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Abstract

Background Bovine rotavirus A (BRVA) and bovine coronavirus (BCoV) cause significant diarrhea in young calves,
leading to health issues and economic losses in the cattle industry. This study aimed to detect and molecularly char-
acterize BRVA and BCoV in calves from Addis Ababa, Ethiopia. Fecal samples were collected from 105 calves under six
months old, both with and without diarrhea. BRVA and BCoV were detected using quantitative real-time Polymerase
Chain Reaction (gPCR), followed by genome sequencing for phylogenetic analysis and genotype determination.

Results BRVA was found in 3.8% of the calves, while BCoV was detected in 2.9%. The identified rotavirus genotypes
included G10, found in diarrheic calves, and G8, found in a non-diarrheic calf. All BCoV infections occurred in diarrheic
calves. Phylogenetic analysis of the BCoV spike protein 1 (S1) hypervariable region (HVR) and hemagglutinin esterase
(HE) gene revealed close relationships with European and Asian strains. The S1 HVR of the current virus sequence
PQ249423 was 100% identical at the nucleotide level to previously reported sequences from Ethiopia. Six amino acid
substitutions in the HE gene of the current BCoVs were identified compared to the reference Mebus strain of BCoV.
Phylogenetic analysis showed that the current G8 BRVA sequences clustered with bovine, caprine, and human
rotavirus strains, while the G10 viruses formed a distinct cluster with bovine strains. The G10 viruses showed a 99.37%
nucleotide sequence similarity to a previously reported BRVA from Ethiopia, and the G8 virus displayed the highest
nucleotide similarity with a caprine isolate from India. Gene segment analysis of the current BRVA viruses indicated
varying similarities with human, bovine, caprine, and porcine rotavirus strains, suggesting a potential reassortment
event involving artiodactyl, human, and porcine rotavirus.

Conclusions This study demonstrates the presence of BRVA and BCoV in Ethiopian dairy calves and provides insights
into their genetic diversity. Genetic analysis of BCoV revealed close relationships with strains from Europe and Asia.
G10 and G8 were the identified BRVA genotypes, with G8 reported for the first time in Ethiopia. Future research
should focus on broader sampling and molecular characterization to understand genetic diversity and devise effec-
tive control measures.
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Introduction

Calf diarrhea is one of the most common and devastat-
ing diseases in the dairy industry worldwide. The multi-
factorial causes of calf diarrhea include infectious agents,
nutritional deficiencies, environmental conditions, and
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enteropathogens in acute diarrhea in young calves, lead-
ing to economic losses in the cattle industry worldwide
[1,2].

Rotaviruses, belonging to the Reoviridae family, are
non-enveloped viruses with a genome of 11 segments
of double-stranded RNA, enabling genetic reassortment
and diversity among viral strains [3]. The 11 segments
code for structural proteins (VP1, VP2, VP3, VP4, VP6,
and VP7) and non-structural proteins (NSP1 to NSP6)
[4]. Based on the genetic and antigenic properties of the
VP6 protein, rotaviruses are classified into eight groups
(A to H) [5]. Rotaviruses are further classified into geno-
types based on genetic variations in the VP4 (P) and VP7
(G) genes [6]. Rotaviruses have been shown to infect
a wide range of young species, including infants, vari-
ous mammals (such as piglets, calves, goats, lambs, and
foals), and birds [7]. BRVA is the most common viral
pathogen in calf diarrhea [8, 9]. The virus primarily tar-
gets the small intestine, resulting in malabsorption and
diarrhea, which leads to increased vulnerability to other
infections, calf mortalities, and ultimately to economic
losses due to slowed growth and treatment costs [10].

Another significant viral pathogen that can cause calf
diarrhea is BCoV. It has a single-stranded positive-sense
RNA (ssRNA) genome and shows considerable genetic
diversity. BCoV’s genetic diversity is likely driven by a
combination of factors, including frequent replication
cycles, immune selection pressure, and recombination
events, in addition to mutations [11-14].

BCoV affects both young and adult cattle, causing acute
diarrhea in calves and winter dysentery in adults, result-
ing in substantial economic losses in dairy and beef herds
worldwide [15, 16]. BCoV falls into the beta group of cor-
onaviruses, including viruses such as SARS-CoV, MERS-
CoV, HCoV-OC43, and SARS-CoV-2. These viruses are
significant human pathogens with zoonotic origins and
the latter two are globally prevalent [17, 18]. Additionally,
bovine-like coronaviruses have been implicated in enteric
and respiratory diseases across various ruminant species,
dogs, and humans, indicating potential cross-species
transmission [19].

