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Abstract Neonatal calf diarrhea (NCD) is a major cause of
morbidity, mortality and economic losses in the beef and
dairy industries. This study was conducted to investigate
the existence of enteric viruses in two Egyptian farms with
a history of recurrent diarrhea. Fecal samples were col-
lected from 25 diarrheic calves. RNA was extracted and
tested by reverse transcription polymerase chain reaction
(RT-PCR) for the presence of rotavirus, norovirus, astro-
virus, torovirus, coronavirus and bovine viral diarrhea
virus. Overall, 76 % (19/25) of samples tested positive for
one or more viruses. Rota-, noro- and astroviruses were
detected in 48 %, 24 % and 32 % of tested samples,
respectively. About 37 % (7/19) of positive samples had
two different viruses. One-month-old calves were the
group most vulnerable to infections. Based on phylogenetic
analysis, bovine rotaviruses were of genotypes G6 and
G10, bovine noroviruses were in GIIL.2, and bovine
astroviruses were in the BAstV lineage 1. Astrovirus
sequences showed a high level nucleotide sequence simi-
larity with the Brazilian BAstV sequences available in
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GenBank. We believe this is the first report of bovine
norovirus and bovine astrovirus circulating among calves
in Egypt. Further epidemiological studies are recom-
mended to investigate their presence on a wider scale, to
predict their association with NCD, and to design appro-
priate diagnostic and control methods.

Introduction

Neonatal calf diarrhea (NCD) is one of the most common
causes of morbidity and mortality in cattle. In the dairy
industry, approximately 50 % of deaths in one-month-old
calves have been attributed to diarrhea caused by bacterial,
viral or parasitic pathogens [l]. Bovine rotavirus and
bovine coronavirus (BRV and BCV) are the leading causes
of viral diarrhea [2], although bovine viral diarrhea virus
(BVDV), bovine norovirus (BNoV), bovine astrovirus
(BAstV) and bovine torovirus (BToV) have also been
implicated. Co-infection with two or more viruses is also
common and often aggravates the diarrheal symptoms [3].
Both BCR and BToV are members of the family Coron-
aviridae. They are frequently associated with acute diar-
rheal and respiratory infections in calves of different ages
in many countries [4]. BVDV is a member of the genus
family Flaviviridae. BVDV 1is classified
molecularly into two species (Bovine viral diarrhea virus
1, and Bovine viral diarrhea virus 2). It was first identified
in Egypt in 1972, and BVDV-1b was circulating in the
Ismailia province of Egypt during 2014 [5].

Members of the genus Rotavirus, family Reoviridae, are
medium-sized, non-enveloped viruses. Their dSRNA gen-
ome consists of 11 RNA segments that encode six struc-
tural (VP1-4, VP6 and VP7) and six non-structural proteins

Pestivirus,
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(NSP1-6) [6]. Based on their common group antigen
(VP6), rotaviruses are classified into eight antigenically
distinct groups (from A to H). Group A rotaviruses are
usually incriminated in human and animal cases of gas-
troenteritis [7]. Since capsid proteins VP4 and VP7
autonomously trigger neutralizing antibodies, group A
rotaviruses are further classified into P (for protease sen-
sitive) and G (for glycoprotein) types, respectively. At least
37 P-types and 27 G-types have been reported (http://rotac.
regatools.be/classificationinfo.html), of which G6, G8,
G10, P1, PS5 and P11 are usually associated with most cases
of bovine diarrhea [8].

