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Rotavirus infection is very common in develop-
ing countries and occurs at least once in chil-
dren under the age of 5 years. The rate of
detection of rotavirus infection in various age
groups (0–5 years) in patients with gastroenteri-
tis admitted to hospital from the Faisalabad re-
gion, Pakistan is reported. Out of 300 fecal
samples, 189 (57.3%) were positive for rotavirus
by immunoassay. Patients aged 7–12 months
(35.4%) were infected most commonly followed
by the age group 0–6 months (28%). Different
genotypes of rotavirus were identified by hemi-
nested RT-PCR. The most common genotype
was G1P[8] (25.3%), followed by G1P[6]
(21.1%). Other genotypes were G1P[9], G2P[6],
G9P[10]), G3P[8] (1.5%), and G9P[11] (1%).
There were two (1%) cases of mixed G geno-
type, one patient with two genotypes G1, G10
and another patient with 3 genotypes G1, G10,
and G12. There were 6 (3.1%) cases of mixed P
genotypes, 3 P[4], P[11] and 3 P[8], P[11]. These
results provide an outline of rotavirus infection
in this area for the first time. J. Med. Virol.
84:2003–2007, 2012.
� 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Morbidity and mortality for diarrheal disease are
amongst the most critical issues globally and rotavi-
rus is one of the most important causes [Akran et al.,
2010]; it is estimated that 125 million cases of rotavi-
rus infection occur annually resulting in 440,000
deaths. Genotyping shows that Group A rotaviruses
are the major etiological agents of acute infantile diar-
rhea. These viruses are the single most important
enteropathogen in children less than 5 years of age

and responsible for 30–60% diarrheal admissions in
hospitals [Kirkwood et al., 2011].

Rotavirus is a double-stranded RNA virus in the
family Reoviridae. Its genome encodes six structural
proteins (VPs) and six non-structural proteins (NSPs).
For characterization the most important are VP4 and
VP7 proteins which form the outer capsid; both have
a role in the entry of the virus into the host cell and
in the induction of neutralizing antibodies [Gomez
et al., 2011].

Twenty-three G-genotypes and 32 P-genotypes have
been described based on nucleotide sequence variation
[Zeller et al., 2010]. G1, G2, G3, G4, or G9 in combina-
tion with P[4], P[6], or P[8] have been most commonly
detected in humans. In recent years, G12 has
emerged as an important genotype [Ghosh et al.,
2011] and VP7 and VP4 genotype combinations
have been identified in humans as the leading cause
of severe rotavirus disease: G1P[8], G3P[8], G4P[8]
and G9P[8] and G2P[4] [Martella et al., 2011]. In
addition to these global rotavirus strains, some new
strains have emerged from different regions of the
world, which have related, but not identical, geno-
types with existing strains [Matthijnssens et al.,
2009].

As geopolitically defined by the WHO, mortality
remains high in the Eastern Mediterranean Region
(EMR) especially in countries such as Pakistan,
Afghanistan, Sudan, Yemen, and Somalia [Malek
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et al., 2010]. As there is no rotavirus surveillance net-
work, Pakistan does not keep any epidemiological re-
cord. Many epidemics and hospitalizations are never
monitored for rotavirus genotypes [Alam et al., 2009].
Vaccines are available to control this disease and
are the most effective approach for the prevention of
rotavirus mortality and morbidity. In 2009, WHO
recommended the use of vaccines in all countries.
Currently, two vaccines are being licensed in Europe-
an countries, and other vaccines are in early stages of
development [Malek et al., 2010]. As Pakistan has
high incidence of rotavirus infection, there is need for
introduction of vaccination programs.

In this study, the occurrence of rotaviruses in
various age groups of patients admitted to a central
hospital of Faisalabad, Pakistan which caters to a
population of approximately 10 million persons and
their distribution according to G and P genotypes
based on serological and molecular analysis is
reported. This study will be useful as a baseline for
efforts to control rotavirus infection in this region
including the development of vaccines.