The dairy farming sector in Ethiopia is crucial to the
country’s agricultural economy, supporting the liveli-
hoods of many smallholder farmers [20]. Calf diarrhea
is a major health concern in the Ethiopian dairy indus-
try, leading to significant economic losses and being the
primary cause of neonatal mortality in calves, account-
ing for 18% to 63% of deaths [21, 22]. While BRVA and
BCoV are known to play a role in calf diarrhea, there has
been limited research on their prevalence and genetic
diversity in Ethiopia. Understanding the epidemiology
and genetic characteristics of these viruses is crucial for
developing effective disease control strategies. Therefore,
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the purpose of this study was to genetically characterize
BRVA and BCoV circulating in calves in Addis Ababa,
Ethiopia.

Results

Detection and characterization of BCoV

Among the 105 samples tested using BCoV qPCR, 2.9%
(3/105) tested positive. All positive samples came from
diarrheic calves, with 7.1% (3/42) of the diarrheic calves
testing positive. Two of the positive samples, ETB_14 and
ETB_47 were obtained from 1 and 2-month-old calves
residing on the same property in Bole sub-city. The third
positive sample, ETB_94, was from a 1-month-old calf on
a farm located in the Yeka Sub-city.

Sample with cycle threshold (Ct) values less than
40 were considered positive. The Ct values for the cur-
rent positive samples were 31.79 for ETB_14, 32.17 for
ETB_47, and 37.10 for ETB_94. Of the three samples,
only one (ETB_14 with a Ct value of 31.79) was success-
fully amplified by the nested PCR targeting the S1 HVR.

To investigate the relationship between the viruses
detected to other BCoV, the PCR product of S1 HVR was
sequenced. The 451 bp S1 HVR sequence (PQ249423)
from our study showed 99.8—-100% nucleotide sequence
similarity with the previously reported sequences from
Ethiopia (PP357889.1 and PP357888.1). Furthermore,
the phylogenetic analysis showed that the current virus
PQ249423 clusters together with strains from Ethiopia
(PP357889.1 and PP357888.1) as well as from other Euro-
pean and Asian countries (Fig. 1). On the other hand, two
other viral sequences previously reported from Ethio-
pia (PP357891.1 and PP357890.1) and the current virus
PQ249423 are grouped in different clusters (Fig. 1). A
94.49% nucleotide identity to the Mebus BCoV strain, a
widely used reference strain known for its well-charac-
terized genome and biological properties, and a 95.36%
nucleotide similarity to the OK-0514-3 strain, a human
enteric coronavirus, were observed.

We next analyzed the hemagglutinin-esterase (HE)
gene. The HE gene from all three positive samples were
successfully amplified and sequenced. A phylogenetic
tree constructed using the 1216 bp partial sequence of HE
genes demonstrated that the three sequences from this
study, ETB_47/BCoV/HE (PQ268636), ETB_14/BCoV/
HE (PQ268637), and ETB_94 BCoV/HE (PQ268638),
clustered together with other BCoV HE genes from
Europe and the Middle East in one clade (Fig. 2). The
viral sequences from the current study formed a distinct
group within the clade. Comparison of the HE genes
among the three currently identified sequences revealed
a high degree of similarity, with 99.9%-100% nucleotide
identities. BLASTn analysis of the HE gene showed that
the three viruses had the highest nucleotide sequence
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Fig. 1 Maximum likelihood phylogenetic tree of ST HVR sequences of BCoV. The sequences of the present study are in bold and italicized. Each
color represents a specific clade. The human enteric coronavirus strain OC43VA served as the outgroup. The scale bar at the top of the tree calibrates
the genetic distance expressed as nucleotide substitution per site. Bootstrap values>70% are displayed

identities (97.73%) with a BCoV strain from France Amino acid analysis of the HE genes of the three

(MG757141). Additionally, the HE gene of current BCoVs  viruses identified in the present study, compared to the

exhibited 96.8% nucleotide identity with the reference reference Mebus strain, revealed six sites of amino acid

strain Mebus (U00735.2). substitutions (S156A, L309P, N357D, P367S, N379T,
S380P) (Table 1).
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Table 1 Variations in the HE glycoprotein amino acid sequences of BCoV-positive samples compared to the reference Mebus strain®

