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Background: Calf scours (diarrhea) in unweaned calves play a major role in economic losses
of animal farming industry worldwide. The present study was conducted to investigate and
interpret the presence of BRV, BVDV, and Escherichia coli K99 by molecular and serological
approaches simultaneously.

Materials & Methods: A total of 73 E. coli-negative diarrheic fecal samples were collected
from one-week to less than one-month-old calves of Holstein dairy cattle herds of some
provinces of Iran during autumn and winter. The samples were directed to antigen detection
by ELISA (Enzyme Linked ImmunoSorbent Assay), RNA extraction by semi-manual approach,
and cDNA synthesis for PCR amplification.

Findings: Out of 73 calves’ diarrheic fecal samples, 28 (38.3%) and 1 (1.36%) were positive
for BRV and BVDR by ELISA, respectively. However, 31 (42.4%) samples were positive for
BRV and non for BVDV by RT-PCR. The Kappa coefficient showed significant differences
in BRV and BVDR detection between ELISA and RT-PCR methods. The distribution of the
BRV-positive samples among bovine diarrheic calves was 80, 52.6, and 50% in Eslamshahr,
Qazvin, and Hamedan, respectively.

Conclusion: ELISA and RT-PCR indicated high prevalence rate of BRV in autumn and winter,
respectively. The present study results showed that positive cases detected by RT-PCR were
more than those detected by ELISA. Further studies are needed to achieve a comprehensive
preventive and therapeutic strategy to address diarrhea bovine pathogens.

Keywords: Bovine rotavirus, Bovine viral diarrhea virus, Calf, ELISA, RT-PCR.
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Introduction

Calf diarrhea (scours) plays a major role
in economic losses in cattle husbandry
industry worldwide because of causing high
mortality and morbidity rate "-*. According
to the National Animal Health Monitoring
System (NAHMS) for U.S. (http://nahms.
aphis.usda.gov/dairy/index.htm) as well
as East Asia dairy 2, the calf diarrhea is
responsible for approximately more than
50% of deaths in diarrheic unweaned
calves. The main causative agents of enteric
infections, such as viruses (rotavirus,
coronavirus, bovine viral diarrhea virus 1
and 2, and etc.), bacteria (Escherichia coli
K99 (F5), in rare cases Clostridium spp. and
salmonella), and protozoa (Cryptosporidium
parvum) are involved in the development
of calf scouring . The epidemiology of
infectious agent and the incidence of related
disease are influenced by geographical
region, farm management, preventive and
control measures, and herd size 7). Although
the cattle husbandry industry has made
great improvements, calf diarrhea has still
remained as a problematic issue needing
continuous intelligent prevention and
control strategies [,

BRVs, composing of 11 double-stranded RNA
segments, are RNA viruses belonging to the
genus Rotavirus and the family Reoviridae
with seven serogroups (A-G). BRVs mostly
belong to the group A. These viruses are
detected by antigenic similarity of the
intermediate capsid protein (VP6), which
is responsible for infectivity [°. BRVs are
characterized as the main viral etiological
agents of acute calf diarrhea [® 1 with a
very short incubation period (12~24 h),
which cause maldigestive and malabsorptive
diarrhea in unweaned calves with the age
ranges from five day to less than three weeks
(12131 Moreover, there are strong concerns
about the interspecies transmission and
genetic reassortment between human and
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domestic animal rotaviruses (such as bovine,
feline, canine, and swine) ['3'The common
laboratory methods used to diagnose BRVs
include viral isolation, electron microscopy
(EM), Capture ELISA (Enzyme linked
immunosorbent assay), latex agglutination,
fluorescence immunoassay, polyacrylamide
gel electrophoresis (PAGE), hybridization-
point detection method, and real time PCR
[7.14151_Continuous and accurate detection of
BRV is essential for a better understanding
of viral epidemiology and prevalence within
the country to develop strategies and
programs for vaccination, therapy, control,
and awareness of the risk of zoonotic
transmission.