MATERIALS AND METHODS

Collection of Samples

Stool samples from 300 children (0–5 years) sus-
pected of rotavirus infection were collected at the
DHQ Hospital, Faisalabad from 4th May 2010 to 15th
September 2010. The children with acute gastroenter-
itis were tested for detection of rotavirus infection.
The inclusion criteria for the study were all or any of
the following signs and symptoms: stomach pain/
cramps; diarrheal stool; high fever/seizures; vomiting;
and mucus in the stool. Collection of feces was carried
out in glycerol saline buffer (dipotassium phosphate
22.7 mM [3.1 g/L], monopotassium phosphate 7 mM
[1 g/L], phenol red 0.003 g/L, and sodium chloride
72 mM [4.2 g/L], pH 7.2). Samples were stored at 48C
and tested within one week. Epidemiological and
patient history data including age, sex, social
background, duration of illness, clinical diagnosis,
and physical appearance of the stool specimen were
obtained using questionnaires.

Detection of Rotavirus in Fecal Samples

Stool specimens were screened using a commercial
immunoassay kit (Virotect Rota, OD038 Kit, Omega
Diagnostic, UK) according to the manufacturer’s
instructions. Rotavirus positive samples were selected
for further studies.

RNA Extraction for Genotyping

Rotavirus dsRNA was extracted from 150 ml of stool
sample using viral RNA extraction kit (NucleoSpin,
Cat. #740956.250, Macherey-Nagel, Germany) accord-
ing to the provided protocol. RNA was eluted in 50 ml
RNase free water.

cDNA Synthesis and Consensus PCR

Extracted RNA was transcribed to cDNA using
Promega AccessQuickTM RT-PCR System (Cat.
#A1702) and consensus PCR was performed using G
type and P type consensus primers [Gomara et al.,
2001; Simmonds et al., 2008]. The concentration of G
and P type primers was 10 and 20 mM, respectively.
The reaction was carried out with an initial reverse
transcription step at 428C for 1 hr for P types and at
458C for 45 min for G types. It was followed by a PCR
activation step at 948C for 2 min and 35 cycles of
amplification (948C for 1 min, 528C for 1 min, and
728C for 1 min) with a final extension step at 728C for
7 min.

Multiplex PCR

Rotavirus isolates were further characterized by
VP4 and VP7 strain specific multiplex hemi nested
PCR. VP7 reverse primer was used in multiplex PCR
together with G1, G2, G3, G4, G8, G9, G10, and G12
for G types [Iturriza-Gomara et al., 2004]. For P types
VP4F primer was used in combination with P typing
primers P [4], P [6], P [8], P [9], P [10], and P [11]
[Simmonds et al., 2008].

Statistical Analysis

Statistical analyses were carried out using SPSS
version 13. Chi-Square was used to check the signifi-
cance of differences between proportions and ANOVA
to test the significance of differences between means.
A P-value of <0.05 was considered as significant.

RESULTS

A total of 300 samples were collected from patients
(0–5 years) suffering from gastroenteritis. Rotavirus
positive samples (189; 57.3%) were processed further
for subtyping.

Age Groups

Patients were divided into 10 groups. Age group 2
(7–12 months) was the group most affected by rota-
virus infection (73 [38.6%]), followed by age group
0–6 months (59 [31.2%]) indicating that the disease is
most prevalent during first year and accounts for
nearly 2/3rd of all cases. Similar pattern was reflected
in rotavirus positive samples as well and age group 2
was dominant. As expected, there was a significant
decrease in rotavirus positive samples in age groups
12–18 months and 19–24 months but the number was
still considerably high (31 [21%]). A sharp decline in
rotavirus infection was observed after 2 years of age
and total cases between 2 and 5 years were only 40
(13.3%). The proportion of rotavirus positive samples
was higher in males (107 [61.1%]) as compared to
females (65 [52%]) but no significant association was
found between sex and rotavirus infection (x2 ¼ 2.26,
P > 0.0).
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Prevalence of G Types

Among 189 rotavirus positive samples, 172 (91%)
were positive with G type specific primers. G1 was the
most prevalent genotype (114 cases [60.3%]) followed
by G9: 21 (11.1%). Prevalence of other G types in
descending order was G10: 15 (7.9%); G2: 9 (4.7%);
G12: 5 (2.6%); G3: 3 (1.5%); and G4: 3 (1.5%). As
shown in Table I, mixed infection was seen in 2 cases
(1%), one showing co-infection with 2 genotypes (G1,
G10) and other with 3 genotypes (G1, G10, G12).