BCoV / amino acid position 156 309 357 367 379 380

PQ268638 (ETB_94 BCoV/HE)
PQ268636 (ETB_47 BCoV/HE)
PQ268637 (ETB_14 BCoV/HE)
AAA66393.1_Mebus

> VL n
o - -
O =z =Z =
w U U ©
- =z =z =z
D L U n

2The letters represent different amino acids
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Detection and characterization of BRVA

Out of 105 samples, 3.8% (4/105) tested positive for
BRVA by using a qPCR approach. Samples with Ct val-
ues less than 36 were considered positive. The current
samples had Ct values ranging between 27.75-33.2.
Two rotaviruses (ETB_02 and ETB_66) were of the G10
genotype, originating from diarrheic calves. Of the two
remaining qPCR-positive samples, one (ETB_53) had the
G8 genotype, originating from a non-diarrheic calf, while
the rotavirus ETB_89 remained untyped.

Phylogenetic analysis of the 821 bp partial sequence
of the G10 genotypes was conducted, including the
G10 sequences of ETB_02 (PQ246062) and ETB_66
(PQ246063) detected in this study. ETB_02 and ETB_66
formed a monophyletic group together with BRVA G10
from Ethiopia (PP417702.1), Egypt (KX268316 and
OP377078), China (MN928499), and Ireland (GQ433985)
(Fig. 3). The current two viruses were 99.5% identical to
each other at the nucleotide level. Additionally, the cur-
rent G10 sequences were closely related to bovine rota-
virus previously reported from Ethiopia (PP417702.1),
sharing 99.37% nucleotide identity.

Phylogenetic analysis of the 830 bp partial nucleotide
sequences of representative G8 Bovine rotavirus showed

Tree scale: 0.1 ——
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that the current virus ETB_53 (PQ246061) clustered with
bovine rotavirus G8 from India (GU984760.1), Thai-
land (LC133519.1), Caprine rotavirus from Bangladesh
(MK519593.1) and India (MT501457), and human rota-
virus from Taiwan (JX156636.1) (Fig. 4). ETB_53 showed
the highest nucleotide sequence similarity of 98.68% with
a caprine rotavirus from India (MT501457.1).

Seven of the 11 rotavirus genes, including VP1, VP2,
VP6, VP7, NSP2, NSP4, and NSP5, were successfully
sequenced from the three positive samples, while the
VP4, NSP1, NSP3, and VP3 genes could not be amplified.
The nucleotide sequence analysis in ViPR and BLASTn
analysis of each gene revealed the following genotype
constellations: G8P[X]-12-R2-C2-Mx-Ax-N2-Tx-E2-H3
for the ETB_53 BRVA, and G10P[X]-12-R2-C2-Mx-Ax-
N2-Tx-E2-H3 for the ETB_02 and ETB_66 BRVA.

The ETB_53 BRVA segments VP1, VP2, VP4, VP,
NSP2, and NSP4 had the closest nucleotide sequence
identity with human rotavirus strains from different parts
of the world (Table 2). Interestingly, the NSP2 had the
closest nucleotide sequence identity with a previously
reported human rotavirus from Ethiopia (KP752895).
The NSP5 had the closest nucleotide sequence identity
with OR270741, isolated from a chamois in Slovenia.
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Fig. 3 Maximum likelihood phylogenetic tree of G10 sequences of BRVA. The G8 human RVA strain KP882714.1 served as the outgroup. The
strains of the present study are indicated in bold and italicized. Each color represents a specific clade. The scale bar at the top of the tree calibrates
the genetic distance expressed as nucleotide substitution per site. Bootstrap values>70% are displayed
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and italicized and each color represents a specific clade. The G10 bovine RVA strain LC133552.1 served as the outgroup. The scale bar at the top
of the tree calibrates the genetic distance expressed as nucleotide substitution per site. Bootstrap values > 70% are displayed

For ETB_66 and ETB_02, the VP1 and VP2 sequences
had the closest nucleotide sequence identity with human
rotavirus, VP6 and NSP5 had the closest nucleotide iden-
tity with bovine isolates, and lastly, the NSP2 and NSP4
had the closest nucleotide identity with porcine rotavirus
strains (Table 2).

