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ABSTRACT

Neonatal diarrhea is an important cause of econolwsses for cattle farmers. The main viral etiokgydf enteric
diseases are group A rotaviruses (GARV) and thénkaxoronavirus (BCoV). Although both viruses ihfedves of
the same age, the occurrence of mixed infectiosslisinder studied. The present study describescb-infection
of BCoV and GARYV in stool samples. Forty-four diaic fecal samples from calves up to 60 days cid hiad
previously tested positive for GARV by SS-PAGE weedyzed using semi-nested PCR for BCoV. A proditht
251 bp of the BCoV nucleoprotein gene was ampliied5.9% (7/44) of the samples, demonstrating ttat
infection is not an unusual event. These resuitdarce the need for testing for both GARV and BGoMn in fecal
samples that previously tested positive for onesvir
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INTRODUCTION et al, 1986; Holland, 1990; Alfieri et al2006;
Oliveira Filho et al 2007).
Neonatal diarrhea is one of the main causes of cdRotaviruses belong to thReoviridaefamily. They
mortality worldwide. The disease results in majothave icosahedral symmetry and a non-enveloped
economic losses in many dairy and beef cattleapsid formed by three concentric layers of protein
herds that result from treatment costs and cathat is 70-90 nm in diameter. The rotavirus
deaths. Calf diarrhea is considered to be a multgenome is composed of 11 double-stranded RNA
factorial  disease.  Several environmentalsegments (dsRNA). Based on the common group
management-related, nutritional, and physiologicaantigen (VP6 protein), rotaviruses are classified
factors may occur either alone or in synergy withantigenically into seven serogroups (A-G). The
different infectious agents such as protozoango-migration of genomic segments 7, 8, and 9 in
bacteria, and/or viruses. In calves, bovine group folyacrylamide gel electrophoresis (PAGE) is an
rotavirus (GARV) and bovine coronavirus (BCoV)important characteristic of group A rotaviruses
are the viruses most commonly associated witfEstes, 1996).
neonatal diarrhea and it is not unusual that botBeveral techniques have been developed to
viruses can concomitantly infect calves (Snodgrassiagnose bovine GARV by detecting the viral
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particle (cell culture, electron microscopy, immunecollection of diarrheic stool samples from calves
electron microscopy), viral protein (ELISA, latex that were previously diagnosed with rotaviruses.
agglutination, direct immunofluorescence), and

viral genome (SS-PAGE, RT-PCR). All of these

methods vary in specificity and sensitivity andMATERIALS AND METHODS

present both advantages and disadvantages (Alfieri

et al, 1996; Markowska-Daniel et.all996). Stool samples

PAGE followed by silver staining (SS-PAGE) is aForty-four diarrheic fecal samples that were
well-established technique that is often employe@ositive for bovine GARV by the SS-PAGE
for rotavirus detection (Herring et .al1982; technique were included in the study. The samples
Pereira et al 1983). It enables the identification of were collected from March to December of 2004
rotavirus groups by analyzing the migrationfrom calves of up to 60 days of age and kept at 4
pattern of the 11 segments of dsRNA, and it has &iC. The calves were from beef and dairy cattle
of the characteristics required for large scalg us@erds located in four Brazilian states: Mato Grosso
such as low cost and ease of executiofMT), Minas Gerais (MG), Parana (PR), and Séo
(Markowska-Daniel et §11996). Paulo (SP).

The Coronavirus genus belongs to the Fecal suspensions were prepared at 10 to 20%
Coronaviridae family and is divided into three (w/v) in 0.01 M phosphate-buffered saline (PBS)
genetically distinct groups. BCoV is classified inpH 7.2, and centrifuged at 3,000 x g for 15 min at
group 2 and is a pneumoenteric virus that causels °C. The supernatants were used for RNA
diarrhea and respiratory disease in calves argktraction.

winter dysentery in adult cattle (Takiuchi et,al

2009). The virus has an envelope 120-160 nm iRNA extraction

diameter and a helical nucleocapsid. The genomgliquots (400 pL) of the supernatant from the
is a single-stranded, positive-sense RNA moleculgcal suspension were treated with SDS at a final
of 27-32 kb. The 13 open reading frames (ORFsjoncentration of 1% (v/v) and kept at %5 for 30

of the genome encode five major structuraimin, Thereafter, a combination of the
proteins (ICTV dB 2009). phenol/chloroform/isoamyl alcohol and
The frequency of BCoV infection is quite variablesjlica/guanidine isothiocyanate methods was used
between different geographical regions, theAlfieri et al., 2006) to extract the RNA. The RNA
production type (dairy or beef herds), and thas eluted in 50uL of ultra-pure RNase-free
diagnostic techniques used. In Brazil, only a fewpEpC-treated sterile water and used in the semi-
studies have evaluated the BCoV occurrence ifested PCR (SN-PCR). Sterile water was included
stool samples from calves. The rates of infectiogs g negative control for the RNA extraction. A

range from 14 to 39% (Jerez et @002; Takiuchi  ce|| culture-adapted BCoV Mebus strain was used
et al, 2006; Oliveira Filho et al2007; Stipp etal s positive control in SN-PCR.

2009).

