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Background & objectives: Hepatitis A virus (HAV) infection is a major cause of childhood hepatitis,
prevalent worldwide. HAV is classified into seven genotypes I-VII; genotypes III and I are the most
common among humans. The present work was carried out to identify the genotypes prevalent in children
suspected to have acute viral hepatitis (AVH), hospitalized at a tertiary care centre in northwest India.

Methods: A total of 1269 blood samples from children (0-15 yr of age) clinically suspected of viral hepatitis
were screened for anti-HAV IgM. Acute phase serum was processed for RNA extraction and amplified by
nested polymerase chain reaction (PCR) followed by sequencing of representative samples.

Results: Among the 1269 samples tested, 642 (50.59%) were positive for anti-HAV IgM; among the
positive samples, 171 patients having a history of less than seven days were tested by PCR, of whom 141
(82.45%) were found to be PCR positive. Nucleotide sequencing of a representative 44 samples showed
high homology; all the samples were found to be of genotype I1IA.

Interpretation & conclusions: Hepatitis A was prevalent during July to September and in predominantly

children less than five years age. Only genotype II1A was detected in all the samples.
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Hepatitis is a major health problem in both
developing and developed countries. An estimated 1.4
million clinical cases of hepatitis A occur worldwide
every year'. Hepatitis A occurs sporadically and also
as outbreaks. Outbreaks of hepatitis A virus (HAV)
have been reported from different States of India with
varying positivity of 37.7-100 per cent (HAV- IgM)
from Kerala (37.7-87%), Himachal Pradesh (63%) and
Tamil Nadu (100%)**.

Ninety per cent of children are exposed to HAV by
the age of five years, and almost all by adolescence’,
majority of hepatitis A patients recover completely
and fatality rate is low. The estimated mortality rate is
0.1 per cent for children less than 15 yr, 0.3 per cent
for adults aged 15-39 yr and 2.1 per cent for adults
aged 40 and above’. HAV infection in patients with
pre-existing chronic liver disease is associated with
high mortality”.
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The HAV virion is a non-enveloped, spherical
particle with a diameter of 27-32 nm. It contains 7.5-
kb single-stranded RNA genome, which displays a
high degree of antigenic (amino acid) and genetic
(nucleotide) conservation. Based on its nucleotide
sequence analysis of 5’UTR region, it has been
classified into seven different genotypes [human (I-I11
& VII) and simian (IV-VI) genotypes]. Genotypes I and
III are each divided into sub-genotypes A and B3, The
5’UTR region of its genome contains a complicated
stem and loop structure with two pyrimidine-rich
tracts, indicating the presence of a complex secondary
structure, with enough genetic diversity, which is
useful in identification of its genotypes and sub-
genotypes. Majority of human HAV genotypes belong
to the genotypes I and III; different genotypes (IA, IB
and IIIA) with a predominance of genotype IIIA are
known to be circulating in India*>*"#,

The present study was planned to do molecular
characterization of HAV IgM positivity in children
hospitalized at a tertiary care centre at Jaipur, Rajasthan,
India, to find out the genotypes prevalent in this part of
the country.

Material & Methods

A total of 1269 blood samples were collected from
the patients between 0 and 15 yr of age, hospitalized
at J.K. Lone Hospital, a paediatric hospital attached
to SMS Medical College, Jaipur, having signs and
symptoms suggestive of acute viral hepatitis (AVH).
Duration of the study was from January 2012 to
December 2014. Questionnaire specifying patient’s
name, age, sex, address, duration of illness, sign and
symptoms of hepatitis was filled, and informed written
consent was taken from parent/guardian. Peripheral
blood samples (5 ml) were collected in a plain vial.
Serum was separated and aliquoted in two vials; one
was used for serological analysis and other was stored at
—80°C until further use. Serum biochemistry [bilirubin,
serum aspartate aminotranferase (AST), serum alanine
aminotransferase (ALT), efc.] values were recorded
from reports of investigations. Institutional Ethics
Committee approval was also taken for the study.
Sample collection, serological testing and molecular
characterization were carried out at the Virology
Laboratory, Advanced Basic Sciences and Clinical
Research Laboratory, SMS Medical College, Jaipur.

