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Experimental inoculation of adult dairy cows with bovine
coronavirus and detection of coronavirus in feces by RT-PCR
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Summary. A reverse transcriptase PCR (RT-PCR) targeting a 407 bp fragment
of the nucleocapsid gene of bovine coronavirus (BCV) was developed for detection of BCV RNA in feces of experimentally inoculated cattle. The sensitivity
and specificity of the RT-PCR were confirmed using tissue culture-adapted BCV
strains and feces of 2 calves inoculated with BCV. Ten nonpregant, BCV seropositive, adult dairy cows were inoculated with winter dysentery (WD) (n = 8) or calf
diarrhea (CD) (n = 2) strains of BCV intranasally and orally (n = 2) or through
a surgically-placed duodenal catheter (n = 8) with and without dexamethasone
treatment or feeding ice water. The 6 cows inoculated with BCV intranasally and
through a duodenal catheter (2 of 2 cows given CD BCV and 4 of 6 cows given
WD BCV) developed mild diarrhea, and BCV was detected in diarrheal feces by
RT-PCR, ELISA or immune electron microscopy. These results suggest that CD
and WD strains of BCV can cause diarrhea in adult cows in conjunction with
host or environmental factors and that RT-PCR might be useful to diagnose BCV
infections in calves and adult cows.
∗
Bovine coronavirus (BCV) is an important pathogen of neonatal calf diarrhea
(CD) [5]. The virus also has been isolated from adult cattle experiencing acute diarrhea during outbreaks of winter dysentery (WD) [19]. In a recent study individ∗
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uals in herds experiencing WD were more likely to have recently seroresponded
to BCV than individuals in non-affected herds [22]. However, the role of BCV in
the WD syndrome remains unclear. A few attempts were made to experimentally
reproduce WD in cows using feces from cows with WD as challenge inocula, but
results have been inconsistent [3, 28]. Certain risk factors combined with BCV
infection might be important to initiate WD [22].
Antigenic, biological and genomic variations among BCV strains have been
reported [9, 13]. Recently, we also detected some antigenic and biological diversity among BCV strains, but these variations were unrelated to the clinical source
of the strains; i.e. CD or WD [26]. Also we reported complete cross-protection
and no differences in the pathogenicity between selected WD and CD BCV strains
in experimentally infected gnotobiotic and colostrum-deprived calves [10]. However, the infectivity and pathogenicity of CD and WD BCV for adult cows is
unclear. Electron microscopy (EM) is often used for the identification of BCV in
feces [2, 6]. However, sometimes it is difficult to identify BCV in feces by EM
because pleomorphic membranous particles resembling coronaviruses are common in feces [19]. Nucleic acid based assays, especially PCR, have been used to
detect enteric viruses [4, 14, 31].
The objectives of this study were: 1) to develop RT-PCR for the detection of
BCV in feces; and 2) to attempt to experimentally reproduce WD in adult cows
with CD and WD strains of BCV and to detect BCV in feces of these cows by
RT-PCR.
The live virulent WD DBA and CD DB2 and 216XF strains of BCV were used
in this study [1, 26]. These strains were passaged in gnotobiotic calves (DBA and
DB2) at leat 5 times or in colostrum-deprived calves (216XF) 2 times, and the
large intestinal contents of the infected calves were harvested as inocula for this
study. Electron microscopic examination of the inocula revealed the presence of
BCV and no adventitious viruses. The following viruses were used for RT-PCR:
Six strains (Mebus, DB2, 216XF, OHC, SDC and JAZ) of CD BCV [1, 26]; 8
strains (DBA, SD, CN, BE, AW, TS, BM and BW) of WD BCV [1, 26]; 2 deer
coronavirus strains (KI-D2 and WTD) propagated in HRT-18 cells [25]; 3 group
A rotavirus strains (NCDV Lincoln, Gottfried and OSU) propagated in MA104
cells; and a transmissible gastroenteritis virus strain (Purdue, P115) propagated
in ST cells.