Another important viral causative agent
enumerated in calf diarrhea is bovine viral
diarrhea virus (BVDV) which was first
identified with serum neutralization (NS)
test by Mirshamsy et al. in 1970 in Iran 1°.,
BVDV is a member of the family Flaviviridae
characterized by their positive-sense single
stranded RNA genome ['7, Most domestic
and wild animals could be infected by direct
transmission and act as a reservoir. Causing
potential persistent infection (PI), BVDV
leads to primary damage to enterocytes
and co-infection with replication in crypt
enterocytes and lesion formation .,

The virus causes symptoms in the
reproductive, digestive, and respiratory
systems and causes major economic losses
to herd husbandry 2%, The environmental
factors and principled herd management
help control and treat BVDV infection [,
Although sero-positivity in older cattle are
more than younger animals !, the first
outbreak of gastro-neuro-pathogenic BVDV
infection with server clinical signs in Iran
was reported in calves 22 Pestiviruses
vertical transmission plays an important
role in epidemiology, pathogenesis, and
persistence infection (PI) in animals which
shed the infection in flocks and herds %
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The sero-molecular prevalence of BVDV
infection varies in different countries and
even between different provinces/regions
within a country [24-26],

There is no report on BVDV detection by
more reliable and sensitive methods such as
RT-PCR and ELISA assays in Iran yet.
There are several reports on antigenic and
molecular detection of BRV in calves in
[ranf?®: however, simultaneous detection
of viral infectious agents by ELISA and RT-
PCR methods and comparison of these
techniques have not yet been reported.
The epidemiological studies in Iran
have shown that the prevalence rate of
bovine rotavirus in diarrheic calves varies
from 26.9 to 49.4%, depending on the
sample collection season and province
(26-28] Therefore, it is essential to perform
continuous, comprehensive, and up-to-date
studies to more accurately determine the
prevalence of BRV and BVDV in diarrheic
calves (in both infected and PI calves) by
serological and more precise methods such
as RT-PCR.

Objectives: The objectives of the present
study were to investigate the prevalence
of rotavirus diarrhea in dairy calves by
serological and molecular methods in
some provinces of Iran and to compare
the diagnostic efficiency of ELISA and RT-
PCR as well as to study the seasonal and
geographical frequency of BRV and BVDV in
E. coli k99-negative diarrheic fecal samples
of calves.

Materials and Methods

Principles of procedure: All experiments
were performed in compliance with the
relevant laws and institutional guidelines
using methods approved by the committee of
Razi Vaccine and Serum Research Institute,
IR Iran.

Sample collection: A total of 73 E. coli-negative
diarrheic fecal samples were collected for this
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cross-sectional study from one-week to less
than one-month-old calves with clinical signs
of diarrhea, diagnosed by veterinarians using
ELISA assay, from the industrial and semi-
industrial Holstein dairy cattle herds of Alborz
(Karaj), Tehran (Varamin, Shahriar, Eslamshahr;
and Robatkarim), Qazvin, Hamedan, Qom,
and Golestan provinces (Figure 1) and
immediately stored at -20 °C for further study.
The stool samples were collected along with the
demographic data during autumn and winter
from September 2018 to March 2019.
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Figure 1) Infographic map of Iran and the location of
provinces sampled in the present study. Six provinces
(including Tehran, Alborz, Ghazvin, Hamedan, Ghom,
and Golestan) were targeted, and they have important
and central role in dairy production.

ELISA (Enzyme-Linked Immunosorbent
Assay): A total of 85 stool samples were
tested using a commercial sandwich Bio-X
(BIO K 343 Monoscreen AgELISA Bovine
rotavirus / sandwich, double wells) antigen
detection ELISA kit from SPRL, Belgium Co.,
used for BRV. The IDEXX® BVDV AgELISA
kit helps identify bovine viral diarrhea
virus in diarrhea samples. The tests were
followed according to the instructions of the
manufacturer.

