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Abstraet--A preliminary study was conducted to compare the regional intestinal immune responses 
of  neonatal calves inoculated with virulent or attenuated bovine coronavirus (BCV) to determine 
the cause of  reported vaccine failures. A group of 9 newborn, colostrum-deprived calves was used; 
two calves were inoculated with attenuated virus, four calves were infected with virulent virus 
(including one naturally infected calf), and three calves were uninfected controls. Calves inoculated 
with virulent virus produced higher titers of  BCV antibodies in the intestines than those inoculated 
with the attenuated virus. The failure of  the calves to respond to the attenuated virus was 
apparently due to the inability of the virus to replicate to high titers. Spiral colon, ileum, and 
jejunum were found to be immunologically distinct; the highest anti-BCV antibody responses were 
detected in spiral colon, the primary site of infection, and involved all four isotypes of bovine 
immunoglobulins. The antibody response in ileum was lower than in spiral colon. The immune 
responses developed slowly in jejunum and were associated primarily with the lgG subtypes. 

Key words: Bovine coronavirus, enteric disease, mucosal immunity, calf scours, regional immunity. 

R r s u m ~ - U n e  6tude prrliminaire a 6t6 rralisde pour comparer locale la rrponse immunitaire au 
niveau intestinal de veaux nouveau-nrs infectrs par un coronavirus bovin virulent ou attrnu6 et 
pour d&erminer les causes d'rchec des vaccinations. Un groupe de neuf veaux nouveau-ntis, privrs 
de colostrum, a 6t6 utilisr: deux veaux ont 6t6 infectrs par un virus attrnur, quatre par un virus 
virulent (incluant un veau naturellement infectr), et trois non infectds servirent de trmoins. Les 
veaux inoculds par le virus virulent ont produit un titre en anticorps BCV plus important au niveau 
de l'intestin que ceux inoculrs par le virus attrnur. La diffrrence de r6ponse chez les veaux inoculrs 
par le virus attrnu6 semble due 5. l'impossibilit6 du virus de se rrpliquer 5. des hauts titres. Le colon 
spiral, l'ileum et le jejunum ont prrsentrs une rrponse immunologique diffrrente; les plus hauts 
titres d'anticorps 6taient trouvres dans le colon spiral, site primaire de l'infection et impliquaient 
quatre isotypes d'immunoglobulines bovines. La rrponse immunitaire 6tait plus faible dans l'lileum 
que dans le colon spiral. Elle s'est drveloppre lentement dans le jejenum et 6tait associre 
primitivement 5. des sous types d'immunoglobulines G. 

Mots-clefs: Coronavirus bovin, maladie enterifique, immunit6 des muqueuss, maladies du veau, 
immunit6 locale. 

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

Bovine coronavirus (BCV) is an important cause of scours in neonatal calves of up to 1 
month of age [1] and may also cause pneumoenteritis in some cases [2]. The use of oral 
attenuated virus vaccine has been reported to be ineffective under both field [3] and 
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experimental situations [4]. The reasons of  vaccine failure are not known but may be 
attributed to an unsuitable vaccine or to the lack of immune responsiveness of newborn 
calves. Since the mechanisms responsible for immune protection in BCV infection are not 
known, the evaluation of vaccine response is difficult. Intestinal immune responses appear 
to be important because passive oral transfer of monoclonal antibodies has been found 
to offer some protection against BCV infection [5]. In other intestinal infections, such as 
rotavirus infection, protection correlates well with the intestinal immunity but not with 
serum immunity [6]. 

Different regions of the gut may differ in immune responsiveness to BCV infection. This 
virus primarily infects the spiral colon but has also been detected intermittently in other 
areas of  the gut e.g. ileum and jejunum [7]. Saif et al. [8] have reported different levels of 
the virus in spiral colon, ileum, and jejunum during acute BCV infection. Since different 
regions of  the intestine have variable levels of involvement in BCV infection, it is necessary 
to evaluate regional immune responses against BCV. The isotype-specific immune re- 
sponses against BCV and its structural proteins have been studied [9]. The present study 
was undertaken to evaluate the anti-BCV immune responsiveness of different regions of 
the intestine in 0 ~  week old calves. 