A total of 11 nonpregnant, nonlactating, adult, Hostein dairy cows (3 to 5 years
of age) were used. Ten of these were inoculated with BCV and the remaining one
was a non-inoculated control. These cows were housed separately in an infectious
disease isolation facility, where temperature was controlled at about 20 ◦ C, and
hay and concentrate were fed during the experiments. These cows possessed
antibodies to BCV by previous natural infection before challenge, and BCV was
not detected from daily feces by ELISA and immune electron microscopy (IEM) at
leat 1 week prior to the start of the experiments. A 20% suspension of the intestinal
contents containing the DBA, DB2 or 216XF strain of BCV was administered
using 10 ml intranasally and 90 ml through a surgically-placed duodenal catheter
(Supraflex Trocar Catheter; Rusch Inc) (8 cows) or alternatively, given orally
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(2 cows) (Table 1). The surgery on the duodenal catheter was done at least 1 week
before the experiments. Six cows received serial injections of dexamethasone
(Schering-Plough Animal Health Corporation) (DM; 50 mg/day) intramuscularly
for 5 days prior to or after BCV challenge (Table 1). Forty liters of ice water were
given to 2 cows through an intranasal catheter 2 times in the previous day and on
the day of challenge. After inoculation of cows with BCV, feces and nasal swab
specimens were collected daily, blood samples were collected at challenge and
14 to 21 days later, and clinical signs were observed through post-inoculation
days (PID) 14 to 21 except for one cow (cow 5) euthanized at PID 4. One noninoculated control cow (cow 11) received serial injections of DM (50 mg/day) for
5 days and 40 liters of ice water for 2 days at the last day of DM treatment and for
the next day. Feces and nasal swab specimens were collected from this cow for
19 days from the first day of DM treatment, blood samples were collected at the
last day of DM treatment and 14 days later, and clinical signs were observed for
19 days from the first day of DM treatment. Feces were diluted 1:10 in 10 mM
phosphate-buffered saline (PBS; pH 7.4) for ELISA and IEM and 1:2 for RTPCR. Nasal epithelial cells were collected from nasal swab specimens and were
used for direct immunofluorescence (IF) tests. One colostrum-deprived calf (28day-old) and a gnotobiotic calf (7-day-old) were inoculated oronasally with the
DB2 and DBA strains of BCV, respectively. Feces were collected for 14 days and
examined for BCV by ELISA, IEM and RT-PCR.
Fecal suspensions were processed and examined by IEM as described previously [20]. An ELISA using monoclonal antibodies to BCV for the detection
of BCV antigen was conducted on the fecal samples as described previously
[24]. Direct IF tests were performed with nasal epithelial cells using fluorescein
isothiocyanate (FITC)-conjugated anti-BCV (Mebus strain) serum [21]. Virus
neutralization (VN) tests were conducted using HRT-18 cells as described previously [27]. Seroconversion was defined as a 4-fold or greater increase in serum
antibody titers to BCV at 14 to 21 days after inoculation compared with those at
inoculation.
An RT-PCR assay for detection of BCV was performed as follows. Viral
RNA was extracted from 0.2 ml of each fecal suspension and purified BCV
(Mebus strain) using a Micro RNA isolation kit (Stratagene Cloning Systems),
based on the acid guanidinium-phenol-chloroform RNA extraction method. The
tissue culture-adapted viruses were used directly without RNA extraction. The
primers for BCV were designed from the published sequence of the nucleocapsid
gene of the Mebus strain [12]. The sequences of primers (positions calculated
from the start codon of the nucleocapsid gene) were as follows: upstream primer
50 -GCCGATCAGTCCGACCAATC-3 (position, 92–111); downstream primer,
50 -AGAATGTCAGCCGGGGTAT-30 (position, 498–480). The predicted PCR
product was 407 base pairs. The reverse transcriptase reaction was conducted
by the following procedure. In the tube, 5 ml of RNA sample was added to 2 ml
of the downstream primer (50 pmol) and 4 ml of water. The tube was incubated
at 100 ◦ C for 2 min and then quenched on ice for 5 min. Subsequently, 4 ml of
5 × RT buffer [250 mM tris-HCl (pH 8.3), 375 mM KCl, 15 mM MgCl2 ], 2 ml of
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0.1 M dithiothereitol, 2 ml of 10 mM dNTPs, 0.5 ml of RNAsin (Promega Corporation), and 0.5 ml of Moloney murine leukemia virus RT (Gibco BRL Products)
(200 U/ml) were added and incubated at 37 ◦ C for 60 min. Then 5 ml of the RT
reaction samples were added to 95 ml of the PCR mixture. The PCR mixture consisted of 10 ml of 10 × PCR buffer [100 mM Tris-HCl (pH 8.3), 500 mM KCl,
15 mM MgCl2 , 0.01% gelatin], 2 ml of 10 mM dNTPs, 1 ml of the upstream primer
(50 pmol), 1 ml of the downstream primer (50 pmol), 80.5 ml of water and 0.5 ml
of Taq polymerase (Promega Corporation) (5 U/ml). The mixture was overlaid
with mineral oil and then subjected to 4 min of preheating at 94 ◦ C, 30 cycles of
1 min at 94 ◦ C, 1 min at 58 ◦ C, 2 min at 72 ◦ C, and a final 7 min incubation at
72 ◦ C. The PCR products were visualized on 1.2% agarose gels stained with ethidium bromide. Ten virus-negative feces collected from preexposure gnotobiotic or
colostrum-deprived calves were used as negative controls.