Discussion

The present study aimed to analyze the molecular diver-
sity of bovine coronavirus (BCoV) and bovine group A
rotavirus (BRVA) identified from calves in Addis Ababa,
Ethiopia. The study found that the overall detection rate
of BCoV in calves was 2.9%; all positive samples origi-
nated from diarrheic calves (7.1%). This suggests that
BCoV might not be widespread in the general calf popu-
lation but is more associated with diarrhea. Other studies
have reported BCoV prevalence in diarrheal feces rang-
ing from 3.4% to 69% [23]. Various studies also indicated
a higher detection rate of BCoV in diarrheic calves com-
pared to healthy ones [24—27]. This supports a strong
link between BCoV infection and calf diarrhea.

Additionally, the Ct values for the current samples
ranged from 31.79 to 37.10, indicating a low viral load.
This suggests that BCoV can cause diarrhea even when
viral particle concentrations in the gut are low. However,
it is important to note that BCoV was only detected in
7.1% of the diarrhea cases examined. This low detection
rate implies that other pathogens or factors could also be
responsible for causing diarrhea in the majority of cases.

The consistently low detection rates of BCoV in Ethio-
pian calves, ranging from 0.91% to 8.5% in this and previ-
ous studies [28—30], may be influenced by environmental,
management, breed, and geographical factors. Larger
studies and detailed epidemiological analyses are neces-
sary to better understand its prevalence and impact.

The hemagglutinin-esterase (HE) and Spike (S) pro-
teins are crucial attachment proteins of BCoV, essential
for the virus invasion and release from host cells, serv-
ing as critical antibody-neutralization epitopes [31] The
S1 hypervariable region (HVR) is particularly significant
for virus-host interactions, providing valuable insights
into the genetic diversity and evolutionary relation-
ships of BCoV strains. Additionally, the HE gene plays
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Table 2 Genotyping based on seven gene segments and the closest nucleotide sequence’s accession number for the current BRVA

gene segments

ETBRV_53 ETBRV_66 ETBRV_02

Segment Genotype Similarity® Genotype Similarity® Genotype Similarity®

VP7 G8 MT501457.1 G10 PP417702.1 G10 PP417702.1
98.68% 99.37% 99.37%
Caprine Bovine Bovine
India Ethiopia Ethiopia

VP1 R2 ON737422.1 R2 MG214337.1 R2 MG214337.1
98.58% 99% 92%
Human Human Human
USA Morocco Morocco

VP2 (@) KJ187600 2 GU296422.1 Q KU317467.1
95% 95% 95.45%
Human Human Human
South Korea [taly Egypt

VP6 12 KJ752132.1 12 0L988984.1 12 0L988984.1
98% 97% 100%
Human Bovine Bovine
Ethiopia Ireland Ireland

NSP2 N2 KP752895.1 N2 AB972863.1 N2 AB972863.1
97% 98% 98%
Human Porcine Porcine
Ethiopia Thailand Thailand

NSP4 E2 FN665697.1 E2 AB972865.1 E2 AB972865.1
95% 97.7% 97.63%
Human Porcine Porcine
Hungary Thailand Thailand

NSP5 H3 OR270741.1 H3 JX402800.1 H3 JX402800.1
96.16% 98.62% 98.62%
Chamois Bovine Bovine
Slovenia Slovenia Slovenia

?The closest nucleotide sequence accession number, sequence identity (in %), host organism ( species), and sequence origin (Country)

an important role in viral entry and spread [32-34] and
its genetic characterization is crucial for enhancing our
understanding of BCoV evolution. Recent studies have
underscored its importance in identifying novel emerg-
ing strains [35].

The S1 HVR gene sequence of ETB_14 (PQ249423),
showing 99.8-100% nucleotide sequence similar-
ity with previously reported sequences from Ethiopia
(PP357889.1 and PP357888.1), indicates a high level of
genetic conservation among these strains.

