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Abstract:

BACKGROUND: GroupA bovinerotavirus (BRV-A) isone of
the most important causes of gastroenteritis and diarrhea in
newborn calves. OBJECTIVES: Magjor typesof BRV-A in Tehran,
Alborz and Qazvin weredetected inthisstudy. METHODS: A total
125feca samplesof calvesshowing clinical signsof diarrheawere
collected from 26 industrial dairy farmslocated in the provinces of
Tehran, Alborz and Qazvin, during two years. RESULTS: BRV-A
wasdetectedin39.2% (49/125) of total samplesusingacommercial
ELISA kit. Thirty five positive samples were anayzed by
seminested multiplex RT-PCR for Pand G genotyping. G10wasthe
most prevalent genotype, accounting for 57.1% of samples, G6
accounted for 22.9% of samples and in 5.7% of samples (2/35),
mixedinfection of both genotypesG6 and G10weredetected. Also,
thedetected Ptypeswere P[11] and P[5], accounting for 71.4% and
14.2%, respectively. Inour study, noneof thegenotypesG8and P 1]
were detected. The incidence of genotype combinations cor-
responded to the B223-like strains (G10P[11]), UK-like strains
(G6P[5]) and KN4-like strains (G6P[11]) were 51.4%,14.3% and
8.6%, respectively. Mixed infections G6/G10P[11] were detected
in 2.85% of al samplesanayzed with RT-PCR. CONCL USIONS:
To the best of our knowledge, this is the first report about the
determination of Pgenotypesof BRV-A and distributi on of themost
commonBRV-Astrainscirculatinginlran. Our study alsoindicated
that theincidence of the G genotypes of BRV-A in the provinces of
Tehran, Alborz and Qazvin, whichisone of the greatest husbandry
centers in Iran, has changed in the past years. Furthermore, this
finding could bevaluablein rotavirusvaccinedesign.

Introduction

Rotavirus group A (RV-A) is one of the most
important causes of diarrheain newborn of human
and many animal speciesincluding bovine(Estesand
Kapikian, 2007; Saif, 2011). The disease in bovine
(caused by bovine group A rotavirus) commonly
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occursincalves, 1-8 weeksof ageand causesnotable
economic loss due to increased morbidity and
mortality, treatment costs and particularly, reduced
growth rate in thess animals as aresult of rotavirus
infection (Cashman et al., 2010). Bovine group A
rotavirus (BoRV-A) like other viruses classified as
RV-A, belongs to genus Rotavirus in the family
Reoviridae and contains a genome 11 segments of
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double stranded RNA which are encircled within a
non-enveloped triple capsid protein (Cashman et al .,
2010; Estesand Kapikian, 2007).

Rotaviruses could be classified based on geno-
typic and serologic analysis. Variation in the group-
specificantigenonV P6 (astructural proteinforming
the middle layer of the virion particle) is used to
define seven major groupswhich are al pha-betically
named A-G (Estes and Kapikian, 2007; Saif, 2011).
The VP7 and VP4 proteins are two in-dependent
neutralizing antigens which are structural compo-
nentsof theouter layer of theviral capsid and used to
define the G (glycoprotein; VP7) and P (protease
sensitive protein; VP4) serotypes and genotypes
using monoclonal antibodies and serotypes specific
primers, respectively (Estesand Kapikian, 2007).

Because of their specific neutralizing antibody
response, both the VP7 and VP4 proteins are
considered important for development of a suc-
cessful rotavirusvaccineand soidentification of their
genotypes are the most important subject in
epidemiology of RV-A (Alfieri etal., 2004; Cashman
etal., 2010; Estesand Kapikian, 2007; Garai coechea
et al., 2006; Rodriguez-Limaset a., 2009). To date,
23 G and 31 Pgenotypesarerecognized (Cashman et
al., 2010). Regarding bovine rotavirus, G6, G8 and
G10 together with P[1], P[5] and P[11] are the most
common G and P genotypes, respectively,although
G8and P[ 1] havebeendetectedlessthantheother two
(Alkanetal., 2010; Cashmanetal ., 2010; Fukai et al .,
2002; Garaicoecheaet al., 2006; Monini et al., 2008;
Reidy et a., 2006; Rodriguez-Limas et al., 2009;
Swiatek et al ., 2010).