Norwalk-like viruses (noroviruses) are known to infect
humans and animals and cause epidemic and sporadic
gastroenteritis. As members of the family Caliciviridae,
they are small, non-enveloped, positive-sense, SSRNA
viruses. Their viral genome is 7.3 to 8.3 kb in size,
excluding the 3’ poly(A) tail and consists of three open
reading frames (ORFs). ORF1 encodes the non-structural
polyprotein, which is cleaved by 3C-like protease into six
proteins, including the RNA-dependent RNA polymerase
(RdRp). ORF2 and ORF3 encode the structural capsid
proteins VP1 and VP2, respectively [9]. Based on phylo-
genetic analysis, noroviruses are classified into at least six
genogroups (GI to GVI). A tentative genogroup VII has
also been proposed. The bovine noroviruses are clustered
in genogroup GIII, which is further divided into two dis-
tinct genotypes (GIII.1 and GIII.2) [10]. Initially GIIL.1
(prototype Bo/Jena/80/DE) was identified in Germany in
1980 while GIIL.2 (prototype Bo/Newbury-2/76/UK) was
discovered in England in 1978 [11, 12]. The lack of a
culture system for in vitro propagation of noroviruses,
recombination events, and the presence of the virus in fecal
samples of both diarrheic and healthy animals are major
obstacles to determine their impact on the cattle industry,
especially in developing countries.

Astroviruses are small, star-shaped, non-enveloped
viruses with a positive-sense sSRNA. The family Astro-
viridae consists of two genera, Mamastrovirus and Avas-
trovirus, whose members infect mammals and birds,
respectively [13]. The genome of astroviruses is 6.4—7.9 kb
long and consists of three ORFs in addition to a 5’ UTR, a
3’ UTR and a polyadenylated tail. ORFla encodes the non-
structural polyprotein, ORF1b encodes the RdRp, and
ORF2 encodes the structural capsid protein. ORF2 is the
most divergent part of the genome, while ORF1b is the
least divergent [14]. BAstV was first reported in England in
1978 from calves suffering from acute enteritis. Initially, it
was considered avirulent [15], but subsequently, it was
proven to be a pathogen, especially in calves that are co-
infected with BRV or BToV. The astroviruses have also
sometimes been detected in association with bovine
encephalitis [16]. Based on serological assays, bovine
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astroviruses are classified into two serotypes, BAstV-1 and
BAstV-2 [17].

Materials and methods
Samples and RNA extraction

A total of 25 fecal samples were randomly collected from two
private cattle farms in Sharkia and Cairo provinces in early
2015. The calves had diarrhea, fever and variable degrees of
dehydration and weakness. Diseased calves did not respond to
antibiotic therapy. No mortalities were found at the time of
sample collection. The average age of animals ranged from
three weeks to ten months. The calves on one farm were
vaccinated against BRV and BCV. The viral RNA was
extracted from a 20 % fecal suspension using a Blood/Liquid
Sample Total RNA Rapid Extraction Kit (Bioteke Corpora-
tion, China) according to the manufacturer’s instructions.

Reverse transcription polymerase chain reaction
(RT-PCR)

The RNA extracts were screened by RT-PCR for the
detection of BRV, BCV, BVDV, BToV, BNoV and
BAstV. Reactions were performed in a 25 pl volume using
a One Step RT-PCR Kit (QIAGEN, Valencia, CA, USA).
Reverse transcription was done at 50 °C for 30 min, fol-
lowed by PCR activation at 95 °C for 15 min and 35 cy-
cles of 94 °C for 1 min for denaturation, the appropriate
temperature and time for annealing (Table 1) and 72 °C for
1 min for extension. The final extension was done at 72 °C
for 10 min. For the G and P typing of BRV-positive
samples, RT-PCR reactions were performed using specific
primers for VP7 and VP4, respectively. The primers used
in this study are listed in Table 1. The PCR products were
confirmed by analysis in an ethidium-bromide-stained
agarose gel followed by visualization under a UV
transilluminator.