Prevalence of P Types

P genotypes were detected in 140 (74%) samples.
Most prevalent genotype was P[8]. It was detected in
51 cases (26.9%). Next most frequently detected geno-
type was P[6] which was found in 48 (25.3%) cases.
Prevalence of other P types in descending order was
P[10]: 9 (4.7%), P[9]: 6 (3.1%), and P[11]: 2 (1%).
There were 6 (3.1%) cases of mixed infection of P[4],
P[11], and P[8] (Table I). No P type could be assigned
to cDNA prepared from 18 samples (9.5%) using P
type consensus primers. These samples were success-
fully processed for G types using consensus primers.
Thirty-two (16.9%) samples were not type able as any
P type.

Combination of G and P Types

Different G and P genotype combinations were
detected (Table I). Most common was G1P[8] (25.3%),
followed by G1P[6] (21.1%), G2P[6] (4.2%), G9P[10]
(4.2%), G1P[9] (3.1%), G3P[8] (1.5%), and G9P[11]

(1%). There were 2 (1%) cases of mixed G genotype,
one with two genotypes G1, G10, and other with three
genotypes G1, G10, G12. There were 6 (3.1%) cases of
mixed genotypes of P, that is, three with P[4], P[11]
and three with P[8], P[11].

DISCUSSION

In this study, the epidemiology of rotavirus infec-
tion in infants and young children with gastroenteri-
tis admitted to District Headquarter Hospital,
Faisalabad was investigated. It is one of the main hos-
pitals providing services to Faisalabad region, which
has a population of more than 10 million and consti-
tutes a major part of central Pakistan. The samples
were collected in peak months from May to September
in 2010. The data obtained from this study have pro-
vided some important features of the epidemiology of
rotavirus in this area. However, as data were generat-
ed during a small period of 5 months, they may not be
representing a broader picture, which might have
emerged by a study conducted for several years.

Rotavirus infection occurs between 0 and 23 months
of age. As compared to other ages, children aged 7–
12 months are found to be more susceptible to rotavi-
rus infection [Gray et al., 2008]. Findings from this
study were in accordance with the current report and
age group 7–12 months was most affected (73 [38.6%])
followed by age group 0–6 months (59 [31.2%]) indi-
cating that the disease is most prevalent during first
year. A sharp decline was observed after 2 years of
age and total cases from 2 to 5 years were only 25
(13.3%). Duration of illness was significantly higher
in rotavirus positive patients (mean ¼ 3.88 days) as
compared to rotavirus negative patients (mean ¼ 2.78
days) (t ¼ �2.408, P < .05).

Currently, 42 different combinations of G and P
genotypes are reported; globally there are five geno-
types most prevalent in humans (G1P[8], G2P[4],
G3P[8], G4P[8], and G9P[8]). These genotypes cause
>90% of human rotavirus cases detected worldwide
[Shim et al., 2010].

Over the last decades, G1 rotavirus has been
responsible for acute gastroenteritis in children
[Khamrin et al., 2007]. In this study, seven G types
(Table I) were detected. As expected, G1 was the most
prevalent (114 cases [60.3%]) G type. It was followed
by G9 (21 [11.1%]) and G10: 15 (7.9%). Five P sero-
types were detected in 144 (74%) samples (Table I).
P[8] was the most prevalent (51 cases ([26.9%])
followed by P[6] (48[25.3%]). There were 6 (3.1%)
cases of mixed infection of P[4], P[11], and P[8].

Among the five most common genotypes, G1P[8] is
the most predominant in children of both developed
and developing countries. This genotype is responsible
for 50–65% rotavirus infections in children [Arora and
Chitambar, 2011]. G1P[8] was also reported as the
most dominant genotype in studies conducted in
Karachi, Pakistan during 1990–1997 and 2005–2009
[Qazi et al., 2009].

TABLE I. G and P Types Combinations Detected in 189
Serotype Positive Samples

G/P combination No. of strains (%)

G1 114 (60.3)
G1P[8] 48 (25.3)
G1 no P 07 (3.7)
G1P[6] 40 (21.1)
G1P[9] 06 (3.1)
G1 PcDNA 13 (6.8)

G2 09 (4.7)
G2P[6] 08 (4.2)
G2 no P 01 (0.5)

G3 03 (1.5)
G3P[8] 03 (1.5)

G4 03 (1.5)
G4 no P 03 (1.5)

G9 21 (11.1)
G9P[10] 08 (4.2)
G9, P[4], P[11] 03 (1.5)
G9, P[8], P[11] 03 (1.5)
G9P[11] 02 (1.0)
G9 PcDNA 05 (2.6)

G10 15 (7.9)
G10 no P 15 (7.9)

