Agricultural Research and 
Development Center rotavirus vaccine but 
not after intramuscular immunization 
with a commercial rota-coronavirus vac- 
cine. Feeding colostrum from intra- 
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muscular plus intramammary immunized 
cows to newborn calves challenged by 
rotavirus prevented diarrhea and shedding 
of rotavirus. 

I N T R O D U C T I O N  

Electron microscopy for detection of  enteric 
viruses from diarrheic calves has led to the 
discovery of a number of new viruses within the 
past decade (61, 63, 81, 83). Whereas both 
rotaviruses and coronaviruses are primary 
enteric pathogens frequently associated with 
the neonatal calf diarrhea (NCD) syndrome (3, 
28, 32, 43), the etiologic role of these recently 
identified viruses in the NCD syndrome is 
undefined. Inability to cultivate these often 
fastidious new viruses in tissue culture precludes 
development of many commonly used serologic 
tests for detection of these agents or their 
antibodies. 

Knowledge of  the pathogenesis, epide- 
miology, and mechanisms of immunity to 
enteric viruses is important in developing 
rational approaches to immunization and 
control of  these viral diarrheas. Because most of 
these infections commonly occur as enzootics 
in calves < 3 wk of  age, enhancement of  passive 
immunity may be an effective approach for 
their control. Passive immunity to enteric 
viruses such as rotaviruses and coronaviruses is 
associated with ingestion of  colostrum or milk 
containing high concentrations of specific 
antibodies (lactogenic immunity). Antibodies in 
blood serum generally appear to be of  less value 
in protection against these viruses (67, 68). 

This review describes the currently known 
diarrheagenic viruses of calves including their 
epidemiology, pathogenicity, and pathogenesis. 
It also focuses on passive lactogenic immunity, 
including ways to enhance this immunity by 
immunization of  pregnant cows. An analysis of 
passive protection in calves fed various colostrum 
supplements is reported. 
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Bovine Enteric Diarrheal Viruses: 
Description and Antigenic Characterization 

Summarized in Table 1 is a description of 
each of the currently known bovine enteric 
diarrheagenic viruses. Half of these viruses 
have been identified only within the last 5 yr, 
so only limited information is available about 
their antigenicity, pathogenicity, or epide- 
miology. 

As further illustrated in Table 1, only one 
serotype of most of these viruses has been 
reported with the exception of  rotavirus 
and possibly Bredavirus and calicivirus. At least 
two bovine rotavirus serotypes were distin- 
guished by crossprotection studies and by virus 
neutralization tests based on presence of type 
specific antigens thought to be primarily 
associated with the viral outer capsid layer (44). 
However, rotaviruses from all species also share 
common group-specific antigens detectable by 
complement fixation, immunofluorescence, en- 
zyme-linked immunosorbent assay (ELISA), 
and other serological tests (24). Because rota- 
viruses from one species experimentally can 
crossinfect and cause clinical disease in another 
species (38), a potential may exist for cattle to 
be infected with rotaviruses that originated in 
other species. 

A bovine rotavirus-like agent (RVLA) 
identified in our laboratory was morphologically 
identical to rotavirus but differed antigenically 
and in the double-stranded ribonucleic acid 
electropherotype (63). However, this RVLA 
did not react antigenically or have a similar 
RNA electropherotype to a different RVLA 
which we previously identified in pigs (8, 60), 
suggesting the existence of several antigenically 
distinct categories of RVLA. Whether the 
bovine and porcine RVLA that we identified 
share common antigens with recently described 
RVLA from other species (10) is unknown. 

Bovine coronavirus does not crossreact 
antigenically with other enteric coronaviruses 
such as transmissible gastroenteritis (TGE) 
virus of swine, canine coronavirus, or feline 
infectious peritonitis virus. However, it is 
antigenically related to hemagglutinating en- 
cephalomyelitis of  swine and human respiratory 
coronavirus OC43 (51). Two reports suggested 
possible transmission of coronaviruses between 
calves and man (50, 71), but the epidemic 
significance of these possible cross-species 
infections is uncertain. 

Bovine parvovirus does not crossreact with 
enteric parvoviruses from other species. Anti- 
genic relationships of the newly described 
viruses to similar viruses from different species 
generally is undefined (Table 1). As serologic 
tests are developed to characterize these newly 
described viruses, additional serotypes may be 
detected and antigenic relationships revealed. 

Epidemiology and Pathogenicity. A number 
of viruses originally isolated from feces or 
intestinal contents of calves cause diarrhea 
in experimentally inoculated gnotobiotic or 
colostrum-deprived calves (Table 2). Several of 
these viruses have been associated consistently 
with diarrhea and pathological intestinal lesions 
in studies of conventional calves (28, 43). 
Enteroviruses and reoviruses (Table 2) fre- 
quently have been detected in calf feces but 
have not  been reported to cause diarrhea. By 
analogy to similar viruses in other species these 
two viruses presumably replicate in intestinal 
lymphoid tissue (80), and this may explain 
their failure to cause diarrhea. All viruses 
capable of causing diarrhea replicate in either 
villous or crypt intestinal epithelial cells (Table 
2); the cell tropism of these viruses will be 
discussed further in a later section. 

The age incidence of infection of calves 
reported for the various viruses or other enteric 
disease agents is in Table 3. All viruses in Table 
3 are endemic. Most adult cattle are seropositive 
for antibodies to rotavirus (2, 17, 82) corona- 
virus (56), and parvovirus (70), and about 60% 
of cattle have neutralizing antibodies to bovine 
viral diarrhea virus (BVD) (39). None of the 
recently described viruses (Bredavirus, RVLA, 
calicivirus, or as~rovirus) has been passaged 
serially in cell culture. This precludes use of 
routine serologic tests to assay for presence of 
antibodies to these agents. Thus, their prevalence 
is unknown. 

The ubiquitous and stable nature of the 
enteric viruses, which results in infections of 
calves under the protective umbrella of passive 
antibodies, may explain the generally high 
morbidity but low mortality associated with 
these infections (3, 43). This is in marked 
contrast to epidemics of  the swine coronavirus, 
TGE, which causes high mortality of seronega- 
rive piglets less than 1 wk of  age (21). Wide- 
spread occurrence of antibodies to these enteric 
viruses in bovine colostrum may explain partially 
the age incidence of rotavirus, coronavirus, and 
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TABLE 1. Bovine enteric diarrheagenic viruses: description and antigenic characterization. 

Virus Nucleic No. known 
Bovine virus shape and size acid a First description serotypes Antigenic relationships 

O 0o 

Ox 
0o 

Z 
O 

00 
ta~ 

Togavirus 
(bovine viral Pleomorphic 
diarrhea virus) 30 -100  nm SS RNA Olafson et al., 1946 (49) 1 

Parvovirus Icosahedral DNA Abinanti and Warfield, 2 
18-25  nm 1961 (1) 

Rotavirus Spherical DS RNA Mebus et al., 1960 (36) 
5 5 - 7 0  nm Murakami et al., 1983 (44) 2 

N c D v b  Coronavirus Pleomorphic SS RNA Stair et al., 1972 (69) 1 
7 0 - 1 2 0  nm 

Newly described viruses 
Calicivirus Spherical ? 
(Newbury agent) --33 nm 

Astrovirus Spherical SS RNA 
2 8 - 3 0  nm 

Bredavirus Pleomorphic ? 
7 0 - 1 0 0  nm 

Rotavirus-like agent Spherical DS RNA 
55--70 nm 

Woode and Bridger, 1978 (81) 2 (?) 

Woode and Bridger, 1978 (81) 1 

Woode et al., 1982 (83) 2 (?) 

Saif et al., 1982 (63) 1 

Hog cholera virus 

No crossreaction with parvoviruses 
from other species 

All rotaviruses from other species 

Hemagglutinating encephalomyelitis 
of swine; Human respiratory 
coronavirus OC 43 

Unknown - does not  crossreact with 
porcine enteric calicivirus 

Unknown 

Unknown - does not  crossreact with 
bovine coronavirus 

Unknown - does not corssreact with 
porcine pararotavirus 

O0 >_ 
> 
Z 
t~ 

m 

aSS = Single stranded; RNA = ribonucleic acid; DNA = deoxyribonucleic acid; DS = double stranded. 

bNCDV = Nebraska Calf Diarrhea Virus. 
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TABLE 2. Pathogenicity and classification of enteric viruses of calves according to intestinal cell tropism. 

