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A B S T R A C T

Determination and distribution of the G and P genotypes of group A bovine rotavirus was investigated on
386 fecal samples collected from calves with diarrhea using a semi-nested RT-PCR typing assay. Samples
were collected from 11 provinces of Iran during 2010–2012. The provinces divided into 5 different groups
based on geographical distance and climates. One hundred and nine samples (28.2%) were confirmed
positive for rotavirus group A using ELISA. 75 positive samples were selected randomly and subjected to
typing assay. G10 (50.6%) and P[11] (64%) were detected more than G6 (21.3%) and P[5] (9.3%). No any G8
and P[1] were observed. Of the 75 samples analyzed by RT-PCR in each geographical areas named as the
south of Alborz mountain ranges area, the north-east area, the central area, the north-west area and the
south-east area, number of samples with G10 genotype were 19, 9, 9, 0 and 1; G6 were 8, 0, 3, 5 and 0; P
[11] were 25, 7, 11, 5 and 0 and finally P[5] were 5, 0, 2, 0 and 0 in each area, respectively. The most
common VP7/VP4 combinations were G10P[11] (40%), G6P[11] (12%), G6P[5] (5.3%) and G10P[5] (2.6%).
Phylogenetic analysis of one strain showed high identity with strain B223. Since the identification of G
and P genotypes and their diversity is fundamental to development and use of effective vaccines, we
determined the most prevalence G and P genotypes of bovine rotavirus group A (BRVA) in a broad area of
Iran.
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1. Introduction

Rotavirus group A (RVA) is one of the most important causes of
acute gastroenteritis and diarrhea in human and animal newborns,
including calves (Estes and Kapikian, 2007; Swiatek et al., 2010).
Rotavirus (RV) is a genus belonged to the family of Reoviridae and
characterized by a non-enveloped triple-layered icosahedral
protein capsid surrounding a viral genome constructed from 11
double-stranded RNA segments. Based on the antigenic characters
of VP6 (the middle layer protein), members of RV are classified into
7 groups named A–G, alphabetically (Estes and Kapikian, 2007).

RVA are further classified into G and P types based on antigenic
variation and sequence of genes encoding the two proteins of
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external layer of viral capsid, VP7 and VP4, respectively. These
proteins both induce neutralizing antibodies and therefore are
important in host resistance against disease and considered
important to develop effective vaccines (Cashman et al., 2010;
Estes and Kapikian, 2007; Garaicoechea et al., 2006; Rao et al.,
2000). For this reason, there are several reports of surveillance and
epidemiologic studies for identification of the most prevalent G
and P genotypes in many countries, worldwide (Alfieri et al., 2004;
Alkan et al., 2010; Cashman et al., 2010; Falcone et al., 1999; Fukai
et al., 1999; Garaicoechea et al., 2006; Monini et al., 2008;
Rodriguez-Limas et al., 2009; Suzuki et al., 1993; Swiatek et al.,
2010; Varshney et al., 2002). Furthermore, surveillance of rotavirus
G and P types is important to understand rotavirus ecology,
interspecies transmission and adaptation to new hosts (Monini
et al., 2008).

To date, 27 G and 37 P genotypes have been identified (Papp
et al., 2013). Regarding to bovine rotavirus infections, G6, G8 and
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G10 together with P[1], P[5] and P[11] are the most common G and
P genotypes, respectively. Although, G8 and P[1] have been
detected less than the others. It should be considered that G8 is
epidemiologically important in BRVA infection in some countries.
In Japan during the 1996–1999 and in Tunisia G8 was the most
prevalent G type. Moreover, genotypes G1, G2, G3, G5, G7, G15 and
G18 as well as, genotypes P[14], P[17] and P[21] which have been
detected and reported by some authors, are rarely found in bovine
diarrhea (Alkan et al., 2010; Cashman et al., 2010; de Verdier
Klingenberg et al., 1999; Fodha et al., 2005; Fukai et al., 2002;
Garaicoechea et al., 2006; Monini et al., 2008; Rao et al., 2000;
Reidy et al., 2006; Swiatek et al., 2010).

