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ABSTRACT
Background
Rotavirus gastroenteritis is the major cause of morbidity and mortality in infants
and young children worldwide. Safe and effective rotavirus vaccine is needed to
have significant impact on severe rotavirus gastroenteritis. Currently, two live oral
rotavirus vaccines have been licensed in many countries. Knowledge on distribution
of human rotavirus of G and P types are essential before rotavirus vaccines are
introduced in the target populations.
Objective
To observe the trends of rotavirus strains in children below five years of age, during
the years, 2003-2005 in Nepal.
Methods
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Stool specimen collected from children with acute diarrhea who were referred to
observation unit or hospitalized in Kanti Children’s Hospital between 2003 and 2005
were examined. Meteorological data was obtained from Ministry of Environment,
Nepal to examine the possibility on the impact of weather on rotavirus infection.
Results
Of 1250 stool specimens, 271(22%) were positive for rotavirus by Rotaclone ELISA.
G1 was the most common serotype in the first year of study, and G2 in the following
year. G12 serotype emerged and remained predominant in two consecutive years.
In addition, G9 and G3 emerged in the second year of the study. Children less than
three years of age were commonly affected. The records reveal that rotavirus
infection is related to the climate, and is commonly seen in the dry season, peaking
in January.
Conclusions
Continued surveillance of different regions is needed to monitor the trend of
rotavirus strains and to establish rotavirus disease burden, which will help policy
makers to make a decision in introducing rotavirus vaccine in Nepal.
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INTRODUCTION
Rotavirus is a major cause of acute gastroenteritis
(AGE) in children under five years of age worldwide. It is
estimated that 702,000 children deaths occurs due to
rotavirus gastroenteritis annually, the majority occurring in
developing countries.1 Currently two live, oral, attenuated
rotavirus vaccines have been developed and are now
introduced in childhood immunization schedules in more
than 100 countries.2
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Rotavirus, a genus within the Reoviridae family, has 11
segments of double stranded RNA as its genome. Segment
nine and four code for VP7 and VP4 proteins respectively
and are the major neutralization antigens. VP7 defines the
G (glycoprotein) and VP4 defines the P (protease -sensitive)
genotypes.3 Currently 15 G and 26 P genotypes have been
found in humans and animals.4 Globally G1, G2, G3, and
G4 are the most common G genotypes and commonly
combined with P [8], P [4] and P [6].5 Uncommon serotypes
G5, G8, G10, G11, and G12 were reported from various
parts of the world.6-10
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Nepal is a resource-poor, sub-tropical and landlocked
country in South Asia, bordering the People’s Republic of
China to the north and India to the east, west and south.
Nepal has four seasons: spring (March-May), summer
(June-August), autumn (September-November) and winter
(December-February). In addition, there are rainy monsoon
season (June-September) and dry season (October-May).
Mortality rate among children less than five years of age
remains high in Nepal, and diarrheal disease is a major
contributor.11 Among diarrheal diseases, rotavirus is one of
the most common causes of non bacterial gastroenteritis
in children.12-16 Although, several studies have been
done on rotavirus gastroenteritis in Nepal, molecular
characterizations of rotavirus gastroenteritis have only
been initiated since 2003.17 Two rotavirus vaccines (Rotateq
and Rotarix) are now made available in the global market.
In anticipation of rotavirus vaccine in the routine childhood
immunization schedule in Nepal, the present study
attempts to observe the trend of rotavirus strains circulating
in children less than five years of age between 2003 and
2005. This information will provide the background to the
evaluation of vaccine effectiveness after the introduction
of rotavirus vaccine in Nepal.

Figure 1. Distribution of rotavirus G serotypes among children,
betweSeptember 2003 and July 2005 in Kanti Children’s
Hospital Kathmandu, Nepal.

METHODS
Stool specimen were collected from children less than five
years of age with acute diarrhea who were referred to
observation unit or hospitalized in Kanti Children’s Hospital
(KCH) between 2003 and 2005. They were examined in
order to identify the distribution of rotavirus G serotypes.
A commercially available enzyme-linked immunosorbent
assay (ELISA) kit (Rotaclone; Meridian Bioscience Inc.,
Cincinnati, OH) was used to detect group A rotavirus
antigen. G types were determined by reverse transcriptionPCR (RT-PCR) using a method described previously18 and
non-typeable samples were further characterized by
sequencing.17,19 Meteorological data was obtained from
Department of Science and Technology, Department of
Hydrology and Meteorology, Ministry of Environment,
Nepal to examine the impact of weather on rotavirus
infection. Statistic analysis was performed using Epi Info
(Version 3.5.1) software package when appropriate and P
values of <0.05 were defined as statistically significant.

Figure 2. Age distribution of rotavirus infection among children,
between September 2003 and July 2005 in Kanti Children’s
Hospital, Kathmandu, Nepal.