The objective of this study was to determine the
distribution of the three common G and P genotypes
of BoRV-Ainfecal samplesfromcalveswithdiarrhea
collected from the provinces of Tehran, Alborz and
Qazvin, Iran.

M aterial and method

Fecal samples: Duringtheperiod from November
2010tomarch 2012, atotal of 125 stool samplesfrom
calveswithdiarrheawerecollectedfrom26industrial
dairyfarmslocatedinthreeprovincesof Iran(Tehran,
Alborz and Qazvin). Theseprovincesarelocatedina
geographical area which is one of the greatest
husbandry centersinlran. All sampleswerecol | ected
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fromcalvesupto8weeksoldandwerestoredat-20°C
until analysis.

Sampling method was performed randomly and
the sample size was estimated based on confidence
level of 95% and precision level of 10%, assuming
that the proportion of the presence of rotavira
infection in population is about 35% according to
previousinformation(Badaraccoet al., 2012; Dhama
etal., 2009; Fukai et a ., 2002).

Primers: Thespecificitiesof theselected primers
used in the present study for G- and P-typing
procedures have been evaluated previously (Gouvea
etal., 1994a; |segawaet a ., 1993; lturriza-Gomaraet
al., 2004). Two distinct sets of primerswere used for
G- and P-typing. For the first round amplification,
primers VP7-F and VP7-R (IturrizaGomara et al.,
2004) were used to amplify 881bp within the VP7
gene and primers Con2 and Con3 (Gentsch et al.,
1992) were used to amplify 876 bp within the VP4
gene(Tablel)

The upstream consensus primer on the VVP7 gene
and three specific G-typing primers were used in a
second round of PCR amplification for the
characterization of the G6, G8, and G10 serotypes.
Similarly, the upstream generic primer on the VP4
geneandthreespecific P-typing primerswereusedin
asecond amplification for the characterization of the
P[1], P[5], and P[11] serotypes(Table1).

Enzymeimmunoassay: Thepresenceof RV-Ain
fecal sampleswasconfirmed before genotyping by a
commercial ELISA kit (Pourquier ELISA Trikit,
Institut Pourquier, France). The test was performed
and interpreted according to the manufacturer's
instructions.

RT-PCR (RNAextraction): Genomicviral RNA
was extracted using VETEK vira DNA/RNA
extraction kit (Intron, South K orea) according to the
manufacturer's protocol. Briefly, 200 microliters of
stool sampleswassuspendedin 800 microlitersPBS.
300 microlitersof stool suspensionwasadded to 500
microliterslysisbuffer. After 10 minutesthe process
was followed by adding 700 microliters of loading
buffer at roomtemperature. Themixturewasapplied
toaVETEK spin columnfollowed by centrifugation
at 15000 xg for 1 minute. Loaded RNA was washed
two timesusing solution A and B beforeelution. The
extracted RNA was used directly for synthesis of
cDNA or stored at -70°C.
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Reverse transcription-polymerase chain re-
action (RT-PCR): Determination of each of the
genotypes, G and Pwas carried out in three steps as
describedpreviously (Gentschetal ., 1992; Gouveaet
a., 1990; lturriza-Gomara et a., 2004) with some
modifications. Briefly, at the first step, cDNA was
generatedinthepresenceof randomhexamersprimer
using vivantis 2-step RT-PCR kit (Vivantis,
Malaysia) according to manufacturer's recommend-
ation. In summary, eight microliters of extracted
RNA was mixed with one microliter dANTPand one
microliter random hexamers primer and then
denatured by incubation at 95°C for five minutes
followed by immediately chilling on ice for two
minutes. After that, 10 microliters of cDNA mixture
composed of 2 microliters 10x M-MuLV buffer
(Vivantis, Maaysia), 100 units M-MuLV reverse
transcriptase  (Vivantis, Maaysia), and 7.5
microliters nuclease free water was added to
denatured RNA mixture and followed by 10 minutes
incubation at room temperature. Finally, the total
mixture was incubated at 42°C for 60 minutes and
then at 85°C for 5 minutes to deactivated reverse
transcriptase enzyme. The synthesized cDNA was
directly used astemplatefor thefirst round of PCR.