Infection of Diarrhea in: 
enterocytes Conventional Colostrum- Gnot0biotic 

Villous Crypt calves deprived calves 

Type 1: Infect villous enterocytes 
Rotavirus + 
Rotavirus-like agent + 
Coronavirus + 
Bredavirus + 
Calicivirus + 
Astrovirus + 

Type 2: Infect crypt enterocytes 
Bovine viral diarrhea virus 
Parvovirus 

Type 3: Infect intestinal lymphoid cells 
Enterovirus 
Reovirus 

- -  + + + 

_ ? a  + + 

± + + + 

± ? + + 
- ? NT ° + 
- -  ? N T  - -  

+ + + + 

+ +(?) + ? 

a? = Not enough data available. 
bNT = Not tested. 

parvovirus  in fec t ions ,  wh ich  occur  at  a t ime  (7 
to 21 days  of  age) w h e n  t i te rs  of  passive mi lk  
an t ibod ie s  have decreased  to  u n p r o t e c t i v e  
c o n c e n t r a t i o n s  (2, 17, 28, 56, 70). I n f ec t i on  of  
younge r  calves ( < 7  days)  wi th  these  viruses 
m a y  re la te  to low colos t ra l  a n t i b o d y  t i ters ,  
h igher  doses  of  virus,  or  fa i lure  of  t r ans fe r  of  
passive i m m u n i t y .  

Ex i s tence  o f  an imals  t h a t  are seronegat ive  to 
BVD virus (39)  or  occas ional ly  co ronav i rus  (72)  
expla ins  the  abi l i ty  of  these  viruses to  in fec t  
an imals  o f  var ious  ages inc lud ing  adul ts ,  de- 
pend ing  on  the i r  serologic s ta tus .  Bovine  viral  
d ia r rhea  virus m a y  occur  in y o u n g  calves (2 to  3 
days old)  as a resul t  of  a late ges ta t ion  in u t e ro  
in fec t ion  of  seronegat ive  dams  (27) .  

Viral Replication Sites 
and Pathogenesis of Disease 

Enter ic  d ia r rheagenic  viruses m a y  be  cat- 
egor ized accord ing  to  the i r  sites of  rep l ica t ion ,  
b o t h  ver t ical  and  longi tud ina l ,  w i th in  the  
in tes t ina l  t rac t .  T h e  first  t ype  of  virus (Type  1, 
Tab le  2) in fec t s  vil lous ep i the l ia l  cells and  
usual ly  does  n o t  cause sys temic  infec t ions .  
This  inc ludes  coronavi rus ,  ro tavirus ,  and  the  
newly  descr ibed  viruses. In con t ras t ,  viruses of  
t he  second  t y p e  in fec t  p r imar i ly  c r y p t  en ter -  
ocy tes  and  in tes t ina l  l y m p h o i d  cells and  usual ly  
cause sys temic  infec t ions .  Type  2 viruses  
p resen t ly  inc lude  parvovirus  and  BVD virus 
(Table  2). 

TABLE 3. Age associated incidence of diarrhea infections in calves. 

Age incidence 
Pathogen <7 days 7 - 1 4  days 15-21 days >3 mo 

E s c h e r i c b i a  c o l i  + - - - 

Rotavirus +- + -+ -+ 
Coronavirus ± + + + 
Bovine viral 

diarrhea virus + + + + 
Parvovirus + 
Cryptosporidia -- + + 
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Type 1 viruses are thought to be transmitted 
by the fecal-oral route resulting in direct 
infection of villous epithelial cells via the 
luminal surface of  these cells. Whether certain 
of these viruses also can be transmitted by 
aerosol exposure, with virus initially repli- 
cating in the oropharynx leading to massive 
doses of  viruses being swallowed, is unclear and 
needs to be investigated. In preliminary studies 
in our laboratory, experimental oral/intranasal 
(IN) or IN exposure of colostrum-deprived or 
gnotobiotic calves to bovine coronavirus led to 
coronavirus antigen not only in the small 
intestine and colon but also in tracheal and 
nasal smears prepared at 2 to 3 days post- 
exposure (DPE) (L. J. Sail, D. R. Redman, and 
K. W. Theil, unpublished observations). Replica- 
tion of the coronavirus TGE also occurs in 
tissues of the upper respiratory tract (25). 
These findings suggest the possibility that more 
labile enveloped enteric viruses such as corona- 
virus may undergo initial replication in the 
oropharynx contributing massive doses of virus 
to the small intestine. Viremia generally has not 
been reported for Type 1 viruses. 

There are no definite explanations to account 
for the villous epithelial cell tropism of Type 1 
virtrses. Possible explanations include the role 
of cell receptors and various enzymes within 
the brush borders of  the enzymatically mature 
villous epithelial cells. These enzymes may be 
required for viral uncoating or exposure of  cell 
receptors in a manner similar to the in vitro 
requirement for intestinal enzymes such as 
trypsin, chymotrysin, or pancreatin for replica- 
tion of most rotaviruses (73, 84) and human 
astrovirus (30) in cell culture. Additionally, in 
the neonate, some viruses might be taken up in 
absorptive villous epithelial cells nonspecifically 
via pinocytosis during the period of colostrum 
absorption. 

Type 1 viruses infect and destroy villous 
epithelial cells, and result in villous atrophy. 
Loss of these mature absorptive ceils leads 
to a malabsorption diarrheal syndrome typical 
of these viral infections. In a review of diarrheal 
pathogenesis, Moon (40) drew a corollary 
between the severity of various viral infections 
and the extent of viral replication in epithelial 
cells lining both the sides and tips of the villi. 
Whereas rotavirus mainly infects cells on the 
apical half of  the villi (the more enzymatically 
mature cells) producing a milder, transient 

diarrhea, coronaviruses infect epithelial cells 
throughout the length of  the villi causing more 
pronounced villous atrophy and also diarrhea. 
Epithelial cells on the villi tips constantly are 
being replaced by cells that proliferate in the 
crypts and migrate up the sides of  the villi. The 
turnover rate of  these ceils is slower in younger 
or gnotobiotic animals, leading to less rapid 
repair of villous atrophy, which may contribute 
to the enhanced susceptibility of neonates to 
these viral diarrheas (40). Increased frequency 
of villous epithelial cell replacement and loss of 
the capacity to absorb macromolecules (Ig) 
from colostrum are age-related factors that may 
increase the resistance of  older animals to viral 
diarrheas. Loss of the absorptive capacity may 
reduce the animal's susceptibility to enteric 
viral infections by eliminating the possible 
"nonspecific" uptake of viral or bacterial 
pathogens via the same pinocytotic pathway as 
the Ig are absorbed. 

The constant replacement of damaged 
villous epithelial cells by cells originating in the 
crypts, which are refractory to further rotavirus 
infection (34), suggests that in most animals 
these infections will be self-limiting. However, a 
cause of some concern might be multiple 
infections that occur naturally with several 
Type 1, or Type 2 viruses that destroy both 
villous and crypt enterocytes (32). Such in- 
fections presumably could lead to much greater 
morbidity and mortality than one agent alone, 
and in one study mortality rates increased with 
number of  enteric viruses detected (76). There 
are few experimental studies of  the pathogenesis 
or possible additive or synergistic interactions 
of multiple viral infections in calves, but 
detection of several viruses from a single 
diarrheic calf is common (3, 32, 43, 76, 81). 

Besides shared intestinal cell tropisms, Type 
1 viruses also possess common physicochemical 
and biological characteristics as described in 
Table 4. Properties such as stability to low pH 
and proteolytic enzymes enable these viruses to 
function well in the intestinal environment. 
Because of inability to propagate many of these 
fastidious enteric viruses in cell culture, electron 
microscopy has been instrumental in their 
detection and identification. 

Viruses of the second type that infect 
mainly crypt epithelial and intestinal lymphoid 
cells (Table 2) also are thought to be trans- 
mitted via the fecal-oral and respiratory routes. 

Journal of Dairy Science Vol. 68, No. 1, 1985 
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TABLE 4. Characteristics of type 1 bovine enteric 
viruses. 

Physicochemieal 
1. Heat labile -- partially explain their peak occur- 

rence in winter months. 
2. Stable at low pH (3-4). 
3. Stable to proteolytic enzymes - often key to their 

propagation in cell culture. 

Biological 
4. Difficult to propagate in conventional cell culture 

systems (electron microscopy usually led to their 
initial detection). 

5. Generally cause more severe infections in younger 
animals than in adults. 

6. Generally occur as endemic infections in partially 
immune animals. 

Studies of BVD and feline and canine parvo- 
viruses suggested the initial site of viral replica- 
tion is in the upper respiratory tract  [(48), 
oropharyngeal tissue]. From there, virus may 
be disseminated to intestinal lymphoid tissues, 
crypt  epithelial cells, or other secondary sites 
either via a viremia, infected leukocytes, or 
both (48). The predilection of BVD and parvo- 
virus for crypt  epithelial and intestinal lymphoid 
cells probably is related to the rapid proliferative 
rate of these cells as in vivo replication of these 
viruses requires a populat ion of cells undergoing 
frequent mitosis (23). 

As discussed by Moon (40), infection of 
crypt  epithelial cells by Type 2 viruses also 
leads to severe villous a t rophy with loss of  
crypt  and consequently replacement villous 
epithelial cells. This results in a state of total  
mucosal collapse. 