Iran is located in the Middle East with arid and semi-arid
climates and has 31 provinces. Previous epidemiologic studies
have indicated a high prevalence of bovine RVA infection in dairy
farms of Iran (Badiei et al., 2010; Ghorbanpour et al., 2004;
Mayameei et al., 2010; Mohammadi et al., 2012). However,
according to our knowledge, there has not been any broad study
conducted to determine the common bovine G and P genotypes
circulating in Iran’s dairy farms, yet. In this study we investigated
the distribution of the most common BRVA G and P genotypes (G6,
G8, G10, P[1], P[5], P[11]) and determined the most prevalent
Fig. 1. Map of Iran and the location of provinces from which was sampled in this study
production and geographic significance. Considering of climate condition and geograph
which sampling was occurred divided in this areas; namely the south of Alborz mountai
Razavi Khorasan and Golestan), the central area of Iran (including Markazi and Isfahan
(including Sistan and Baluchestan).
genetic combinations of G and P genotypes circulating among the
calves in 5 broad geographical areas in Iran.

2. Material and methods

2.1. Samples

A total of 386 fecal samples were collected from diarrheic calves
up to two months old and were immediately frozen and stored at
temperature bellow �20� C or frozen in conventional freezers at
farms. All the samples were collected from 95 industrial or rural/
semi-industrial dairy cattle farms located in 11 provinces of Iran
(including Tehran, Qazvin, Alborz, Razavi Khorasan, Golestan,
Markazi, Isfahan, Chaharmahal and Bakhtiari, Sistan and Baluche-
stan, Zanjan and East Azarbaijan) during a period of twenty
months, from October 2010 until May 2012. Considering of climate
condition and geographical distance, five distinct geographical
areas were defined, and provinces divided in this areas; namely the
south of Alborz mountain ranges area (including Tehran, Alborz
and Qazvin), the north-east area (including Razavi Khorasan and
Golestan), the central area of Iran (including Markazi and Isfahan),
the north-west area (East Azarbaijan and Zanjan) and finally the
. Eleven provinces were targeted for sampling based on their importance in dairy
ical distance, five distinct geographical area were defined, and the provinces from
n ranges area (including Tehran, Alborz and Qazvin), the north-east area (including
), the north-west area (East Azarbaijan and Zanjan) and finally the south-east area
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south-east area (including Sistan and Baluchestan) (Fig. 1). Total of
the samples were tested using a commercial antigen detection
ELISA test (Pourquier ELISA Trikit1, Institut Pourquier, France) to
examine the presence of RVA antigen. Seventy five ELISA positive
samples were randomly selected and subjected to semi-nested RT-
PCR for G and P genotyping.

2.2. RNA extraction

Genomic viral RNA was extracted using VETEK viral DNA/RNA
Extraction Kit1 (iNtRON, South Korea) according to the manu-
facturer’s protocol. Briefly, 200 ml of stool samples were suspended
in 800 ml PBS. 300 ml of stool suspension were added to 500 ml lysis
buffer. After 10 min the process followed by adding 700 ml of
loading buffer in room temperature. The mixture was applied to a
VETEK1 spin column followed by centrifugation at 15,000 � g for
1 min. Loaded RNA was washed two times using solution A and B
before elution. The extracted RNA was directly used for synthesis of
cDNA or stored at �70 �C.

2.3. Semi-nested RT-PCR for genotyping of BRV

2.3.1. Reverse transcription of viral dsRNA
cDNA synthesis was performed using Vivantis 2-step RT-PCR

Kit1 (Vivantis, Malaysia) and random hexamers as the primer for
reaction. Briefly, 8 ml of extracted RNA were mixed with 1 ml dNTP
and 1 ml random hexamers primer and then denatured by
incubation at 95 �C for 5 min followed by immediately chilling
on ice for 2 min. After then, 10 ml of cDNA mixture including 2 ml
10X M-MuLV buffer (Vivantis, Malaysia),100 units M-MuLV reverse
transcriptase (Vivantis, Malaysia), and 7.5 ml nuclease free water,
added to denatured RNA mixture followed by 10 min incubation at
room temperature. Finally, the total mixture was incubated at 42 �C
for 60 min followed by increasing the temperature up to 85 �C for
5 min to inactivate the reverse transcriptase enzyme. Synthesized
cDNAs were employed in subsequent genotyping semi-nested RT-
PCR (Iturriza Gómara et al., 1999).

