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Abstract Bovine group A rotavirus (bovine RVA) is rec-
ognized as a major cause of severe gastroenteritis in
newborn calves. The purpose of this study was to estimate
the prevalence and identify the genotypes of circulating
bovine RVA in newborn diarrheic calves. Two hundred
fifty-three stool samples of diarrheic calves up to 1 month
old were collected from 42 industrial dairy farms in two
Iranian provinces during March 2010 to February 2012. All
collected samples were screened for the presence of bovine
RVA by RT-PCR, and the G and P genotypes were
determined by semi-nested multiplex RT-PCR assay. The
results of RT-PCR indicated that 49.4 % (125 out of 253)
of the samples were positive for bovine RVA. The G and P
genotyping of a subset of positive samples (n = 85) by
semi-nested multiplex RT-PCR revealed that G6 (55.3 %)
and G10 (43.5 %) and P[5] (51.8 %) and P[11] (27 %)
were the most prevalent G and P genotypes, respectively.

<l Farzaneh Pourasgari
farzaneh.pourasgari @ gmail.com

B Pierre Pothier
pierre.pothier @u-bourgogne.fr
Department of Biotechnology, Razi Vaccine and Serum

Research Institute, Karaj, Iran

Laboratory of Virology, National Reference Center for
Enteric Viruses, CHU F. Mitterrand, Dijon, France

3 AgroSup Dijon, PAM UMR A 02.102, Université de
Bourgogne Franche-Comte, Dijon, France

Iran Veterinary Organization, Tehran, Iran

Present Address: Division of Advanced Diagnostics, Toronto
General Research Institute, UHN, Toronto, Canada

Present Address: Queen’s Elizabeth Hospital, Birmingham,
UK

G6P[5] was the dominant genotype (35.3 %), followed by
G10P[5], G10P[11] and G6P[11], with prevalence rates of
16.5 %, 15.3 % and 10.6 %, respectively. Sequence anal-
ysis of 20 VP7 and four VP4 genes showed highest
nucleotide sequence identity with the corresponding genes
of strains RVA/Cow-tc/GBR/UK/1973/G6P7[5] and RVA/
Cow-tc/USA/B223/XXXX/G10P[11]. The results of this
study reveal the diversity of G and P genotypes in bovine
RVA samples from diarrheic Iranian calves and expands
our knowledge of bovine RVA infections in the Middle
East. These results also highlight the importance of pro-
ducing of an effective rotavirus vaccine and its inclusion in
the national cattle immunization program.

Introduction

Bovine group A rotavirus (bovine RVA) is recognized as
the most common cause of severe gastroenteritis in cattle,
resulting in significant morbidity and mortality in new-
born calves and economic losses. According to numerous
reports, this viral infection has had a negative impact on
the cattle industry worldwide [14, 31]. Diarrhea in
neonatal calves caused by bovine RVA has been reported
in both dairy and beef cattle herds [31]. The worldwide
prevalence rate for BRV infection has been reported to
range from 7 % to 94 %, while some studies have
reported moderate prevalence rates of approximately
3040 % [18, 59, 64].

Bovine RVA belongs to the genus Rotavirus in the
family Reoviridae. The genome of this virus consists of
11 segments of double-stranded RNA [10, 17] sur-
rounded by a triple-layered capsid. The rotavirus genome
encodes six structural (VP1-VP4, VP6, and VP7) and six
nonstructural (NSP1-NSP6) proteins [17]. Variation in
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VP6, the protein forming the middle layer of the virus
capsid, is used to define eight major rotavirus groups,
which are alphabetically named A-H [44]. Rotavirus
group A is considered the most important group because
of its high prevalence and pathogenicity in humans and a
variety of animals [43].

Classification of rotaviruses in group A is based on
neutralizing antibodies against the capsid proteins VP7 and
VP4, resulting in a dual genotyping system in which G
(glycoprotein) and P (protease-sensitive protein) geno-
types, respectively, are defined. To date, at least 12 dif-
ferent G genotypes (G1-G3, G5, G6, G8, G10, G11, G15,
G17, G21, G24) and 11 different P genotypes (P[1], P[3],
P[5]-P[7], P[11], P[14], P[17], P[21], P[29], P[38]) have
been reported in cattle, with G6, G8, G10, P[1], P[5] and
P[11] being the most common genotypes identified
worldwide [52]. During bovine RVA epidemiological
studies, G6 and G10 genotypes have frequently been
detected in different countries, including Turkey, India,
Thailand, France, Tunisia, Denmark, Hungary, Canada, the
United States, Argentina, Australia and New Zealand
[4, 22, 30, 32, 46, 59, 62, 66]. Compared to G6 and G10
strains, the overall frequency of G8 strains is much lower;
however, it appears to be important in some countries. This
genotype was reported to be the dominant strain in Japan
and Tunisia during 1995-1996 and 2001-2002, respec-
tively [19, 20].