Besides this vertical stratification of virus 
replication sites within intestinal epithelial ceils, 
there also appears to be longitudinal differ- 
entiation of viral replication sites in the intestine 
(Table 5). In general, viruses that replicate only 
in limited port ions of the intestine or that  
infect only scattered epithelial cells cause only 
mild or no villous atrophy and subsequently 
mild or no diarrhea. In comparison, viruses that 
replicate throughout  the entire intestine or  that  
infect a high percentage of epithelial cells might 
be expected to cause more severe villous 
atrophy and diarrhea. For  example, a virus such 
as astrovirus produces only a patchy fluorescence 
(indicative of only scattered infected cells), and 

in the calf this limited replication results in 
little villous atrophy or diarrhea (Table 5). 
Coronavirus, however, produces an almost 
continuous infection of entire villous enter- 
ocytes throughout  the distal port ion of  the 
small intestine and colon. I t  usually is associated 
with a severe diarrheal syndrome in experi- 
mentally inoculated or naturally infected calves 
(28, 35, 50). Bovine Bredavirus has a similar 
predilection for cells in the distal port ion of  the 
small intestine and colon, but  it generally 
produces a milder diarrheal syndrome (61, 83). 

Rotavirus and RVLA generally replicate and 
cause villous a t rophy in the distal half of  the 
small intestine, but  not  the colon, whereas the 
bovine calicivirus replicates and produces 
villous atrophy in the proximal port ion of  the 
small intestine (Table 5). 

As for cell tropisms, reasons for the pre- 
dilections of different viruses for certain regions 
of the intestine are unclear. Physiologic factors 
such as different enzyme concentrations, pH, 
and presence of bile salts all may play a role. 
Studies have shown longitudinal differentiation 
in the small intestine in regard to absorption of 
nutrients and cell turnover with both activities 
increased in the duodenum (5). All these 
variables may influence virus stability, receptors, 
and replication. Immunologic factors such as 
regional variation in concentrations of  local 
antibodies, cell-mediated immunity,  or inter- 
feron also may influence intestinal viral replica- 
tion sites. 

Immunity Against Enteric Viral Infections: 
Bovine Immunoglobulins 
in Mammary Secretions 

There are numerous detailed reviews of  the 
ruminant humoral  immune system (29, 42). To 
summarize briefly, IgG1 and IgG2 are pre- 
dominant  in bovine serum where they occur in 
similar concentrations. The IgGx, the major 
isotype in bovine mammary secretions, is 
t ransported actively from serum into colostrum 
(52) and also into milk (31, 47), although less. 
Prevalence of IgG1 in milk is unique to rumi- 
nants, and IgA predominates in mammary 
secretions of  monogastrics including humans 
(74). In monogastric species, secretory IgA 
(SIgA) antibodies occur in milk after antigenic 
stimulation of the gastrointestinal tract  of the 
dam, such as following an enteric infection (4, 
7, 58, 59). Parenteral immunization generally 
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TABLE 5. Viral replication sites of bovine enteric viruses and their distribution in the intestine. 

Primary regions 
Extent of of intestine 

Virus Cell type infected infection infected a 

Primary site 
of 
villous atrophy a 

Rotavirus (34) Villous enterocytes patchy- J, I 
continuous 

Rotavirus-like Villous enterocytes patchy- J, I 
agent (63) continuous 

Bovine coronavirus Entire continuous J, I, Colon 
(35) Villous enterocyte 

Crypt enterocytes (colon) 
Bovine Bredavirus Lower villous and patchy- J, I. Colon J, I 

(62, 83) crypt enterocytes continuous 
Calicivirus (81) Lower villous patchy D, J D, J 

enterocytes 
Astrovirns (81) Dome enterocytes patchy I J(_+) 
Bovine viral Crypt enterocytes patchy- I, Colon ?b 

diarrhea virus (48) continuous 
Parvovirns (70) patchy J, I, Colon ? Crypt enterocytes 

J , I  

J 

J, I, Colon 

aD = Duodenum; J = jejunum; I = ileum. 
b? = Not reported. 

elicits only IgG milk antibodies (7, 58, 59). 
Following local intestinal antigenic stimulation, 
IgA immunocytes migrate from the gut to the 
mammary gland where they secrete SIgA 
antibodies into the milk (57), thus establishing 
an "enteromammary SIgA ]ink". Thus, the 
ant ibody specificites of milk IgA reflect anti- 
genic challenges in the intestinal tract  of the 
dam. 

Few studies have addressed the question of  a 
similar enteromammary SIgA link in the bovine 
such that  antigenic stimulation by the oral 
route would elicit IgA milk antibodies. In one 
study, oral vaccination of pregnant cows with 
live or dead Escherichia coli of the K99 pilus 
type resulted in little or no K99 ant ibody 
response in serum or colostrum and no ant ibody 
response in milk (41). However, a subsequent 
parenteral  booster  immunization of these cows 
during lactation resulted in blood serum and 
low milk ant ibody responses that  were higher in 
the live E. coli vaccine cows. The Ig isotypes of  
E. coli antibodies were not  determined. 

In another study, jejunal infusion of pregnant 
cows with a nonreplicating bacteriophage 
antigen elicited IgG1 and IgG2 but  not  IgA 
antibodies in serum and mammary secretions 

(13). We found similar results in a preliminary 
study of oral administration of live virulent 
bovine rotavirus to five pregnant rotavirus 
seropositive cows; only IgGl rotavirus anti- 
bodies were elevated in mammary secretions of 
two of five cows (L. J. Sail, K. L. Smith, and D. 
R. Redman, unpublished observations). The 
source of elevated IgG1 oolostral and milk 
antibodies in these two studies is unclear. The 
former study demonstrated few IgGI producing 
cells in mammary secretions in spite of  the 
predominately IgG1 response (13). A possible 
explanation might be that IgG1 plasma cells, 
which occur in relatively large numbers in the 
intestines of adult  ruminants (46), contribute 
IgG1 antibodies (with specificity to enteric 
antigens) to serum and these then are trans- 
ported actively to colostrum and milk. This also 
would explain the occurrence of predominately 
lgGt rotavirus or coronavirus antibodies in 
mammary secretions of naturally infected 
(presumably via the oral route) cows (Figures 
1 and 2, Table 6). A similar mechanism recently 
has been proposed for the selective transport  of 
dimeric serum lgA (most of which was produced 
by intestinal IgA plasma cells) to the colostrum 
in lactating mice (18). These preliminary 
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Figure 1. Enzyme-linked immunosorbent assay (ELISA) immunoglobulin (Ig)G1, IgG2, IgA, and IgM rota- 
virus geometric mean antibody titers (GMT = bars) and virus neutralization (VN) GMT +- the standard error of 
the mean (lines) in pooled bovine colostrum from Group I, i.m.+IMm (immunized by intramuscular injection 
and intramammary infusion) Ohio Agricultural Research and Development Center rotavirus-immunized cows; 
Group II, commercial rota-coronavirus vaccine-immunized cows; and Group III, control cows. 

findings suggest enteric priming or boosting 
may not  be an effective means of  eliciting SIgA 
antibodies in bovine mammary secretions. 
Indeed, the bovine mammary gland generally 
has been described as deficient of IgA, which 
may relate to rumen development (53). Al- 
though several studies have indicated bovine 
IgA milk antibodies are produced locally after 
intramammary (IMm) infusion of antigen (29), 
the origin of  these cells producing IgA is 
undefined. 

In the following discussion, at tention will be 
directed primarily toward passive immunity  
against Type 1 viruses. In these viral infections, 
passive immunity is contingent upon continuing 
adequate amounts of antibodies in the gut 
lumen for protect ion of villous enterocytes 
(21). Serum-derived antibodies generally play a 
minor  role, and there is usually little correlation 
between serum antibodies and infection (21, 
37). This is the reverse of  the situation for Type 
2 viruses. In studies of BVD and canine parvo- 
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viral infections, there was a positive correlation 
between virus neutralizing antibody titers in 
blood serum (actively or passively acquired) 
and protection against infection (12, 55). 
Presumably this is because the virus infects 
intestinal ceils via the hematogenous route. 
Therefore, neutralization of the virus before it 
reaches susceptible intestinal ceils may be a key 
factor in immunity  against Type 2 viral infec- 
tions. 

Rotavirus and Coronavirus Antibodies 
in Bovine Mammary Secretions: 
Antibody Isotypes and Titers 
in Naturally Infected Cows 

Because bovine rotavirus and coronavirus are 
two well-characterized enteric viraI infections, 

they serve as useful models for studies of 
passive immunity to Type 1 viruses. Studies in 
our laboratory (62) and others (56, 64) using 
isotype specific ELISA and virus neutralization 
(VN) tests have confirmed the predominance of 
IgGz rotavirus and coronavirus antibodies in 
mammary secretions of naturally infected 
seropositive cows (Figures 1 and 2, Table 6). 
These were followed in prevalence by IgG2 and 
IgA antibodies (Figure 1). Colostral rotavirus 
antibody titers decrease precipitiously in the 
transition to milk (Figure 2). This is in contrast 
to monogastrics such as humans and swine in 
which IgA rotavirus antibodies predominate in 
milk (presumably due to the enteromammary 
SIgA link), and titers do not decrease dramat- 
ically during the transition to milk (7, 58, 59). 
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TABLE 6. Enzyme-linked immunosorbent assay (ELISA) immunoglobulin G 1 (IgG 1 ) rotavirus and coronavirus 
antibody titers in pooled bovine colostrum, a 

Rotavirus Coronavirus 

Immunization ELISA lgG~ ELISA IgG~ 
group GMT b 95% CI c GMT 95% CI 

i.m. + IMm OARDC d 
rotavirus vaccine 2,413,682 A [ 1,621,810; 6,209 A [ 3,845-- 

3,548,I33] 10,0251 
Commercial 
Rot~-coronavirus 
vaccine 

Control 

8,192 B [4,897; 8,185 A [4,853; 
13,803] 13,8041 

4,705 B [2,691; 7,132 A [4,273; 
8,316] 11,901] 

A'BMeans followed by the same letters are not significantly different (P>,05); those followed by different 
letters are significantly different (P<.05). Comparisons are made only within each given antibody test (vertical 
columns). 

aRepresents entire pooled first milking colostrum from five cows in each group. 
bGMT = Geometric mean titer computed on a minimum of five replicates for each sample. 
CBrackets = 95% confidence interval (el). 
dOARDC = Ohio Agricultural Research and Development Center. 