2.3.2. G-genotyping
Amplifying a fragment of VP7 gene was performed using

Vivantis 2-step RT-PCR Kit1 (Vivantis, Malaysia) and consensus
primers VP7-F and VP7-R according to the methods described
previously (Iturriza Gómara et al., 2004a) with some modifications
(Table 1). Briefly, The first round of VP7 PCR was carried out in
25 ml reaction volume consisting of 2.5 ml of 10X buffer A, 1 ml of
50 mM MgCl2, 0.5 ml of 10 mM dNTPs, 0.25 ml of 5 U/ml Taq DNA
polymerase and 0.75 ml of 50 pM solution of each reverse and
forward primers VP7-F and VP7-R. The PCR reaction was
performed under following thermal program, 94 �C for 5 min
Table 1
Primers used for G- and P-typing in this study.

Assay Primer Sequence 50–30

G-typing VP7-F ATG TAT GGT ATT GAA TAT ACC AC 

VP7-R AAC TTG CCA CCA TTT TTT CC 

DT6 CTA GTT CCT GTG TAG AAT C 

HT8 CGG TTC CGG ATT AGA CAC 

ET10 TTC AGC CGT TGC GAC TTC 

P-typing Con3 TGG CTT CGC TCA TTT ATA GAC A 

Con2 ATT TCG GAC CAT TTA TAA CC 

pNCDV CGA ACG CGG GGG TGG TAG TTG 

P5 K GCC AGG TGT CGC ATC AGA G 

pB223 GGA ACG TAT TCT AAT CCG GTG 

a Primer locations are indicated as originally reported in the corresponding reports.
and then 35 cycles of 94 �C for 1 min, 52 �C for 1 min, 72 �C for 1 min
and a final extension of 72 �C for 7 min.

G-typing semi-nested PCR assay was performed using the
consensus VP7-F primer and a pool of G type-specific primers DT6,
HT8 and ET10 to characterize the G6, G8, and G10 genotypes,
respectively (Table 1), (Gouvea et al., 1994a; Iturriza Gómara et al.,
2004a). 2 ml of the first round product were used as template in
25 ml total volume reaction mixture containing 2.5 ml 10X buffer A
0.75 ml 0f 50 mM MgCl2, 0.5 ml of 10 mM dNTPs, 0.25 ml of 5 U/ml
Taq polymerase and 1 ml of 50 pM solution of each type primers
which described above. Amplification was carried out at 94 �C for
5 min followed by 30 cycles at 94 �C for 1 min, 42 �C for 2 min, 72 �C
for 1 min and a final extension of 72 �C for 7 min.

2.3.3. P-genotyping
The first round of PCR amplifying VP8* (a fragment of VP4 gene)

was the same conditions mentioned for VP7 first round PCR, except
that 1.25 mM of 50 mM MgCl2 and 1 mM of 50 mM solution of each
forward and reverse primers Con2 and Con3 were used (Table 1)
(Gentsch et al., 1992). 2 ml of the first round product were used as
template in the second round P-typing PCR. Characterization of P
types was performed using primer Con 2 as well as specific primers
for genotypes P[1], P[5] and P[11] (Table 1), (Gentsch et al., 1992;
Gouvea et al., 1994b). The PCR reaction mixture prepared as similar
as described for G-genotyping but the volume of 50 mM MgCl2
increased to 1 ml and annealing temperature modified to 45 �C.

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

2.4. Sequencing and phylogenetic analysis

Since the standard strains were not available to use for setting
up the RT-PCR reactions, some of products of the first round of each
VP7 and VP4 PCR reactions were submitted directly for sequencing
using ABI 3730XL DNA Analyzer automated sequencer (Bioneer
Co., Republic of Korea). Sequences were compared against the
GenBank database using the BLAST program. For further analysis
BioEdit software and T-Coffee sequence alignment program were
used (Hall, 1999; Notredame et al., 2000). Phylogenetic trees were
constructed by Mega 5 software (Tamura et al., 2011) using the
Neighbor-Joining method supported by bootstrapping 500 repli-
cates. Branches with bootstrap number below 50% were consid-
ered insignificant and collapsed. The evolutionary distances were
computed using the maximum composite likelihood method and
are in the units of the number of base substitutions per site (Saitou
and Nei, 1987).