Several studies have been conducted using ELISA to
determine the prevalence of bovine RVA in Iranian
cattle from different provinces, including Fars, Tehran,
Chahar Mahal Bakhtiari, Khorasan and West Azarbayjan
[1, 7, 37, 40, 45, 49]. However, no published study has
estimated the prevalence of RVA using the more reliable
and sensitive RT-PCR. More recently, Madadgar and
colleagues, who studied the prevalence of bovine RVA
in Iranian calves by ELISA, reported a prevalence of
28.2 % [40]. Furthermore, a few studies on G genotyping
and only one study on P genotyping have been done on
bovine RVA in Iran [40, 45]. Thus, the objective of this
study was to determine the prevalence of bovine rota-
virus A by RT-PCR in fecal samples collected from
diarrheic calves. Stool specimens of the diarrheic calves
from prominent dairy farms located in the provinces of
Tehran and Alborz were collected during two years from
spring 2010 to winter 2012 and analyzed by RT-PCR
targeting the VP6 gene. To get more insights into the
molecular epidemiology and genetic relationship of the
virus to the prevailing genotypes worldwide, a subset of
bovine RVA-positive samples were genotyped (G and
P), and a few were then further analyzed by partial
genome sequencing.
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Materials and methods
Samples

A total of 253 fecal samples from diarrheic calves (Bos
taurus) up to one month old were collected from 42
industrial dairy farms in two provinces (Tehran and
Alborz) in Iran. Selection of farms and the number of
samples collected from the animals of each farm (based on
the population of each farm) were computed in each season
by GIS (Geographical Information System) software of the
Iranian Veterinary Organization. Samples were collected
during all seasons for a two-year period starting from
March 2010 to February 2012. Seventy-two samples were
collected during the first year of study, while 181 samples
were collected in the second year of study. It is worth
mentioning that the number of diarrheic samples collected
per outbreak for each farm was related to the size of the
herd (one calf sampled per 50 calves). Once collected, the
samples were immediately stored at -40 °C until analysis.

Nucleic acid extraction

Viral RNA was extracted from 20 % fecal suspensions in
phosphate-buffered saline using the NucliSENS® Easy-
MAG™ platform (bioMérieux, Marcy L’Etoile, France)
according to the manufacturer’s instructions and was then
stored at -40 °C.

Bovine RVA detection, genotyping and sequencing

Bovine RVA was detected by endpoint RT-PCR, using a
OneStep RT-PCR Kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s instructions. A VP6-F/
VP6-R primer set [34] was used to detect the VP6 gene of
bovine RVA (Table 1).

A subset of rotavirus-positive samples selected from
different farms and different seasons were G- and
P-genotyped. Samples for genotyping were selected in
order to get one representative positive sample genotyped
per episode of diarrhea per farm and per year of surveil-
lance. Rotavirus genotyping was performed by semi-nested
multiplex RT-PCR according to the EuroRotaNet protocol
(http://www.eurota.net/docs.php). A set of previously
described primers [26, 27] were used to amplify five G
genotypes (G5, G6, G8, G10 and G11) and five P geno-
types (P[1], P[5] - P[7] and P[11]) most commonly found
in cattle.

Finally, in order to get more insights about the strains
of rotaviruses circulating in the country, representative
strains from each detected genotype (G6: n = 19, GI10:


http://www.eurota.net/docs.php
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Table 1 Primers used for bovine RVA detection and G and P genotyping
Primer Sequence (5'-3') Nucleotide Position Product length (bp) Reference
VP6 gene VP6-F GAC GGV GCR ACT ACATGG T 51-71 [34]
VP6-R GTC CAA TTC ATN CCT GGT GG 932-914 382 [34]
G-typing VP7-F ATG TAT GGT ATT GAA TAT ACC AC 51-71 [25]
VP7-R AAC TTG CCA CCA TTT TTT CC 932-914 881 [25]
FT5 CAT GTA CTC GTT GTT ACG TC 779-760 729 [27]
DT6 CTA GTT CCT GTG TAG AAT C 499-481 449 [27]
HTS CGG TTC CGG ATT AGA CAC 273-256 223 [27]
ET10 TTC AGC CGT TGC GAC TTC 714-697 664 [27]
BT11 GTC ATC AGC AAT CTG AGT TGC 336-316 286 [27]
P-typing Con3 TGG CTT CGC CAT TTT ATA GAC A 11-32 [23]
Con2 ATT TCG GAC CAT TTA TAA CC 868-887 876 [23]
pNCDV CGA ACG CGG GGG TGG TAG TTG 269-289 622 [26]
pUK GCC AGG TGT CGC ATC AGA G 336-354 555 [26]
pGOTT GCT TCA ACG TCC TTT AAC ATC AG 465-487 423 [26]
pOSU CTT TAT CGG TGG AGA ATA CGT CAC 389-412 502 [26]
pB223 GGA ACG TAT TCT AAT CCG GTG 574-594 314 [26]
Eil/bAlehz] If;;\/;lg? (():-62((;§ 2b ovine Year Season Total number of samples Bovine RVA
March 2010-February 2011 Spring 12 5 (41.7 %)
Summer 20 12 (60.0 %)
Autumn 32 21 (65.6 %)
Winter 8 5 (62.5 %)
Total 72 43 (59.7 %)
March 2011-February 2012 Spring 67 16 (23.9 %)
Summer 36 14 (38.9 %)
Autumn 35 21 (60.0 %)
Winter 43 31 (72.1 %)
Total 181 82 (45.3 %)
Total 253 125 (49.4 %)

