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Abstract

Background: Human rotaviruses are the most important agents for severe dehydrating diarrhea in children below 5 years old. Rotaviruses 
(RV) is a serious public health problem in developing and developed countries.
Objectives: The aim of this study was to determine the prevalence of rotavirus infection and their genotypes in children younger than 5 
years of age with acute diarrhea in Ahvaz, Iran.
Materials and Methods: For this study, 200 stool samples from children below 5 years of age with acute diarrhea were collected between 
October 2011 and March 2012. Initially all stool samples were tested for rotavirus antigen by ELISA, and positive samples were confirmed 
by RT-PCR targeting the VP6 rotavirus gene. Determination of rotavirus genotypes was carried out by performing RT-PCR for G and P types. 
Altogether, 15 samples were sequenced.
Results: Out of 200 stool samples, 100 (50%) had rotavirus antigen detected by ELISA and 73 (36.5%) were found positive by RT-PCR. Of the 
rotavirus strains identified, only 63 (86.3%) were positive for both VP7 and VP4 while 10 (13.7%) strains were found nontypeable. Rotavirus 
infection accounts for 36.5% of gastroenteritis cases in samples from symptomatic children. The most prevalent rotavirus genotypes were 
G1P [8] (80%) followed by G2P [4] (20%).
Conclusions: Our results suggest that group A rotavirus is a major pathogene of acute diarrhea in Ahvaz city. The genotypes circulating 
are similar with those of other countries.
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1. Background
Human rotavirus is the major agent causing acute diar-

rhea among children younger than 5 years old (1). Rotavi-
rus infections are frequent with high rates of morbidity 
in developed countries and mortality in developing coun-
tries (2). Rotavirus causes 125 million cases of diarrhea and 
more than 600,000 children death annually worldwide 
(3). Rotaviruses are transmitted through direct contact or 
the fecal-oral route (4). Two RV vaccines, Rotarix™ (Glaxo-
SmithKline, Rixensart, Belgium) and Rotateq™ (Merck and 
Co. Whitehouse Station, NJ, USA) have been licensed. Both 
vaccines induce significant protection against rotavirus 
infection in young children in large-scale clinical trials in 
developing and developed countries (5, 6).

As members of the Reoviridae family, the rotavirus ge-
nome consists of 11 segments of double stranded RNA (dsR-
NA) (7, 8), and coding of the 6 structural proteins (VP1-VP7) 
and 6 nonstructural proteins (NSP1-NSP6) help determine 

distinct RV groups A-G. Rotaviruses show great genomic 
diversity. Group A is a common cause of gastroenteritis 
among children, while group B rotavirus causes severe diar-
rhea among adults in China, also rotavirus B (RVB) is known 
to be a cause of acute gastroenteritis among children and 
adults in parts of Asia including China, India, Nepal, Bangla-
desh and Myanmar (9). Group C rotavirus causes diarrhea in 
human sporadically in some parts of the world (8).

Rotaviruses are classified into G (VP7) and P (VP4) types, 
based on genetic diversity of VP7 and VP4 proteins. VP7 and 
VP4 induce neutralizing antibody responses (7). Group A 
rotavirus contains 27 different G genotype and 35 different 
P genotypes (10). The major common rotavirus genotypes 
G1-G4, G9, P [8], P [4] P [6] are reported around the world (11, 
12). G1P [8] is introduced as the dominant genotype world-
wide (13, 14). In addition, different genotypes such as G5, 
G8, and G10 have been reported in several countries (8).
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2. Objectives
Determination of rotavirus prevalence in individual 

countries is helpful to establish seasonality, provide guid-
ance for health care workers to treat acute diarrhea, and 
avoid incorrect use of antibiotics. Due to RV infections 
specifically in children less than 2 years, WHO monitor-
ing for all countries was proposed in 2005 to identify 
common genotypes (15). Rotaviruses show great genomic 
diversity. Genotyping is essential to assess rotavirus epi-
demiology and the potential for vaccine effectiveness, as 
well as the impact of vaccine introduction when it occurs 
(16). Limited information on the molecular characteriza-
tion of the rotavirus genotype circulating is available in 
Iran. The objective of this study was to determine the 
prevalence and its genotyping in Ahvaz city, the capital 
city of Khuzestan province located at south west Iran 
with 1.5 million population.

