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Abstract

Introduction: Rotavirus is the leading cause of diarrhea and dehydration among infants in
both developed and developing countries. The primary objective of this study was to find the
magnitude of rotavirus disease burden and genotypic variations of rotavirus.

Methodology: Questionnaires and stool samples were collected from 1003 enrolled children
under 5 years of age attending tertiary care Children’s Hospital with acute watery diarrhea
during January to December 2012. Rotavirus in stool samples was detected by Enzyme
Immuno Assay (EIA) and strains detected from rotavirus positive samples were genotyped by
Reverse-Transcription Polymerase Chain reaction (RT-PCR).

Results: Among these, 356 (35.4%) cases were positive for rotavirus by EIA, among the
positive cases, 344 samples underwent genotyping by RT-PCR. Rotavirus positive cases were
predominant in children who were admitted to the hospital which was 37.8% (115 out of 336).
Overall G12 was the most prevalent genotype (52.3%), followed by G1 (17.7%), G2 (10.17%)
and G9 (8.1%). The P types identified were P[6] (55.23%), P[8] (20%), and P[4] (12.5%).

Conclusion: The study reveals that rotavirus gastroenteritis accounted for more than one-third
of all cases of acute diarrhea. Use of rotavirus vaccines may reduce of high burden of rotavirus
diarrhea in children. Emergence of G12 and G9 strains proves the immediate need of vaccine
in Nepal.
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Introduction

Human rotaviruses are classified into seven serogroups
(A-G)'%. Group A rotaviruses are largely recognized as
the single most important known aetiological agents of
acute gastroenteritis in both infants and young children
worldwide®#. Currently, 23 G genotypes and 32 P genotypes
have been described (5). Out of them, 12 G and 15 P, the
combinations of G1P8, G2P4, G3P8, and G4P8 are the
most frequently found genotypes in humans>%74,
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Rotavirus belongs to the Reoviridaefamily and the virion
is comprised of three concentric protein layers. The outer
capsid consists of two proteins, VP7 and VP4 that are used
to classify rotavirus strains into G (glycoprotein) and P
(protease sensitive) genotypes respectively (9, 10). Group
A rotaviruses are responsible for 2 million hospitalizations
worldwide; in developing countries, these rotaviruses
cause 4,00,000-5,00,000 deaths annually in children <5

Journal of Institute of Medicine, August, 2013, 35:2 3-10



years old'**.Rotaviruses belong to the Reoviridae, and
their genome consists of 11 segments of double stranded
RNA®. The genesegment coding for the VP7 glycoprotein
is the basis forgenotyping group A rotaviruses into at least
15 G-genotypes.Among them, G1, G2, G3, G4 and G9 are
the mostcommon G-types in humans. Theimportance of
type-specific immunological protectionagainst rotavirus
disease is still under discussion’.

This study confirms the high disease burden of rotavirus
gastroenteritis which might be reduced by the use of effective
vaccines and also emergence of G12 and G9 genotype make
challenge to generate alternate vaccination.

Methodology:

Sample collection and preparation: Human rotavirus strains
were identified from stool samples of children withacute
gastroenteritis who visited government tertiary care
children’s hospital, Kathmandu, Nepal between January—
December 2012. All children were under 5 years and the
samples were collected within two days of admission.
Rotavirus in the stool samples were diagnosedby (Rotavirus
Ag ELISA, Pro Spect, USA).

Clinical methods

Children who were brought to the pediatric emergency unit
were screened for acute watery diarrhea by medical officers
and nurses. The guardians/ caretakers of all enrolled
children were explained about the study and informed
consent was taken.

Study setting, sample and data collection

This cross sectional descriptive study was done using1003
stool samples from patients with acute watery diarrhea with
fever, vomiting and abdominal pain. Stools collected were
stored at —70°C before analysis was done using EIA and
molecular methods. The data and clinical information were
recorded on a standardized questionnaire and entered into
EPI-Info analysis software.