n = 6, P[5]: n = 4, P[11]: n = 2) were randomly selec-
ted, and their VP7 or VP4 partial coding genes were
sequenced.

All of the sequencing reactions were performed using an
ABI PRISM® Big Dye® Terminator Cycle Sequencing Kit
on a 3130XL DNA Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA).

Sequence analysis

Molecular Evolutionary Genetics Analysis (MEGA) soft-
ware v5 [60] was used to calculate sequence identities
between strains using the pairwise distance (p-distance)
substitution model. Phylogenetic analysis was performed
online on the Phylogeny.fr platform [13] using the maxi-
mum-likelihood method. For these analyses, sequences of

reference strains available in the National Center for
Biotechnology Information GenBank database (http://
www.ncbi.nlm.nih.gov/genbank/) were used.

Results
Prevalence of bovine RVA in cattle

Among the 253 samples collected during the entire two-
year study, bovine RVA was detected in 125 samples
(49.4 %). Compared to the bovine RVA detection rate in
the first year (59.7 %), the prevalence rate was significantly
lower (45.3 %) during the second year of the study.
Although bovine RVA was detected all year round, the
detection rate fluctuated according to the season, with a

@ Springer


http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/

3486

F. Pourasgari et al.

peak of infections during the cold seasons including winter
and autumn (Table 2).

G and P genotypes of bovine RVA

Among the 125 rotavirus-positive samples, rotavirus G and
P genotyping was performed on a subset of 85 samples
only. G genotyping revealed that G6 was the most preva-
lent G genotype (55.3 %), followed by G10 (43.5 %). Co-
infection of G6 and G10 genotypes were detected at a low
prevalence (1.2 %), whereas genotypes G5, G8 and Gl11
were not detected in the samples (Table 3). P genotyping
indicated that P[5] was the dominant P genotype, with a
prevalence of 51.8 %, followed by P[11] (27 %). Coin-
fection with genotypes P[5] and P[11] was not detected in
any of the samples, while 21.2 % of the samples were not
of the P genotype (Table 3). P[1], P[6] and P[7] genotypes
were not detected among the Iranian calves in this study.

G6P[5] was the predominant genotype, with a preva-

Fig. 1 Phylogenetic tree of partial VP7 coding gene sequences of »
bovine G6 and GI10 rotaviruses. The tree was generated by
Phylogeny.fr using the maximum-likelihood method implemented
in the PhyML programme. Bootstrap values were calculated for 1000
replicates and are indicated at each node when >70 %. For each
isolate, the GenBank accession number is shown, followed by the full
rotavirus strain name, as recommended by the Rotavirus Classifica-
tion Working Group (RCWG) [42]. Isolates from this study are
underlined. The tree is drawn to scale, with branch lengths measured
in the number of substitutions per site

G10P[11] (15.3 %), and G10P-undetermined strains
(11.8 %). Other combinations of G and P genotypes were
also detected (i.e. G6P[11], G6P-undetermined, and coin-
fections), but with a prevalence of lower than 10 %
(Table 3).