Thefirst round VP7 PCR reactions were carried
out in 25 L reaction volume consisting of 2.5 pL of
10 x buffer A (Vivantis, Maaysia), 1 yuL of 50 mM
MgCl2, 0.5 pL of 10 mM dNTPs mix (Vivantis,
Malaysia), 0.25 L of 5 U/uL Tag DNA polymerase
(Vivantis, Malaysia) and 0.75 L of 50 pM solution
of each reverseand forward primer VP7-F and VP7-
R. The PCR reaction was run under the following
thermal program using a thermal cycler (Techne,
UK); 94°Cfor 5minandthen 35 cyclesof 94°Cfor 1
min, 52°C for 1 min, 72°C for 1 min and a final
extension of 72°Cfor 7 min.

Thefirstroundof VP4PCRswasperformed under
identical PCR condition except that 1.25 mM of 50
mM MgCI2 and 1 mM of 50 mM solution of each
forward and reverse primer (Con2 and Con3) were
used.

Nested multiplex PCR: For G type determin-
ation, 2 pL of the first round product were used as
template for second round of genotyping PCR using
typing primers specific to G6, G8 and G10 and
consensus antisense primer VP7-F (Gouvea et al.,
1994a; lturriza-Gomara et al., 2004). The PCR
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reaction mixture was prepared up to 25uL total
volume containing 2.5 pL 10x buffer A (Vivantis,
Malaysia), 0.75 pL 0f 50 mM MgCl2, 0.5 L of 10
mM dNTPs mix (Vivantis, Malaysia), 0.25 pL of 5
U/L Tag polymerase (Vivantis, Maaysia) and 1 L
of 50 pM solution of each type specific and antisense
primer which was described above. Amplification
wascarried out using athermal cycler (Techne, UK),
through an initial denaturation at 94°C for 5 min
followed by 30 cyclesof 94°C for 1 min, 42°C for 2
min, 72°Cfor 1 minand afinal extension of 72°Cfor
7min.

Characterization of P types was performed with
primer Con2and primersspecificfor genotypesP[1],
P[5] and P[11] (Gentsch et al., 1992; Gouveaet al.,
1994b). The PCR reaction mixture was prepared
similar to that as described above but the volume of
50 mM MgCI2 was increased to 1uL and the
annealing temperature was modified to 45°C.

All of the PCR products were examined using
1.5% agarose gel electrophoresisat 100V for 30 min
and visualized under ultraviolet light followed by
staining by ethidium bromide.

Because the standard strains were not available
for ustousefor setting upthe RT-PCR reactions, after
setup, someof each of thePCR amplicon of expected
sizeswhichwerespecificfor each G and Ptypeswere
submitted directly to sequencing using ABI 3730XL
DNA Anayzer automated sequencer (Applied
Biosystems). Sequences were compared against the
GenBank database usingthe BLAST program.

Results

Results of ELISA: Bovine rotavirus group A
(BRV-A) was detected in 49 (39.2%) of 125 feca
samples examined by ELISA method and rotavirus
was present in 76.9% of the herdsthat were sampled
(20/26) (Table?2). 35 positivesampleswererandomly
selected for thefollowing typing processes.

Results of RT-PCR, G and P genotyping and
sequencing: Table 3 showsthe results of BRV-A G-
and P-genotypesand genetic combination carried out
by the multiplex seminested RT-PCR technique
(Figurel). The G types were identified in 85.7%
(30/35) of tested positive field samples and P types
were identified 85.7% (30/35), and complete
genotyping of both G and P types was feasible in
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Table 1. Primers used for G- and P-typing in this study. (*) Primer locations are indicated as originally reported in the corresponding