The phylogenetic analysis of the S1 HVR showed that
the current virus sequence PQ249423, clustered with
strains from diverse geographical regions, including the
Middle East, Asia, and Europe (Fig. 1). This clustering
indicates that BCoV strains circulating in different parts
of the world share significant genetic similarities, pos-
sibly due to regional transmission or common ancestry.
It could also be due to the limited inherent mutations
within the virus, as coronaviruses have a relatively mod-
erate mutation rate due to their proofreading mecha-
nism [14]. The current virus sequence exhibited 94.49%
nucleotide identity with the reference Mebus strain

and 95.36% similarity to the human enteric coronavi-
rus strain OK-0514-3, highlighting its relatively limited
divergence from these reference strains. The reference
strain Mebus occupied a separate branch, supporting
the observed genetic distance and divergence. This data
is consistent with several reports describing the genetic
distance between the reference Mebus strain, a widely
used and well-characterized reference strain isolated in
the 1970s from a calf with neonatal diarrhea, and newer
BCoV strains [36—38]. On the other hand, two previously
reported BCoVs from Ethiopia (PP357891 and PP357890)
and the current BCoV are grouped in different clusters
(Fig. 1), indicating that at least two different stains are
circulating in the country [29].

Phylogenetic analysis of the HE genes revealed that the
current sequences PQ268636, PQ268637, and PQ268638
clustered together with other BCoV HE genes from
Europe and the Middle East (Fig. 2). This suggests a close
genetic relationship between the current viruses and
the European and Middle East strains indicating possi-
ble regional transmission or common ancestry. The HE
gene of the current viruses exhibited a high nucleotide
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sequence identity ranging from 99.9%-100% among
themselves, suggesting a recent common origin and the
circulation of closely related genetic variants in the study
population.

The analysis of amino acids in the HE genes revealed
six substitution sites (S156A, L309P, N357D, P367S,
N379T, S380P) compared to the Mebus strain. These
substitutions may be linked to virulence, as all cur-
rent sequences were detected from diarrheic cases. This
can be supported by the findings of Zhang et al. [39],
who reported amino acid substitutions of HE proteins
between the avirulent BCV-L9 and virulent BCV-LY138
at positions P367S and N379T. David et al. [35] also doc-
umented differences in L309P and S380P between winter
dysentery and the Mebus strain. Furthermore, variations
in the HE gene were clustered in the major regions
(amino acids 309-380), which included the membrane-
proximal domain and the putative esterase domain of the
HE gene [40]. This suggests that these regions are sub-
jected to selective pressure and might affect viral-host
interactions. The current HE sequences from this study
do not exhibit frameshifts, deletions, or insertions, unlike
the novel emerging strains reported from China and the
United States. Lang et al. [31] indicated that HE and S are
integral components, and when HE undergoes a criti-
cal mutation, it induces S mutations and strengthens its
affinity.

The detection of BRVA in 3.8% of the samples in this
study indicates that the virus is present in the cattle
population within the studied area, though at a relatively
low level. The presence of rotavirus in both diarrheic
and non-diarrheic calves suggests that the virus may
exhibit varying degrees of pathogenicity [41]. Addition-
ally, it implies that factors such as the immune status of
the calves or environmental conditions may influence
whether the virus results in diarrhea [42, 43]. The sample
from non-diarrheic calves contains a low viral load with
a Ct value of>32.5, indicating that the virus is present
in such small quantities that it may not be sufficient to
cause noticeable illness.

The detection of multiple BRVA genotypes (specifically
G10 and G8) within the population provides valuable
insights into the diversity of BRVA strains in the study
area. To our knowledge, this is the first G8 BRVAs geno-
type report from Ethiopia. Understanding the prevalence
of different genotypes is crucial because they can exhibit
varying levels of virulence, influence immune responses,
and impact vaccine efficacy. The G8 and G10 genotypes
are common rotavirus A strains of bovine origin and
have been linked to interspecies transmission between
cattle and humans.

Phylogenetic analysis of the GI10 strains (Fig. 3)
showed that the current viruses sequence PQ246062 and
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PQ246063 clustered together with other G10 BRVA from
diverse geographical regions, including Egypt, China, Ire-
land, and the USA, emphasizing their genetic similarity
and potential evolutionary connections. The current G10
genotype viruses exhibited a 99.5% nucleotide similarity
with each other and a 99.37% similarity with previously
reported sequences from Ethiopia. This high genetic sim-
ilarity suggests potential epidemiological connections or
a shared ancestry among the current G10 genotype circu-
lating in the country.

The phylogenetic analysis of nucleotide sequences of
representative G8 genotypes (Fig. 4) revealed that the
current BRVA, ETB_53 (PQ246061), clustered with
bovine, caprine, and human rotavirus strains from vari-
ous Asian countries (India, Thailand, Bangladesh, and
Taiwan). This clustering suggests the possibility of cross-
species transmission or a shared evolutionary origin.
Studies have shown that G8 rotaviruses have been iso-
lated from various hosts, including cattle, caprine, and
even humans, indicating cross-species transmission
[44-47].