Measurement variables

Data was collected using a pre-coded data collection tool.
Information regarding age, sex, type of nutrition (breast-
fed), hospitalization and clinical symptoms such as
diarrhea, vomiting, fever and convulsion, were recorded
for each child.

Rotavirus detection: The specimens were tested by a
solid-phase sandwich-type enzyme immunoassay method
(Rotavirus Ag ELISA, Pro Spect, USA).
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Rotavirus Genotyping

All stool samples were prepared as 10% suspensions
in phosphate-buffered saline (0.2 M; pH 7.4). The
suspensions were centrifuged for 5 min at 1,600 g, and then
250pl of the supernatant was used for total-RNA isolation
using Trizol reagent, according to the manufacturer’s
instructions (Invitrogen, Carlsbad, CA). Purified RNA
was resuspended in 301 of sterile nuclease-free water
(Promega Corporation, Madison, WI) and stored at 70°C.
When required, stool samples were diluted to the desired
concentrations using healthy stool, Premier sample diluent
buffer (Meridian Bioscience Inc., Cincinatti, OH), tap
water, or environmental water, and afterwards, 2501 was
subjected to total-RNA isolation with Trizol reagent. In
some cases, luciferase (luc) RNA (Promega, Madison, WI)
was added (2 ng per sample) directly to the Trizol reagent
before RNA extraction as an external control for the
extraction procedure and to report potential PCR inhibitory
effects inherent to the samples. A negative control for the
extractionprocedure, consisting of buffer only, was always
included.

Rotavirus G and P genotyping

The cDNA is used as a template for G- and P- typing
PCRs. Five micro liters of cDNA is used in amplification
reactions for the first round VP7 and VP4 gene products in
50 pl reactions and 1 pl of this amplified product serves
as template for the 2nd round mpltiplex PCR. For VP7
genotyping, the first round PCR primers VP7-F and VP7-R
will amplify an 881bp region of the VP7 gene. The nested
mpltiplex PCR will incorporatethe reverse primer (VP7-R)
and the primers specific for amplification of genotypes G1,
G2, G3, G4, G8, GY, G10 and G12. Primers Con2 and
Con3 will used in the first round PCR to amplify an 876bp
fragment of the VP4 gene. The second round PCR will
include the consensus primer Con3 and primers specific
for genotypes P[4], P[6], P[8], P[9], P[10] and P[11]. The
primers sequences, cycling conditions and amplicon sizes
for VP7 and VP4 genotypes are used and were analyzed
by RT-PCR as described earlier.'> 3

Data Interpretation

Gel Electrophoresis and Documentation: The genotypes
were identified based on the PCR amplicon size on gel
electrophoresis. PCR ampliconswere resolved in 2%
agarose gels stained with ethidium bromide (0.5 mg/ml) in
Tris — boric acid — EDTA (TBE) buffer at constant voltage.
Images were photographed under UV light using a gel
documentation system.

Analysis: All case based data and clinical information was
recorded on a standardized questionnaire and entered into
EPI-Info computer based analysis software. Differences in
the proportions of each genotype were assessed by using
the x2 test.
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Ethics: The present study was approved by the Institutional Review Board of Institute of Medicine, Tribhuvan University,
Kathmandu Nepal

Results

Epidemiology of Rotavirus

A total of 1003 cases were enrolled in oneyear (January-December 2012) period that fulfilled the enrollment criteria for
the study. Out of them 356 (35.4%) cases were positive for rotavirus by EIA, among the positive cases, 344 samples
underwent genotyping by RT-PCR. Rotavirus positive cases were predominant in children who were admitted to the
hospital i.e. 37.8% (115 out of 336).

Clinical Presentation in hospitalized patients

On the basis of clinical features, rotavirus positive cases were found more among those having nausea 40.8% (259 out
of 653) followed by vomiting 39.6 % (283 out of 733), abdominal pain 38.6% (283 out of 733) and fever 33.4% (186 out
of 556).