Enhancement of Rotavirus Antibodies 
in Mammary Secretions: 
Influence of Route and Time of Immunization 

Because IgG1 is transported selectively from 
serum to colostrum and milk, a rational ap- 
proach for boosting rotavirus or coronavirus 
antibodies in bovine mammary secretions 
would be parenterally to immunize the pregnant 
dam with these viruses, thereby enhancing 
serum and, hence, colostral rotavirus antibodies. 
Studies then would be required to evaluate the 
protective capacity of these IgGa antibodies in 
the calf against viral challenge. 

A number of variables need to be considered 
in attempting to maximize antibody responses 
in mammary secretions. The first of these is the 
route and time of immunization. As in Figures 
1 and 2, extremely high colostral rotavirus IgG1 
antibody titers have been achieved by intra- 
muscular (i.m.) immunization at %9 wk pre- 
partum and immunization by IMm infusion 2 
wk post-i.m, of the pregnant dam with an Ohio 
Agricultural Research and Development Center 

2Calf Guard, Norden Laboratories, Lincoln, NE. 

(OARDC) propagated modified-live NCDV 
bovine rotavirus administered in Freund's  
incomplete adjuvant. There were significant but  
lower increases of the other three colostral 
antibody isotypes as well (Figure 1). Of further 
importance was the finding that these antibody 
titers remained significantly elevated in milk 
(compared to controls) for at least 30 days 
postpartum (Figure 2). In comparison, i.m. 
administration of the same modified-live 
rotavirus strain and coronavirus in a commercial 
vaccine 2 (administered without adjuvant at 6 
and 3 wk prepartum) resulted in no significant 
increase of colostral or milk rotavirus or corona- 
virus antibody titers compared to controls 
(Figure I, Table 6). The rationale for the 
i.m. and IMm schedule was based on the 
hypothesis that a peripheral stimulus i.m. 
administered near involution could result in 
seeding of sensitized cells to the mammary 
gland. Subsequent IMm presentation of antigen 
then might result in further expansion of this 
clone of cells effectively increasing antibody in 
mammary secretions (78). Immunization studies 
in sheep and cattle demonstrated enhanced 
antibody responses of all isotypes in milk after 
this regimen (78). 
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Although IMm immunization may be 
applicable in dairy cows, particularly during the 
dry period, it would not be practical in beef 
cows. To this end, other studies have reported 
significantly enhanced blood serum or mammary 
secretion rotavirus antibody titers after other 
parenteral routes, including i.m. or subcutaneous 
(S.C.) injection of adjuvantized inactivated 
virulent (37) or adjuvantized inactivatized or 
live modified bovine rotavirus (19, 20, 64, 77). 
However, rotavirus antibody titers in mammary 
secretions were not as great as in our studies, 
and in two studies these antibodies failed to 

protect nursing or colostrum-supplemented 
calves against rotavirus diarrhea (19, 64). 
However, two other studies (66, 75) reported 
decreased rotavirus incidence, duration, and 
severity after daily feeding of rotavirus immune 
colostrum supplements to dairy calves. 

Use of Adjuvant 

In addition to route of  immunization, 
another important variable in our studies and 
others is the use of adjuvantized vaccines 
for enhancing rotavirus antibodies in mammary 
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secretions. Investigations by Hess et al. (20) 
demonstrated little increase of colostral or milk 
antibody titers in cows immunized with rota- 
virus alone. Their studies and another (65) 
showed various adjuvants differed in their 
ability to enhance rotavirus antibody titers in 
mammary secretions. Our findings concur with 
these results; incorporation of Freund's in- 
complete adjuvant with the commercial rota- 
coronavirus vaccine led to enhanced colostral 
rotavirus antibody titers associated primarily 
with IgG1, whereas use of  unadjuvantized 
vaccine did not increase significantly colostral 
antibody titers compared to controls (Figure 
3). However, antibody titers were still lower 
with the adjuvantized commercial vaccine than 
with the OARDC adjuvantized vaccine i.m. plus 
IMm (Figures 1 and 3). Results of our studies 
did not demonstrate that use of adjuvant could 
boost nonspecifically antibody titers to an 
unrelated virus in seropositive animals, as 
concluded by others (77). As in Table 6, 
administration of the adjuvantized OARDC 
rotavirus vaccine did not enhance significantly 
coronavirus colostral IgG~ antibody titers in 
this group compared to controls. 

Viral Dose and Form 

A third variable of significance in rotavirus 
maternal vaccination procedures is the virus 
titer or dose and form (live or inactivated). 
In our experiments the titer of  the OARDC 
vaccine (1 x lO s pfu/ml) was 10,000 times 
greater than the rotavirus titer of  the com- 
mercial vaccine (1 × 104 pfu/ml), and this 
difference in titer also may have influenced the 
rotavirus antibody responses in mammary 
secretions. Also, in considering the optimal 
virus dose, use of inactivated vaccines may 
necessitate use of higher titered virus or larger 
amounts to achieve the same effect as the live 
attenuated virus because the antigenicity of 
some viral proteins may be destroyed in the 
inactivation process. The effect of  different 
inactivating agents also needs to be analyzed. In 
preliminary studies, we found differences in the 
antibody response to binary ethylenimine (BEI) 
inactivated versus B-propiolactone (BPL) in- 
activated bovine rotavirus. Although both 
agents successfully inactivated rotavirus, anti- 
body titers were about 10 times greater in 
mammary secretions of  cows vaccinated with 

BEI inactivated rotavirus compared to those 
vaccinated with BPL inactivated rotavirus. 

Passive Immunity Against Type 1 Viruses: 
Lactogenic Immunity 

The newborn calf is agammaglobulinemic 
and is dependent upon colostral immuno- 
globulins for both local intestinal and humoral 
immunity. Uptake of  colostral Ig across the 
intestinal epithelium into the circulation occurs 
for a limited time (about 24 h) after birth. 
These passively acquired humoral antibodies, 
primarily of the IgG1 isotype, persist for several 
weeks, protecting the newborn, especially 
against systemic infections. Circulating anti- 
bodies, although not essential for local pro- 
tection against enteric infections, may moderate 
the severity or duration of these infections if in 
high titer (68). 

Numerous studies have documented the 
importance of  the almost continuous presence 
of colostal or milk antibodies (lactogenic 
immunity) within the gut lumen for effective 
protection against enteric viruses (21). In swine, 
SIgA milk antibodies provided optimal passive 
protection against TGE virus, but high IgG milk 
antibodies were also protective if their titers 
could be maintained throughout lactation (58, 
59). Few studies of the bovine animal have 
attempted to correlate antibody isotypes in 
colostrum or milk with passive immunity 
against enteric viral infection. 

We investigated the ability of colostrum 
supplements from i.m. plus IMm OARDC 
rotavirus vaccine immunized cows or unim- 
munized control cows to protect newborn 
colostrum- deprived (CD) dairy calves against 
experimental rotavirus challenge. Colostrum 
supplements were fed at a 1% (vol/vol) con- 
centration either 2 or 3 times/day beginning 
within 2 to 6 h after birth and continuing 
for 5 to 7 days. The rationale for this feeding 
regimen was: 1) feeding of normal control 
colostrum (to rotavirus challenged calves) 
at this concentration 2 or 3 times/day did not 
protect against rotavirus diarrhea or shedding, 
whereas feeding higher concentrations of 
control colostrum did provide partial immunity; 
and 2) rotavirus antibody titers in the 7- and 
30-day milk samples from all cows declined to 
about 1% of the initial colostrum antibody 
titers (Figure 2). This decrease of milk antibody 
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titers is similar to the decrease of  total IgGl in 
the transition from colostrum to 7- to 28-day 
milk (79). One group of  experimental calves 
received no supplemental colostrum feeding. 
All calves were challenged orally with virulent 
NCDV bovine rotavirus at 12 to 30 h age and 
then monitored daily for occurrence of diarrhea 
and fecal rotavirus shedding by ELISA. Stools 
were characterized as abnormal based on color 
(yellow or bright green) and consistency 
(semiliquid or liquid). 