A nomenclature for the comparison of complete rota-
virus genomes was considered in which the notations
Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx are used for
the  VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-
NSP4-NSP5/6 encoding genes, respectively . In the cur-
rent study, seven out of the 11 rotavirus genes, VPI,
VP2, VP6, VP7, NSP2, NSP4, and NSP5 were success-
fully sequenced from three positive samples, while VP4,
NSP1, NSP3, and VP3 could not be amplified. This could
be attributed to low-quality samples, mutations in the
primer binding regions, or the high genetic diversity of
VP4 and NSP1 compared to more conserved genes such
as VP6 and NSP2 [48].

The genotype constellation based on the seven genes
of the current BRVA strains ETB_66 and ETB_02 was
G10P[X]-12-R2-C2-MX-AX-N2-TX-E2-H3. Similarly,
ETB_53 exhibited G8P[X]-12-R2-C2-MX-AX-N2-TX-
E2-H3. This pattern is observed in both human and artio-
dactyl (bovine, caprine, and ovine) species of rotaviruses
[47, 48], suggesting potential cross-species transmission.

Genomic segments in ETB_53 had the closest nucleo-
tide similarity to human rotavirus isolates from various
geographic regions (Table 1). Notably, the NSP2 segment
of ETB_53 was most closely related to human rotavi-
rus from Ethiopia (KP752895); this suggests a potential
genetic link or shared evolutionary pathway between
bovine and human rotaviruses, possibly due to inter-
species transmission events or common viral ancestors.
Evidence of naturally occurring reassortment events
between RVA strains of animal and human origin has
been demonstrated by various researchers [47-53].
Additionally, the NSP5 and VP7 segments of ETB_53



Redda et al. BMC Veterinary Research (2025) 21:122

exhibited the highest nucleotide similarity with an iso-
late from a chamois in Slovenia and a caprine from India,
respectively. This finding suggests that these viruses may
have originated from reassortment events involving rota-
viruses from artiodactyls and humans.

Similarly, the genetic segment analysis of the G10
viruses (ETB_66 and ETB_02) highlights intricate rela-
tionships among rotaviruses from various host species,
including bovine, human, and porcine (Table 2). The
mixed genetic structure of these viruses suggests that
they may have originated from multiple reassortment
events involving rotaviruses from different hosts, such as
humans, cattle, and pigs. The proximity or shared living
spaces between animals and humans facilitates the trans-
mission of rotaviruses across species, especially in areas
with low socioeconomic conditions [54]. A study con-
ducted in Uganda [55] found that complex genome reas-
sortment events occur between rotavirus strains from
humans, cattle, goats, and pigs. This suggests that reas-
sortment is a common mechanism influencing the evolu-
tion and epidemiology of these viruses.

This study has certain limitations, including a small
sample size, restricted geographic scope, and short col-
lection period. These factors limit its ability to fully rep-
resent the broader population or capture seasonal and
temporal trends in BCoV and BRVA circulation, poten-
tially affecting the generalizability of its findings. Despite
these limitations, the study provides valuable insights
into the molecular characterization of BCoV and BRVA
in Ethiopian calves, offering critical data on circulating
virus strains where such information is scarce. Future
studies should address these gaps by using larger, more
diverse samples and extending study durations.

Conclusions

In conclusion, this study highlights the detection of both
BRVA and BCoV in dairy farms around Addis Ababa,
Ethiopia. While the prevalence of these main calf enteric
pathogens was not very high in the study area, molecu-
lar analysis revealed notable findings. The current
BCoV exhibited close genetic relationships with strains
from Europe and other regions, with notable amino
acid substitutions in the HE genes that could be linked
to increased virulence. Furthermore, G10 and G8 were
identified as BRVA genotypes, with G8 being reported
for the first time in Ethiopia. Genetic analysis suggests
the current BRVA strains likely arose from multiple
reassortment events involving rotavirus from different
host species. The findings underscore the importance of
genetic characterization for detecting emerging strains
that could impact animal health or have zoonotic poten-
tial. The presence of BCoV strains with amino acid sub-
stitutions and the emergence of the G8 BRVA genotype
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in Ethiopia highlights the need for continued surveil-
lance and monitoring of these pathogens. Future research
should focus on broader sampling and molecular char-
acterization to better understand the genetic diversity of
BCoV and BRVA, which will be crucial for devising effec-
tive control measures.