An ELISA reader was set at 450 nm, and
all steps were followed according to the
manufacturer’s instructions. The sensitivity
and specificity of the ELISA technique for
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the detection of these pathogens is at least
as good as the more classical techniques
with very similar results. Also, the ELISA
technique is rapid and reliable, especially
suitable for analyzing a significant number
of samples.

Moreover, ELISA (AbELISA) kit was used
for serodiagnosis of E. coli F5 attachment
factor (BIO K 295 Monoscreen AbELISA
E. coli F5 (K99)) (bio-X Diagnostics®,
Belgium), as a blocking test for blood sera
and plasma. ELISA Microplate was coated
by a monoclonal antibody specific for F5
attachment factor of E. coli.

Sample preparation for RT-PCR: Initially,
10% (W/V) stool samples suspension was
prepared using double-distilled water by
homogenizing with mortar, then 100 pl of
supernatant was centrifuged at 3000 rpm
for 15 min at4 °Cin arefrigerated centrifuge.
RNA extraction: The supernatant of
centrifuged stool samples was transferred
to 2 mL tubes, and 1 mL of ice-cold RNX-
plus solution (CinnaGen, Iran; RNX-Plus
is a Guanidine/phenol solution for total
RNA isolation from homogenized sample)
was added to each tube for total RNA
isolation according to the manufacturer’s
instructions. Then the samples were
vortex for 10 sec and incubated at room
temperature for 5 min. Then 200 mL
of chloroform was added to each tube.
The tubes were shaken for 15 sec and
incubated at 4 °C for 5 min. In continue,
the samples were centrifuged at 12,000
rpm and 4°C for 15 min. The aqueous
supernatant phase was transferred to new
RNase-free 1.5 mL tubes, and to which
equal volume of Isopropanol was added
with gentle inverting and then incubated
on ice for 15 min. The samples were
centrifuged at 12,000 rpm and 4°C for 15
min. The supernatant was discarded, and
1 mL of 75% ethanol was added, shortly
vortexed to dislodge the pellet, and then
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centrifuged at 4°C for 8 min at 7,500
rpm. The supernatant was discarded, and
the pellet was left to be dried at room
temperature for few minutes. Finally, each
sample pellet was re-suspended in a 50
uL of DEPC-treated water and placed in
a 50°C-water bath for 7 min. The purity,
yield, and integrity of the extracted
total samples RNAs were determined by
NanoDrop spectrophotometer (Thermo
fisher scientific, Waltham, MA, USA), and
the 260/280 UV absorption ratio was
calculated. The extracted RNA was directly
used for synthesis of cDNA or stored at
-70 °C.

cDNA synthesis: Sinaclon first strand
cDNA synthesis Kit was employed for cDNA
synthesis of both BRV and BVDV with some
modifications. At first, 1 pL (0.20 pg) of
random hexamer primer was added to 8 pL
of extracted RNA and 5 pL of DEPC (Diethyl
pyrocarbonate)-treated water in a nuclease
free micro-tube, and the mixture was heated
at 95°C for 5 min and then cooled on ice for
2 min. Then cDNA synthesis mixture was
prepared as follows; 2 pL of 10mM dNTP
mix, 0.5 pL (20u) of RNase Inhibitor, 0.5
M-MulLV reverse transcriptase, and 2 uL of
10X RT reaction buffer were added to each
tube, resulting, with DEPC, in a final volume
of 20 pL. Then the mixture was incubated at
25°C for 10 min, 42°C for 70 min, and 90°C
for 5 min. The cDNA was stored at -20°C
until use.