Data of sequenced PCR products were submitted in the
GenBank database with following accession numbers: KP013385
(Tehran-G6-1), KP013386 (Tehran-G6-2), KP013387 (Qazvin-G6),
Sense Positiona Reference

+ 51–71 (Iturriza Gómara et al., 2004a)
– 932–914 (Iturriza Gómara et al., 2004a)
– 499–481 (Gouvea et al., 1994a)
– 273–256 (Gouvea et al., 1994a)
– 714–697 (Gouvea et al., 1994a)

+ 11–32 (Gentsch et al., 1992)
+ 887–868 (Gentsch et al., 1992)
+ 269–289 (Gouvea et al., 1994b)
+ 336–354 (Gouvea et al., 1994b)
+ 574–594 (Gouvea et al., 1994b)



Table 2
Number of samples gathered from each studied geographical areas of Iran as well as number of ELISA positive samples and frequency of them.

Geographical areas No. of samples No. of ELISA positive samples Frequency percent of positive samples

South of Alborz mountain ranges 121 48 39.6
Central 68 25 36.7
North-east 131 17 12.9
North-west 48 18 37.5
South-east 18 1 5.5
Total 386 109 28.2
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KP013388 (Alborz-G6), KP013389 (East-Azarbaijan-G6), KP013390
(Tehran-G10), KP013391 (Alborz-G10-1), KP013392 (Alborz-G10-
2), KP013393 (Khorasan-G10), KP013394 (Chaharmahal-Bakhtiari-
G10), KP013395 (Markazi-G10), KP013396 (Khorasan-P11),
KP013397 (Tehran-P11), KP013398 (Alborz-P11), KP013399 (Cha-
harmahal-Bakhtiari-P11), KP013400 (Khorasan-P5-1), KP013401
(Khorasan-P5-2), KP013402 (Alborz-P5) and KP013403 (Qazvin-
P5).

Since the phylogenetic analysis data obtained in this study was
detailed, only data of sequence analysis of one strain detected from
Alborz province is mention here. The genetic combination of this
strain was G10P[11] which its G- and P- sequences are named as
Alborz-G10-1 and Alborz-P11 above, respectively.

3. Results

Presence of RVA antigen was demonstrated in 109 of 386 stool
samples assayed with ELISA (28.2%). It is noteworthy that the
frequency of positive samples was not equal in all five geographical
areas and ranged from 5.5 to 39.6 percent (Table 2). 75 positive
samples were randomly selected and subjected to semi-nested RT-
PCR analysis for genotyping.

From 75 analyzed samples with semi-nested RT-PCR, 66
samples were completely or partially genotyped (88%) and despite
being positive in ELISA, 9 samples were remained un-typable; in 48
samples each G and P genotypes were successfully typed (64%) and
18 samples were partially typed (24%) (Table 3).

G-typing revealed that G10 was the most common BRVA G
genotype in our study which was detected in 50.6% of the analyzed
samples (38/75) and G6 was seen in 21.3% (16/75). The accompa-
nying of both G6 and G10 was detected in 4% (3/75) and G8 was not
found in any samples. Nine successfully P-typed samples remained
un-typable in our G-typing efforts (12%). The distribution of G
types in each geographical area is shown in Table 3. P-typing
indicated that P[11] was more prevalent than other P-types, as 64%
of the isolates were P[11] (48/149). P[5] was found in 9.3% (7/75)
and dual reactivity with P[5] and P[11] specific primers was seen in
2.6% of analyzed ELISA positive samples (2/75). P[1] was not
detected in our study. P-typing process was not successful for nine
G-typed samples (12%). The distribution of P types in each
geographical area is shown in Table 3.

The various genetic combinations of G and P are summarized in
Table 4. G10P[11] was the predominant genetic combination (40%)
Table 3
Distribution and relative frequency of G and P genotypes detected in each studied geogra
shown here (9 samples).

