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INTRODUCTION

Hepatitis A virus (HAV) is a hepatotropic virus with 27-
nm sized virions that contain a 7.5-Kb long, single-strand-
ed RNA genome of positive polarity.1 It is excreted in the
feces of infected persons and is transmitted by the enteric
route. The infection is distributed worldwide, though the
risk of transmission varies widely across countries, de-
pending on socioeconomic status.2 The severity of clinical
disease following HAV infection depends heavily on the
age at infection.3 Thus, infection during early childhood is
most often asymptomatic. By contrast, infection in older
children or adults more often leads to icteric illness, and

to fulminant liver failure and death. Infection provides
life-long immunity against reinfection.

The association of risk of HAV infection with hygiene
and sanitation, the dependence of disease severity on age at
infection, and the induction of lifelong immunity follow-
ing HAV infection, result in varying epidemiologic pat-
terns of this disease in different geographical areas.2 Thus,
in low-income countries, HAV infection is highly endem-
ic with a high transmission rate, leading to nearly universal
exposure during early childhood and a high seropositivity
rate by adolescence, albeit with little disease. By contrast,
in high-income countries with low endemicity, HAV
transmission is infrequent, leading to low rates of sero-
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Introduction and aim.Introduction and aim.Introduction and aim.Introduction and aim.Introduction and aim. HAVCR1 protein is the cellular receptor for hepatitis A virus (HAV). Genetic polymorphism in this gene
may alter the outcome of HAV infection. In a previous study, a 6-amino acid insertion (157insMTTTVP) in HAVCR1 gene was asso-
ciated with more severe disease. We decided to investigate this association further. Material and methods.Material and methods.Material and methods.Material and methods.Material and methods. We sequenced exon
4 of the HAVCR1 gene in patients with clinical hepatitis A attending our institution, and a group of healthy controls in a disease-en-
demic setting in India. Frequencies of different haplotypes of a genomic region with two overlapping insertion-deletion polymorphisms
(indels; rs141023871 and rs139041445) were compared between patients and controls, as well as between patients with and without
a severe form of disease (liver failure). Results.Results.Results.Results.Results. The gene had three haplotypes in the region of interest – a short form, an interme-
diate-form with a 5-amino acid 157insMTTVP insertion and a long-form with a 6-amino acid 157insMTTTVP insertion. The allele fre-
quency (29/150 [19%] vs. 43/146 [29%]; p = ns) and haplotype frequency (29/75 [39%] vs. 39/73 [53%]; p = ns) of the
157insMTTTVP variant were similar in hepatitis A patients and healthy controls (30%). Further, the allele frequency (12/58 [21%] vs.
17/92 [18%]; p = ns) and haplotype frequency (12/29 [41%] vs.17/46 [37%]; p = ns) of the longest variant were also similar in pa-
tients with severe and mild disease. Discussion.Discussion.Discussion.Discussion.Discussion. In the study population, the 157insMTTTVP variant of HAVCR1 gene was not
associated with more severe outcome of HAV infection. Further studies in other populations around the world are needed to assess
the relation of this genetic variation with disease outcome.
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prevalence as well as disease. A third pattern, with inter-
mediate endemicity, is seen in developing countries that
are transitioning to better hygiene; falling transmission in
these areas has led to an increase in average age at exposure
to HAV, with a paradoxical increase in disease rates and
mortality.

Hepatitis A virus cellular receptor 1 (HAVCR1), a pro-
tein expressed on human hepatocyte membrane, has been
identified as the cellular receptor for HAV.4 This protein,
also known as T-cell immunoglobulin and mucin domain
1 (TIM-1) or kidney injury molecule 1 (KIM-1) protein,
has additional physiological roles, including in the induc-
tion of cellular immunity.5

The gene for HAVCR1 is located on chromosome
5q33.3, and shows marked genetic polymorphism.6 Being
the receptor for HAV, variations in it have been proposed
to affect an individual’s susceptibility to HAV infection.
Recently, in Argentina, a 6-amino acid insertion at residue
157 of the HAVCR1 protein (termed 157insMTTTVP)
was shown to be associated with an increased risk of se-
vere hepatitis A.7 This association is believed to be mediat-
ed by a more efficient binding of HAV by the longer
HAVCR1 variant on hepatocytes, and by a higher cytotox-
icity against HAV-infected cells of natural killer T cells
that carry this variant HAVCR1 protein.7

However, in the Argentine study, the statistical meas-
ure of association between severe hepatitis A disease and
presence of HAVCR1 157insMTTTVP polymorphism
was marginal. Thus, there is a need for further studies on
this relationship, particularly from other geographical re-
gions with different epidemiologic patterns of this dis-
ease. We, therefore, undertook such a study in India,
where HAV infection is highly endemic.