Reverse Transcriptase PCR (RT-PCR)
amplification: For the molecular detection
of bovine rotavirus, VP6 gene was amplified
using a primer set given in Table 1 as
described by Iturriza Gomara et al. (2002) 191,
PCR conditions were optimized for the
amplification of VP6 gene (348 bp) of bovine
rotavirusand 5' UTR gene of BVDV. Optimized
reaction mixture for PCR consisted of 2.0 pL
of cDNA, 2.0 puL of 2 mM PCR buffer, 2.5 pL of
25 mM dNTPs, 2.5 L of MgCl,, 3.0 uL of 10
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Table 1) Primers and thermal timing program used to detect BRV and BVDV.

Primer Name Primer Sequence (5’ -3") Sense Primer Length Expe(-:ted
mplicon
5'-GACGGVGCRACTACATGGT-3’
TG (nt: 737-755) * 1L a5
5'-GTCCAATTCATNCCTGGTG-3'
e (nt: 1116-1098) ; 19
Pan-pestivirus ¢, s1qcCCWTAGTAGGACTAGCA-3' + 21
primer, p324
288
p326 5’-TCAACTCCATGTGCCATGTAC-3’ - 21
Target Initial Denaturation Annealin, Extension Final Cycle
8 Denaturation g Extension y
BRV 94°C, 5 min 94°C, 40 sec 55°C,30sec 72°C,30sec 72°C,5min 40
BVDV 95°C, 3 min 95°C, 40 sec 56°C,30sec 72°C,20sec 72°C,5min 40

pmol VP6-1 E 6.0 uL of 10 pmol VP6-2 R, 0.5
uL of Tag DNA Polymerase, and 6.5 uL of dH,0.
Timing program and conditions for the
amplification of the VP6 gene of bovine
rotavirus are presented in Table 1. Steps 2-4
were repeated 40 times to get the required
products of VP6 and 5' UTR genes amplification.
To analyze the PCR amplification products,
agarose gel electrophoresis was performed.
Thus, 1.2% gel was prepared, and 1uL of 100
bp DNA ladder along with the PCR product
was run at 90 volts for 55 min. Also, details
of PCR for BVDV are arranged in Table 1. Pan-
pestivirus primers (p324 F and p326) were
used for BVDV detection [,

Gel electrophoresis and visualization:
PCR products were visualized by agarose gel
electrophoresis (1.2%) in TBE (Tris Base, boric
acid, EDTA, pH 8, 0.5 M) with Safe-stain staining
following 55 min electrophoresis at 90 V. Also,
100 bp Plus DNA Ladder (Fermentas, Germany)
was used as marker on each gel run. Samples
thatshowed bands with corresponding weights
at Table 1 were considered as positive.
Sequencing, registering, and BLASTing
of sequences: For verification of BRV
amplified fragments, positive samples of
PCR products were prepared and directed

Infection Epidemiology and Microbiology

for sequencing using standard Sanger
sequencing technology to Microsynth
Company (Microsynth, Switzerland). Finch
TV (Geospiza Inc, Seattle, USA) and BioEdit
6.6.9 software were used to view, analyze,
and edit the sequences. Finally, a sequence
was submitted directly by authors to
GenBank database by BankIt tool. After
registering the sequences, sequenced data
were directed to Blast and compared against
the GenBank library using the BLAST tool
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Statistical analysis: For statistical data
analysis, frequency distribution was applied.
Also, the association between qualitative
variables was examined using Chi-square,
and a p value of <.05 was considered as
statistically significant. SPSS software Ver.
22 was used for data analysis.

Findings

Molecular and antigen detection: In this
study, among the 73 diarrheic fecal samples
collected during the entire two seasons, BRV
antigen was detected in 28 (38.3 %) samples
using antigen capture sandwich ELISA.
Also, 31 (42.4 %) samples were found to be
positive for rotavirus using RT-PCR test. The
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Table 2) Measurement of the Kappa coefficient. As shown, the results of the two tests do not agree.

Symmetric Measures

Value
Measure of Agreement (Kappa) 0.404
No. of Valid Cases 73

Asymp. Std. Error?

Approx. T Approx. Sig.