Sanger sequencing

The PCR products were purified using a QIAquick PCR
purification kit (QIAGEN, Valencia, CA, USA). The
purified DNA was sequenced at the University of Min-
nesota Genomics Center (UMGC) using the same forward
and reverse primers as were used for RT-PCR. Forward
and reverse sequences were aligned together to generate a
consensus sequence using Sequencher software version 5.1
(http://genecodes.com/). Also the newly obtained sequen-
ces were compared with existing sequences in the Gen-
Bank database using online BLAST search tool (http://
www.ncbi.nlm.nih.gov/).
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Table 1 Primers used and their annealing temperatures

Virus Primer sequence (5'-3') Amplicon Target gene Annealing References
size (bp) temperature/time

BRV F: GGCTTTWAAACGAAGTCTTC 928 Group (A)-VP6 52 °C/45 s [29]
R: GGYGTCATATTYGGTGG [30]

BRV F: ATGTATGGTATTGAATATACCAC 881 VP7 52 °C/1 min [31]
R: AACTTGCCACCATTTTTTCC

BRV F: TAT GCT CCA GTN AAT TGG 633 VP4 50 °C/1 min [32]
R: ATT GCA TTT CTT TCC ATA ATG

BAstV F: GAYTGGACBCGHTWTGATGG 432 RdRp 48 °C/1 min [33]
R: KYTTRACCCACATNCCAA

BNoV CBECu-F: AGTTAYTTTTCCTTYTAYGGBGA 532 RdRP 51 °C/45 s [34]
CBECu-R: AGTGTCTCTGTCAGTCATCTTCAT

BCoV F: CCGATCAGTCCGACCAATC 460 N gene 55 °C/45 s [35]
R: TAGTCGGAATAGCCTCATCGC

BToV F: TTCTTACTACACTTTTTGGA 602 Matrix gene 45 °C/45 s [36]
R: ACTCAAACTTAACACTAG AC

BVDV F: ACAAACATGGTTGGTGCAACTGGT 820 Polyprotein 54 °C/ 45 s [37]

R: CAGACATATTTGCCTAGGTTCCA

BRYV bovine rotavirus, BAstV bovine astrovirus, BNoV bovine norovirus, BCoV bovine coronavirus, BToV bovine torovirus, BVDV bovine viral

diarrhea virus, F forward primer, R reverse primer

Sequencing and phylogenetic analysis

The newly obtained nucleotide sequences were deposited
in the GenBank database under accession numbers
KX268316 to KX268321 for BRV, KX268306 to
KX268309 for BNoV, and KX268310 to KX268315 for
BAstV. Using MEGA 6.0 software, a comparative align-
ment was done using the Clustal W method. The evolu-
tionary distances were calculated using the pairwise
(p) distance method (percent of nucleotide [nt] and amino
acid [aa] sequence identity and divergence). The phylo-
genetic trees were constructed using the neighbor-joining
method in MEGA 6.0 software [18], and the tree topology
was evaluated by 1,000 bootstrap replicates.

Results
Detection of enteric viruses in fecal samples

The RT-PCR results of the tested RNA showed that 48 %
(95 % CI: 28.42 % to 67.58 %) were BRV positive, 24 %
(95 % CI: 7.26 % to 40.74 %) were BNoV positive, and
32 % (95 % CI: 13.71 % to 50.29 %) were BAstV posi-
tive. About 37 % (7/19) of positive samples had two dif-
ferent viruses (Table 2). Products of 928 bp, 881 bp, 532
bp, and 432 bp were visualized on a 1.2 % agarose gel for
BRV-VP6, BRV-VP7, BNoV-RdRp and BAstV-RdRp,
respectively (Supplementary Fig. 1la—d). When data were

correlated to the age of the tested calves, one-month-old
calves showed the highest rate of infections (Fig. 1).
Results were negative for BCV, BVDV and BToV.

Sequencing and phylogenetic analysis

The phylogenetic analysis of the BRV-VP7 coding
sequences revealed that they clustered with the G6 and G10
genotypes of group A rotaviruses (http://rotac.regatools.be/)
[19] (Fig. 2). At both the nt and aa level, the GIO
sequences were 100 % identical and the G6 sequences
showed 99.5-100 % identity to each other. A comparison
of the G10 sequences with published sequences in the
GenBank database showed overall identities of
93.7-95.9 % and 97.1-99.2 % in nt and aa, respectively.
The same comparison using G6 sequences showed identi-
ties of 93.1-94.7 % at the nt level and 95.5-96.8 % at the
aa level. On P typing, only one isolate was found to be P11,
while all remaining samples were non-typable.