The minimum sample size required for the study
was calculated as 625 (based on the prevalence rate of
6.7%, at 95% confidence interval, 2% absolute error

and 0.8 power) employing the previously described
formula’. As only 1269 samples were included,
power of the study was 0.9 at 99 per cent confidence
interval.

Inclusion & exclusion criteria: All paediatric patients
hospitalized with signs and symptoms of AVH (0-15 yr
age group) from January 2012 to December 2014 were
included in the study. Outdoor patients and patients not
having signs or symptoms of hepatitis were excluded
from the study.

Enzyme-linked — immunosorbent assay  (ELISA):
ELISA was performed for detection of anti-HAV IgM
antibody using commercial kit (DiaSorin, Italy) as
per the manufacturer’s instructions. The reading was
taken at 450 nm on Infinite N200 Pro NanoQuant
Spectrophotometer (Tecan, Switzerland). Samples
were also tested for hepatitis B surface antigen,
hepatitis C virus total antibody and hepatitis E virus
IgM antibody at Virus Diagnostic Research Laboratory
(ICMR-VDRL).

Nucleic acid extraction and nested polymerase chain
reaction (PCR): Viral RNA was extracted from (171
ELISA-positive samples with less than seven days
history of illness) frozen aliquots of serum sample
with easyMAG extractor (bioMerieux, France) and
RNA quantity was checked using Infinite N200 Pro
NanoQuant Spectrophotometer (Tecan, Switzerland)
by calculating the ratio of absorbance at 260 and 280
nm. Sample containing an amount of 1-2 pg total RNA
was used for complementary DNA (cDNA) synthesis
by High Capacity cDNA synthesis kit (Applied
Biosystems, USA). Nested PCR was done to determine
virus genotype, using two sets of primers [5’NCR (outer)
forward primer (GGCTACGGGTGAAACCTCTT)
and 5’NCR (outer) reverse primer
(CCAATTTTGCAACTTCATG)] and [5’NCR (inner)
forward primer (TAACAGCGGCGGATATTGGTG)
and 5’NCR (inner) reverse primer
(GGTCAAGGCCACTCCCAAC))?. The amplicons
were analyzed on 2 per cent agarose/Tris-borate-
EDTA (TBE) gel stained with ethidium bromide and
visualized on gel documentation system (Bio-Rad,
USA) and inner amplified products were excised from
gel for further purification.

Sequencing: Representative PCR-positive products
(44) were processed for sequencing. Briefly; inner
amplified PCR products were purified using PureLink
Quick Gel Extraction and PCR Purification Combo Kit
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Table. Age-wise distribution of hepatitis A virus (HAV) ELISA-positive cases

Age (yr) 2012 2013 2014 Total (%)
Tested Positive Tested Positive Tested Positive
n (%) n (%) n (%)

0-5 108 61 (56.48) 182 99 (54.39) 247 134 (54.25) 294/537 (54.74)
6-10 122 41 (33.60) 195 114 (58.46) 165 118 (71.51) 273/482 (56.63)
11-15 61 15 (24.59) 88 26 (29.54) 101 34 (33.66) 75/250 (30)
Total 291 117 (40.20) 465 239 (50.53) 513 286 (55.75) 642/1269 (50.59)
x*=8.531; df=2; P=0.014 (significant difference in age-wise positivity)

(Invitrogen, USA). These were further checked on 2
per cent agarose/Tris borate EDTA (TBE) gel for the
purity and integrity of the band. Both the forward and
reverse strands of the amplicons were sequenced using
BigDye Terminator Cycle Sequencing Ready Reaction
Kit version 3.0 (Applied Biosystems, USA) on 3500
DX Genetic analyzer (ABI, USA).