PCR products of 407 bp were found after RT-PCR with all 14 BCV and 2
deer coronavirus strains. By contrast, rotaviruses, transmissible gastroenteritis
virus and all 10 virus negative fecal samples were negative in the assay. As little
as 1 pg of purified BCV (Mebus strain) RNA and 0.1 TCID50 of BCV (Mebus
strain)-infected HRT-18 cell culture fluids could be detected in this assay. Fecal
shedding of BCV by 2 calves was detected after inoculation by the RT-PCR for 8
days, whereas BCV was detected by IEM and ELISA for 4–5 days and 5–7 days,
respectively.
Cows 1 and 2 inoculated oronasally with the WD BCV did not show clinical
signs of BCV infection (Table 1). Therefore, other cows were inoculated through
a duodenal catheter with and without DM or ice water. Cow 3, inoculated with a
CD BCV, developed diarrhea from PID 4. The virus was detected in feces by IEM
and ELISA from PID 4 for 3 days, and the RT-PCR showed positive reactions
from PID 3 for 5 days (Fig. 1). Seroconversion was observed at 2 weeks after
inoculation (Table 1). Cow 4 inoculated with WD BCV did not develop diarrhea
through PID 12, but the virus was detected in the feces at PID 3 and in nasal
epithelial cells at PID 5 and 6. At PID 12, this cow received serial injections
of DM for 5 days. From the 5th day of DM treatment, she exhibited diarrhea
for 2 days. The virus was detected by ELISA and IEM from the 5th day of
DM treatment for 2 days, and RT-PCR showed positive reactions from the 4th

Fig. 1. RT-PCR detection of bovine
coronavirus RNA in fecal samples of
the experimentally inoculated adult
dairy cow 3. The RT-PCR products
were visualized on 1.2% agarose gels
stained with ethidium bromide. Top
numbers indicate days postinoculation. M Molecular marker
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day of DM treatment for 3 days. Seroconversion was observed at 3 weeks after
inoculation (Table 1). Cows 5, 6, 7 and 8 were treated with DM daily for 5 days
prior to inoculation with the WD BCV (cows 5, 7, 8) or CD BCV (cow 6). Cows 5
and 6 developed diarrhea from 3 and 6 PID, respectively. The feces of cows 5 and
6 were positive for BCV by all detection methods, and by IEM and RT-PCR from
the day diarrhea commenced. In contrast, cows 7 and 8 did not develop diarrhea,
and BCV shedding was not detected in feces, although seroconversion to BCV
was observed in cow 8 (Table 1). Cows 9 and 10 were given ice water daily for 2
days and cow 10 was also treated with DM for 5 days prior to challenge with the
WD BCV. Cows 9 and 10 developed diarrhea on PID 8 for 6 days or on PID 3
for 5 days, respectively. The feces of cow 9 were positive for BCV from the day
diarrhea began for 3 days by all detection methods. The feces of cow 10 were
positive for BCV from the onset of diarrhea through 4 days by ELISA and IEM, but
negative by RT-PCR. Seroconversion to BCV was not observed in these 2 cows
(Table 1). Cow 11, non-inoculated, but treated with dexamethasone and given
ice water, showed neither clinical signs of BCV infection, BCV shedding, nor
seroconversion (Table 1). All diarrheal feces of the cows were black, semiliquid,
and no cow showed bloody diarrhea, fever, or respiratory symptoms.
Recently, an RT-PCR method was reported for the detection of human coronaviruses from nasal aspirates [15], but to our knowledge there are no reports
of the diagnosis of BCV in feces by RT-PCR. We designed primers from the
nucleocapsid gene because this gene is conserved among BCV strains [8]. All
14 stains of BCV including the DBA, DB2 and 216XF which were used for cow
inoculations, and the deer coronaviruses were detected by RT-PCR, suggesting
that the sequences of the primers used in this study were conserved among these
BCV strains. The RT-PCR was more sensitive than ELISA and IEM to detect
BCV in the feces of experimentally inoculated calves. For the majority of feces
from the cows, samples positive by ELISA or IEM were also positive by RT-PCR.