Results of calf challenge studies are sum- 
marized in Table 7 and Figures 4 to 7. Colostrum- 
deprived calves fed no supplemental colostrum 
had no rotavirus serum IgG1 antibody titers 
(<4) at challenge. These calves developed 
rotavirus-associated diarrhea by 1 DPE, and 
abnormal stools persisted for 5 to 9 DPE. 
Rotavirus shedding was detected for an average 
of 8.5 DPE. A typical serum and fecal antibody 
response of a CD calf (CD #26) is illustrated in 
Figure 4. By the isotype specific ELISA, 
rotavirus antibodies in serum following infection 
were associated primarily with IgM and IgA 
early in the response (7 DPE), but these anti- 
bodies were undetectable by 27 DPE. Serum 
antibodies to IgGx, also detectable at 7 DPE, 
were prevalent at 14 to 27 DPE. Serum anti- 
bodies to IgG2 were not detected until 14 DPE, 
and titers increased second only to IgG1 at 21 
to 27 DPE. Virus neutralizing rotavirus anti- 
bodies were detectable at 7 to 27 DPE, but 
titers were consistently lower than ELISA IgG1 
titers. A transient fecal IgM and IgA antibody 
response occured at 5 to 14 DPE and was 
detectable even with continued shedding of 
viral antigen from 1 to 6 and 9 to 10 DPE. 
No fecal IgG a or IgG2 antibodies were de- 
tectable throughout the 27 DPE sampling 
period. 

These results correlate with studies of 
rotavirus infections in children (54) and specific- 
pathogen-free pigs (14) that demonstrated 
only a transient fecal IgA and IgM antibody 
response. Investigators studying rotavirus (14, 
16, 54, 58, 59) and TGE in swine (26) reported 
primarily lgG and transient IgA responses in 
convalescent serum following intestinal in- 
fections. This serum IgA response (mostly 
dimer IgA in swine and cattle) may represent 
transfer of intestinally sythesized IgA antibodies 
into the serum. Rapid disappearance of these 
serum IgA antibodies may relate to the reported 

selective transfer of  dimeric serum IgA to other 
secretory sites (18) or back into the intestine 
via the bile (22). 

Supplemental feeding of 1% colostrum from 
control cows did not protect newborn calves 
challenged by rotavirus against either rotavirus 
associated diarrhea or shedding (Table 7, Figure 
5). Blood serum and fecal rotavirus antibody 
responses in calves fed 1% supplemental control 
colostrum were similar to those of  calves fed no 
supplemental colostrum, as in Figure 5 for CD 
#43 calf. The principal difference was the low 
IgG 1 serum antibody at the time of challenge (16 
h of age) after two 1% control colostrum 
feedings. 

Calves fed 1% colostrum supplements from 
cows immunized with commercial vaccine had 
similar responses to those fed the control 
colostrum. (Data not shown.) Rotavirus IgG1 
serum geometric mean titers (GMT) were 
similar at challenge in calves fed control or 
commercial vaccine colostrum (ranging from 4 
to 32), further reflecting similarities of initial 
antibody titers of these two colostrum pools 
(Figure 1). However, calves fed these two 
colostrum pools had slightly delayed onset and 
shorter duration of virus shedding and diarrhea 
compared to calves fed no colostrum (Figure 4 
and 5, Table 7). This suggests even low colostral 
rotavirus antibody may provide a slight passive 
immunity against rotavirus infection. Snodgrass 
and Wells (66) reported similar findings; lambs 
fed serum with low antibody titers had some 
protection against challenge compared to lambs 
fed serum devoid of  rotavirus antibodies. 

Feeding calves 1% pooled colostrum sup- 
plements from i.m. plus IMm OARDC vaccine 
immunized cows conferred both clinical pro- 
tection and prevented rotavirus shedding (Table 
7). Two of  three calves remained clinically 
normal and failed to excrete rotavirus following 
a second homologous challenge at about 2 wk 
of age, indicating they probably initially had 
developed subclinical infection with subsequent 
active immunity (Figure 6). The active immunity 
was indicated by a transient increase of  blood 
serum IgA and IgM antibody following virus 
challenge. Observations were similar in studies 
of passive immunity in rotavirus-challenged 
gnotobiotic lambs fed homologous colostrum 
(67) or gnotobiotic piglets fed bovine colostrum 
(9). As further illustrated in Figure 6 for CD 
#54 calf, calves had high serum IgG1 and virus 
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TABLE 7. Summary  of  response o f  newborn colostrum-deprived (CD) calved fed various colostrum supplements  to rotavirus (RV) challenge. 

RV IgG 1 Rotavirus 
Source of  No. of  X Age ant ibody Peak Age of shedding 
pooled colost rum CD at first titers h at rotavirus Abnormal  second second Abnormal  
supplement  fed a calves challenge challenge Rotavirus shedding c titer stool challenge challenge stools 

(h) (GMT) (X day of  (X Total  (X days DPE) (X no. days) (days) ~ (.X no. days) 
onset  DPE) no. days) 

None 8 d 22.5 <4 1.06 8.5 1.9 6.8 NC . . . . . .  

Un immunized  
Control cows 6 e 18.3 13.5 1.6 5.5 2.3 4.7 16.8 0 0 

i.m. plus IMm f 5g 20 4096 . . .  0 . . . .  4 13.5 h 3.5 1.0 

OARDC i RV 3J 19.5 2048 . . .  0 . . .  0 12.0 h 5.0 .50 

Vaccine cows 6 k 23.8 203 3.8 4.0 2.8 14.8 1.0 .40 

Z 
0 

0 

aEntire first milking colostrum was pooled from five cows in each group. 

bRotavirus IgG 1 ant ibody titers o f  serum collected immedia te ly  before challenge was de termined by the ant ibody isotype specific ELISA test. GMT = 
~, Geometric mean  titer. 
= 

CAn ELISA test  was used to quant i ta te  RV in daily rectal swab samples. DPE = Days postexposure.  

o dCalves were no t  fed any colostrum supplement .  

ecalves were fed 1% colostrum (20 ml + 2 liters Similac) 3× per day for 5 days  and challenged with 2 ml o f  virulent RV between the second and third feedings. 
-~. f. 1.m. plus IMm = Intramuscular  plus in t r amammary  infusion immunizat ion .  

gcalves were fed 1% colostrum 3× day for 7 days and challenged with virulent rotavirus as above. 
hFour  of  eight calves in these two groups began shedding rotavirus spontaneous ly  at 10 to 14 days of  age. 

< iOARDC = Ohio Agricultural Research and Development  Center. o ,.- . 

o~ JCalves were fed 1% colostrum 2× day for 5 days and challenged with virulent rotavirus as above. 
0 0  

Z kCalves were fed .1% colostrum (2 ml + 2 liters Similac) 3X day for 5 days and challenged with virulent rotavirus as above. 
o 
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neutralizing antibody titers after 2 i.m. plus 
IMm OARDC vaccine colostrum feedings; 
this was indicative of passively absorbed colostral 
antibodies. Such antibodies declined throughout 
the 41-day sampling period but were still 
detectable at this time. 

Calves fed 1% colostrum from the i.m. plus 
IMm cows had high passive tgG1 rotavirus 
antibodies in feces compared with calves 
in the two previous feeding groups. Titers 
decreased after challenge but were still present 
for up to 7 days after termination of sup- 
plemental colostrum feeding (Figure 6). Fur- 
thermore, there were no detectable IgM or IgA 
rotavirus antibodies in feces (titer <25) after 
challenge. This failure may relate to suppression 
of active local intestinal IgA and IgM antibodies 
by passively acquired colostral IgG1 or de- 
velopment of very low undetectable (titer <25) 
IgA and IgM fecal antibodies in response to a 
subclinical infection. 

Calves fed .1% supplemental i.m. plus IMm 
colostrum had a delayed onset and shorter 
duration of diarrhea and rotavirus shedding 
compared to controls (Table 7). Their serum 
and fecal rotavirus antibody responses were 
intermediate between those of 1% i.m. plus 
IMm or control colostrum-supplemented calves 
(Figure 7). Passively acquired IgG1 rotavirus 
antibodies were lower than in the 1% i.m. plus 
IMm colostrum-fed calves but higher than in 
calves fed control colostrum. However, serum 
and fecal IgA and IgM antibody responses were 
lower than in the control group or in calves fed 
no colostrum. From these observations it 
appears that more prolonged diarrhea and virus 
shedding correlate with greater IgA and IgM 
fecal antibody responses. These findings concur 
with similar results in a study of rotavirus 
infections in children (54). 