Month wise distribution of rotavirus cases in hospitalized patients

The month wise distribution showed that rotavirus diarrhea cases occurred mostly from January to May and rotavirus
positive percentage was found more from month of December (49.2%) to April (43.04%). In this study, highest percentage
of rotavirus was seen in the month of January (58.8%), followed by February(54.5%) and March (51.1%) as shown in
figure 1.

100
90 g5 ]8 36 " 84 = Total number of cases =#=Roatvirus positive cases

80 - 75
70 - 67
60 -

64 67

30 1 ) 5/ | opl
40 -
30 -
20
10 -
0 o

Jan Feb March April May June July Aug Sep Oct Nov Dec

Figure 1: Month wise distribution of rotavirus infection.
Genotyping of ELISA positive rotavirus

The distribution of the G and P types are depicted in figure2 and 3. Four different G types were detected: G1, G2, G9 and
G12. Of these, G12 was the most prevalent genotype (52.3%), followed by G1 (17.70%), G2 (10.17%) and G9 (8.1%) as
depicted in figure 2. Three different P types were detected: P4, P6 and P8. The P types identified as shown in figure 3were
P[6] (55.23%), P[8] (20%), and P[4] (12.5%).

The most common G-P combinations genotypes depicted in figure 4 identified were: G12P[6] (48%), G1P[8] (12.8%),
G2P[4] (9%), G1P[6] (3%), G12P[8] (2.03%), GIP[6] (1.4%), GIOP[4] and G1P[4] holding same (0.9%) and G2P[6]
(0.3%). In this study mixed (14.5%), partially typed (4.4%) and untyped (3%) strains were also found.
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Figure 2: Distribution of G genotypes among rotavirus infected children
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Figure 3: Distribution of P genotypes among rotavirus infected children
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Figure 4: Distribution of G/P genotypes combination among rotavirus infected children
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Single G and P mixed genotypesinfections

Mixed infection with more than one G type was 22 cases in
which G1-G12 (40.9%), G2-G12 (27.3%), G2-G9 (9.09%),
G1-G2 (4.54%), G1-G2-G12 (13.6%) and G1-G2-G9-G12
(4.54%). Mixed P type infections were found 24 cases in
which P[4]- P[6] (45.8%), P[6]-P[8] (20.8%), P[4]-P[8]
(8.3%) and P[4]-P[6]-P[8] (25%)as shown in table 3. In
addition, 18 untyped G genotypes and 13 were P genotypes
were identified which challenges for further study.

Table 3: Distribution of Rotavirus single G and P mixed
infection strain

Rotavirus mixed infection strain single G and single

P and mixed genotyped

Single G and mixed type | Single P and mixed type

strain (%) strain (%)

G1G12 9 (40.9) P4 P6 11(45.8)

G2 G12 6(27.3) P6 P8 5(20.8)

G1G2 G12 3 (13.6) P4 P8 2 (8.3)

G2G9 29.1) P4 P6 P8 6 (25.0)

G1G2 1 (4.54)

G1G2G9G12 1 (4.54)

Total 22 Total 24

Untyped 18 Untyped 13
Discussion

Human rotaviruses are the major etiological agents of acute
gastroenteritis in infants and young children worldwide!'.By
following the previous trend'* rotavirus was seen highest
in winter season; in month January (58.8%) and among
age group 12-23 months having nausea as commonest
symptoms(40.8%) and vomiting (39.6%).

