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Background: Rotavirus infection is one of the most common causes of severe dehydrating diarrhea in children with a significant health
burden on them, in Middle Eastern countries, including Iran.

Objectives: We aimed to investigate P serotype of group A rotavirus variability among children hospitalized with acute gastroenteritis
(AGE), track the changes in the genotypes of circulating viruses, and elucidate the efficacy of introducing the commonly accepted rotavirus
vaccines to the national vaccination program.

Patients and Methods: All children 14 years or younger, admitted in the Infectious Disease Ward of Bahrami Children’s Hospital due to
acute nonbloody gastroenteritis between January 2009 and January 2010, were included in this study. Stool samples were collected and
specific rotavirus genotype primers were defined by Virology Lab of the Pasteur Institute. The specimens were assessed for rotavirus using
RNA-PAGE and semi-nested multiplex molecular virology techniques.

Results: Twenty nine rotavirus strains were retrieved from 150 samples collected from hospitalized children with gastroenteritis (14 males
and 15 females; mean age 20.9 +18.19 months) were included in the study. The most frequent P serotype was P8 (86.2%), followed by P6
(6.9%) and P4 (6.9%). In addition, the majority of strains (89.65%) exhibited a long electrophore-type pattern on the PAGE system. Rotavirus
was mostly isolated from children aged less than 2 years (86.2%), and during winter (44.7%). No significant relationships were observed
between the rotavirus infection and; age, sex, season, or initial signs and symptoms such as fever, estimated dehydration on admission,
nausea, and vomiting.

Conclusions: Results of the current study supported the potential efficacy of introducing RotaTeq and Rotarix vaccines to the Iranian
children vaccination program. We also propose prospective studies on confirmed rotavirus diarrheal illness in various parts of Iran, to
determine the distribution of various genotypes across the country.
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1. Background

Diarrheal illness remains one of the top five causes of
death in lower and middle-income countries, especially
in children younger than 5 years (1). Lack of routine clini-
cal testing for these viruses limits our understanding of
their roles (2). Furthermore, the rotavirus has been the
leading cause of acute gastroenteritis (AGE) in children
worldwide over the past two decades (3, 4). Based on na-
tional estimates of rotavirus attributable deaths among
children < 5 years, the cumulative global death toll was
approximately 527 000 in 2004 (5), and 453 000 in 2008,
ranging from 98 621 (India) to fewer than 5 deaths (74
countries) (6).

Rotavirus, a member of the Reoviridae family, has a tri-

ple-layered capsid enclosing an 11-segment double-strand
RNA (dsRNA) genome, that encodes six viral and six non-
structural proteins (7, 8). It is differentiated into at least
seven species, i.e.rotavirus A-G,and three are capable of af-
fecting humans (groups A-C) (9, 10). Group A is the major
pathogen of severe gastroenteritis in infants and young
children (7, 9, 10). Serological types of group A rotavirus
are determined through its inner capsid protein (VP6)
and outer capsid proteins (VP7, VP4). Based on antigenic-
ity of the outer capsid proteins, namely VP7 and VP4, two
independent serotype systems, i.e. G and P, have been es-
tablished (9, 10). So far, at least 31 different P types, and 23
different G types have been reported (11).

Implication for health policy/practice/research/medical education:

These types of studies are important in order to motivate researchers to investigate the VP4 genotype variability of group A rotavirus strains among

children hospitalized with acute gastroenteritis.
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Various G and P type rotaviruses have originated from
different animal species. In humans, rotaviruses G, G2,
G3 and G4 are the most prevalent G types reported world-
wide (9, 10). Considering the prevalence, P4, P6, and P8,
are the most commonly isolated P serotypes collected
from humans (7, 9, 10, 12). Usually P4 is associated with
G2, while P8 is linked with G1, G3, or G4, and P6 is found
with any of the G1to G4 types (9). Generally, owing to typi-
cal varieties among virus families and even inside fami-
lies, the development of broadly applicable vaccines is
challenging (13). Epidemiologic surveillance of the G and
P serotypes to identify the most prevalent types is an im-
portant step in developing rotavirus vaccines (9).