G12 05 (2.6)
G12 no P 05 (2.6)

Mixed 02 (1.0)
G1, G10, no P 01 (0.5)
G1, G10, G12, P[10] 01 (0.5)
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Although G1P[8] is the predominant genotype circu-
lating globally, G2 has also emerged intermittently
and randomly as the major cause of rotavirus gastro-
enteritis especially in Brazil and Korea. Although G2
is usually associated with P[4], there have been recent
outbreaks of G2P[6] [Han et al., 2010; Clark et al.,
2011]. The dynamism of rotavirus infections is further
reflected by the observation that G3P[8] was the sec-
ond most important genotype in Africa between 1982
and 2001 and 1989 and 2004 [Esona et al., 2010]. In
this study, G4 was detected in 1.5% cases with non-
typeable P type. The prevalence of G4 was reported as
8.4% in a previous study (1990–1997) from Karachi,
Pakistan [Qazi et al., 2009].

The findings in this study had a unique pattern.
Although G1P[8] was most common as expected
(25.3%), G1P[6] (21.1%) was not lagging far behind.
These genotypes were followed by G2P[6] and
G9P[10] (4.2%), G1P[9] (3.1%), and G9P[11] (1%). It is
worth mentioning that G1P[9], G2P[6], and G9P[10]
have not been commonly reported, though G1P[9] was
detected in Korea recently [Han et al., 2010]. G3P[8],
and G9P[11] genotypes (Table I) were detected with
lower frequency as compared with existing reports.

This study shows various combinations of G9 with
P types. Human rotavirus G9 strains were first
reported in children with gastroenteritis in Philadel-
phia in 1983, but they disappeared during the next
season [Clark et al., 2004]. However G9 has since
emerged as the fifth most common type and has been
reported throughout the world though varying in its
prevalence. It is important to note that G9 has higher
susceptibility to genetic change than G1–G4 [Zuridah
et al., 2010]. Our results are not consistent with a
study conducted in Karachi, Pakistan during 2005–
2007 in which G9P[8] was the most dominant geno-
type followed by G1P[8] [Qazi et al., 2009].

G12 was detected for the first time in Pakistan in
2009 [Alam et al., 2009]. In this study G12 was
detected in 2.6% cases with non-typeable P type.

In current study, there were 2 (1%) cases of mixed
G genotype, one with 2 genotypes G1, G10 and other
with 3 genotypes G1, G10, and G12. There were 6
(3.1%) cases of mixed genotypes of P, that is, 3 each of
P[4], P[11] and P[8], P[11]. In a study (2005–2009)
conducted in Karachi, Pakistan the prevalance of
mixed genotypes was lower [Qazi et al., 2009]. Mixed
genotypes are found when many genotypes circulate
at the same time. This phenomenon is more common
in developing countries in which a greater variation of
different genotype combinations is usually detected
[Ribas Mde et al., 2011]. The similarity between rota-
virus strains from different animal species may be
responsible for interspecies transmission and this
may occur by genetic reassortment or as a whole viri-
on [Armah et al., 2010]. Keeping domestic animals is
very common in Pakistan, and humans and animals
usually live closely and share same water reservoirs
in rural settings. In this situation mixed infections
can occur easily as reported in this study.

The cDNA prepared from 18 samples could not be
amplified for any positive results for P type although
processing for G types was successful. For another 32
seropositive samples, no cDNA was obtained. Various
other researchers had similar failure with some speci-
mens. Failure in genotyping may be caused by primer
mismatch due to the high diversity leading to genomic
reassortment, mixed infections, or interspecies trans-
mission [Banerjee et al., 2008; Zuridah et al., 2010].

Rotavirus vaccine is not included in extended
program of immunization (EPI) in Pakistan. For an
effective vaccine, understanding of rotavirus circulat-
ing strains is important. This information is especially
important in countries like Pakistan with high diar-
rheal mortality rate. Unfortunately, no epidemiologi-
cal record regarding the status of rotavirus genotypes
in Pakistan is available [Alam et al., 2009]. There are
only three published reports on rotavirus genotyping
in Pakistan originating from Karachi and Rawalpindi.

This is the first study outlining the molecular diver-
sity of rotaviruses in the Faisalabad region, an area
with a population greater than many countries. It was
found that G1P[8] and G1P[6] were predominant in
this area, with several other unique findings as
reported above. This report may also be helpful as a
reference for vaccine preparation for local needs.
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