Rotavirus sequence analysis

The results of sequencing of the selected samples con-
firmed the genotyping results obtained by RT-PCR.

lence rate of 35.3 %, followed by GIOP[5] (16.5 %), According to MEGAS p-distance studies, sequence
Table 3 Distribution of G and G eenotype Total
P genotypes of bovine RVA genotyp
among Iranian calves, G6 G10 G6+G10
2010-2012
P genotype P[5] 30 (35.3 %) 14 (16.5 %) 0 (0 %) 44 (51.8 %)
Pl11] 9 (10.6 %) 13 (15.3 %) 1(1.2 %) 23 (27 %)
P[S]+P[11] 0 (0 %) 0 (0 %) 0 (0.0 %) 0 (0 %)
Undetermined 8 (9.4 %) 10 (11.8 %) 0 (0.0 %) 18 21.2 %)
Total 47 (553 %) 37 (43.5 %) 1 (1.2 %) 85 (100 %)

Table 4 Nucleotide (nt) and amino acid (aa) sequence identity values for a portion of the bovine RVA VP7 coding gene

RVA/Cow-tc/GBR/UK/
1973/ G6P7[5]

RVA/Cow-tc/USA/B223/
XXXX/ G10P[11]

Iranian bovine RVA G6 strains of this study

(16 strains)

G10 strains of this study
(6 strains)

nt identity aa identity  nt identity aa identity  nt identity aa identity  nt identity aa identity

(%) (%) (%) (%) (%) (%) (%) (%)
G6 strains of this study 86.5 - 97 91 - 100 728 -753 81.6-86 81.2-949 91 -98 729 -744  79.6 - 83.1
(16 strains)
G10 strains of this study 72.8 - 753  81.6 - 86 96.9 - 100 98.6-100 725-739 82.1-83 947 -954 963 -96.4

(6 strains)

Table 5 Nucleotide (nt) and amino acid (aa) sequence identity values for a portion of the bovine RVA VP4 coding gene

RVA/Cow-tc/GBR/UK/
1973/ G6P7[5]

RVA/Cow-tc/USA/B223/
XXXX/G10P[11]

Iranian bovine RVA P[5] strains of this study

(4 strains)

P[11] strain of this study
(2 strains)

nt identity ~ aa identity ~ nt identity aa identity  nt identity = aa identity  nt identity = aa identity

(%) (%) (%) (%) (%) (%) (%) (%)
P[5] strains of this study 97.2 - 99 97.8-100 47.1-476 50.6-543 86.6-89.7 882-923 475-48 50.2 - 54.7
(4 strains)
P[11] strains of this study 47.1 - 47.6 48.5-50.7 99.6-100 100 50.8-52 524 97.7-98 98.2

(2 strains)
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92— AF207063-RVA/Human-wt/AUS/AG6.01/XXXX/G6P[14]
8411 AF207062-RV A/Human-wt/AUS/MG6.01/XXXX/G6P[14]
AF421183-RVA/Human-wt/AUS/AG6.02/1997/G6P[14]
EF554098-RVA/Human-tc/AUS/MG6/1993/G6P[14]
97 — EF554109-RV A/Human-wt/HUN/Hun5/1997/G6P[14]
{ KP013386-RV A/Cow-wt/IRN/Tehran-G6-2/2011/G6PIX]
— JX470523-RVA/Cow-wt/CAN/FMV1089933/2009/G6P[5]
_lKM609910-RVA/Cow-wt/IRN/74P89/2010/G6P[ﬂ
KX517909-RVA/Cow-wt/IRN/83P89/2010/G6PL5]
KP013388-RVA/Cow-wt/IRN/Alborz/2011/G6PIX]
M KM609892-RVA/Cow-wt/IRN/102Z89/2011/G6PIX]
KX517908-RVA/Cow-wt/IRN/51P89/2010/G6P[X]
KM609903-RVA/Cow-wt/IRN/45T89/2010/G6P[X]
KP013385-RVA/Cow-wt/IRN/Tehran-G6-1/2011/G6P[X]
»l [ KM609899-RVA/Cow-wt/TRN/32P90/2011/G6P[11]
KM609905-RVA/Cow-wt/IRN/56B90/2011/G6PIX]
KP013387-RV A/Cow-wt/IRN/Qazvin-G6/2011/GGP[5]
78] KM609900-RV A/Cow-wt/IRN/35P90/2011/G6P[5]
KX517906-RVA/Cow-wt/IRN/4P90/201 1/G6P[5]
KM609906-RVA/Cow-wt/IRN/58B90/2011/G6P[X]
L IN410632-RV A/Cow-wt/DNK/DK 14862C/2007/G6P[X]
GQ352362-RVA/Cow-wt/AUS/VICG6.01/2004/G6P[X] .
be M64680-RVA/Cow-wt/B60/AUS/1988/G6P[X] G6 strains
GQ352364-RVA/Cow-wt/AUS/VICG6.02/2005/G6P[X]
X00896-RV A/Cow-tc/GBR/UK/1973/G6P7[5]
AY050272-RVA/Cow-tc/USA/WC3/1981/G6P[5]
DQ195152-RVA/Cow-xx/CHN/CHLY/XXXX/G6PIX]
ssp M12394-RVA/Cow-tc/USA/NCDV/1971/G6P[X]
| AB747360-RVA/Cow-tc/JPN/BRV106/1983/G6P[1]
— KF724053-RVA/Cow-wt/TUN/B159/2010/G6PIX]
KM609897-RVA/Cow-wt/IRN/2T89/2010/G6P[X]
KM609898-BRV A/Cow-wt/IRN/30Z90/2012/G6P[1 1]
KM609907-RVA/Cow-wt/IRN/58790/2012/G6P[11]
t KP013389-RVA/Cow-wt/IRN/East-Azarbai/2011/G6P[X]
KM 1-RVA/Cow-wt/IRN/42Z90/2012/G6P[X
100 KM609904-RV A/Cow-wt/IRN/54790/2012/G6P[11]
KM609895-RVA/Cow-wt/IRN/16T89/2010/G6P[X]
KM609896-RVA/Cow-wt/IRN/23B89/2010/G6P[X]
KX517907-RVA/Cow-wt/IRN/21790/2012/G6PLS
KM609911-RVA/Cow-wt/IRN/9T89/2010/G6P[X]
89 DQ122400-RV A/Human-xx/FRA/R353/XXXX/G6P[6]
99 [ HQ315856-RVA/Cow-w/HUN/HUNBOoR04/2010/G6PIX]
KF724047-RV A/Cow-wt/TUN/B123/2009/G6PIX]
81L— KC895792-RVA/Cow-wt/ARG/B3530_D_BA/2008/G6P[11]
L EF199501-RVA/Cow-wt/IND/RUBV319/XXXX/G6P[11]
KM609902-RVA/Cow-wt/IRN/43T89/2010/G10P[5]
KX517910-RVA/Cow-wt/IRN/92P89/2010/G10P[5]
KP013394-RVA/Cow-wt/IRN/BakhtiariG10/2011/G10P[X]
KM609909-RVA/Cow-wt/IRN/69Z90/2012/G10PIX]
{ KM609894-RVA/Cow-wt/IRN/15T90/2011/G10P[X]