The success of a rotavirus vaccination program depends
on the development of robust regional surveillance sys-
tems that provide comprehensive and systematic data on
the disease burden (12). To date, two vaccines are current-
ly FDA-approved, namely Rotarix and RotaTeq (14). The
two-dose Rotarix vaccine is composed of a single compo-
nent, an attenuated human rotavirus with G1P8, which is
the most prevalent type of human rotavirus; and RotaTeq
which consists of five reassortant rotavirus strains and
contains the major antigenic types of human rotavirus,
i.e. G1-G4, and P8 (7, 9).

Although there have been some nationally based re-
ports on the molecular epidemiology of rotavirus diar-
rhea in Iranian children, continuous surveillance studies
are important not only as a means of monitoring new
genotypes, but also to track changes in circulating geno-
types. In addition, on the basis of data collected from 44
studies carried out in the Middle East and North Africa,
rotavirus impose a heavy health burden on children less
than five years-of-age (15), however, current burden of ill-
ness data specific to the Middle East and North Africa is
limited (15).

2. Objectives

The aim of this study was to investigate VP4 genotype
variability of group A rotavirus strains among children
hospitalized with AGE in the Bahrami Children’s Hospi-
tal, Tehran, Iran, from January 2000 to January 2010.

3. Patients and Methods

This study was conducted as a case-series to recruit all
children from birth to 14 years-of-age admitted to the
Infectious Disease Ward of Bahrami Children’s Hospi-
tal, due to acute non-bloody gastroenteritis, in the time
period January 2009 to January 2010. It should be men-
tioned that based on the hospital's protocols, acute diar-
rheal cases are admitted to the Infectious Disease Ward
based on the following criteria: moderate to severe dehy-
dration, and/or unable to tolerate oral hydration despite
initial rehydration. Nevertheless, later on, children with
nosocomial, chronic diarrhea, food intolerance, and diar-
rhea related to antibiotics, were excluded from the study.

In this study, diarrhea was defined as the passage of
three or more loose or watery stools per day (16), though
absolute limits of normalcy were difficult to define. The
study lasted a full year to cover all of the seasons of a year,
in order to oversee the seasonal variability of rotavirus
diarrhea. To improve recording of the intended variables,
and track the rotavirus infected cases, a questionnaire
was designed and implemented. The questionnaire in-
cluded demographic data: age, sex, date, and a summary
of signs and symptoms at the time of admission; estimat-
ed level of dehydration, fever, and the presence of nausea
and vomiting.

All of the patients and their parents were informed by
the head physicians regarding the study and its nature,
and consented to participate and share their anonymous
data. Upon consenting, a stool sample was collected im-
mediately, stored at less than -4°C, and finally transferred
to the Virology Lab of the Pasteur Institute to be inves-
tigated further. Specimens were assessed for rotavirus
using RNA-PAGE, and semi-nested multiplex molecular
virology techniques, in order to define specific rotavirus
genotype primers. Following nucleotide sequencing, the
phylogenetic analysis was graphed by means of Gene-
Bank standards.

We used SPSS version 17 for statistical analysis and re-
porting of the results. Moreover, data of the children's
ages was categorized into five distinct groups; birth to
6 months, 6 months to 1 year, 1- 2 years, 2 - 5 years, and
lastly 5 - 14 years. Categorical variables were described as;
frequencies, proportions and continuous variables, and
reported as; means, standard deviations, minimum and
maximum. Bivariate analysis was used to compare rota-
virus positive and rotavirus negative, patient character-
istics were analyzed using Kolmogorov-Smirnov, Mann-
Whitney U, and chi-square statistical tests. In this study,
P values of less than 0.05 were considered as statically
significant.

All research ethics and regulations adopted by the Ira-
nian Medical Commission of Scientific Research were
considered in every step of this study and researchers ad-
hered to these. Academic honesty and trustworthiness,
impartiality and avoiding certain trends have been re-
spected; however, the study was not posed with any other
ethical restriction. The study did not require review by
the Tehran University of Medical Sciences Review Board.