MATERIALS AND METHODS 

Experimental infection 
The details of experimental animals and viruses used in this study have been described 

earlier [2, 7]. Briefly, nine colostrum-deprived, unvaccinated, male, Holstein calves were 
divided into three groups and were inoculated orally at the age of 5 days with a tissue 
culture-adapted, attenuated BCV (Mebus strain; calves 1 and 9) or a virulent isolate of 
BCV (calves 2, 3, 6 and 7; calf 3 being a naturally infected calf) or virus-free diluent (calves 
4, 5 and 8). 

Table 1. Levels of immunoglobulins in the intestines of  neonatal calves 
as detected by single radial immunodiffusion 

Amount of  various immunoglobulins (/~g/ml) 

at indicated age in days 
Calf 
inoculation 2 t  7 12 19 26 

Immunoglobulin M 
Attenuated virus - -  93 103 68 293 

Virulent virus 69 1270 1366 1130 105 

Uninfected control 318 N D t ' ~  420  1407 1377 

lmmunoglobulin A 
Attenuated virus - -  - -  - -  12 

Virulent virus - -  420  485 1553 100 

Uninfected control - -  N D  83 343 223 

lmmunoglobulin G~ 
Attenuated virus - -  37 54 34 106 

Virulent virus 270  1143 359 491 137 

Uninfected control 91 N D  218 534 1012 

lmmunoglobulin G 2 
Attenuated virus . . . . .  
Virulent virus - -  20 13 9 12 
Uninfected control - -  N D  - -  - -  - -  

tPrior to infection. 
t t N D =  not done, 
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Fig. 1. An t i -BCV a n t i b o d y  responses  as measured  by indirect  f luorescent  a n t i b o d y  test in calves 
infected wi th  a t t enua ted  vi rus  (calves 1 and  9), na tu ra l ly  infected ca l f  (calf  3), and  calves inocula ted  
wi th  the v i ru len t  virus  (calves 2 and  6). I F A  = reciprocal  o f  indirect  immunof luorescence  titers; 

SC = spiral  colon;  I = i leum; and  J = je junum.  
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Laparotomy 
Right flank laparotomies were performed prior to infection and at weekly intervals 

thereafter to collect intestinal contents from spiral colon, ileum and jejunum. Each calf was 
operated on twice with a third sample being obtained at euthanasia. The schedules were 
staggered to cover all needed times between calves in a group. The calves were sedated with 
xylazine hydrochloride (Rompun; 0.02-0.05 mg/kg intravenously and 0.04-0.1 mg/kg 
intramuscularly) and were restrained in left lateral recumbency. The right flank was clipped 
and the paralumbar fossa prepared for aseptic surgery. A regional nerve block was done 
with 20-30 ml of 2% Lidocaine in an inverted L pattern. A 10-15 cm vertical incision was 
made in mid-flank. The muscle layers were separated in a grid pattern and peritoneum was 
sharply incised. The spiral colon, ileum, and jejunum were exteriorized for sample 
collection, the order of  collection being the same for all calves on all occasions. A 2-inch 
section of  the bowel in each region was isolated by digital compression. 2 ml of  sterile saline 
was infused into the isolated segment and immediately aspirated via enterocentesis using 
a 12 ml syringe with a 20 or 22 gauge needle. The flank incision was closed in a routine 
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manner. After collection, the samples were transported on ice to the laboratory and 
centrifuged at 4000g for 20 min. The supernatants were stored at -70°C. 

Single radial immunodiffusion (SRID) 
Polyclona! antisera with specificity to bovine immunoglobulin classes (IgA, IgM) and 

subclasses (IgG1 and IgG2), and reference standards (441 Colostral and serum) with 
predetermined amounts of immunoglobulins for preparing standard curves were obtained 
from Dr Hans Fey, University of Bern, Switzerland. The highest dilutions of antisera that 
produced clearly visible precipitation rings in 96 h were considered optimum for incorpor- 
ation in agarose; these were 0.8, 1.0, 2.0 and 3.0% (v/v) for IgA, IgM, IgG2 and IgG1, 
respectively. 20ml of agarose (containing antiserum) was poured on glass slides 
(8.3 x 10.2 cm, Eastman Kodak, Rochester, N.Y.). The sample wells (4 mm) were punched 
and 20 pl of the sample was loaded in each well. A battery of reference standards was run 
simultaneously on each plate. The plates were incubated in humid conditions for 96 h and 
the diameters of precipitation rings were measured using a hand held comparator with a 
measuring scale. For confirmation, the precipitation rings were stained with amido black 
[10]. 