98

100

98

°

KP013393-RVA/Cow-wt/IRN/Khorasan-G10/2011/G10P[X]
KM609908-RV A/Cow-wt/IRN/ST89/2010/G10P[11]
; KM609893-RVA/Cow-wt/IRN/109B90/2011/G10P[11]
1KP013390-RVA/Cow-wt/IRN/Tehran-G10/2011/G10P[X]
L FI878800-RVA/Cow-wt/TUR/Isolate/XXXX/G10P[11]
KP013395-RVA/Cow-wt/IRN/Markazi-G10/2011/G10P[X]
KP013392-RVA/Cow-wt/IRN/Alborz-G10-2/2011/G10P[X]
KP013391-RVA/Cow-wi/IRN/Alborz/2011/G10P[11]
GU144587-RV A/Cow-xx/CHN/DQ-75/2008/G10P[11]
GQ352366-RVA/Cow-wt/AUG/VICG10/2005/G10P[11]
M64679-RVA/Cow-wt/AUS/B11/1988/G10P[11]
L X57852-RVA/Cow-tc/USA/B223/XXXX/G10P[11]
L 1X470517-RVA/Cow-wt/CAN/FMV1077415/2009/G10P[X]
86]L_ D01056-RVA/Cow-xx/JPN/KK3/XXXX/G10P[11] .
KC895795-RVA/Cow-wt/ARG/B3326_D_BA/2007/G10P[11] G10 strains
‘E‘:LO765S—RVA/Human—tc/IND/BZl/XXXX/GI oP[11]
EU200798-RV A/Human-wt/IND/N155/XXXX/G10P[11]
JX567752-RV A/Human-wt/AUS/SA175/2011/G10P[14]
98 |1x567748-RV A/Human-wt/AUS/D355/201 1/G10P[14]
KF812613-RVA/Human-wt/KOR/Seoul 1548/2011/G10P[4]
97 (— D14033-RVA/Human-tc/THA/Mc35/XXXX/G10P[X]
AF386920-RVA/Cow-wt/IND/B8/XXXX/G10P[11]
AY816181-RVA/Human-wt/CIV/1784CI-99/XXXX/G10P[8]
971 AY816182-RVA/Human-wt/CMR/3008CM/XXXX/G10P[8]
AY843332-RVA/Human-wt/GHA/402/XXXX/G10P[6]
D01055-RVA/Cow-tc/THA/A44/XXXX/G10P[11]
100 X53403-RVA/Cow-tc/THA/61 A/XXXX/G10P[5]
AF386917-RVA/Cow-wt/IND/B69/XXXX/G10P[X]
AF386918-RVA/Cow-wt/IND/B75/XXXX/G10P[X]
GU259585-RV A/Cow-wt/FRA/DijonA037/2006/G 10P[X]
GU259581-RVA/Cow-wt/FRA/DijonA010/2005/G10P[X]
JN410618-RVA/Cow-wt/DNK/DK11311C/2007/G10P[X]
L HQ315854-RV A/Cow-wt/HUN/Hun-78/2002/G10P[X] _