A number of calves (four of eight) began 
shedding rotavirus spontaneously within 3 to 9 
days after termination of feeding 1% sup- 
plemental colostrum from i.m. plus IMm 
OARDC vaccine cows. Virus excretion persisted 
for several days but was accompanied by mild 
diarrhea for only 1 day. A similar sequence of 
virus shedding occurred in two calves fed .1% 
colostrum from i.m. plus IMm cows and a calf 
fed 50% control colostrum. However, two of 
these latter three animals shed virus the day 
after colostrum feeding ceased. These ob- 
servations raise the question as to the source of 

the rotavirus infection. The possibility that 
rotavirus was transmitted to these calves by the 
caretaker cannot be excluded totally. However, 
another plausible explanation may be that after 
initial rotavirus challenge, these animals de- 
veloped a limited subclinical infection as 
indicated by development of IgA and IgM 
serum antibodies. This infection, kept in 
abeyance by daily colostrum feedings, some- 
times resulted in a mild overt infection when 
colostrum feeding ceased. Other evidence 
supporting these conclusions is from protection 
studies in two rotavirus challenged gnotobiotic 
piglets fed bovine colostrum (9). Both animals 
remained clinically normal during colostrum 
feeding, but after cessation, a similar subclinical 
excretion of virus commenced in one piglet, 
and both developed serum antibodies. 

Results of our studies concur with other 
reports that documented the importance of 
lactogenic immunity for effective protection 
against Type 1 enteric viruses (21, 37, 68, 82). 
Cessation of colostrum feeding led to sus- 
ceptibility to disease or infection in several 
calves. Calves fed smaller amounts of i.m. plus 
IMm colostrum (.1%) or lower titered colostrum 
(50% control) usually commenced virus shedding 
earlier after colostrum feeding ceased than 
animals fed 1% high titered colostrum (i.m. plus 
IMm cows). These results may relate to higher 
titers of serum antibodies in this latter group of 
calves (1024 to 4096) compared to the previous 
calves (64 to 513). Such antibodies may be 
transferred from the serum back into the 
intestine, accounting for the persistence of 
IgG1 fecal antibodies after termination of 
colostrum feeding and providing transient 
passive protection. Other studies have doc- 
umented the transport of serum lgG1 into the 
intestine in both sheep and cattle (15, 46). 
Studies also indicated passively acquired serum 
rotavirus antibodies, in high titer, could protect 
against rotavirus-associated diarrhea in lambs 
(67), and high serum Ig concentrations cor- 
related with absence of diarrhea in young calves 
(33). An alternative or additional explanation 
for the delayed onset of virus shedding and 
persistence of IgGl fecal antibodies after 
cessation of 1% colostrum feeding might be 
that rotavirus IgG1 colostral antibodies selec- 
tively bind to enterocytes, similar to colostral 
IgA in rats (45), these high titered antibodies 
effectively blocking rotavirus infection. 
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Results of  studies of  possible mechanisms of 
rotavirus pafhogenesis under field conditions 
have suggested that the dam may shed rotavirus 
near parturition, thus serving as a source of 
virus for susceptible neonates (6). Infection of 
the neonate may occur at birth or shortly 
thereafter, the infection remaining subclinical 
as long as adequate colostral milk or serum 
antibodies persist. In cows colostral rotavirus 
antibodies decrease dramatically in the transition 
to milk, and this coincides with the peak 
occurrence of calf rotavirus infections at 5 to 
14 days of age (3). This age-related susceptibility 
also may be influenced by a limited local 
protection provided by reverse transport of  
higher titered (in calves receiving adequate 
amounts of colostrum shortly after birth) 
serum IgG1 antibodies back into the intestine. 
Depending on a number of  poorly understood 
variables, calves then may begin shedding 
rotavirus with or without accompanying 
disease. The present investigation and others (9, 
67) indicate that whereas most animals that are 
protected while receiving passive immunity may 
develop active immunity, other animals may 
remain susceptible to a subsequent infection, 
becoming a source of virus for additional 
animals. This might explain partially the 
occasional occurrence of sequential rotavirus 
infections in the same animal. 

Our findings showing a correlation between 
colostral antibody titers, amounts of  colostrurn 
fed, and passive protection have important 
implications for passive immunity against 
enteric infections in both dairy and beef calves. 
Because 30-day milk antibody titers from i.m. 
plus IMm OARDC rotavirus vaccine immunized 
cows represented approximately 1% of VN or 
ELISA colostral antibody titers (which were 
protective at 1%), extrapolation of  these results 
suggests this milk should be protective against 
natural rotavirus infections when fed undiluted 
to naturally or artificially suckled calves. In 
dairy herds, daily feeding of fresh or frozen 
colostrum supplements from immunized cows 
to calves should provide effective passive 
immunity for the duration of colostrum feeding 
(66). This supplemental feeding for only 3 to 4 
wk may be sufficient, as older animals generally 
possess a high age-specific resistance to symp- 
tomatic rotavirus infections (64). 

In our experiments, colostrum with high 
titers of rotavirus IgGx antibodies provided 

effective passive immunity to rotavirus chal- 
lenged calves. This suggests that in the bovine 
IgGa and not IgA may play a major role in 
passive mucosal immunity. Other observations 
that support this concept include the pre- 
dominance of IgG1 in bovine mammary secre- 
tions, specificity of  bovine milk IgG1 for 
enteric antigens in naturally infected cows (56, 
64), and resistance of IgG1 to certain proteolytic 
enzymes (11), all typical characteristics of  SIgA 
in other species. 

Although colostrum and milk rotavirus 
antibody were enhanced following maternal 
immunization in several studies, results were 
variable in passive protection studies under field 
conditions (19, 20, 64, 66, 75). Explanations 
for the equivocal results after challenge of 
nursing or immune cotostrum supplemented 
calves are uncertain. The influence of  a number 
of variables needs to be considered, including 
experimental determination of  the minimal 
protective dose of colostrum or milk necessary 
to provide homologous protection against 
symptomatic infections. Our studies indicate 
high titers were necessary for complete pro- 
tection [VN antibody titers of >678 (.1% 
colostrum supplements of initial VN titer = 
678,828) and <6788 (1% colostrum sup- 
plements of initial VN titer = 678,828)].  
Second, additional studies are needed to 
determine the amount of heterologous cross- 
protection provided against challenge with 
different newly recognized serotypes of bovine 
rotavirus. The timing of  colostrum feeding 
versus challenge, the challenge dose and viru- 
lence of the virus strain, and other concurrent 
infections all may play a role in susceptibility 
to infection, even under controlled experimental 
conditions (64, 66, 67, 68). 

ACKNOWLEDGMENTS 

This investigation was supported in part by 
Cooperative Research Agreement No. 82- 
CRSR-2-2019 from the SEA, USDA, and by 
a Public Health Service Grant No. AI 10735-09 
from the National Institute of Allergy and 
Infections Disease. 

REFERENCES 

1 Abinanti, F. R., andM. S. Warfield. 1961. Recovery 
of a hemadsorbing virus (HADEN) from the 
gastrointestinal tract of calves. Virology 14:288. 

2 Acres, S. D., and L. A. Babiuk. 1978. Studies on 

Journal of Dairy Science Vol. 68, No. 1, 1985 



2 2 6  SA1F AND SMITH 

rotaviral an t ibody in bovine serum and lacteal 
secretions using radioimmunoassay.  J. Am.  Vet. 
Med. Assoc. 173:555.  

3 Acres, S. D., J. R. Sannders, and O. M. Radostits.  
1977. Acute  undifferent ia ted neonatal  diarrhea of  
beef calves: The prevalence o f  enterotoxigenie E. 
coli, reo-like (rota) virus and other  enteropathogens  
in cow-calf herds. Can. Vet. J. 18:113. 

4 Ahlstedt ,  S., B. Carlson, S. P., Fallstrom, L. A. 
Hanson,  J. Holmgren, G. Lidinjanson, B. S. Lind- 
blad, U. Jodal,  B. Kaijser, A. Sohl-Akerlund, and C. 
Wadsworth.  1977. Antibodies  in h u m a n  milk and 
serum induced by enterobacteria and food proteins.  
Immuno logy  of the  gut. Elsevier, Amste rdam,  
Holland. 

5 Bainmer,  K., and B. Veress. 1967. Longitudinal  
differentiat ion of  the small intestine. Nature 
215:774.  

6 Benfield, D. A., I. Stotz, R. Moore, and J. P. 
McAdaragh. 1982. Shedding or rotavirus in feces o f  
sows before and after farrowing. J. Clin. Microbiol. 
16:186. 

7 Bohl, E. H., and L. J. Saif. 1981. Passive i mmun i t y  
against enteric viral infections of  piglets. The 
mucosal  immune  system. Curr. Topics Vet. Med. 
Sci. 12:259. 

8 Bohl, E. H., L. J. Saif, K. W. Theil, A. G. Agnes, 
and R. F. Cross. 1982. Porcine pararotavirus: 
Detection,  differentiation from rotavirus and 
pathogenesis  in gnotobiot ic  pigs. J. Clin. Microbiol. 
15:312. 

9 Bridger, J. C., and J. F. Brown. 1981. Development  
of  immun i ty  to porcine rotavirus in piglets pro- 
teeted f rom disease by  bovine colostrum. Infect. 
Immun.  31 : 906. 

10 Bridger, J. C., I. N. Dlarke, and M. A. MeCrae. 
1982. Characterization of an antigenieally dis t inct  
porcine rotavirus. Infect. Immun .  35:1058.  