The norovirus sequences of this study showed identities
of 87.5-99.8 % and 96.7-100 % at nt and aa levels,
respectively. A phylogenetic tree illustrated that all sam-
ples were related to genotype GIII.2 of BNoV (Bovine/
Newbury2/UK strain-like) (Fig. 3). Three sequences
(BNoV-1, BNoV-2, and BNoV-3) grouped together with
99.3-99.8 % nt and 100 % aa identity with each other and
maximum identity with previously published sequences
from the USA (Nov-6 and Nov-45), the UK (Penrith5500)
and Tunisia (MonastirB139). One of the study sequences
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Table 2 Detection rates of

different viruses Virus No. (%) of positive samples L. CI (%) U. CI (%)
BRYV group (A) 9 (36 %) 17.18 54.82
BNoV 14 %) 0 13.54
BAstV 2 (8 %) 0 18.63
BRYV and BNoV 1 (4 %) 0 13.54
BRYV and BAstV 2 (8 %) 0 18.63
BNoV and BAstV 4 (16 %) 1.63 30.37

L.CI lower confidence interval, U.CI upper confidence interval

100 4

m BNoV and BAstV

M BRV and BAstV

80 -
60 W BRV and BNoV
BAstV
40
N I I
0

< 1month 2-6 months

Age of animals

HBNoV

M BRV

Percentage of virus detection

> 6 months

Fig. 1 Virus detection in various age groups

(BNoV-4) grouped differently from the remaining
sequences, with 87.5 % and 96.7 % nt and aa identity,
respectively, and showed maximum identity to isolates
from Italy (BEC195), the UK (Aberystwyth24) and Bel-
gium (Florennes-B242).

The BAstV study sequences were compared with each
other as well as with previously published BAstV
sequences available in GenBank (Fig. 4) and clustered with
BAstV lineage 1. Except BAstV-3, all study sequences
grouped together with 98.2—-100 % nt and 98.5-100 % aa
identity to each other. These sequences showed maximum
sequence similarity to BoAstV-199-BRA (Brazil) and
Ishikawa9728 (Japan). The BAstV-3 showed 87.3 % nt and
95.3 % aa sequence identity to the rest of the study
sequences and maximum identity to Kagoshima2-24 and
Hokkaido12-27 (Japan).

Discussion

Calves within their first month are highly susceptible to
viral diarrhea probably due to suckling milk, which neu-
tralizes the acidic pH of their digestive tract and in turn
allows several pathogens to survive [2, 38]. Several
improvements in vaccination, medication and manage-
ment have been implemented to reduce the incidence of
NCD. However, NCD is still persistent because it is
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complex and multifactorial and can be triggered by sev-
eral different infectious and non-infectious causes [2].
NCD has a devastating economic impact on cattle-raising
businesses worldwide [2, 20, 21]. Direct losses are due to
dehydration, reduced growth rate, and high morbidity and
mortality. Indirect losses are due to the imposition of
trade restrictions and increased costs of management and
veterinary care as well as animal suffering. In Egypt, the
diarrhea control programs are completely dependent on
mass vaccination of animals using commercially available
inactivated vaccines. Data on the detection, prevalence
and typing of infectious diarrheal causes are not available,
and this study was undertaken in an attempt to fill that
gap.