Indirect fluorescent antibody (IFA) test 
Madin Darby bovine kidney (MDBK) cells infected with attenuated, Mebus strain of 

BCV were placed on 12-well slides (Cell Line Associates, Newfield, N.J.) using 1000-1500 
cells per well in 20 #1 of Eagle's MEM containing 4% fetal bovine serum. After incubation 
at 37°C for 2-3 days, the slides were washed with PBS (pH 7.2), fixed in cold acetone for 
10 min, dried, and stored at - 70°C until used. 2-fold dilutions (20 pl) of intestinal contents 
were placed on infected fixed cells followed by incubation at 37°C for 1 h under humid 
conditions. After washing with PBS (pH 7.2), 20 pl of rabbit anti-bovine FITC conjugate 
was added. The slides were incubated again for 1 h, washed with PBS (pH 8.5), counter- 
stained with Evans blue, and were examined under a fluorescent microscope. The antibody 
titer of the sample was considered to be the reciprocal of the highest dilution showing 
detectable fluorescence. 

Isotype specific ELISA 
Microtiter, 96-well plates (Immunolon I; Dynatech lab., Alexandria, Va) were coated 

with ammonium sulfate precipitated monoclonal antibodies against bovine IgM (DAS 6, 
50 ng), IgA (DAS 7, 1 #g), IgG1 (DAS 17, 100 ng) and IgG2 (DAS 2, 2 #g), dissolved in 
coating buffer (carbonate-bicarbonate, pH 9.6). After coating overnight at 10°C, the plates 
were washed 3 times with ELISA buffer (PBS, pH 7.4). Unoccupied sites were blocked with 
2% casein enzymatic hydrolysate (CEH) for 2 h at 37°C under humid conditions. The 
ELISA procedure had several consecutive steps with 1 h of incubation at 37°C under 
humid conditions at each step. Washing at each step was done with PBS containing 0.05% 
Tween 20 and 0.1% CEH. Sample dilutions (1:5-1:50) prepared in PBS-CEH-Tween 20 
were added to appropriate wells followed by the addition of BCV. A second site antibody 
to BCV (1 : 100 dilution of polyvalent porcine anti-BCV) was then added, followed by the 
addition of a 1 : 250 dilution of goat anti-porcine IgG labelled with horseradish peroxidase. 
The color development was done with substrate azinobis-ethyl-benzthiazolinesulfonic acid 
(ABTS) for 15 min and the reaction was stopped with hydrofluoric acid (1:400). The OD 
readings were taken at 2 405. The samples were considered positive if the ratio of sample 
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to negative OD (S/N) was ~> 2.0. In all isotype-specific ELISAs, strong positive, weak 
positive, and negative controls were included. Optimum working concentrations of various 
reagents (capture monoclonal antibodies, bovine coronavirus, porcine anti-BCV anti- 
serum, antiporcine IgG conjugate) were determined by checker-board titrations and 
dilutions that gave the highest difference between positive and negative controls were used. 
The specificity of each reactant was verified by eliminating it from one of the columns of 
the plate, thus preventing the reaction of the positive controls. Each sample dilution was 
run in triplicate. 
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Fig. 2. An t i -BCV IgM responses  as measu red  by a n t i b o d y  cap ture  E L I S A  assay in calves after  
infect ion wi th  a t t enua ted  (calf  1) and  v i ru lent  viruses  (calves 2 and  6) and  in na tu ra l ly  infected (calf  
3) and  uninfected calves (calf  4). S /N = sample  to negat ive  ratio;  SC = spiral  colon;  I = i leum; and  

J = je junum.  
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F i g .  3. Anti-BCV IgA responses as measured by antibody capture ELISA assay in calves after 
infection with attenuated (calf 1) and virulent viruses (calves 2 and 6) and in naturally infected (calf 
3) and uninfected calves (calf 4). S/N = sample to negative ratio; SC = spiral colon; I = ileum; and 

J = jejunum. 