11 Brock, J. H., R. Fanny,  F. Arzabe, F. Ortega, and 
A. Pineiro. 1977. The effect of  l imited proteolysis 
by trypsin and ehymot ryps in  on bovine colostral 
IgG. Immunology  32:215. 

12 Carmiehael, L. E., J. C. Joubert ,  and R.V.H. 
Pollock. 1983. A modif ied live canine parvovirus 
vaccine: II. I m m u n e  response. Cornell Vet. 73:13. 

13 Chang, C. C., A. J. Winter, and N. L. Norcross. 
1981. I m m u n e  response in the  bovine m a m m a r y  
gland after intestinal,  local and systemic im- 
munizat ion.  Infect. Immun.  31:650. 

14 Corthier, G., and P. Vannier. 1983. Product ion of  
coproant ibodies  and immune  complexes  in piglets 
infected with rotavirus. J. Infect. Dis. 147:293.  

15 Cripps, A. W., A. J. Husband,  and A. K. Lascelles. 
1974. The origin of immunoglobul ins  in intestinal 
secretion of  sheep. Aust .  J. Exp. Biol. Med. Sci. 
52:711. 

16 Davidson, G.P.R.J. Jogg, and C. P. Kirubakaran.  
1983. Serum and intestinal i mmune  response to 
rotavirus enterit is in children. Infect. Immun .  
40:447.  

17 Ellens, D. J., P. W. de Leeuw, and P. J. Strayer. 
1978. The detect ion of  rotavirus specific an t ibody 
in colost rum and milk by ELISA. Ann.  Rech. Vet. 
9:337. 

18 Halsey, J. F., B. H. Johnson,  and J. J. Cebra. 1980. 
Transport  of  immunoglobul ins  f rom serum into 
colostrum. J. Exp. Med. 151:767.  

19 Har tmann,  H., D. Bechtel, P. Otto,  and W. Schon- 
herr. 1982. Die Wirksamkei tsprufung elmer in- 
aktivierten rotavirus-vakzine in einem Milch- 
viehbestand. Arch. Exp. Vet. Med. 36:611.  

20 Hess, R. G., P. A. Bachmann,  W. Eichhorn,  K. 
Frahm,  and P. Plank. 1982. Stimulierung der 
laktogenen immuni t a t  des Rindes gegenuber 
rotavirusinfektionen.  Fortschr.  Veterinarmed. 35: 
103. 

21 Hooper,  B. E., and E. O. Hael termann.  1966. 
Concepts  of  pathogenesis  and passive immun i ty  in 
transmissible gastroenteri t is  in swine. J. Am.  Vet. 
Med. Assoc. 149:1580.  

22 Jackson,  G., I. Lamsitre-Coelho, J. Vaerman,  H. 
Bazin, and A. Beckers. 1978. Rapid disappearance 
from serum of intravenously injected rat m y e l o m a  
IgA and its secretion into bile. Eur. J. Immunol .  
8:123. 

23 Kahn, D. E. 1978. Pathogenesis of  feline pan- 
leukopenia.  J. Am. Vet. Med. Assoc. 173:628.  

24 Kapikian, A. Z., W. L. Cline, H. W. Kim, A. R. 
Kalica, R. G. Wyatt,  D. H. Vankirk, R. M. Chanock.  
H. D. James,  Jr., andA.  L. Vaughn.  1976. Antigenic 
relationships among five reovirus-like (RVL) agents 
by complement  f ixation (CF) and development  of  
new subst i tute  CF antigens for the  h u m a n  RVL 
agent of  infantile gastroenteritis.  Proc. Soc. Exp. 
Biol. Med. 152:535. 

25 Kemeny,  L. J., V. L. Wiltsey, and J. L. Riley. 
1975. Upper respiratory infection of  lactating sows 
with TGE virus following contact  exposure to 
infected pigiets. Cornell Vet. 65: 352. 

26 Kodama,  Y., M. Ogata, and Y. Shimizu. 1980. 
Characterization of  IgA ant ibody in serum of  swine 
inoculated with TGE virus. Am.  J. Vet. Res. 
41:740.  

27 Lambert ,  G., A. W. McClurkin, and A. L. Fernelius. 
1974. Bovine Viral diarrhea in the  neonatal  calf. J. 
Am. Vet. Med. Assoc. 164:287. 

28 Langpag, T. J., M. E. Bergeland, and D. E. Reed. 
1979. Coronaviral enteritis o f  young  calves: 
Virologic and pathologic findings in naturally 
occurring infections. Am.  J. Vet. Res. 40:1476.  

29 Laseelles, A. K., and G. H. McDowell. 1974. 
Localized humora l  immuni ty  with particular 
reference to ruminants .  Transplant .  Rev. 19:170. 

30 Lee, T. W., and Kurtz,  J. B. 1981. Serial propagation 
of astrovirus in tissue culture with the  aid of  
trypsin. J. Gen. Virol. 57:421. 

31 Mackenzie, D.D.S., and A. K. Lascelles. 1968. The 
transfer of  ,3, I-labelled immunoglobul ins  and 
serum albumin from blood into milk of  lactating 
ewes. Aust .  J. Exp. Biol. Med. Sci. 46:285.  

32 Marsolais, G., R. Assaf, C. Montpet i t ,  and P. 
Marois. 1978. Diagnosis o f  viral agents associated 
with neonatal  calf diarrhea. Can. J. Comp.  Med. 
42:168.  

33 McNulty,  M. S., J. B. McFerran, D. G. Bryson, and 
E. F. Logan. 1976. Studies on rotavirus infection 
and diarrhoea in young  calves. Vet. Res. 99:229. 

34 Mebus, C. A., and L. E. Newman.  1977. Scanning 

Journal  o f  Dairy Science Vol. 68, No. 1, 1985 



SYMPOSIUM: IMMUNOLOGICAL DEVELOPMENT OF THE CALF 2 2 7  

electron, light and immunofluorescent  microscopy 
of  intestine of  gnotobiotic calf infected with 
reovirus-like agent. Am. J. Vet. Res. 38:553. 

35 Mebus, C. A., Stair, E. L. Rhodes, M. B., and 
Twiehans. M. J. 1973. Pathology of neonatal calf 
diarrhea induced by a coronavirus-like agent. Vet. 
Pathol. 10:45. 

36 Mebus, C. A., N. R. Underdahl, M. B. Rhodes, and 
M. J. Twiehaus. 1969. Calf diarrhea (scours): 
reproduced with a virus from a field outbreak. 
Univ. Nebraska Res. Bull. 233:1. 

37 Mebus, C. A., R. G. White, E. P. Bass, and M. J. 
Twiehaus. 1973. Immunity  to neonatal calf diarrhea 
virus. J. Am. Vet. Med. Assoc. 163:880. 

38 Mebus, C. A., R. G. Wyatt, and A. Z. Kapikian. 
1977. Intestinal lesions induced in gnotobiotic 
calves by the virus of  human infantile gastroenteritis. 
Vet. Pathol. 14:273. 

39 Mills, J.H.L., and R. E. Luginbuhl. 1965. Incidence 
of  bovine mucosal disease in Connecticut.  Cornell 
Vet. 55:583. 

40 Moon, H. W. 1978. Mechanisms in the pathogenesis 
of  diarrhea: A review. J. Am. Vet. Med. Assoc. 
172:443. 

41 Moon, H. W., and J. S. McDonald. 1983. Ant ibody 
response of  cows to E. coli pilus antigen K99 after 
oral vaccination with live or dead bacteria. Am. J. 
Vet. Res. 44:493. 

42 Morgan, K. L., F. J. Bourne, T. J. Newby, and P. 
A. Bradley. 1981. Humoral factors in the secretory 
immune system of  ruminants. The ruminant  
immune system. Plenum Press, New York, NY. 

43 Morin, M. S., S. Larviere, R. Lallian, M. Begin, R. 
Roy, and R. Ethin. 1978. Neonatal calf diarrhea. 
Pathology and microbiology of  spontaneous cases 
in dairy herds and incidence of  enteropathogens 
implicated as aetiological agents. Page 347, Proc. 
Syrup. Neonatal Diarrhea. VIDO, Saskatoon, Can. 

44 Murakami, Y., N. Nishioka, Y. Hashiguchi, and C. 
Kuniyasu. 1983. Serotypes of  bovine rotaviruses 
distinguished by serum neutralization. Infect. 
Immun. 40:851. 

45 Nagura, H., K. K. Nakane, and W. R. Brown. 1978. 
Breast milk IgA binds to jejunal epithelium in 
suckling rats. J. Immunol.  120:1330. 

46 Newby, T. J., and F. J. Bourne. 1976. The nature 
of the local immune system of  the bovine small 
intestine. Immunology 31:475. 

47 Newby, T. J., and F. J. Bourne. 1977. The nature 
of  the local immune system of the bovine mammary 
gland. J. Immunology 118:461. 

48 Ohmann, H. B. 1983. Pathogenesis o f  bovine viral 
diarrhoea-mucosal disease: distribution and signifi- 
cance of BVDV antigen in diseased calves. Res. 
Vet. Sci. 34:5. 