0.108 3.462 0.001

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.

mELISA SPCR
60 -

515 52.6

50 4

40

30

20 -

10 4

Proportion of pos ctive samples (%)

Autumn Winter

Figure 2) Comparison of rotavirus prevalence in diarrheic
calves in Iranian industrial and semi-industrial dairy herds,
measured during autumn and winter via different
diagnostic methods.

S —

Ladder
100bp C+

Figure 3) RT-PCR amplification of conserved part of VP6
gene of bovine group A rotavirus with ~348 bp amplicon;
from right to left: Lane 1: positive control, Lane 2: 100 bp
plus DNA ladder, and Lane S: positive samples

Kappa coefficient (ELISA and RT-PCR) was
0.404, indicating that the results of two tests
were inconsistent (Table 2). Only one sample
from Hamedan province was BVDV positive
(OD=0.506) using ELISA, and this sample
was negative for rotavirus using ELISA and

Infection Epidemiology and Microbiology

Marker
C- 100bp C+

Figure 4) RT-PCR amplification of conserved part of
5' UTR gene of BVDV with ~288 bp amplicon; from
right to left: Lane 1: positive control (C+), Lane 2: 100
bp plus DNA ladder, Lane 3: negative control (C-),
other lanes: samples

PCR. But in RT-PCR by positive control, this
sample and all other samples were negative
for BVDV.

In addition, the distribution of the positive
samples by city showed that 80, 52.6, and
50% of samples collected from Eslamshahr,
Qazvin, and Hamedan were BRV positive,
respectively, indicating the high prevalence
rate of BRV in these cities/provinces. In
most cities/provinces, the results of ELISA
and PCR tests for BRV detection were
almost the same, but in Islamshahr and
Shahriar, the percentage of ELISA-positive
samples was higher than that of PCR-
positive samples, and in Shahriyar, PCR-
positive cases were screened as negative
by ELISA.

In addition, BRVA positive samples by ELISA
and RT-PCR tests were 42% (14 from 33)
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and 51.5% (17 from 33) in autumn, and
35% (14 from 40) and 52.6% (10 from 19)
in winter, respectively, suggesting that the
prevalence rate was significantly higher in
autumn using ELISA, while it was higher in
winter using RT-PCR (Figure 2). In case of
BVDV, only one ELISA-positive sample was
reported in autumn. Furthermore, all the
samples by ELISA assay were negative for E.
coli F5 antigen (K99).

Electrophoresis, sequencing, and
BLASTing: After RNA extraction and
cDNA synthesis, the PCR amplification
was done for VP6 and 5' UTR genes. After
visualization of 348 bp bonds in gel
electrophoresis, amplified fragments were
sent to Macrogen Co., South Korea for direct
sequencing. Partial VP6 genes sequencing
data quality was confirmed by Finch TV
software (Geospiza Inc, Seattle, USA).
Nucleotide sequences of partial VP6 genes
of Iranian BRV were used as entry data to
search for probable most similar sequences
in NCBI BLAST database.

Electrophoresis results are demonstrated
in Figure 3 (for bovine rotavirus) and Figure
4 (for BVDV).

Discussion

Using both antigen detection and molecular
methods, the present study results showed
that rotavirus had a high prevalence rate
among diarrheic calves (approximately
40%, 38.3% by capture sandwich ELISA and
42.4% by RT-PCR). This result is consistent
with the results of previous studies in
Iran, reporting high prevalence rates of
BRV infection in dairy farms of different
province of Iran (such as Tehran, Mashhad,
Fars, Markazi, Chaharmahal and Bakhtiari,
Khorasan, West Azerbaijan, etc.) [2¢ 30,
Madadgar et al. (2015)”! using only ELISA
technique reported that out of 109 samples
collected from some provinces of Iran,
28.2% were positive for bovine rotavirus
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group A (BRVA). Also, Pourasgari et al.
(2016) B4 using RT-PCR method showed
that 49.4% (125 out of 253) of the samples
were positive for bovine RV. Another
study examining the association between
rotavirus and diarrhea in newborn calves
in some industrial dairy herds using ELISA
revealed that RVA was positive in 29.5% of
cases [2¢],