Phylogenetic analysis: The sequences generated
from the sequencer were confirmed by BLAST
analysis (www.ncbi.nlm.nih.gov/blast) and aligned
by NI algorithm at 1000 bootstrap replications using
MEGAG6.0"° (Mega Software Solution Inc., USA). The
phylogenetic tree generated was viewed using Tree
View.

Statistical analysis: Comparison between data sets was
performed using one-way analysis of variance followed
by Student’s 7 test and Chi-square test. All statistical
analyses were performed using GraphPad Prism 5.0
(Graph Pad Software Inc., San Diego, CA, USA).

Results

Of the 1269 patients enrolled in the study, 839
(66.11%) were males and 430 (33.88%) were females

and 42.31 per cent patients (n=537) were less than
five years of age. A total of 642 (50.6%) patients were
positive for anti-HAV IgM. Total serum bilirubin level
was found to be <5 mg/dl in 779 patients (61.38%),
6-10 mg/dl in 283 patients (22.30%) and >11 mg/
dl in 207 patients (16.31%). The levels of AST and
ALT were found to be raised with mean AST level
of 1315.76+1085.42 in HAV-positive samples versus
1015.424921.23 in HAV-negative samples. Mean ALT
in HAV-positive samples was 1349.67+1039.18 versus
979.634+791.67 in HAV-negative samples.

Difference in age-wise positivity (P=0.014) was
significant (Table). Of the 642 (50.59%) samples found
positive for anti-HAV IgM antibody, 435 (34.27%) were
from male patients and 207 (16.33%) female patients.
Among them, number of children belonging to age
group 0-10 yr were higher (n=567, 55.64%) than other
age groups (n=75, 29.88%). Peak positivity of HAV
(50 to 86.6%) was seen during June to September,and
least positivity (25 to 38%) was seen during December
to February (Fig. 1). Of the 171 samples tested by PCR,
141 (82.45%) were found to be positive. On sequencing
of representative 44 HAV PCR-positive samples,
all were found to be of genotype IIIA (Gene bank
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Fig. 1. Seasonal trends of hepatitis A virus (HAV) from January 2012 to December 2014.
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Fig. 2. Phylogenetic analysis of 44 PCR positive representative
hepatitis A virus samples based on 5’ UTR region.

Accession number: KT891942-KT891985) as shown
in phylogenetic tree (Fig. 2). All the samples showed
similarity with other Indian samples from Chandigarh
(JX481901-1X481910; JX390729-1X390733)",
Shimla (FJ227129-FJ227134)%, Kottayam (DQ004690-
DQ004693)? and samples from Norway (AJ299464)!12
and Japan (AB279734)".

Substitutions between nucleotides 500 and
700 of the 5’UTR region were observed in seven
samples. Substitution of G to A at nucleotide 578 was
detected in three samples (KT891967, KT891975 and
KT891977) and A to G at nucleotide 629 in one sample
(KT891949). Substitution of A to T at nucleotide 598
was detected in one sample (KT891971), while C to
T substitution at nucleotide 605 was detected in two
samples (KT891970, KT891983) when compared with
wild-type HAV GBM/WT RNA (X75215).

Discussion

AVH due to HAV occurs worldwide and is endemic
in Asia, Africa, Latin America and the Middle East'4.
In India, it remains a major public health problem
despite improving sanitation, health awareness and
socio-economic conditions. The present study was
done on children with AVH; 50.59 per cent samples
were found positive for anti-HAV IgM antibody. A

wide variation in positivity (27.2-74.5%) has been
reported from hospitalized patients in India: from
Lucknow (27.2%)"%, Madras (now Chennai) (38.6%)'¢
and Hyderabad (74.5%)". Even wider variation in
positivity has been reported among non-hospitalized
paediatric patients from 10.3 to 92.85 per cent from
various parts of India®*"8,

In the present study, higher HAV IgM positivity
of 56.64 per cent was observed in children of age
group 6-10 yr; similar finding has been reported from
Delhi (59.5%)". However, other authors have grouped
together 0-10 yr age and reported 80.95 per cent
positivity from Shimla®* and 60 per cent from Chennai'S.