3. Materials and Methods

3.1. Specimen Collection
After diagnosis of gastroenteritis by a pediatrician, a total 

of 200 fecal samples were collected from children younger 
than 5 years old with acute diarrhea (diarrhea, vomiting, 
abdominal pain less than 2 weeks) referred to Aboozar 
children’s hospital, Ahvaz city, from October 2011 through 
March 2012. Since the peak season has been noted during 
October to March in other studies, we chose to enroll pa-
tients only between October and March. Aboozar hospital 
is the only pediatric hospital in Khuzestan province. De-
mographic data and clinical information such as severity 
of diarrhea (mucus, watery), vomiting, fever ≥ 38°C, age, 
sex, and type of nutrition breast milk, milk formula were 
also collected from each patient (Table 1). All stool samples 
were negative for the presence of WBC, parasites, ameba 
and bacterial culture for salmonella, shigella and other 
pathogenes. Samples were transported on ice to the virol-
ogy department, and stored at −70 Cº until virologic test-
ing was performed. According to WHO recommendation 
children were divided into 9 age groups: 0 - 2, 3 - 5, 6 - 8, 
9 - 11, 12 - 17, 18 - 23, 24 - 35, 36 - 47 and 48 - 60 months (17). 
This study was approved by the ethics committee of Ahvaz 
Jundishapur University of Medical Sciences.

3.2. Laboratory Testing
All stool samples were tested by a commercial ELISA test 

kit (Generic Assay GmbH, Dahlewitz, Germany) according 
to the manufacturer’s instructions.

3.3. RNA Extraction and cDNA Synthesis
Viral RNA was extracted from fecal suspensions using 

the high pure viral nucleic acid kit (Roche Diagnostics 
GmbH, Mannheim, Germany) according to the manufac-
turer’s instruction, followed by preparation of cDNA (Fer-
mentas company).

3.4. RT-PCR for VP6
Samples positive by ELISA were tested by RT-PCR using 

specific primers for VP6 to confirm rotavirus. VP6-For-
ward: GACGGV(c)GCR(b)ACTACATGGT and VP6-Reverse: 
GTCCAA-TTCATN(d)CCTGGTG [c = (N = A,T,C or G), b = (R 
= A or G), d = (Y = C or T)] (18). The reaction mixture con-
taining 2.5 µL PCR reaction buffer with MgCl2 10X (Roche, 
Germany), 0.5 µL dNTPs 10 mM (Roche, Germany), 0.2 µL 
of Taq DNA polymerase 5U (Roche, Germany), 0.25 µL of 
each primer (100 pmol) and 2 µL of the template. PCR was 
performed on Techne Thermocycler (UK) for 35 cycles. Cy-
cling conditions were as follows: 95°C for 10 minutes; 35 
cycles at 94°C for 45 seconds, 50°C for 45 seconds, 72°C for 
45 seconds, and a final elongation at 72°C for 10 minutes. 
The expected PCR product was 382 bp. PCR product was 
subjected to electrophoresis on a 2% agarose gel, stained 
with DNA safe stain, and observed under ultraviolet light.

3.5. RT-PCR for VP7 (Genotyping G)
The positive samples for Vp6 gene, were tested by RT-

PCR using common primers for VP7 gene.VP7-Forward: 
ATGTATGTTATTGAATATACCAC and VP7-Reverse: AACTT-
GCCACC-ATTTTTTCC (19). The next cycle of PCR was car-
ried out on the same condition with different amount of 
template (3 µL) and number of cycles (30 cycles). Cycling 
conditions were as follows: 94°C for 4 minutes; 30 cycles 
at 94°C for 1 minute, 42°C for 1 minute, 72°Cfor 2 minutes; 
and a final elongation at 72°C for 7 minutes. The expected 
PCR product was 881 bp. The PCR product was subjected 
to electrophoresis on a 1.5% agarose gel, stained with DNA 
safe stain, and observed under ultraviolet light.

3.6. RT-PCR for VP4 (Genotyping P)
The positive samples for Vp6 gene, were tested by RT-

PCR using common primers for VP4 gene. Con 3: TG-
GCTTCGCCATTTTATAGACA and Con 2: ATTTCGGACCAT 
TTATA-ACC (20). The last cycle of PCR was carried out on 
the same condition with different amount of template (3 
µL) and number of cycles (30 cycles). Cycling conditions 
for the VP4 gene PCR were as follows: 94°C for 4 minutes; 
30 cycles at 94°C for 1 minute, 45°C for 1 minute, 72°C for 
2 minutes; and a final elongation at 72°C for 7 minutes. 
The expected PCR product was 876 bp. PCR product was 
subjected to electrophoresis on a 1.5% agarose gel, stained 
with DNA safe stain, and observed under ultraviolet light.