RESULTS 

To evaluate regional ant i-BCV immune responses in the intestines o f  neonatal  calves, 
quanti tat ive (SRID)  and qualitative ( IFA and ELISA)  approaches were used. On the basis 
o f  S R I D  test, IgM was found to be the most  predominant  immunoglobul in  followed by 
IgG1,  IgA and IgG2 (Table 1). The levels o f  IgG2 were below detection limits o f  S R I D  
in all but  virulent virus-infected calves. 

Total  ant i -BCV activity o f  intestinal secretions was determined by IFA.  All calves were 
negative at 2 days o f  age (before virus inoculation) except for calf 3 (naturally infected calf) 
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which had a low titer of  1 : 5. Calves 1 and 9, following inoculation with attenuated virus, 
had peak titers of  only 1:20-1:40. In calf 1, antibody activity could be detected only in 
the spiral colon (Fig. 1) whereas calf 9 had detectable antibody activity in all three regions 
of  the gut. The IFA titers were much higher in calves inoculated with the virulent virus; 
peak titers in calves 2 and 6 being 5120 and 20,480, respectively. However, calf 7, which 
was also inoculated with the virulent virus, had no detectable antibody activity ( <  1:10) 
by IFA in any region of  the intestine. Uninfected calves were always negative at 1:10 by 
IFA. Calf 3 that developed a natural BCV infection also did not produce high IFA titers. 
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J = j e j u n u m .  
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Fig. 5. Anti-BCV IgG2 responses as measured by antibody capture ELISA assay in calves after 
infection with attenuated (calf 1) and virulent viruses (calves 2 and 6) and in naturally infected (calf 
3) and uninfected calves (calf 4). S/N = sample to negative ratio; SC = spiral colon; I = ileum; and 

J = jejunum. 

A n t i b o d y  capture ELISAs were done to determine anti-BCV activity associated with 
different isotypes o f  bovine immunoglobulins.  Calves 1 and 9, inoculated with attenuated 
virus, had no IgM or IgA response immediately after infection but developed low levels 
o f  IgM and IgA-associated anti-BCV responses at 4 and 1 weeks after infection, 
respectively (Figs 2 and 3). N o  IgG1 and IgG2 responses could be detected in these calves 
(Figs 4 and 5). 

Calves inoculated with the virulent virus (calves 2, 6 and 7) had high IgM, IgA, IgGl 
and IgG2 responses (Figs 2 and 5) but the profile of  development o f  antibody responses 
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was different in each calf. In the spiral colon of calf 2, peak IgM and IgA titers were seen 
at 4 and 10 days postinfection, respectively. The IgM response in ileum developed rapidly 
but did not persist for long. No IgM and IgA responses were seen in the jejunum of this 
calf. High levels of IgG1 and IgG2 developed rapidly in the spiral colon of calf 2 (Figs 4 
and 5) but appeared transiently in the ileum. In jejunum, IgG1 and IgG2 responses 
developed at 2 weeks postinfection. 

In calf 6, the immune responses developed slowly in all three regions of the gut (Figs 3 
and 4); peak titers were seen at 14 days after infection. The naturally infected calf (calf 
3) had no IgM-associated response but developed IgA-associated response on day 2 
postinfection in the spiral colon. The IgG1 associated anti-BCV activity in this calf was 
seen early in infection in the spiral colon and jejunum but not in the ileum. Only IgG2 
response developed in the ileum later in this calf. All control calves were negative. There 
was a direct positive correlation between ELISA and IFA titers and most of the profiles 
had a similar trend in both tests. 