Genotyping of samples provides insight into
type of transmission whether the infection is due to
indigenous strain or imported strain. In our study
on phylogenetic analysis, all the samples tested
belonged to genotype IIIA. Studies from various
parts of India, such as, Jabalpur’, Himachal Pradesh?,
Maharashtra?®, Tamil Nadu!, Chandigarh!, also
reported genotype IIIA as the only genotype found,
circulating in the various parts of India. Circulation
of other genotypes have also been reported from
different parts of India. Genotype IA was reported
in 21 per cent patients from Guwahati along with
genotype IITA in 79 per cent patients®’. In a study
from Delhi also, genotype III was reported as the
predominant genotype (70%) followed by genotype
IA (30%)%. Moreover, co-circulation of genotypes
IITIA (74.2%) and IB (9.7%) and co-infection (16.1%)
with both IIIA and IB genotypes have been reported
from Pune?.

Similar to our study, genotype IIIA have been
reported to be prevalent in the United States,
Central Asian countries, Denmark, Korea, etc®**,
Both genotype IA and IIIA have also been found
prevalent in Korea?®?* and Spain®. In China, both
genotype IA and IB were found to be prevalent®.
Genotype 1A was prevalent in Mexico, Canada and
Argentina, while both genotype IA and IB are known
to be prevalent in Jordan, Iraq, Japan, Egypt, Turkey,
Brazil, Italy, North Africa, South Africa, Norway,
Greece, Thailand and Tunisia?’>°, whereas genotype
II has been reported from Netherland, France and
Sierra Leone®.

On analyzing genetic diversity by 5’UTR region
sequencing, 98-100 per cent nucleotide identity was
observed in our samples taking wild type HAV GBM/
WT RNA (X75215) as control. Our results were in
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concordance with various other studies reported from
India which showed approximately 98-99.9 per cent
nucleotide identity!!'?!. However, base substitution
was observed in seven samples between nucleotides
500 and 700 of the 5°UTR region. Singh et al'
also reported base substitution at 200-500 region of
5’NTR while comparing their strains with wild type
HAV GBM/WT RNA (X75215). They observed G to
A substitution at nucleotide 324 position in all their
samples (which is responsible for stable structure
of its genome but has no correlation with disease
severity) as was also reported by Fujiwara et al*.
Other substitutions such as A161G (33.3%), C207T
(53.3%), AS559G (20%), C105T (100%), T148C
(40%), CI187T (100%), G213A (100%), G266A
(100%), domain IV substitution (G490A, T517C)
and insertion at 431 position have also been reported
by Singh et al''; however, no correlation to disease
severity has been reported in these substitutions. No
correlation could be ascertained between biochemical
and clinical profiles of patients with genotypes as only
one genotype was detected in our studied patients.
However, Yoon et al** from Korea reported that
genotype IIIA was more virulent than genotype 1A,
while Fujiwara et a/*® from Japan reported no apparent
associations between disease severity and sequences
of the genotype-determining region.

Our study had some limitations. One major
limitation was that all our samples were from
hospitalized patients, with more severe disease, and
higher than normal ALT and AST levels. It is important
to study non-hospitalized patients as well as also
samples from outbreak cases. Another limitation of our
study was that the patients were not followed up, so the
information about the clinical course of the disease was
not available.

In conclusion, HAV was found to be positive in
about 50 per cent of patients, predominantly from June
to September. HAV IgM positivity was detected mostly
in children below 10 yr of age. Only genotype I1IA was
found in our patients and as a result, no correlation
with disease severity could be ascertained.
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