3.7. Nucleotide Sequencing
The PCR product of 15 samples positive for VP7 and VP4 

were sequenced by Bioneer company, South Korea.

3.8. Ethical Consideration 
This project was approved by health research institute 

for infectious and tropical diseases research center, Jundis-
hapur University of Medical Sciences. All experiments 
were performed in compliance with relevant laws and 
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institutional guidelines and in accordance with the ethi-
cal standards of the declaration of Helsinki. Stool samples 
were collected only from those patients who were inter-
ested to donate their stool voluntarily. The information of 
each patient under the study was preserved confidentially.

3.9. Statistical Analysis
The statistical analysis was performed using SPSS (ver-

sion 17) software for comparisons of variables using 2 × 
2 tables with χ2 test. A P value of ≤ 0.05 was considered 
statistically significant.

4. Results
Two hundred stool samples collected from 121 boys and 

79 girls were collected during October 2011 to March 2012. 
The patients’ age was between 1.5 to 60 months, with a 
mean age of 17.40 ± 16.74 months. Altogether, 100 (50%) 
of the 200 stool samples were positive by ELISA. Of these 
100 sample 73 (36.5%) showed positive VP6 by RT-PCR, con-
firming rotavirus infection. The most positive rotavirus 
infections with 21 (28.8%) cases were found among the age 
group 6 - 8 months and the lowest was 2.7% among the 
age group 36 - 47 months (P = 0.34) (Figure 1).

Monthly distribution of rotavirus diarrhea among chil-
dren < 5 years of age at Aboozar children’s hospital, Ahvaz 
city during October 2011 - March 2012 was as follows: 15.07% 
in October, 15.07% in November, 31.51% in December, 8.22% 
in January, 2.74% in February and 27.4% in March. The peak 
rotavirus infection occurred in December. The highest 
prevalence of rotavirus was 31.5% observed in December, 
and the lowest rate of 2.7% occurred in February (P = 0.01).

The relation between type of nutrition and rotavirus 
infection was examined. 37.3% of patients with non-rota-
virus gastroenteritis were breast-fed versus 26.7% of pa-
tients with rotavirus infection (P = 0.00).

The clinical symptoms in 73 patients were as follows: 
vomiting in 67 (91.8%), fever in 53 (72.6%) (Table 1).

G and P typing was done for 73 samples. Out of 73 sam-
ples, 63 (86.3%) cases were positive for both VP7 (genotype 
G) and VP4 (genotype P). Ten (13.7%) samples were non-
typeable (4.1% for G genotype and 9.6% for P genotype).

The results of sequencing for G-P combinations were as 
follows: an overall predominance of genotype G1P [8] (80%) 
was found during the period of study, with lower incidence 
of genotype G2P [4] (20%). GenBank accession numbers 
for our nucleotide sequences were as follows: KF992572, 
KF992573, KF992574, KF992575, KF992576, KF992577, 
KF992578, F992579, KF992580, KF992581, KF992582, 
KF992583, KF992584, KF992585, KF992586 (Figures 2 and 3).
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Figure 1. Age Distribution of Rotavirus Isolated From Children With 
Diarrhea

Table 1. Demographic Data and Clinical Featuresa

Rotavirus Infection (Detected in 73 Patients) Rotavirus Infection (Not Detected in 127 Patients) P Value b

Gender 0.80

Male 61.6 59.8

Female 38.4 40.2

Age 0.27

> 2 years 17.8 19.7

< 2 years 82.2 80.3

Vomiting 91.8 50.4 0.00 c

Fever ≥ 38°C 72.6 54.3 0.01 c

Watery stools 39.7 32.3 0.15

Type of nutrition 0.00 c

Breast milk 26.7 37.3

Milk formula 40 9.8

Non-milk 33.33 52.9
aData are expressed in % of subjects infected with rotavirus and patients with non-rotavirus infection.
bχ2 test was used to provide the P values.
cStatistically significant difference.
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Figure 2. Phylogenetic Tree Based on G Genotype Which Was Drawn Using Mega 5.2 Software

JN001862.1-G1P8-Pakistan

jx273723.1-G1P8_Pakistan

HM130948.1-G1-South Korea

KF992579 (Ahvaz Isolate)

JF719063.1G1-Iran

GU392996.1-G1 Germany

FJ154963.2-G1-Iran

FJ154962.1-G1-Iran

KF992574 (Ahvaz Isolate)