Geographical areas No. of each G genotypes 

G6 G10 G6/10 

South of Alborz mountain ranges 8 19 2 

North-east – 9 1 

Central 3 9 – 

North-west 5 – – 

South-east – 1 – 

Total 16 38 3 

Relative frequency (total: 75) 21.3 50.6 4 
followed by G6P[11] (12%), G6P[5] (5.3%) and G10P[5] (2.6%).
Combination of mixed infections G6 + 10P[11], G6 + 10P[5] and G6P
[5 + 11] were each detected at a rate of 1.3%. (Table 4)

Blast analysis of sequenced PCR products proved that PCR bands
visualized in expected locations of agar gel electrophoresis
belonged to BRVA and their correlated genotypes. Phylogenetic
analysis of VP7 and VP4 genes of a strain which was named as
Alborz-G10-1 and Alborz-P11, in our study, revealed that the VP7
gene was in correlate with strain B223 and along with a Canadian
strain FMV1077415 placed in same cluster while, the VP4 gene
showed less relationship with strain B223 and placed in a separate
cluster together with some strains isolated from Ireland, India and
specially Turkey (Fig. 2 and Fig. 3).

4. Discussion

Rotavirus is an important causative agent of diarrhea in calves
worldwide (Estes and Kapikian, 2007; Saif, 2011). Prevalence of
infection of BRVA is high and this fact has been shown in many
studies which have been conducted among the world. In these
studies, rotavirus was detected in 30–40% of stool samples
collected from normal and/or diarrheic calves (Badaracco et al.,
2012; Dhama et al., 2009; Fukai et al., 2002). In Iran, several studies
have been carried out to determine the prevalence of BRVA
infection in some provinces such as Fars (29–33%) (Badiei et al.,
2010), Razavi Khorasan (26.9–29.5%) (Mayameei et al., 2010;
Mohammadi et al., 2012), Tehran (57.4%) (Ghorbanpour et al.,
2004), Markazi (34%) (Ghaemmaghami et al., 1999) and West
Azarbaijan (28.4%) (Morshedi, 2004).

The geographic areas from which sampling was occurred in our
study cover a broad expanses of Iran and approximately
encompassing about 50% of the whole cattle population of the
country. Prevalence of RVA antigen in collected samples was 28.2%,
altogether. Nonetheless, the frequency of infection was not equal in
sampling areas. For instance, the rate of infection in the east of Iran
(north-east and south-east areas) was lower than three other
studied areas (Table 2).

The estimated frequency of infection in north-east area (12.9)
was inconsistent with the results of previous studies carried out in
the same area by other authors (26.9 and 29.5%) (Mayameei et al.,
2010; Mohammadi et al., 2012). It could be due to degrading of the
capsid of the BRVA particles in samples which can increase false
negative results in ELISA. It may be occurred during storage of
phical areas of Iran. Details of samples which completely remained untypable is not

No. of each P genotypes

G? P[11] P[5] P[11/5] P[?]

4 25 5 – 4
1 7 – – 1
4 11 2 2 3
– 5 – – –

– – – – 1
9 48 7 2 9
12 64 9.3 2.6 12



Table 4
Distribution and relative frequency of various combinations of the G and P serotypes observed in each studied geographical areas of Iran.

Geographical areas G10P[11] G6P[11] G6P[5] G10P[5] G6/10P[5] G6/10P[11] G6P[5/11]

South of Alborz mountain ranges 17 3 4 1 – 1 –

North-east 6 – – 1 1 – –

Central 7 1 – – – – –

North-west – 5 – – – – –

South-east – – – – – – –

Total 30 9 4 2 1 1 1
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samples in conventional freezers of dairy farms of Razavi Khorasan
(from which sampling was done). The minimum temperature of
these conventional freezers was usually not lower than �18 �C,
which can reduce the stability of RNA viruses. It should be
considered that the distance between Tehran and Razavi Khorasan
is farther than other geographic areas of this study except the
south-east area. On the other hand, BRV antigen detection rate in
the south-east area of Iran was 5.5%. Besides the factors mentioned
above, the low rate of detection in this area could be due to the
following factors; (1) the low number of industrial dairy farms that
made us to collect the required samples from rural and backyard
farms which are not so intensive. While the BRVA infection is more
important in industrial farms and is the major cause of diarrhea in
intensively reared farm animals throughout the world (Saif, 2011),
(2) climate features of Sistan and Baluchestan province which is
desert climate and extremely hot and dry. This climate makes
excreted feces dry quickly, which causes an unsuitable environ-
ment for viruses.