49 Olafson, P., A. D. MacCallum, and F. H. Fox. 
1946. An apparently new transmissible disease of  
cattle. Cornell Vet. 36: 205. 

50 Patel, J. R., H. A. Davies, N. Edington, J. Laporte, 
and M. R. Macnanghton. 1982. Infection of  a calf 
with the enteric coronavirus strain Paris. Arch. 
Virol. 73:319. 

51 Pedersen, N. C., J. Ward, and W. L. Mengeling. 
1978. Antigenic relationship of  feline infectious 

peritonitis virus to coronavirus of  older species. 
Arch. Virol. 58:45. 

52 Pierce, A. E., and A. Feinstein. 1965. Biophysical 
and immunological studies on bovine immuno- 
glubulins with evidence for selective transport  
within the mammary gland from maternal plasma 
to colostrum. Immunology 8:106. 

53 Porter, P. 1972. lmmunoglobulins in bovine 
mammary secretions. Quantitative changes in early 
lactation and absorption by the neonatal calf. 
Immunology 23: 225. 

54 Riepenhoff-Talty, M., S. Bogger-Goren, P. Li, P. J. 
Carmody, J. H. Barrett, and P. L. Ogra. 1981. 
Development of  serum and intestinal antibody 
response to rotavirus infection in man. J. Med. 
Virol. 8:215. 

55 Robson, D. S., J. H. Gillespie, and J. A. Baker. 
1960. The neutralization test as an indicator for 
immunity to virus diarrhea. Cornel/ Vet. 50:504. 

56 Rodak, L., L. A. Babiuk, and S. D. Acres. 1982. 
Detection by radio-immunoassay and enzyme- 
linked immunosorbent  assay of  coronavirus anti- 
bodies in bovine serum and lacteal secretions. J. 
Clin. Microbiol. 16:34. 

57 Roux, M. E., M. McWilliams, J. M. Phillips-Quagliata, 
P. Weisz-Carrington, and M. E. Lamm. 1977. Origin 
of IgA-secreting cells in the mammary gland. J. 
Exp. Med. 146:1311. 

58 Saif, L. J., and E. H. Bohl. 1979. Role of  SIgA in 
passive immunity of  swine to enteric viral infections. 
In Immunology of  breast milk. Raven Press, New 
York, NY. 

59 Saif, L. J., and E. H. Bohl. 1981. Keynote Address: 
Passive immunity against enteric viral infections. In 
Proc. 3rd Int. Symp. Neonatal Diarrhea. VIDO, 
Saskatoon, Can. 

60 Saif, L. J., E. H. Bohl, K. W. Theil, R. F. Cross, and 
J. A. House. 1980. Rotavirus-like, calicivirus-like, 
arid 23 nm virus- like particles associated with 
diarrhea in young pigs. J. Clin. Microbiol. 12:105. 

61 Saif, L. J., D. R. Redman, K. W. Theil, P. D. 
Moorhead, and C. K. Smith. 1981. Studies of an 
enteric "Breda" virus in calves. CRWAD, 62nd 
Mtg ,  Chicago, IL. (Abstr. 236) 

62 L. J. Saif, K. L. Smith, B. J. Landmeier, E. H. 
Bohl, and K. W. Theil. 1984. Am. J. Vet. Res. (in 
press). 

63 Saif, L. J., K. W. Theil, and D. R. Redman. 1982. 
Detection and pathogenicity o f  a bovine rota- 
virus-like agent. CRWAD, 63rd Mtg., Chicago IL. 
(Abstr. 98) 

64 Snodgrass, D. R., K. J. Fahey, P. W. Wells, I. 
Campbell, and A. whitelaw. 1980. Passive immunity 
in calf rotavirus infections. Maternal vaccination 
increases and prolongs immunoglobulin G, anti- 
body secretion in milk. Infect. Immun. 28:344. 

65 Snodgrass, D. R., L. K. Nagy, D. Sherwood, and I. 
Campbell. 1982. Passive immunity  in calf diarrhea: 
vaccination with K99 antigen of  enterotoxigenic 
Escbericbia coli and rotavirus. Infect. Immun. 
37:586. 

66 Snodgrass, D. R., J. Stewart, J. Taylor, F. L. 
Krautil, and M. L. Smith. 1982. Diarrhoea in dairy 
calves reduced by feeding colostrum from cows 

Journal o f  Dairy Science Vol. 68, No. 1, 1985 



2 2 8  SAIF AND SMITH 

vaccinated with rotavirus. Res. Vet. Sci. 32:70. 
67 Snodgrass, D. R., and P. W. Wells. 1976. Rotavirus 

infection in lambs: studies on passive protection.  
Arch. Virot. 52:201. 

68 Snodgrass, D. A., and P. W. Wells. 1978. The 
immunoprophylax i s  of  rotavirus infections in 
lambs. Vet. Rec. 102:146.  

69 Stai~, E. L., M. B. Rhodes,  and R. G. White. 
Neonatal  calf diarrhea: purification and electron 
microscopy of  a coronavirus-like agent. Am.  J. Vet. 
Res. 33:1147.  

70 Storz, J., J. J. Leary, J. H. Carlson, and R. C. 
Bates. 1978. Parvoviruses associated with diarrhea 
in calves. J. Am.  Vet. Med. Assoc. 173:624.  

71 Storz, J., and R. Rott .  1981. Reactivity of  anti- 
bodies in human  serum with antigens o f  an enter- 
opathogenic bovine coronavirus. Med. Microbiol. 
lmmunol .  169:169.  

72 Takahashi,  E., Y. Inaba, K. Sato, Y. Ito, H. Kurogi, 
H. Akashi,  K. Satoda, and T. Onaori. 1980. Epi- 
zootic diarrhoea of  adult  cattle associated with a 
coronavirus-like agent. Vet. Microbiol. 5:151. 

73 Theil, K. W., E. H. Bohl, and A. G. Agnes. 1977. 
Cell culture propagation of  porcine rotavirus 
(reovirus-like agent). Am.  J. Vet. Res. 38:1765.  

74 Tomasi ,  T. B. Jr., E. M. Tan,  A. Soloman, and R. 
A. Prendergast. 1965. Characteristics of  an i mmune  
system c o m m o n  to certain external  secretions. J. 
Exp. Med. 121:101.  

75 Van Openbosch,  E., G. Wellemans, and A. Broes. 
1982. Prevention des diarrhees neonatales  virales 
du veau: Tra i tement  de jeunes  veaux avec du lair 
de vaches vaccinees au m o y e n  d ' un  vaccin anti- 
rotavirus inactive adjuve. Ann.  Med. Vet. 126:157.  

76 Van Openbosch,  E., G. Wellemans, and J. Oude- 
water. 1981. De synergische werking van BVD- 

corona-and rotavirus in her neonataie diarree 
komplex:  emkele infektieproeven by pasgeboren 
kalveren. Vlaams Diergeneeskd. Tijdschr. 50:163.  

77 Van Openbosch,  E., G. Wellemans, R. Strobbe, D. 
L. De Brabander, and Ch. V. Boucque.  1981. 
Evolution des ant icorps anti rota dams  le lair de 
vaches traitees en fin de gestation soit par le vaccin 
anti-rota complet,  soit par l 'adjuvant  seul. Comp.  
Immunol .  Microbiol. Infect. Dis. 4:293.  

78 Watson, D. L., and A. K. Lascelles. 1975. The 
influence of  systemic immuniza t ion  during mam-  
mary  involution on subsequent  an t ibody product ion 
in the m a m m a r y  gland. Res. Vet. Sci. 18:182. 

79 Wilson, M. R., J. R. Duncan,  F. Heistand, and P. 
Brown. 1972. The  influence of  prepartur ient  
i n t r amammary  vaccination on immunoglobul in  
levels in bovine m a m m a r y  secretions. Immuno logy  
23:313. 

80 Wolf, J. L., D. H. Rubin,  R. Finberg, and R. S. 
Kauffman.  1981. Intestinal M-cells -- a pa thway  
for ent ry  of  reovirus into the  host.  Science 212: 
471. 

81 Woode, G. N., and Bridger, J. C. 1978. Isolation of  
small viruses resembling astroviruses and cali- 
civiruses f rom acute enterit is o f  calves. J. Med. 
Microbiol. 11:441. 

82 Woode, G. N., J. Jones,  and J. Bridget. 1975. 
Levels of  colostral antibodies against neonatal  calf 
diarrhoea virus. Vet. Rec. 97:148.  

83 Woode, G. N., D. E. Reed, P. L. Runnels ,  M. A. 
Herrig, and H. T. Hilk 1982. Studies with an 
unclassified virus isolated from diarrheic calves. 
Vet. Microbiol. 7:221.  

84 Wyatt,  R. G., W. D. Janes, E. H. Bohl, K. W. Theil, 
and L. J. Saif. 1980. Human  rotavirus type 2: 
Cultivation in vitro. Science 207:189.  

Journal  o f  Dairy Science Vol. 68, No. 1, 1985 