91

0.3
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analysis of the selected G6 RT-PCR-positive samples
confirmed the presence of G6 genotypes among these
samples. The 19 Iranian G6 sequences showed a high level
of nucleotide (86.5 % to 97.0 %) and amino acid sequence
identity (91 % to 100 %) to each other. These G6 samples
appeared to be more closely related to the RVA/Cow-tc/
GBR/UK/1973/G6P7[5] strain (nucleotide sequence iden-
tity 81.2 %-94.9 %; amino acid sequence identity 91 %-
98 %) compared to the RVA/Cow-tc/USA/B223/XXXX/
GI0P[11] strain (nucleotide and amino acid sequence
identity 72.9 %-74.4 % and 79.6 %-83.1 %, respectively).
Furthermore, sequence analyses of the selected G10 RT-
PCR-positive samples confirmed the presence of G10
genotypes among these samples. All six G10 sample
sequences exhibited a high level of nucleotide (96.9 %-
100 %) and amino acid (98.6 %-100 %) sequence simi-
larity to each other and were most closely related to the
RVA/Cow-tc/USA/B223/XXXX/G10P[11] strain (nu-
cleotide and amino acid sequence identity 94.7 %-95.4 %
and 96.3 %-96.4 %, respectively (Table 4).

Sequence analyses of the selected P[5] RT-PCR-posi-
tive samples also confirmed the presence of P[5] geno-
types in these samples. All four P[5] sample sequences
revealed a high level of nucleotide and amino acid
sequence identity (97.2 %-99 % and 97.8 %-100 %,
respectively) to each other, and were more closely related
to the RVA/Cow-tc/GBR/UK/1973/G6P7[5] strain (nu-
cleotide sequence identity, 86.6 %-89.7 %; amino acid
sequence identity, 88.2 %-92.3 %) than compared to the
RVA/Cow-tc/USA/B223/XXXX/G10P[11]  strain (nu-
cleotide sequence identity, 47.5 %-48 %; amino acid
sequence identity, 50.2 %-54.7 %). Sequence analysis of
the two selected P[11] RT-PCR-positive samples con-
firmed the presence of the P[11] genotype and showed
that they are most closely related to the RVA/Cow-tc/
USA/B223/XXXX/G10P[11] strain (nucleotide and amino
acid sequence identity, 97.7 %-98 and 98.2 %, respec-
tively) (Table 5).

Sequences of the Iranian bovine RVA strains identified
in this study were submitted to the GenBank database
under the following accession numbers: KM609892 to
KM609911 and KX517906 to KX517910 for VP7 genes
and KM609912 to KM609915 and KX517911 to
KX517912 for VP4 genes.

Phylogenetic analysis

The results of phylogenic analysis of a portion of the VP7
coding gene of the 19 G6 and six G10 sequenced in this
study are illustrated in Fig. 1 and Fig. 2. The relationship
of these genes to other G6 and G10 strains detected in
humans and cattle is also shown. According to the phylo-
genetic analysis of both nucleotide and the deduced amino
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acid sequences, the Iranian G6 isolates are grouped in two
distinct small clusters and are related to the UK strain.
Also, as highlighted in Fig. 1 and Fig. 2, all of the Iranian
bovine G10 strains in this study formed a single cluster
with the B223 strain.

As illustrated in Fig. 3 and Fig. 4, all of the Iranian
bovine P[5] strains in this study exhibited close similarity
to other P[5] strains detected in cattle and formed one
cluster with the UK strain. Moreover, the Iranian bovine
P[11] isolates (G10P[11] and G6P[11]) exhibited close
similarity to other P[11] strains detected in humans, cattle
and camels and formed a single cluster with the B223
strain.

Discussion

According to previous studies from different regions of the
world, the prevalence of rotavirus in fecal samples of
calves with diarrhea ranges from moderate to very high
(30 % to 94 %) [5, 14, 21, 24, 45]. In Iran, several studies
have shown that the prevalence of rotavirus infection in the
diarrheic calves ranges from 26.9 % to 34 %, depending on
the season and province studied [1, 7, 37, 40, 45, 49]. All of
the previously conducted studies on bovine RVA in Iran
were based on the ELISA method. However, in the present
study, analyzing samples from Tehran and Alborz pro-
vinces, a significantly higher prevalence rate (49.4 %) was
obtained by using the more sophisticated RT-PCR tech-
nique. This technique is significantly more sensitive than
ELISA assays [28, 68], and this may explain the higher
rotavirus prevalence rate observed in our studies.