According to the reports of several epidemiological studies
worldwide, G6 and G10 along with P[5] and P[11] are the most
common genotypes among BRVA strains and G8 and P[1] are less
common (Alfieri et al., 2004; de Verdier Klingenberg et al., 1999;
Falcone et al., 1999; Fukai et al., 2002; Reidy et al., 2006; Swiatek
et al., 2010). As evidenced by reports, G6 was the most common G
type observed in several countries around the world such as
Canada, United States, Germany, Italy, Ireland, Sweden, Turkey,
New Zealand, Australia, Japan, Argentina and Brazil (Alfieri et al.,
2004; Alkan et al., 2010; Cashman et al., 2010; Falcone et al., 1999;
Garaicoechea et al., 2006; Howe et al., 2008; Hussein et al., 1995;
Ishizaki et al., 1996; Monini et al., 2008; Reidy et al., 2006; Silva
et al., 2012; Suzuki et al., 1993) whereas, in some countries like
Fig. 2. The evolutionary history of VP7 rotavirus A nucleotide sequences. The evolutiona
isolate (Alborz-G10-1) has been underlined. The percentage of replicate trees in which th
next to the branches. Branches corresponding to partitions reproduced in less than 50% b
the maximum composite likelihood method and are in the units of the number of base su
There were a total of 788 positions in the final dataset. Evolutionary analyses were co
sequence is mentioned with them. Bo = Bovine, Hu = Human.
México, China, Kashmir and India G10 is more common
(Rodriguez-Limas et al., 2009; Varshney et al., 2002; Wani et al.,
2004a,b; Xie et al., 2010). It seems G6 is more prevalent in most
areas of Oceania, Europe and North and South America as well as
Japan. In contrast, in Asia as well as México G10 is the main BRVA
G-type. In our study we detected G10 as the most predominant G
type (50.6%) in most areas of Iran while, in the north-west area only
G6 was detected. Therefore, it can conclude that G genotype
distribution pattern in most parts of Iran is similar to Asia while,
the north-east area (including East Azarbaijan and Zanjan
provinces) is neighbour with Turkey.

Compared to the results of the previous studies that have been
done in Iran, during 1998–2000 G6 was detected more than G10 in
Tehran province which is approximately in accordance with the
area we named as south of Alborz mountain ranges in this study
(Mayameii et al., 2007). This observation confirms the fact that the
incidence of G and P types may change significantly during the
time (Cashman et al., 2010; Fukai et al., 2002; Monini et al., 2008).
No any G8 has been found either in our study and it is similar to the
previous study conducted in Iran (Mayameii et al., 2007) (Table 3).

Determination of P types of BRVA revealed that P[11] and P[5]
circulate in Iran but no P[1] was detected. While P[5] has been
reported as the prevailing P types in United States, Japan, Australia
and most of countries of Europe and South America (Alfieri et al.,
2004; Badaracco et al., 2012; Brussow et al., 1994; Cashman et al.,
2010; Chang et al., 1996; Garaicoechea et al., 2006; Ishizaki et al.,
1996; Reidy et al., 2006; Suzuki et al., 1993; Swiatek et al., 2010), in
most areas of our study, similar to several countries such as India,
Italy, Mexico and Turkey P[11] was more prevalent than P[5] (Alkan
et al., 2010; Falcone et al., 1999; Monini et al., 2008; Varshney et al.,
2002).
ry history was inferred using the Neighbor-Joining method. The Iranian sequenced
e associated taxa clustered together in the bootstrap test (500 replicates) is shown
ootstrap replicates are collapsed. The evolutionary distances were computed using
bstitutions per site. All positions containing gaps and missing data were eliminated.
nducted in MEGA5. Name of countries of isolation and accession number of each