These results indicated that the RT-PCR developed might be useful for diagnosis
of BCV infections in calves and adult cows. However, the feces of cow 10 at
PID 3 to 6 were positive for BCV by ELISA and IEM, but not by RT-PCR. These
negative results might be caused by the presence of inhibitory substances for PCR
present in the feces of this animal [30].
Several risk factors for WD have been reported [3, 19, 22, 23, 29]. Especially,
stress factors, such as dietary changes, parturition, lactation, chilling due to low
environmental temperature or cold drinking water, or wide fluctuations in temperatures might play an important role in initiating the disease. Also, the immune
status of cows [23] and mixed infections of BCV with other microorganisms
might be contributory factors to the disease. At first, we tried to inoculate the
virus oronasally to 2 cows, as was done previously for gnotobiotic or colostrumdeprived calves [10], but these cows did not show any clinical signs, virus shedding
or increased serum antibody responses to BCV. These results indicate that unlike in calves [10], it is difficult to reproduce diarrhea in seropositive adult cows
challenged with BCV via the oronasal route. In contrast, 6 of 8 cows inoculated
through a duodenal catheter developed diarrhea and shed BCV in diarrheal feces.
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Viral inoculation via the duodenum excluded the adverse effects of rumen microorganisms and gastric acids in the abomasum on BCV. Certain stress factors,
such as mentioned previously, may change the number and composition of
rumen microorganisms, or increase the pH of the abomasum and influence BCV
infectivity in the field. Immune suppression induced by DM treatment influenced
the occurrence of diarrhea and virus shedding in our BCV challenge exposure
studies, although exceptions occurred. For example, cow 4 began to show diarrhea
and virus shedding during DM treatment. The DM treatment causes deleterious
effects on mucosal immune responses as reported previously [16, 18] and likely
also compromises mucosal immune responses and host resistance to BCV. We
gave a large volume of ice water to 2 cows as a stress inducer before inoculation
and one of them was also treated with DM before inoculation. Both cows showed
diarrhea and virus shedding, but there were no major differences between the 2
cows in the degree of diarrhea and the duration of virus shedding. However it was
interesting that ice water treatment alone in cow 9 also resulted in BCV infection
and diarrhea.
Chronic shedding of BCV in the feces of clinically normal cows has been
reported [7], but no BCV was detected in feces from these cows for at least 1
week prior to the start of these experiments. Also, one non-inoculated control
cow, which was treated with dexamethasone and given ice water, did not show
BCV shedding or diarrhea. Therefore, there is a low possibility that the BCV
detected in the feces of cows after inoculation was endogenous BCV.
Pre-existing serum VN antibody titers to BCV did not protect cows against
BCV infections in this study. No obvious agreement was evident between the
antibody titer and the degree of protection. For example, the antibody titer of cow
7 was low at challenge (320), and this cow did not show any clinical signs of BCV
infection. In contrast, cow 9 had a hight serum antibody titer (2 560) at challenge,
but developed diarrhea and shed virus. Most adult dairy cattle are seropositive
to BCV [19, 22]. Further analysis of intestinal antibody titers to BCV in cows is
needed to help clarify whether they are an indicator of protection [11]. Diarrhea in
this cow-challenge exposure model was mild, and no bloody feces were observed.
Further studies are needed to determine other significant risk factors to reproduce
WD, in particular the bloody diarrhea sometimes observed in a percentage of the
affected cows [19].
Bovine coronavirus causes neonatal CD and is also detected from adult cattle
with WD. Based on epidemiological data, these disease syndromes often occur
as separate and distinct outbreaks in herds; therefore differences in pathogenicity and antigenicity between CD and WD BCV might be expected [9, 13, 19].
However, isolates of WD BCV were reported to produce bloody diarrhea [17]
or watery diarrhea [10] in newborn calves. Our previous results indicated that
the degree of diarrhea and the patterns of fecal and nasal shedding of BCV were
indistinguishable between the CD DB2 and WD DBA strains based on crossprotection studies in calves [10], suggesting that WD BCV strains cause diarrhea
in calves. Also, there were no relationships between the antigenic and biological
diversity among BCV strains and the clinical sources (WD and CD) of the strains
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[26]. In this study, 2 of 2 cows inoculated with the DB2 or 216XF strain of CD
BCV, and 4 of 6 cows inoculated with the DBA strain of WD BCV via a doudenal
catheter developed diarrhea and shed virus. These results suggest that CD and WD
BCV can cause diarrhea in adult cows in combination with host or environmental
factors, and these factors might contribute to the separate and distinct nature of
the WD and CD outbreaks.
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