GQ452914.2-G1P8-Russia

JX841120.1-G1P8-Russia

96

74

47

94
96

87

97100

99

9859

99
77

80
96

66
100

28

3065

22

20

31

57

0.05

100
77

KF992576 (Ahvaz Isolate)

KF992572 (Ahvaz Isolate)

KF992573 (Ahvaz Isolate)

AB534522.1-G1P8-Bangladesh

EF585216.1-G1-Italy

EF585216.1-G1-India

GQ996880.1-G1-Thailand

HQ392321-G1P8-Belgium

JF490088.1-G1P8-Australia

JF490803.1-G1P8-USA

EU531354.1-G8-Iran

AF104102.1-G8-Egypt

JX156636-G8-Taiwan

EU546000.1-G2-Iran

KF992577 (Ahvaz Isolate)

KF992578 (Ahvaz Isolate)

KF992580 (Ahvaz Isolate)

EF690781.1-G2P4-Bangladesh

JQ837882.1-G2P4-Indonesia

JQ043276.1-G2-Thiland

KF992575 (Ahvaz Isolate)

JX273718.1-G2P4-Pakistan

HM130951.1-G2-South Korea

JQ686673.1-G2-Pakistan

JX841121.1-G2P8-Russia

JX841124.1-G2-Russia

EU545999.1-G4-Iran

EU545998.1-G4-Iran

GU979200.1G4-Germany

Human Rotavirus B

Genebank accession numbers are also given.



Azaran A et al.

5Iran J Pediatr. 2016; 26(2):e2080

Figure 3. Phylogenetic Tree Based on P Genotype Which Was Drawn Using MEGA 5.2 Software
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5. Discussion
Rotaviruses is the single most important cause of severe 

diarrhea illness in infants and young children worldwide, 
accounting for 30% to 50% of acute diarrheal illnesses (21). 
Typing of circulating strains is beginning to occur world-
wide as rotavirus vaccines become more widely avail-
able and implemented into some countries’ standard of 
care. In our series RV infection was detected in one third 
(36.5%) of the children with acute diarrhea. As mentioned 
in the results section, 27 of the 100 rotavirus ELISA posi-
tive specimens were PCR negative. These samples were 
false positives. Sometimes particles in the stool can cause 
a false positive test in ELISA method (22). Brandt et al. in 
cross sectional studies of  infants and young children 
with diarrhea, during a period of 8 years, showed that 
34.5% of children shed rotavirus in feces (23), which is in 
accord with our results. Reports from other countries 
have similarly shown that rotaviruses have been present 
in similar high rates in symptomatic children < 5 years (2, 
24). Our results are similar to those reported from other 
countries including India (36.9%) (25), Denmark (39.9%) 
(26) Greece (13), China (24), Bangladesh (27) (40 - 47.4%), 
Thailand (43.6%), Turkey (36.1%), Pakistan (34%), Jordan 
(33%), Kuwait (40%) and several cities in Iran including 
Tehran (35%), Jahrom (46.2%), Zanjan (31.5%) and Isfahan 
(30.8%) (28-36), although higher than that figures re-
ported from Venezuela (21.3%) (2). In addition, according 
to the WHO-coordinated global Rotavirus surveillance 
network, global median rotavirus detection among 48 
countries was 40% (37). In our study, most rotavirus cases 
60 (82.2%) occurred in children less than 2 years old. In 
this study, no statistically significant relationship was 
found between RV infection, and age groups (P = 0.34). 
In addition, since our study was only conducted over one 
season, we were unable to assess longitudinal changes in 
genotype expression. Similarly, no relationship was docu-
mented between gender and RV infection as it has been 
reported in other studies (P = 0.80) (38, 39).

Seasonality of RV in our study was similar to that of 
other countries with temperate climate, where RV peak 
is observed in cold seasons; however in countries with 
tropical or subtropical climates, the virus circulates 
year-round (39-41). Breast feeding has appeared to have a 
protective action against rotavirus infection (42, 43). The 
rate of infection in infants who nourish through breast 
feeding is low, because maternal antibodies that are the 
result of previous infections are transmitted with breast 
milk and protect newborns against serious rotavirus in-
fections (38, 42). This study shows that a higher percent-
age of RV gastroenteritis occurred in children who re-
ceived milk formula (40%) compared to those who were 
fed breast milk (26.7%). Furthermore, 37.3% of patients 
with non-rotavirus gastroenteritis were breast-fed ver-
sus 26.7% of patients with rotavirus infection; Therefore, 
a statistically significant difference was found between 
rotavirus diarrhea and type of nutrition (P = 0.00). In this 

research, children with rotavirus infection had similar 
rates of vomiting 67 (91.8%) and fever 53 (72.6%) as in other 
studies (22). There is statistically a significant difference 
between rotavirus infection and fever ≥ 38°C (P = 0.01), 
also between RV infection and vomiting (P = 0.00).