reports.
Assay Primer Sequence5'to3' Sense  Position* Reference
VP7-F ATGTAT GGTATT GAATATACCAC + 51-71 (Iturriza-Gomaraet al., 2004)
VP7-R AACTTGCCACCATTTTTTCC 932-914  (lturriza-Gomaraet al., 2004)
G-typing DT6 CTAGTTCCTGTGTAGAATC 499-481 (Gouveaet al., 1994a)
HT8 CGGTTCCGGATTAGACAC 273-256 (Gouveaet al., 1994a)
ET10 TTCAGCCGTTGCGACTTC 714-697 (Gouveaet al., 1994a)
Con3 TGGCTTCGCTCATTTATAGACA + 11-32 (Gentsch et al., 1992)
Con2 ATTTCGGACCATTTATAACC 887-868 (Gentsch et al., 1992)
P-typing pNCDV CGAACGCGGGGGTGGTAGTTG + 269-289 (Gouveaet al., 1994b)
P5K GCCAGGTGT CGCATCAGAG + 336-354 (Gouveaet al., 1994b)
pB223 GGAACGTATTCTAATCCGGTG + 574-594 (Gouveaet al., 1994b)

Table 2. Thefrequency of rotavirusgroup A, detected infecal samplesof calveswith diarrheacollected from theindustrial herds of the

provincesof Tehran, Alborz and Qazvinusing ELISA.

No. of samples Nogﬁ;ﬁlve Frequency No. of herds No. cr)]fe;r)gztlve gé;?il\]/?hcgrg;
Tehran 51 22 43.1 13 10 76.9
Alborz 60 22 36.6 10 8 80
Qazvin 14 5 35.7 3 2 66.6
Total 125 49 39.2 26 20 76.9

Table 3. G and P genotypes of BRV-A field strains in the
provincesof Tehran, Alborz and Qazvin, Iran.

No. (%) of each genotypeand genetic

combination
Genotypes Non G-
G10 G6 G6/G10 typable Total
P[11] 18(51.4) 3(86) 1(2.85) 3(8.6) 25(71.4)
P[5] 5(14.3) 5(14.3)
Non P-
tyggm . 2(57) 1(2.85) 2(5.7) 5(14.3)
Total  20(57.1) 8(22.9) 2(5.7) 5(14.3) 35(100)

71.1% (27/35) of the samples and 5.7% (2/35)
remained completely untypable. G typing revealed
that the most predominant G type is G10 which was
presentin57.1% (20/35) of samples, followed by G6
detectedin22.9% (8/35). Themixedinfection of both
G10 and G6 were detected in two samples (5.71%).
G8wasnot detected. Gtyping of threesampleswhich
were successfully Ptyped (8.6%), failed to identify.
Regarding P-genotypes, P[11] wasdetectedin71.4%
(25/35) and P[5] in 14.3% (5/35) of tested samples. P
typing of three samples which were successfully G
typed (8.6%), failled to identify (Table 3).
Thecombination of G and Ptypesaresummarized
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in Table 3. The most prevalent genetic combination
was GI10P[11] (B223-like strain) which was
determined in 51.4%, followed by G6P[5] (UK-like
strains) and G6P[11] (KN4-like strains) that
accounted for 14.2% and 8.5% of tested samples,
respectively. The other detected combination was
G6/10P[5], which was detected in one sample
(2.85%). None of the genotypes P[1] and G8 were
identified. 5.7% (2/35) of the samples remained
completely untypable (Table 3).

Sequencing data confirmed each PCR product
submitted to sequencingwasasub genomicamplicon
of related BRV-A genomic fragments (VP7 and VP4
genes).

Discussion

Group A bovine rotavirusis one of the causes of
acute gastroenteritis in calves. Rotavirus infection
causes great economic losses to the cattle industry
(Cashman et al., 2010; Estes and Kapikian, 2007;
Saif, 2011). Studies worldwide show that the
prevalence of infection in different regions of the
worldisvery highandthisvirusispresent in 30-40%
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Figure 1. Theresultsof thefirst and second round of multiplex
RT-PCR of both G and P genotypes of BRV-A field strainsin
fecal samples. Linel; 100bp DNA ladder (Cinagen, Iran); lines
2to5represent productsof first and second round of G-typing;
line 2, product of first round PCR of VP7 gene; line 3, PCR
product of G6 genotypes; line 4, PCR product of G10
genotypes, line 5, PCR product of mixed infection of G6/G10
genotypes, lines 6 to 8 represent products of first and second
round P-typing; line6, product of first round PCR of VP7 gene;
line7, PCR product of P[11] genotypesandline8, PCR product
of P[5] genotypes.