4.Results

In total, 150 stool specimens from children (57 girls and
93 boys) less than 14 years (1.5 months to 9 years; mean
age of 20.9 * 18.19 months), who were admitted to the
Infectious Disease Ward of Bahrami Children’s Hospital
with a diagnosis of acute non-bloody gastroenteritis,
from January 2009 to January 2010, were examined. Fi-
nally, rotavirus group Awas found in 29 specimens (19.3%)
of the recruited cases.
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The majority of the rotavirus group A cases were iso-
lated from children younger than two years-of-age (total
of 25 case: 86.2%), mostly in the 6 months to 24 months
age range (Table 1) (total of 24 case: 83%); nevertheless, ro-
tavirus cases showed no statistically significant (P-value
= 0.0928) difference among the various age groups. On
the basis of the affirmed cases, there was no statistical
significant difference in gender (14 boys versus 15 girls;
P-value = 0.21). From the seasonal view point, most cases
(44.7%) were collected in winter, followed by fall (26%),
and spring (16.7%); however, this also exhibited no statis-
tically significant difference.

Retrospective admission time signs and symptoms in
the rotavirus group A acute gastroenteritis-confirmed
cases included; fever in 82.7% (24 cases) (P value =1), nau-
sea and vomiting in 89.6% (26 cases) (P value = 1), and

moderate dehydration in 86.2% (25 cases) (P-value = 1),
were the main estimated initial dehydration types.

Based on ds RNA genomic analysis, and 10 and 11 seg-
ment migration profile patterns on a PAGE system, the
majority (89.65%) of isolated strains (26 strains), showed
a long electrophoresis type pattern, and less than 10% (3)
exhibited a short electrophore type pattern. Finally, all
extracted strains were serotyped in the P system, and P8
was the dominant P serotype (86.2%) (25 cases), thereafter
P6 and P4 were both found in 6.9% (2 cases) of collected
strains (Table 2).

To compare the recovered sequences in our study with
that of other countries, a phylogenetic tree (Figure 1) was
constructed using the neighbor-joining method with
1000 bootstrap replicates implemented in Molecular
Evolutionary Genetics Analysis (MEGA) software.

Table 1. Age Group Frequency in Rotavirus Acute Gastroenteritis, Nonrotavirus Acute Gastroenteritis, and Total Population

Age Rotavirus AGE ¢, Frequency (%) Non- Rotavirus AGE, Frequency (%) Study Population, Frequency (%)
0-6mo 1(3.4) 15 (12.4) 16 (10.7)

6-12mo 10 (34.5) 40 (33.1) 50(33.3)

1-2y 14 (48.3) 26 (21.5) 40 (26.7)

2-5y 4(13.8) 34(281) 38(25.3)

5-14y 0(0) 6 (5.0) 6 (4.0)

Total 29 (100) 121(100) 150 (100)

2 Abbreviation: AGE, acute gastroenteritis.

Table 2. Rotavirus Sequencing and Their Distribution in Various Seasons

Spring, Frequency (%) Summer, Frequency (%) Fall, Frequency (%) Winter, Frequency (%) Total, Frequency (%)

PS8 6 (20.7%) 3(10.3%) 7(24.1%) 9(31.0%) 25 (86.2%)
P4 0(0.0%) 0(0.0%) 0(0.0%) 2(6.9%) 2(6.9%)
P6 0(0.0%) 0(0.0%) 1(3.4%) 1(3.4%) 2(6.9%)
Total 6(20.7%) 3(10.3%) 8(27.6%) 12 (41.4%) 29 (100.0%)
Upon phylogenetic analysis of the selected P8 rotavirus
g [ 1920 strains, we found that the retrieved sample from our study
- 2044 was most closely related to those reported by Asian and Eu-
2042 ropean countries, including; Russia, China, and Italy.
98 L 2026 . .
_ 5. Discussion
Russia p8
—56: 1988 Rotavirus infection remains one of the most common
5180 causes of severe dehydrating diarrhea worldwide among
children, particularly in children under 5 years (17, 18)
{ Italy P8 and it accounts for 20% - 70% of diarrheal-associated hos-
1977 pitalizations (19, 20). Despite a less defined seasonal dis-
34 China p8 tribution variation, patterns of infection in temperate
554 1986 climates demonstrate peaks mostly in winter and lows
in summer; on the other hand, it has a more consistent
. . . . pattern in tropical environments (21). Based on the most
0.03 0.02 0.01 0.00 recent WHO report (6), deaths due to rotavirus in propor-

Figure 1. P8 Rotavirus Sequence Phylogenetic Tree Using the Neighbor-
Joining Method
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tion to all deaths in children younger than five, range
from 13.8% (in Afghanistan) to almost zero in 27 coun-
tries; Iran is ranked as 43rd with a rate of 5.3 deaths in
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children less than five years (6). The stated rate necessar-
ily supports the need for further studies on this issue,and
undoubtedly motivated the researchers of this study to
investigate rotavirus and its circulating VP4 genotypes.
Our study was conducted among a group of children ad-
mitted for dehydrating non-bloody diarrhea to Bahrami
Children’s Hospital, which serves children from regions
mostly located in the east of Tehran.