In the two-year study, bovine RVA was detected in all
seasons throughout the year, with a peak during cold
temperatures in the winters. This high incidence rate during
the winters could be explained by the effect of temperature,
humidity and precipitation [38, 69]. Similar results have
been reported previously, showing a higher rate of rota-
virus infection in the cooler season, with most cases
occurring between November and April [29, 56]. However,
there are exceptions, such as in Egypt, where rotavirus
infections have been reported to peak from July to
November [50, 67]. There is no study on seasonal preva-
lence of bovine rotaviruses in Iran, although a few studies
in Iran have shown the winter season to be the peak season
for human rotavirus gastroenteritis [16, 38, 47, 69].

Worldwide studies have shown G6 and G10 with either
P[5] or P[11] to be the most common genotypes within the
calf population, while G8 and P[1] genotypes are less
common [2, 55, 59]. In the present study, among the G5,
G6, G8, G10 and Gl1 genotypes, only G6 and GI10
genotypes were found in the collected stool samples. Fur-
thermore, our results demonstrate that the distribution of
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Fig. 3 Phylogenetic tree of partial VP4 coding gene sequences of
bovine P[5] and P[11] rotaviruses. The tree was generated by
Phylogeny.fr using the maximum-likelihood method implemented in
the PhyML programme. Bootstrap values were calculated for 1000
replicates and are indicated at each node when >70 %. For each

these genotypes follows a worldwide trend: the G6 geno-
type was the most frequently identified in this study,
occurring in 55.3 % of rotavirus infections, and the G10
genotype, with a slight difference, was the second most
prevalent G genotype (43.5 %). The results of this study
are consistent with those of a study conducted by Maya-
meei and co-workers in Iran. Those researchers reported
the G6 genotype to be the most prevalent genotype (48 %)
in Tehran and its surrounding area [45]. However, these
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L L—— AY050271-RVA/Cow-tc/USA/WC3/1981/G6P[3]
M22306-RVA/Cow-tc/GBR/UK/1973/G6P7(5]

isolate, the GenBank accession number is shown, followed by the full
rotavirus strain name, as recommended by the Rotavirus Classifica-
tion Working Group (RCWG) [42]. Isolates from this study are
underlined. The tree is drawn to scale, with branch lengths measured
in the number of substitutions per site

genotyping results are different than those reported by
Madadgar et al., which could be due to differences in the
duration of the studies and the loss of seasonal selection in
the latter study [40].

In this study, we also determined the P genotypes of
bovine RVA circulating in Iran. P[1], P[5], P[6], P[7] and
P[11] were detected in the studied samples, with the P[5]
genotype being the most prevalent P genotype (51.8 %),
followed by P[11] (27 %). Our results for P genotyping
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Fig. 4 Phylogenetic tree of VP4 partial amino acid deduced from
partial VP4 coding gene sequences of bovine P[5] and P[11]
rotaviruses. The tree was generated by Phylogeny.fr using the
maximum-likelihood method implemented in the PhyML programme.
Bootstrap values were calculated for 1000 replicates and are indicated
at each node when >70 %. For each isolate, the GenBank accession

showed the same pattern of prevalence reported from many
countries including Japan, Latin America, the United
States, Australia and most of the European countries
[2, 5, 10, 22, 33, 55, 59]. However, a few reports from
India, Italy, Mexico and Turkey have shown P[11] to be the
most frequent P genotype [4, 18, 48, 65]. Here, we report
that the P genotype pattern in Iran did not follow the pat-
tern of its western neighbor country, Turkey, nor the pat-
tern of India to the east. It should be noted that in 21.8 % of
the samples, we were unable to detect the P genotype,

- IN410605-RVA/Cow-wt/DNK/DK14011C/2007/G6PI5]
D13396-RVA/Cow-tc/THA/61 A/XXXX/G10PI5]
RVA/Cow-tc/USA/VMRI/XXXX/G6PI5]

number is shown, followed by the full rotavirus strain name, as
recommended by the Rotavirus Classification Working Group
(RCWG) [42]. Isolates for this study are underlined. The tree is
drawn to scale, with branch lengths measured in the number of
substitutions per site