In another study, by isolation of BRV from
diarrheic fecal samples of calves in Tehran
and Alborz provinces, out of 41 samples,
the cytopathic effect (CPE) were observed
in 13 samples (31.7%) (4 samples from
Shahriar, 5 samples from Robatkarim, 3
samples from Eslamshahr, and 1 sample
from Pakdasht) [32IA review of literature in
different countries of the world revealed
that the prevalence rate of rotavirus in
screened diarrheal calves varied from
10 to 94% (with 5-20% mortality rate)
and in Iran, it varied from 26.9 to 34% in
neonatal calves, depending on the methods
of detection, breed, season, and province
under study 1% 26331 [t has been reported
that the average incidence and prevalence
of the infection is between 30-40% [%.
Our results in Iran are consistent with the
reported average rate and similar to these
findings.

Molecular based methods such as RT-
PCR are successfully used as a reliable
epidemiological test for BRV detection,
although there are complexities in the
detection of novel or uncommon rotavirus
genotypes and mixed infections [0 35,
Moreover, RT-PCR is a more promising
technique than ELISA and some other
techniques as well as is considered as a
confirmatory technique for detecting group
A rotaviruses because only a very small
quantity of RNA is necessary *3. To confirm
this, in this study, the positive cases detected
by RT-PCR were more than those detected
by ELISA test.
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Previous studies have reported higher rates
of rotavirus genus infection mainly between
November and April in the world [B¢37]
including Iran [38-40]

This study showed similar results and a high
prevalence rate of BRV infection in winter
season.

Serological studies on the prevalence rate
of BVDV in adult cattle and buffalo (over 1
year) have generally reported a prevalence
rate between 20-60%, indicating a high
rate of infection in Iranian herds. The
serological prevalence of this agent in
Europe and America is much lower than
in Asian, African, and Latin American
countries 1431,

Accurate detection and elimination of
persistentlyinfected (PI) calves, those calves
born from cows exposed to BVDV virus
during 30-150 days of gestation, by sero-
molecular methods is of great important
in controlling the transmission of the virus
and overall herd health management [*4-#¢],
Therefore, the double-edged purpose of the
current study was to comparatively detect
BVDV and BRV by capture ELISA and RT-
PCR assays simultaneously in diarrheic
fecal samples of calves with respect to
demographic data. This study was the
first detection of BVDV in calves’ diarrhea
samples by both ELISA and PCR methods.
Only one sample from Hamedan province
was BVDV-positive in ELISA assay, but in
RT-PCR, all the samples were negative, and
PCR did not confirm the ELISA-positive
sample.

Different methods are used to detect
naturally infected and PI calves 7!, RT-PCR
which is used both as a primary method
and as a confirmatory method, is a rapid,
sensitive, and more adaptable technique
for detecting pestiviruses nucleic acids
in a variety of clinical samples 50 Also,
antigen capture ELISA and cell culture
immunoperoxidase tests for detecting
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BVDV are more time-consuming and labor-
intensive than RT-PCR method 052, PI
calves shedding viruses by secretion and
excretion into the herd population for a
long time, are known as the major source of
BVDV infections in herds " %3l Detection of
these calves in herds are of great important
in animal health management.

Conclusion

The wuse of molecular (PCR-based
techniques) and antigen detection (such as
ELISA) methods, as epidemiological data
gathering tools, to evaluate the prevalence
and incidence of BRV and BVDV, as common
causative agents of calf diarrhea, facilitates
the design of future strategies and programs
to control, manage, and develop effective
mass vaccination for the disease. Besides,
it helps better understand the roles of
different microorganisms and seasons in the
occurrence of diarrhea syndrome.
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