Methods

Study design and sample collection

A cross-sectional study was conducted between October
to December 2023. A total of 105 fecal samples, 42 from
diarrheic and 63 from apparently healthy animals, were
collected from crossbreed (Zebu x Holstein—Friesian)
calves (less than 6 months old) from 67 smallholder dairy
farms located in 9 sub-city in Addis Ababa (Gulele, Yeka,
Lemi kura Akaki Kality, Nifasilk Lafto Kolfe Keraniyo,
Bole and Kirkos) (Fig. 5). These smallholder dairy farms
are managed by individuals, families, and small and
micro-enterprises (SMEs), with herd sizes in these farms
was range from 1 to 27 cattle. Consent of the owners was
obtained to collect fecal samples from their calves.

The diagnosis of diarrhea and sample collection was
made by a veterinarian during the survey. Diarrhea was
considered if the feces were loose to watery, with or
without the presence of blood and mucus. Fecal samples
were collected directly from the rectum in sterile stool
cups and transported under a cold chain from the field
to the Institute of Biotechnology, Addis Ababa University
(AAU), where the samples were stored at -20°C until fur-
ther processing.

Nucleic acid extraction

Each sample was diluted 1:10 in phosphate-buffered
saline (PBS) and then centrifuged at 10,000 rpm for
10 min. The supernatant was collected and stored at
-80 °C for future analysis. Total RNA was extracted as
described by [56]. Briefly, 250 ul of supernatant was
mixed with 750 pl of TRIzol reagent. After a 5-min incu-
bation at room temperature, 150 pl of chloroform was
added, followed by vigorous vortexing for 15 s. The tubes
were centrifuged at 12,000 rpm for 15 min at 4 °C. The
upper aqueous phase was transferred to a 1.5 ml tube. An
equal volume of 70% ethanol was added, and the remain-
ing RNA extraction was conducted using Gene]JET RNA
purification kit (Thermo Fisher Scientific), according to
the manufacturer’s instructions. The extracted RNA was
stored at -80 °C until further use.

qPCR based detection of bovine coronavirus (BCoV)

c¢DNA was synthesized using the SuperScript IV ¢cDNA
synthesis kit (Thermo Fisher Scientific) and random hex-
amers following the manufacturer’s instructions. The
samples were screened for BCoV using qPCR primers
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targeting the M-gene of bovine coronavirus, as described
by [57]. Briefly, PCR reactions were set up in a 20 ul vol-
ume containing 1X iTaq" Universal Probes Supermix
(2x) (Bio-Rad), 600 nM of each primer (BCoV-F and
BCoV-R), 200 nM of probe (BCoV-Pb) (Table 3), and 2 pl
of cDNA template. The thermal cycling program con-
sisted of 95 °C for 5 min initial denaturation, followed by
95 °C for 15 s and 60 for 1 min repeated for 45 cycles.
The qPCR was performed on the CFX96 Real-Time PCR
System (Bio-Rad); a cutoff (Ct)value <40 was considered
positive.

qPCR detection of bovine rotavirus (BRV)

The samples were screened for rotavirus using a qPCR
targeting the NSP5 gene of BRV as described by [29].
A 30 pl reaction volume was prepared, consisting of 1X
Tagman Fast Virus 1-Step Master Mix (Applied Biosys-
tems), 600 nM of forward and reverse primers (Table 3),
150 nM of probe, and 2 pl of sample RNA. The PCR pro-
gram used was as follows: 50 °C for 5 min, 95 °C for 20 s,
then 45 cycles of 95 °C for 15 s, 60 °C for 1 min, followed
by a plate read. The qPCR was performed on the CFX96
Real-Time PCR System (Bio-Rad); cutoff (Ct) Value<36
was considered as positive.