of fecal samples of calves with diarrhea (Badaracco
et a., 2012; Dhamaet a., 2009; Fukai et al., 2002).
Several studies have been donein Iran to determine
the prevalence of rotavirus infection in calves. In
these studies the prevalence of infection in stool
samples collected from calves with diarrhea was
estimated from 29 to 57.4%, of which the infection
rate in Tehran and its surrounding area was 57.4%
from 199810 1999 (Badiei et a., 2010; Ghorbanpour
et a., 2004; Mayamesi et a., 2010). In the present
study, rotavirus antigen was found in 49 of 125
samples (39.2%), which means the prevalence of
rotavirus infection in these provinces has reduced.
One reason for thisreduction could be theimproved
quality of hygiene management in dairy farms in
recent years.

According to the reports of several epidemio-
logical studies worldwide G6 and G10, along with
P[5] and P[11] are the most common genotypes
among bovine rotavirus group A strains, while two
other genotypes, G8 and P[1] are less common
(Alfieri et al., 2004; de Verdier Klingenberg et al.,
1999; Falconeet a., 1999; Fukai et al., 2002; Reidy
etal., 2006; Swiatek et al., 2010). G10 genotypewas
themost frequently identified inthisstudy, occurring
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in57.1% (200ut of 35) of rotavirusinfections. TheG6
genotype was the other detected G genotypein this
study, identified in 22.9% (8 out of 35) of samples.
However, regarding apreviousstudy in Iran, the G6
type was the most frequently detected genotype
(48%) in Tehran and itssurrounding area (M ayameli
etal., 2007). Theseobservationsconfirmthefact that
the incidence of G and P types may change
significantly withtime (Fukai et al., 2002; Monini et
a., 2008). A similar predominance of G10 typein
calveswasobservedin Sweden, Méxicoand India(de
Verdier Klingenbergetal., 1999; Rodriguez-Limaset
a., 2009; Varshney et al., 2002), whereas in most
countries such as Australia, Brazil, Canada
Germany, Ireland, Italy, Japan, New Zealand, Turkey
and the United States, G6 is the most common
genotype (Alfieri et a., 2004; Alkan et a., 2010;
Cashman et a., 2010; Falconeet a., 1999; Howe et
al., 2008; Hussein et al., 1995; Ishizaki et a., 1996;
Monini et a., 2008; Reidy et a., 2006; Suzuki et al.,
1993). No G8 has been found either in our study or
the previous studiesin Iran (Mayamelii et al., 2007)
(Table3).

One outstanding feature of our study is
determination of the P genotypes of BRV-A
circulating in Iran, for the first time. In the present
study, P[11] genotypewasthe most frequent and was
identified in 71.4% of samples followed by P[5]
detected in 14.2% of samples. These results are
contrary to the results obtained in many countries
such as Japan, Latin America, the United States and
Australiaaswell as most of the countries of Europe,
asinthese countries P[5] ismore common compared
to P[11](Alfieri et al., 2004, Badaracco et a., 2012;
Brussow et al., 1994; Cashman et al., 2010; Chang et
al., 1996; Garaicoechea et al., 2006; Ishizaki et al.,
1996; Redmond et al., 1992; Reidy et al., 2006;
Suzuki et a., 1993; Swiatek et a., 2010). However,
in some countries like India, Italy, México and
Turkey, similar to Iran, P[11] has been more
frequently detected (Alkanetal., 2010; Falconeetdl .,
1999; Monini et al., 2008; Varshney et al., 2002)
(Table3).