Rotaviruses are the main causes of diarrhea in many
animal and human species. The G6, G8 and G10 types of
group A rotaviruses are usually found in cases of NCD. We
detected rotaviruses in 48 % of the tested samples (66.6 %
for G6 and 33.3 % for G10). This could be a preliminary
indication of the types of bovine rotaviruses currently cir-
culating in Egypt. Nearly the same rates of G6 and G10
were recorded by Caruzo et al. [22], while the overall
rotavirus detection rate was 9.9 %, probably due to a larger
sample size. Only one of the BRV isolates in our study was
P typable (BRV-1/Sharkia/2015) and was found to be P11,
which is the most dominant P type. Also, the G10-P11
genotype is a common combination worldwide [22]. In
Egypt, BRV was first diagnosed in the early 1980s. The
BRV-GS type was detected by Merwad et al. [23]. Some
studies have found evidence of viral reassortment and the
possibility of interspecies transmissions, including to
humans [24]. Our results might help in future studies on
rotaviruses in Egypt.

BNoV was molecularly detected (24 %) either alone or
as a co-infection with other enteric viruses (BRV and
BAstV). All BNoV sequences were found to be phyloge-
netically related to genotype GIII.2, which is known to be
distributed globally. Ferragut et al. [25] discussed an
interesting finding about the Argentinean strain B4881
(tentatively classified as GIII.4), which grouped with GIII.2
based on partial ORF1 sequence analysis but showed a
significant divergence from previously described genotypes
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Fig. 2 Neighbor-joining
phylogenetic tree of BRV based
on partial nucleotide sequences
(881 bp) of the VP7 gene.
Bootstrap values (>50 %) are
shown above the branches. The
isolates from this study are
indicated by a solid triangle
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based on ORF2/3 sequence analysis. Molecular investiga-
tions in several countries have revealed a number of
potential recombinant strains, which emphasizes the
importance of studying complete genome sequences; the
use of only a single primer set (CBECu-F and R) may limit
the opportunity to detect novel divergent/recombinant
strains.

The connection between bovine astroviruses and enteric
diseases in not obvious; some researchers maintain that
BAstV is not associated directly with severe diarrhea under
natural conditions [12], while others believe that it can
happen [26]. We reported BAstV in feces of calves with
clinical diarrhea (32 %), which clustered with BAstV lin-
eage 1 [27]. Lineage 1 involves one and nine strains of

BRV/G1/India/2011 (JX442769)

st

genogroup G2 and G3, respectively [28], in addition to five
Korean strains within genogroup G1 [26]. The Egyptian
BAstV strains were closely related to isolates from Brazil
and Japan. This further supports the assumption of Nagai
et al. [27] that lineage 1 might be the most prevalent
genogroup of BAstV in the world. Efforts should be made
to develop specific criteria for the classification of BAstVs
as lineages or genogroups. Our BAstV sequences showed
87.1-100 % nt sequence identity, in contrast to those in a
Brazilian BAstV study in which the identity was
48.9-80.6 % [28]. This may be due to the small sample
size from two Egyptian provinces, while the Brazilian
study was based on 272 samples from seven different
states.
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Fig. 3 Neighbor-joining phylogenetic tree of BNoV isolates based on are shown above the branches. The isolates from this study are

partial nucleotide sequences of the RdRp gene (532 bp). BNoV GIILI
(Jena strain) was selected as an out-group. Bootstrap values (>50 %)

Conclusions
To the best of our knowledge, this is the first report on the

existence of bovine noroviruses and bovine astroviruses in
Egypt. The association of these viruses with the

@ Springer

indicated by a solid triangle

pathogenesis of severe diarrhea is still inconclusive. The
genetic diversity and evolution of these enteric viruses
should be monitored regularly in domestic and wild animal
populations as well as in humans. Our results will con-
tribute to better understanding of these challenging
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Fig. 4 Neighbor-joining phylogenetic tree based on partial RdRp gene sequences (432 bp) of BAstV. An isolate of porcine astrovirus was
selected as an out-group. Bootstrap values (>50 %) are shown above the branches. The isolates from this study are indicated by a solid triangle

gastrointestinal viruses and may help to spur studies
designed to prevent and control calf diarrhea in Egypt.
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