Continuous surveillance of circulating rotavirus strains
is definitely an essential step before and after introduc-
ing a vaccine in preventative national health system pro-
grams. This is important, primarily to identify the epide-
miologically dominant rotavirus genotypes throughout
the region (22, 23), to examine the efficacy of the vaccine
(24, 25), and last but not least to track and record the
spread of uncommon rotavirus strains (22), as found by
Farahtaj et al. (26), which is in contrast to previous re-
ports in Iran. All of the above are key contributing factors
required to improve effective preventive measures (17).
Rotavirus induced diarrhea, unlike the bacterial one, is
prevalent in both temperate and tropical regions. It ex-
hibits a distinct winter seasonality in temperate areas
known as 'winter diarrhea,' primarily in the Americas,
and regions with a variety of climates such as Toronto,
Ontario, Canada and Houston, Texas, USA (27, 28); on the
other hand, little is known regarding its seasonal vari-
ability in tropical areas (24°N - 24°S) (28, 29); although a
meta-analysis in the tropics suggests that the rotavirus
infection rate tends to be highest under cool, dry con-
ditions in these areas (29). Previous studies that have
taken place in Iran (27°N - 38°N) reported a winter-sea-
sonal-outbreak consistent with our study (Khalili et al. in
Shahrekord (30), Hamedi et al. in Mashhad (31), and Gho-
rashi et al. in Tabriz (32)), or a spring-seasonal-outbreak
(Amini et al. in Tehran (33), and Zarnani et al. in Tehran
(34)). Our study observed that a seasonal drift might be
due to a range of local climatological factors (29), which
might have altered since 1990 (30), or 2003 (34), till our
study in 2010; however, more research needs to be done
in order to find conclusive reasons.

We found rotavirus in 19.3% of the study population,
but the reported rates vary widely among the past na-
tional studies. Previously, the rotavirus infection rate has
been shown to have a wide range: 78% by Khalili et al. in
Shahrekord (30), 55.6% by Ghorashiet et al. in Tabriz (32),
28.8% by Hamedi et al. in Mashhad (31), 26.3% by Samar-
bafzadeh et al. in Ahvaz (35), 28.5% by Momenzadeh et al.
in Tehran (36), 25% by Amini et al. in Tehran (33), 24.6% by
Farahtaj etal. in Tehran (26),19% by Modaress et al. in Teh-
ran (12), and 15.3% by Zarnani et al. in Tehran (34).

This wide spectrum of prevalence across the country
stresses the need for continuous epidemiological stud-
ies. Moreover, research studies in Tehran have been repre-
sentative of rotavirus frequency in a band of 15.3% - 28.5%
from 1998 (33), to our study in 2010.

The G1P8 genotype has been reported as the most preva-

lent rotavirus genotype in many of the past international
studies (18, 37-39). In addition, P8 has also been reported
by many national studies, including Khalili et al. (74% in
146 strains) (30), Modaress et al. (66.3% in 133 strains) (12),
and Farahtaj et al. (59.2% G1P8 - SGII in 92 strains) (26), as
the most prevalent observed rotavirus genotype in Iran.
As stated previously, our results identified the P8 geno-
type as the most prevalent (86.2%) collected strain.

We recommend prospective studies on confirmed cases
of rotavirus diarrheal illness from various parts of Iran
to identify the distribution of various genotypes across
the country. We also suggest adding currently licensed
RotaTeq and Rotarix vaccines containing G1P8 to the vac-
cination components, since the results of the current
study along with previous studies in the region support
the potential efficacy of introducing RotaTeq and Rotarix
vaccines to the Iranian children vaccination program.
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