RESULTS
The present study was carried out between 2003 and 2005 at
KCH, Kathmandu. Among stool samples taken from children
less than five years of age with AGE, 22% (271/1250) were
positive by ELISA method. Of 666 samples, 116(17%) were
positive for rotavirus in 2003-2004, whereas 155(27%) out
of 584 samples in 2004-2005.
In 2003-2004, molecular study was initiated, where the
most commonly detected serotype was G1 (77%) followed
by G12 (20%)17 (Fig.1). In contrast, G2 (39%) was the most

Figure 3. Seasonal trend of rotavirus detection in children less
than 5 years, between September 2003 and July 2005 in Kanti
Children’s Hospital, Kathmandu, Nepal.
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commonly identified VP7 serotype followed by G12 (23%)
in 2004-2005.19 In this regard G12, an unusual serotype,
was found to be emerged and stable in two consecutive
years. G12, an unusual serotype was emerging during two
consecutive years: 2003-2004 (Fig. 1) and 2004-2005.
Rotavirus was detected in all age groups in children.
However, more than 85% of rotavirus cases were detected
among children in less than three years of age (Fig.2).
In order to clarify the impact of climate on rotavirus
infection in Nepal, we examined the monthly detection
of rotavirus infection and compared them with average
temperature and rainfall. Although rotavirus was detected
throughout the year, there was a seasonal variation in
occurrence of rotavirus infection, peaking in January (Fig.
3). Rotavirus infection mostly occurred during the cool and
dry season from December to February.

DISCUSSION
Diarrhea among children less than five years of age is one
of the major public health problems in Nepal. Physicians
often do not seek pathogens responsible for the diarrhea
because it does not change the treatment plan. Among
diarrheal pathogens, rotaviruses have been identified
as the most frequent causative agent in young children.
Very few studies have been done to determine rotavirus
infections, in patients with acute diarrhea in Nepal. While
the detection of rotavirus infection using molecular
technique has not been described before 2003.
In our study, positivity for rotavirus was found in 17% in
2003- 2004 and in 27% in 2004-2005. This is in agreement
with most of previous studies from Nepal, although rotavirus
positivity rate was shown as high as 39%.14 Differences in
positivity rate among studies may be attributable to study
period, places and study design.
G12, an unusual serotype was emerging during two
consecutive years: 2003-2004 (Fig.1) and 2004-2005.
Similar observations were made in India, where G12 has
been continuously reported since 2000.20 Interestingly,
Nepali G12 have been found associated with P [8], P [6]
and P [4] VP4 P genotypes (data not shown).
Whole genome analysis of G12 strains circulating in Nepal
could shed light on their origin and evolution. To our
surprise, G11 was detected in the year 2003-200417; it was,
however, not detected in the following year. Currently,
there has been reported G11 from Bangladesh.9 Nepalese
G11 has shown close genetic relationship with Bangladeshi
G11 strains, when compared to major antigenic regions.17
G11 found in Nepal could be introduced from Bangladesh
and reassorted with locally circulating strains. On the other
hand, it is also possible that G11 was first introduced in
Nepal due to nature of VP7 gene as porcine origin, where
pig farming is common, but uncommon in Bangladesh.21
Close geographical location between Nepal and Bangladesh
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could facilitate the transmission of G11 strain during
people’s movement, could be a possible explanation for
detecting G11 strain in both countries concurrently. In
addition, G3 and G9 have been emerged in the second
year of study, which did not appear in the preceding year,
suggesting that these serotypes might have emerging in
Nepal. Nevertheless, it is important to continue rotavirus
surveillance to support or refute this hypothesis.
Rotavirus was detected in all age groups in children.
However, more than 85% of rotavirus cases were detected
among children in less than three years of age (Fig.2).
Previous studies done in Nepal have shown similar
findings.15,16 However, this was in contrast to other studies
done in India, Pakistan and Bangladesh, where rotavirus
had been mostly occurred (> 90%) during the first two years
of life. 22,23 Nevertheless, age group wise, in 12-23 months,
rotavirus detection rate remained the highest (32.4%) while
48-59 months age group was the lowest (3.3%) (p < 0.001).
We found rotavirus infection to occur mostly during
the cool and dry season from December to February,
peaking in January. This finding was in agreement with
those reported earlier in Nepal.15,16 In rainy monsoon and
summer season (June to September), rotavirus infection
was rarely detected. In contrast, in Bangladesh, rotavirus
infection was also observed to peak during the monsoon. It
was hypothesized that the increase in water level of rivers
resulted in an increased chance of fecal contamination of
water.9 However, the frequency of rotavirus associated
diarrhea in children during rainy monsoon season was not
determined.

CONCLUSION
Rotavirus diarrhea is a serious health problem and life
threatening that affects infants and young children in
developing countries.1 Improved hygiene conditions alone
are not enough to decrease the incidence of rotavirus
associated diarrhea significantly. The implementation of an
effective vaccine against rotavirus diarrhea would be the
best option to address this problem. Currently available
rotavirus vaccines have shown high efficacy in clinical trials
and are undergoing clinical trials in several countries across
Africa and Asia in order to determine their effectiveness.4
Recently the World Health Organization has recommended
global use of rotavirus vaccines. Hence, in anticipating of
rotavirus vaccine in Nepal, this study could provide the key
to understand the trend of rotavirus strains in children less
than five years of age, which will be important for evaluating
the result of vaccine effectiveness in the background of
diverse strains after the introduction of rotavirus vaccine.
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