DISCUSSION 

Different regions of the intestine are anatomically distinct and their associated lymphoid 
component also vary considerably. All regions of the gut have isolated lymphocytes in the 
lamina propria and between the enterocytes (intraepithelial lymphocytes) whereas ileum 
is endowed with distinct lymphoid nodules called Peyer's patches [11]. The gastrointestinal 
tract is very responsive to foreign antigens (including viruses) probably because of a large 
population of macrophages in the intestine which present these antigens to lymphocytes. 
The levels of bovine immunoglobulins (IgM, IgA, IgG1 and IgG2) in different regions of 
gut were estimated by single radial immunodiffusion. The most predominant immuno- 
globulin was IgM followed by IgG1 and IgA. The level of IgG2 was very low in intestinal 
contents of all calves. The lower levels of immunoglobulins in the intestine 3 weeks after 
infection with virulent BCV (Table 1) may have been due to generalized immune 
suppression by BCV. 

The IFA titers in calves inoculated with the virulent virus were higher than in those 
inoculated with the attenuated virus (Fig. 1) probably because virulent pneumoenteric 
virus replicates to much higher titers than the attenuated virus [7]. However, calf 7, which 
was inoculated with the virulent virus, failed to develop antibodies to BCV, developed a 
peracute infection, and died. The level of intestinal immune response has been found to 
be directly proportional to the rate of virus multiplication and the amount of viral antigen 
in BCV-infected calves [8]. The presence of higher IFA titers in spiral colon than in jejunum 
and ileum is not surprising as spiral colon is known to be the primary site of BCV 
multiplication. 

Anti-BCV IgM and IgA were higher in spiral colon than in jejunum and ileum (Figs 2 
and 3). The IgA-associated responses developed in the spiral colon of calves inoculated 
with the virulent virus and of the calf that developed the natural infection. In jejunum, 
the immune response was associated primarily with IgG1 and IgG2 isotypes and developed 
late in infection. The profiles of IgG1 and IgG2 associated anti-BCV responses were 
similar. Since the monoclonal antibodies used for capturing antibodies were of IgG 
subtype specific and do not cross react [12], the close association of IgG1 and IgG2 
responses may indicate that these intestinal antibodies originate from serum. 

One of the control calves (calf 3) was found to be naturally infected with BCV later in 
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the s tudy and was g rouped  with the virulent  virus-infected group.  Since this ca l f  had low 
levels o f  an t i -BCV I F A  a n t i b o d y  (t i ter 1 : 5) at  2 days  o f  age, we speculate  that  this cal f  
ei ther  acqui red  infect ion f rom d a m  at pa r tu r i t i on  or  it acquired mate rna l  an t ibodies  due 
to a leak in the p lacenta l  barr ier .  U n d e r  n o r m a l  husband ry  condi t ions ,  the deve lopmen t  
o f  active an t i -BCV immuni ty  in feces is influenced by passively derived colos t ra l  
an t ibod ies  [9]. Also,  the mucosa l  immune  responses  may  be directed agains t  the whole  
virus or  the subuni ts  o f  BCV [9]. 

Our  da t a  suggest  that  newborn  calves are capab le  o f  moun t ing  an intest inal  immune  
response and  tha t  vaccine failures p r o b a b l y  are the result  o f  ove ra t t enua t ion  o f  the virus. 
Also,  different regions o f  the gut  are immunolog ica l ly  distinct.  The levels and  profiles o f  
an t i - co ronav i rus  a n t i b o d y  responses  and  their  assoc ia t ion  with immunog lobu l in  isotypes 
were different a t  different intervals  af ter  infection.  The  cyclic behav ior  o f  BCV in la ter  
stages o f  infect ion [7] in the 3 regions o f  the gut  m a y  be re la ted to the intest inal  immune  
responses;  the virus m a y  be present  in a pa r t i cu la r  region o f  the intest ine when immuni ty  
is low in tha t  pa r t  o f  the gut, The deve lopmen t  o f  the intest inal  immune  response and the 
i m m u n o g l o b u l i n  class swi tchover  was more  rap id  than  the systemic responses in calves 
inocula ted  with the virulent  virus. Similar  results have been repor ted  by K i m m a n  and 
Van Zaane  [13] in r e sp i ra to ry  t ract  o f  calves inocula ted  with bovine resp i ra tory  syncytial  
virus. I t  should  be recognized,  however ,  tha t  it was a p re l iminary  s tudy employ ing  a 
relat ively small  number  o f  animals .  M o r e  extensive studies using a large number  of  
an imals  are  needed to conf i rm and  extend the results o f  this study.  
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