Fig. 3. The evolutionary history of VP4 rotavirus A nucleotide sequences. The evolutionary history was inferred using the Neighbor-Joining method. The Iranian sequenced
isolate (Alborz-P11) has been underlined. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (500 replicates) is shown next
to the branches. Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The evolutionary distances were computed using the
maximum composite likelihood method and are in the units of the number of base substitutions per site. All positions containing gaps and missing data were eliminated.
There were a total of 695 positions in the final dataset. Evolutionary analyses were conducted in MEGA5. Name of countries of isolation and accession number of each
sequence is mentioned with them. Bo = Bovine, Ca = Camel.
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Regarding to genetic combination, in Iran similar to India and
Mexico (Rodriguez-Limas et al., 2009; Varshney et al., 2002) G10P
[11] (B223-like strains) were identified as the predominant
combination (40%). G6P[11] was identified as the second most
common strain in this study (12%). G6P[11] has been detected in
high rate in Argentina (21%), Japan (9.7–17.5%) and in lower rates in
Ireland (7.4%) (Badaracco et al., 2012; Falcone et al., 1999; Reidy
et al., 2006; Rodriguez-Limas et al., 2009; Suzuki et al., 1993) and
according to the latest reports is the most prevalent BRVA
genotype in Italy, during 2003–2005 and Turkey (Alkan et al.,
2010; Monini et al., 2008). Another BRVA genotype combination
G6P[5] which seemed to be the most prevalent combination in
several countries worldwide such as Australia, Argentina, Brazil,
Britannia, Ireland, Japan and United States was detected in low rate
in Iran (5.3%) and only identified in south of Alborz mountain
ranges area and not in other areas (Alfieri et al., 2004; Alkan et al.,
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). G10P[5] was detected in two samples (2.6%)
which was collected from south of Alborz mountain ranges and
north-east areas. As mentioned later, P[1] was not detected and
thus, no any G6P[1] (NCDV-like strains) was detected in our study.
It should be noted that G10P[11] combination which was found
most prevalent in our study, has zoonotic potential (Iturriza
Gómara et al., 2004b).

As shown in Figs. 2 and 3, results of phylogenetic analysis
indicated that the sequenced VP7 gene (Alborz-G10-1) shows
relationship with strain B223, whereas VP4 sequence (Alborz-P11)
shows less similarity to this strain and clustered with strain T01TR
which is an unpublished isolate from Turkey (a neighboring
country of Iran). It suggests that the sequenced isolate of our study
is a reassortant virus. Reassortment events is a well-known way in
evolution of rotaviruses (Gentsch et al., 2005). Sequencing of other
genomic segments of this isolate is recommended to find its exact
origins and more epidemiological information about it.

RT-PCR based methods has been successfully used for
genotyping of BRVA and proved as a reliable epidemiological tool,
although it is not able to detect novel or uncommon rotavirus
genotypes and mixed infections (Desselberger et al., 2001; Monini
et al., 2008). Genotyping of VP7 and VP4 genes of BRVA using
random hexamers primers instead of VP7- and VP4-specific
primers in reverse transcription reactions, has been approved as
a sensitive and effective method in previous reports (Iturriza
Gómara et al., 1999). In our study nine P-typed samples remained
un-typable in G-typing process as well as nine G-typed samples
failed in P-typing even after repeating the test. Although, expected
bands of first round PCR products were seen in most of them. These
partial typed strains may be new variants of common BRVAs that
carry mutated priming sites or unusual types or reassortments
(Falcone et al., 1999; Monini et al., 2008). Nine samples remained
completely untyped while some of them displayed the typical
pattern of BRVA dsRNA migration in agarose electrophoresis. This
may be due to presence of stool PCR inhibitors in the RNA extract or
false ELISA positive.

Epidemiological data about genotypes of BRVA facilitates the
future development of a targeted and effective vaccine for bovine
animals. Based on data presented in this study any future vaccines
in Iran should at least contain all G6, G10, P[11] and P[5] to be able
to develop a protective immunity. In addition, monitoring the
distribution and occurrence of BRVA circulating in herds will be
important for the control of outbreaks in animals and expand our
knowledge about biology of rotaviruses.
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