Molecular characterization of the rotavirus genotyping 
circulation has been studied in several cities in Iran (42, 
44). One purpose in this study was to determine the VP7 
(G genotype) and VP4 (P genotype) of the rotavirus strains. 
We identified G1 and G2 strains in this study but no G3 and 
G4 strains were detected. In the present study, the most 
common rotavirus G genotype was G1 (55.6%) followed by 
G2 strain 44.4 %. The rate of P genotype analysis showed 
that RV strains with P [8] comprised 83.3% and P [4] 16.7%. 
The most prevalent G-P combination of the rotavirus geno-
typing was G1P [8] (80%) followed by G2P [4] (20%). In group 
A rotavirus G1-G4, G9, P [8], P [4], P [6] with combinations of 
G1P [8] are dominant around the world (11-14, 22). In Tehran 
city the most predominant rotaviruses combination gen-
otypes was reported G1P [8] (44). In our study13.7% of de-
tected RV was nontypeable. Nontypeable RV have been re-
ported by other investigators too. Vizzi et al. has reported 
5.7% nontypeable RV in Valencia, Venezuela (2). Also Kargar 
et al. has reported 12.5% nontypeable rotavirus in Jahrom 
(45). New primer design may be required for recognition 
of nontypeable genotypes.

To clarify the relationship between the RV isolates, phy-
logenetic analysis was performed based on VP7 and VP4 
regions. RV nucleotide sequences were aligned by Muscle 
(Mega 5.2 software). The nucleic acid identity among 
KF992572, KF992573, KF992576 and RV isolates from Ban-
gladesh, Italy, India, Thailand, Belgium, Australia, USA, 
and Pakistan were 99%. KF992575, KF992577, KF992578 
and KF992580 grouped on one major branch. KF992579 
strain has relatively high (99%) amino acid identities with 
two isolates from Pakistan and one isolate from South Ko-
rea. This tree demonstrated that KF992574 was 99% iden-
tical to Russia isolates (Figure 2).

 Figure 3 shows the nucleic acid identity between Ahvaz 
isolates and other isolates ranging 96 to 99%.

Rotaviruses are responsible for high morbidity and mor-
tality in children below 5 years in developed and develop-
ing countries (2). In our study the exact rate of morbidity 
and mortality is not well documented, so the feature of 
the applications of the rotavirus vaccine is opaque. The 
world health organization recommends rotavirus vac-
cine for all high prevalence regions. It seems according to 
high prevalence of the disease and its resulted costs and 
because vaccination is a cost-effective method of preven-
tion of this disease, the use of vaccine is profitable in the 
vaccination schedules in the developing countries (15). 
Also the evidence regarding vaccine efficacy, based on the 
threshold of WHO, implementation of a national rotavi-
rus vaccination program is suggested (46).

The limitations of the study conducted include the lack 



Azaran A et al.

7Iran J Pediatr. 2016; 26(2):e2080

of a full year of surveillance, even though previous stud-
ies have provided information on seasonality. In future 
we would be interested to continue this work on full year 
of surveillance. Furthermore, the substantial frequency 
of non-typeable genotypes proves the necessity of using 
new primer for characterization of unusual genotypes.

We note that this study was limited to the detection of 
RV, but that other viruses that are important causes of 
gastrointestinal infection such as enteric adenoviruses 
(serotypes 40 and 41), noroviruses, sapoviruses, astrovi-
ruses, and toroviruses (47) were not studied.

5.1. Conclusions
Group A rotavirus is a major pathogene of acute diar-

rhea in Ahvaz city. In summary, this is the first report of 
sequencing of rotavirus strains in south Iran. Out of 200 
stool samples, 100 (50%) had rotavirus antigen detected by 
ELISA and 73 (36.5%) were found positive by RT-PCR. G1P [8] 
was the predominant type followed by G2P [4] strain in this 
region. As to high prevalence of rotavirus infection, contin-
uous surveillance is needed to inform diarrhea prevention 
programs as well as to provide information about the inci-
dence of new rotavirus strains. This will assist policy mak-
ers in decision making on rotavirus vaccine introduction.
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