which might be due to the sensitivity of genotyping RT-
PCR, considering primer mismatches at binding sites due
to the accumulation of single-nucleotide polymorphisms.
Alternatively, it is possible that these samples had other P
genotypes that are not included in the multiplex RT-PCR
assay used in this study. Unfortunately, our attempts to
genotype these samples by amplifying and sequencing the
VP4 coding gene using well-established VP4 consensus
primers (i.e.; the Con3/Con2 and VP4-F/VP4-R primer
sets) remained unsuccessful (data not shown) [23, 57].
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The present study revealed that G6P[S] was the pre-
dominant bovine RVA genotype in Iran. This observation
is consistent with studies from the USA, South America,
Japan, and Europe, where G6P[5] was reported to be the
most prevalent genotype in calves with diarrhea
[18, 22, 33, 39]. This genetic combination was also
reported to be the most prevalent combination in studies
from Australia, Argentina, Brazil, the UK, Ireland, Japan
and the United States [2, 4, 5, 10, 11, 33, 36, 46,
55, 58, 59]. Bovine RVA mixed infections occurred at low
frequency during this study (1.2 %), as observed in several
studies showing multiple G and/or P genotypes within a
single stool sample [8, 18, 20, 22, 33, 58, 59]. Mixed
infections are usually rare [8, 19, 20, 22, 33]. However,
Swiatec and his colleagues reported mixed infections in
30.8 % of studied cases [59]. The occurrence of mixed
infections makes natural reassortment between strains
feasible and could result in natural diversity of rotaviruses
[54].

Phylogenic studies of both partial VP7 genes and their
deduced amino acid sequences of the G6 and G10 geno-
types in this study demonstrated a relationship to the UK
and B223 strains as well as to other human and bovine G6
and G10 genotypes reported from other countries. More-
detailed examination of the phylogenic trees revealed that
the Iranian G6 strains could be grouped into two small
clusters. One of the clusters includes eight G6 strains
together with those from Tunisia, Hungary, Argentina and
Iran, and also with a human G6 strain from France
[6, 30, 40]. The other cluster included seven Iranian G6
strains together with the UK, NCDV, and WC3 bovine
strains and other bovine strains from the UK, the USA,
Canada, China, Denmark, Japan, Australia and Iran
[15, 40, 46, 59, 66]. Also, phylogenic analysis of translated
sequences tended to give the same clustering and sub-
clustering results, which confirms the prevalence of two
partially distinct G6 bovine RVA strains among Iranian
calves. The Iranian bovine G10 strains identified in this
study appeared to be closely related to the B223 strain and
other strains from Turkey, India, China, Thailand, Aus-
tralia, Argentina, Canada, the USA and Iran
[4, 6, 12, 40, 59, 61, 66]. A phylogenic analysis based on
the deduced amino acids sequence of a portion of the
coding region of the VP7 gene of G10 strains yielded the
same clustering obtained using nucleotide sequences.

The results of phylogenetic analysis of P[5] and P[10] in
this study revealed similarity of the Iranian strains to
strains from Asia, Europe, Africa, North and South
America and Australia. The Iranian bovine P[5] strains of
this study exhibited close similarity to other P[5] strains
detected in cattle, and formed a single cluster with the UK
strain and other bovine strains from Turkey, Korea, Japan,
Thailand, Denmark, Argentina, the USA and Iran
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[4, 6, 12, 40, 41, 46, 53, 59, 61, 66], and also a human
G1PJ[5] strain of CJN-M from the USA [51]. Moreover,
phylogenic analysis based on nucleotide and deduced
amino acid sequences indicated that the Iranian bovine
P[11] isolate (G10P[11]) exhibited close similarity to other
P[11] strains detected in humans, cattle and camels and
were grouped in one cluster with the well-known B223
strain and other strains from Turkey, India, China, Thai-
land, Ireland, Sudan, Australia, Argentina, the USA and
Iran [4, 6, 12, 35, 40, 46, 59, 61, 66].

In conclusion, this study demonstrates the high preva-
lence of bovine group A rotaviruses in Iranian cattle, with
almost half of the diarrheic calves shedding this virus. The
most frequent bovine RVA strains were a combination of
G6 and G10 with P[5] and P[11] genotypes. This study
provides further information regarding rotavirus P geno-
types and the sequence analysis of viruses found in Iranian
cattle. Moreover, because these specimens were obtained
from the largest husbandry centers in Iran, located in the
provinces of Tehran and Alborz, these data might be
valuable for emphasizing the importance of producing an
effective rotavirus vaccine and its inclusion in the national
cattle immunization program. As yet, no vaccine against
bovine RVA is being produced in Iran. However, many
commercially available bovine RVA vaccines are based on
G6 and G10 strains of bovine RVA [8, 63] and thus seem to
be suitable for the prevention of severe rotavirus infections
in Iranian cattle. For example, the Kolibin RC Neo vaccine
[9] is being used on a few Iranian farms, providing satis-
factory immunity to the vaccinated herds [3]. This study
could be considered for making any decision about
choosing an international vaccine and/or for developing an
effective national rotavirus vaccine for Iranian cattle.
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