Regarding geneticcombination,inlran,similarto
India and Mexico (Rodriguez-Limas et al., 20009;
Varshney et al., 2002) G10P[11] (B223-like strains)
wasidentified asthe predominant combination (51.4
%). It should be noted that according to reports,
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G10P[11] strainswere associated with symptomatic
and asymptomatic infections in children in India
(Abeetal., 2009). G6P[5] wasdetected asthe second
most common strain in this study (14.3%). This
genetic combinati on seemed to bethemost prevalent
combination in several countriesworldwide such as
Australia, Argentina, Brazil, Britannia, Ireland,
Japan and the United States (Alfieri et al., 2004;
Alkan et a., 2010; Badaracco et al., 2012; Cashman
et al., 2010; Chang et al., 1996; Ishizaki et al., 1996;
Reidy et al., 2006; Suzuki et al., 1993; Swiatek et al .,
2010). Another BRV genotype combination is
G6P[11],which was detected in a low rate in the
present study (8.6%). G6P[11] hasbeen detectedina
highrateinArgentina(21%), Japan (9.7 - 17.5%) and
in lower rates in Ireland (7.4%) (Badaracco et al.,
2012; Falcone et al., 1999; Reidy et a., 2006;
Rodriguez-Limasetal., 2009; Suzuki etal ., 1993) and
accordingtothelatest reportswas themost prevalent
BRV genotype in Italy, during 2003 - 2005, and
Turkey (Alkan et al., 2010; Monini et al., 2008). Not
any G6P[1] (NCDV-like strains) was detected in our
study. Other combinations of G6/10P[11] were
detected in thelowest rate (2.85%) (Table 3).

The RT-PCR-based genotyping method used was
further confirmed to beauseful epidemiological tool
for examining straindiversity, althoughit hasgapsin
encompassing novel or uncommon rotavirus
genotypesand mixed infections (Desselberger et al.,
2001; Iturriza-Gomara et a., 1999; Monini et al.,
2008). In this study only 5.7% of the analyzed
samples failed to be completely genotyped. This
valueiscomparablewith results of other studies, (de
Verdier Klingenbergetal., 1999; Monini et al., 2008;
Reidy et a., 2006), indicating that the use of random
hexamers primers for synthesis of cDNA are
sensitive enough to be used in epidemiol ogic studies
of rotavirusin Iran.

Preventing the spread of viral infectioninherdsis
based on good hygiene and sanitation measures as
well asvaccineprophylaxis. Thevaccinationstrategy
is based on immunizing pregnant cows with
inactivated vaccines in order to induce passive
immunity in new borne caves following the
ingestion of colostrum (Saif and Fernandez, 1996).
According to studies, cross immunization among
different serotypes is poor and induces antibodies
protected agai nst infectionwith homol ogous, but not
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heterologoussero- or genotypes(Hoshinoand K apikian,
2011; Saif and Fernandez, 1996; Snodgrass et al.,
1984). Inastudy inlran, Mohammadi and coworkers
evaluated the effectiveness of a commercia in-
activated rotavirus vaccine in vaccinated pregnant
cows compared with unvaccinated control pregnant
cows. Their resultsindicatedthat vaccination of cows
during pregnancy was not helpful in reducing the
incidence of neonata diarrheain newborn calvesin
this herd (Mohammadi et a., 2004). One reason for
these results may be due to heterology between
vaccinestrain andfield strains. Another reason could
be that the commercial vaccine did not include all
field strains circulating in the region. This fact
emphasizes the important role of epidemiologic
studies in the development of targeted vaccines.
Based on data presented in our study, any future
vaccinesinlranshouldcontainall G6, G10, P[11] and
P[5] to be able to develop a protective immunity. In
addition, monitoring the distribution and occurrence
of BRV-A that circulate in herdsisimportant for the
control of outbreaks in both human and animals.
Based on data presented in this study, the
preponderant geneticcombinationinlran, G10P[11],
has the potential to be zoonotic (Abe et al., 2009;
Varshney et al., 2002).

In conclusion, details of our study show that the
prevalence of G genotypes in Tehran and its
surroundings have changed in recent years. Also, in
thisstudy themost common BRV-A Pgenotypeswere
determinedfor thefirsttimeinlran. Thisregionisone
of thegreatest husbandry centersinlran, and cattleis
distributed from this region and provinces to other
regions. For thisreason, our resultsindicate the most
prevalent strainsof BRV-A in Iran are different from
strains that are common in many countries in the
world and this fact should be considered for any
decision about development of effective vaccinesin
Iran. Therefore, itisrecommended that theepidemio-
logical studies be continued in more geographic
regions of Iran to monitor the distribution pattern of
existing strainsaswell astheonset of unusual strains,
and baseline information be gathered for better
understanding of rotavirus ecology. It also recom-
mended that further sequencing and phylogenetic
studies on existing genotypes in Iran be done to
comparewith strains worldwide.
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