Globally, viruses carrying genotypes Gl to G4 and
[P4] or[P8] have consistently been found to be the most
commoncauses of rotavirus disease in humans, and
different surveysindicate that [P8]G1, [P4]G2, [P8]G3,
and [P8]G4 are the most common G and P types'’. But in
our study the most prevalent genotype was G12 and P6
which was in accordance with our previous study!>%!3,
Since, the vast majority of G12 rotavirus strains has been
isolated in Asia and in Southeast Asia'® and it was assumed
that from Southeast Asia, they might be transported
across the globe by the increasing mobility of humans and
animals. Following the G12, G1 is second commonest
genotype that was found in this study, despite the fact that
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it was the leading causative agent worldwide®!. G2 was
found to be the third commonest genotype. G9 has been
recognized as the most emerging genotype and was first
reported in United States in the early 1980s and today it
comprises4.1% of global rotavirus infections, and accounts
for as high as 70% of rotavirus infections in some recently
published data®>. In the present study, G9 accounted for
8.1% of rotavirus diarrhea cases. This finding is similar
to a previous report24. G9 was first discovered in Central
America as a combination G9P8, which was considered
a strain of epidemic emergency in the last few years in
several countries in children with diarrhea®*. The increase
in reports of G9 from developed and developing countries
shows the need for continued surveillance to identify the
persistence of G9. Effectiveness of new available rotavirus
vaccines against genotype G9 and the extent to which
specific immunity plays role is still under discussion®.In
our study G3 genotype was not detected.

Four different G types were detected: G1, G2, G9 and
G12. In this study G12 was the most prevalent genotype
(52.3%), followed by G1 (17.7%), G2 (10.17%) and G9
(8.1%). Three different P types were detected: P4, P6
and P8. The P types identified were P[6] (55.23%), P[8]
(20%), and P[4] (12.5%). These findings were similar to
previous published data, but in contrast to other studies
done in different countries the predominance of the P8or
P4 genotype was seen®*.

A global rotavirus surveillance study indicated that the G/P
combinations most frequently reported in humans were
G1P[8], G3P[8], G4P[8], G2P[4], GIP[8], and GIP[6]23.
But in our finding the trend was slightly deviated asG12P[6]
(48%), GIP[8] (12.8%), G2P[4] (9%), GIP[6] (3%),
G12P[8] (2.03%), GI9P[6] (1.4%), GIP[4] and GI1P[4]
holding same (0.9%) and G2P[6] (0.3%). This was in
accordance with other study done!**.

Since rotavirus vaccine was introduced, the genotype
distribution has continued to fluctuate annually and
geographically!'.Currently there are two rotavirus vaccines
available. One of them is a monovalent rotavirus G1P8
vaccine while the other one is a pentavalentrotavirus
vaccine covering G1l, G2, G3, G4 and P8. This study
showed a case of G12P6, G12P8, G9P4 and GIP6 infection
in sample children. These serotypes are not a part of the
vaccine serotypes. This study revealed the considerable
serodiversity among human rotaviruses in this geographical
region and hence emphasizes the need to give protection
with multivalent rotavirus vaccines.

Mixed infections have been reported in about 14.5% of
isolated rotavirus strains. In developing countries, the lack
of adequate sanitation and proper water supplies and the
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close association of humans with domestic animals could
give rise to reassortment between human and animal
strains with the potential of cross-species infections®.
The prevalence of mixed infections (G type, 6.39%; P
type, 10.17%) was similar to developing countries such as
India, Bangladesh and Brazil**® but little higher than the
developed countries®*#!. The probability and outcome of
mixed infections with two different rotavirus strains may
depend on both the frequency of each strain co-circulating
in the population, and possible interference phenomena
during dual replication in the gut*’. Different types of
reassortant rotaviruses were found to be grossly proportional
with the numbers of observed relevant mixed infections.
Whereas partially typed (4.4%) and untyped (3%) strains
were also found in this study. The noticeable frequency of
non-typeable and partially typed genotypes indicates the
necessity of using another primer for characterization of
unusual genotypes.

Conclusion

There is a high burden of rotavirus gastroenteritis among
children less than five years of age. The variety distribution
of G and P genotypes and electropherotypes of rotaviruses
circulating in children were highlighted in the study.
Emergence of G12 and G9 strains proves the immediate
need of vaccine in Nepal.
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