A few different methods exist to show theSemi-nested PCR assay

presence of BCoV in stool samples, includingSN-PCR was performed with the primers BCoV1
electron microscopy (EM), isolation in tissuesense (5-CGATGAGGCTATTCCGAC-3) and
culture, hemagglutination (HA) / inhibition (HI) BCoV2 antisense (5-TGTGGGTGCGAGTTC-
assay, and ELISA, although most of them are nofGC-3’); the latter was also used for reverse
useful for diagnosis because they are timetranscription (RT). For the second round of
consuming or have low specificity. A reverseamplification (semi-nested), BCoV3 sense (5'-
transcription-polymerase chain reaction (RT-PCRYTGCTAGTCTTGTTCTGGC-3') and BCoV2
for BCoV detection in calf fecal samples has highantisense were used. The primer sequences were
sensitivity and specificity compared to otherbased on the highly conserved region of the Mebus
techniques (Cho et.ak001). strain N gene (GenBank accession number
As some infectious agents may act synergistically00735), and the reactions were performed
during infection, the disease may be more sevemgcording to Takiuchi et a(2006). The sizes of

in mixed than in single infections. The aim of thethe predicted PCR and SN products were 454 and
present study was to evaluate the frequency @51 bp, respectively.

BCoV and bovine GARV co-infection in a
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The SN-PCR products were analyzed byare, even though they infect the same portion of
electrophoresis on a 2% agarose gel stained withe small intestine, i.e. jejunum and ileum, (Carpi
0.5ug/mL ethidium bromide and visualized undeet al, 1981; Saif et aJ 1986). Although the
UV light. frequency of bovine GARV (11 to 19.4%) and
BCoV (14 to 39%) infections in Brazilian cattle
herds are high (Jerez et,a2002; Alfieri et al,
RESULTSAND DISCUSSION 2006; Takiuchi et al 2006; Oliveira Filho et a|
2007), only a few studies have been conducted to
The SN-PCR amplified the 251 bp BCoV examine mixed infection by these viruses. It is not
fragment in 15.9% (7/44) of the stool samples thapossible to confirm if the viruses compete, if the
were positive for bovine GARV, demonstratingpresence of one virus limits infection by the other
that co-infection with the main viral agents offcal or if the infection with one virus favors infection
diarrhea is not a rare event. by the second as a consequence of a smaller local
The presence of BCoV in bovine GARV-positiveimmune response. Branddo et §007) also
stool samples has also been described in othdetect both GARV and BCoV viruses, and
Brazilian studies; the number of samples evaluategliggested that there was a synergistic effect
by these studies was too low to determine whethé@etween them in a mixed infection. However,
the rates were similar to the rate presented heresimultaneous infection by these viruses is not
(Table 1) (Jerez et.al002; Brand&o et al2007; enough to confirm that they act in a synergistic
Oliveira Filho et al, 2007). way. Such an interaction should be more
The bovine GARV and BCoV co-infection in accurately  measured under  experimental
15.9% of the calves demonstrates thaconditions and not in field observations.
infection with both viruses is possible and not

Table 1 - Comparative analysis of bovine coronavirus (BC@wd bovine group A rotavirus (GARV) mixed
infection in calves fecal samples from Braziliaband dairy cattle herds.

GARYV positive samples Mixed infection (GARV and BCoV) Study
44 7 This study
10 2 Jerez et al2002
6 1 Brandao et 312007
11 2 Oliveira Filho et al 2007

Another important result of mixed infection mayexplain some cases of bovine GARV outbreaks in
be related to virus shedding. The calves witlvaccinated populations of calves (Barreiros et al
mixed infections were more exposed to enteri004). The presence of BCoV might decrease the
pathogens, which could lead to a more severatestinal immunity and make rotavirus infection
outcome of the infection. Consequently, theeasier, even with virus strains that are not uguall
recovery from intestinal injury could also be moreassociated with high pathogenicity.

difficult, resulting in a longer time to recovereth In Brazil, the available calf diarrhea vaccines
intestinal villous. As a consequence, these calvasclude inactivated bovine GARV and BCoV
may shed the viruses at higher titers than calvedtrains and vaccinated herds are protected from
with a single infection. Since the viral load isdiarrhea caused by both viruses and even some
higher, the onset of the diarrhea would also bbacteria, which are often included in the vaccines.
earlier. Herd vaccination aims to prevent clinical signs of
Outbreaks of diarrhea in calves are frequentlynfection by these enteric pathogens, and it is
associated with bovine GARV infection. It is difficult to determine which viral pathogen is more
unusual to perform diagnostic assays for BCoV iprevalent in vaccinated herds. It is also unkndwn i
samples that previously tested positive to bovinthe vaccine-induced immune response is
GARV. Therefore, it is impossible to ascertain ifmaintained in mixed infections. However,

the severity of some bovine GARV diarrheaprophylactic vaccination against neonatal calf
outbreaks is higher due to a more pathogenic virutiarrhea in Brazilian dairy and beef cattle hegls i
strain or mixed infection. Co-infections may alsostill not used in large scale.
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In conclusion, the detection of BCoV in fecaldiagndstico para esses dois importantes virus
samples positive for bovine GARV demonstrategntéricos de bezerros em surtos de diarreia
that mixed infection by both viruses is relativelyneonatal tanto em rebanhos bovinos leiteiros
frequent in calves. Considering the high rate ofuanto de corte.

diagnosis in outbreaks of neonatal calf diarrh#a, a

diarrheic stool samples screened for enteric
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