SE‘ED‘E

38° gD‘E

Genetic characterization of BCoV and BRVA
PCR amplification of the target BRVA (VP7, VP6, VP1,
VP2, NSP2, NSP4, and NSP5) genes was performed
using various primer sets (Table 3) and the 2X Platinum
SuperFi PCR Master Mix (Invitrogen). Each 20 pL reac-
tion mixture contained 1X of the 2X Platinum SuperFi
PCR Master Mix (Invitrogen), 600 nM of both forward
and reverse primers, and 2 uL of cDNA. The PCR cycling
conditions were as follows: initial denaturation at 98 °C
for 30 s, followed by 35 cycles of 98 °C for 10 s, 60 °C for
30 s, and 72 °C for 30 s, with a final extension at 72 °C for
5 min. The PCR products were then analyzed on 1-2%
agarose gels stained with GelRed™ and visualized using
the ChemiDoc™ MP Imaging System (Bio-Rad®). Simi-
larly, the S1 hypervariable region (S1 HVR) of BCoV was
amplified using nested PCR-specific primers described
by [62], and the HE gene was amplified using overlapping
primers as described by [30] using the above procedure.
The PCR products were purified using the GeneJET Gel
Extraction Kit (Thermo Fisher Scientific) according to the
manufacturer’s instructions. After purification, the sam-
ples were sent to Macrogen Europe for Sanger sequenc-
ing. The quality of the sequences was analyzed, and the
consensus sequences were assembled using Geneious
Prime (v.2024.0.7). The sequences were then submitted to
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gene Primer Primer/probes sequence (5'-3') Product size-bp Reference

VP6 VP6-F GGCTTTWAAACGAAGTCTTC 928 (58]
VP6-R GGYGTCATATTYGGTGG

VP7 VP7-F ATGTATGGTATTGAATATACCAC 881 [59]
VP7-R AACTTGCCACCATTTTTTCC

NSP2 NSP2-F GGCTTTTAAAGCGTCTCAGTC 1059 [60]
NSP2-R GGTCACATAAGCGCTTTCTAT

NSP4 NSP4-F GGCTTTTAAAAGTTCTGTT 750 [60]
NSP4-R GGTCACRYTAAGACCRTTCC

NSP5 NSP5-F GGCTTTTAAAGCGCTACAGTG 664 [61]
NSP5-R GGTCACAAAACGGGAGTG

VP1 VP1-F GGCTATTAAAGCTGTACAATGGG 686 [52]
VP1-R TAATCCTCATGAGAAAACATGAC

VP2 VP2-R CTTCATCTTGAAATATAGCATCAC 686 [52]
VP2-F GGCTATTAAAGGCTCAATGGCG

HE HEA-F CAGTGAAGAAGACTAAACTCAGT 741 [53]
HEA-R TAAATAACACCAGTGTCTTTATT
HEB-F TGACGAGTATATCGTACCACTT 684
HEB-R CTAAGCATCATGCAGCCTAGTACC

S1THVR STHS-F CTATACCCAATGGTAGGA 885 [62]
STHA-R CTGAAACACGACCGCTAT
SINS-F GTTTCTGTTAGCAGGTTTAA 488
SINA-R ATATTACACCTATCCCCTTG

BCoV BCoV-F CTGGAAGTTGGTGGAGTT 85 [57]

Mgene BCoV-R ATTATCGGCCTAACATACATC
BCoV-Pb FAMd -CCTTCATATCTATACACATCAAGTTGTT-BHQ1

BRVA Rota-F TGATTCTGCTTCAAACGATCCA 65 [29]

NSP5 Rota-R GCATTTGTCTTAACTGCATTCGA
Rota-Pb VIC-TCACCAGCTTTTCGATAAG-MGB

the Basic Local Alignment Search Tool (BLAST) (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) to identify homologous
strains. In addition, the genotypes of the genome seg-
ments of the rotavirus were identified using the viral spe-
cies identification tool available in the Virus Pathogen
Database and Analysis Resource (ViPR) [63].

Phylogenetic analysis

The nucleotide sequences of BRVA and BCoV were
aligned with representative sequences from GenBank
using the ClustalW algorithm in MEGA X [64]. Phy-
logenetic trees were constructed using MEGA X soft-
ware [64]. For each sequence dataset, the best model
was determined using the “Find Best DNA/Protein
model” application, and the trees were built using the
suggested models, with 1,000 bootstrap replicates, and
a support threshold of 70%. The phylogenetic trees
were based on the Maximum Likelihood (ML) method,
with the following specific models assigned to the

different datasets: TN93+ G for BCoV S1 HVR gene,
GTR+G +1 for BCoV HE gene, T92+ G for the rotavi-
rus G10 VP7 gene, and GTR + G for G8.

Additionally, the deduced amino acid sequences of
the HE gene of the current BCoVs were aligned with
the BCoV Mebus strain using the Jalview alignment

tool (v2.11.3.3), and the amino acid differences were
identified.
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