MATERIAL AND METHODS

Subjects

Between May 2013 and July 2015, we enrolled children
with acute viral hepatitis A (AVH-A) attending the outpa-
tient or inpatient services of the Department of Pediatric
Gastroenterology at our institution. The diagnosis of
AVH-A was based on suggestive clinical picture, elevated
serum transaminase levels (> 3-fold the upper limit
normal) and positive IgM anti-HAV [Mini Vidas;
bioMérieux, Marcy l’Etoile, France]). Persons with clinical
or laboratory findings suggesting another concomitant
disease or chronic liver disease were excluded.

Patients were examined for the presence of hepatic en-
cephalopathy (HE). HE, if present, was graded using the
standard criteria in children aged > 3 years.8 For younger
children, a set of modified criteria, which have been rec-
ommended for this age group, were used.9 In addition,

prothrombin time-international normalized ratio (PT-
INR) was measured after parenteral administration of one
dose of vitamin K. Children with AVH-A who fulfilled the
criteria laid down by the Pediatric Acute Liver Failure
Study Group,9 i.e. if HE was present and PT-INR was >
1.5, or if the PT-INR was > 2.0 even in the absence of HE,
were classified as having acute liver failure (ALF-A); the
remaining children were considered to have uncomplicat-
ed AVH-A.

In addition, left-over blood specimens from a group of
healthy adult blood donors were used as controls.

HAVCR-1 genotyping

Genomic DNA was extracted from whole blood col-
lected in EDTA using the phenol-chloroform method,
and its purity and concentration were determined using
Nanodrop spectrophotometer 1000 (Thermo Fisher Sci-
entific, Waltham, MA, USA). A 441-basepair region of
HAVCR-1 gene was amplified using specific primers
(forward: 5’-TCT GTC ATT GGT GTG CTA GGG-3’
and reverse: 5’-TGG TCC GCA GCT CCT CAT TA-3’;
Figure 1). Each PCR reaction (20 μL) contained 40 ng of
DNA template, 1X Invitrogen buffer, 1.5 mM MgCl2,
0.2 μM dNTPs, 5 pmol of each primer and 2 units of
TaqDNA polymerase (Invitrogen, Waltham, MA, USA).
Cycling conditions were: denaturation at 94 °C for 5 min,
36 cycles, each consisting of denaturation at 94 °C for 30
sec, annealing at 63 °C for 30 sec and extension at 72 °C
for 90 sec, and a final extension at 72 °C for 7 min. The
amplicons were purified using PureLink PCR purifica-
tion kit (Invitrogen, Thermo Fisher), and sequenced in
both directions using the Big Dye Terminator v3.1 (Life
Technologies, Thermo Fisher) chemistry and an ABI
3130 genetic analyzer.

Data analysis

The sequencing electropherograms were analyzed using
FinchTV (http://www.geospiza.com/Products/finchtv.
shtml). The sequences were further analyzed by aligning
these to the reference genomic sequence of HAVCR1 gene
(NG_017001.1; NCBI nucleotide database), using BioEdit
software version 7 (www.mbio.ncsu.edu/bioedit/bioedit.
html), to identify nucleotide substitutions and insertion/
deletions (indels).10 In particular, two previously-reported,
overlapping indels in exon 4 of the HAVCR1 gene (Figure 1),
namely p.Met158_Pro162del (rs141023871) and
p.Thr160_Val161insThr (rs139041445), were mapped for
each subject. The sequences were also analyzed for the
presence of another 3-nucleotide indel (p.Thr200del;
rs45439103). Frequencies of various alleles among controls
were tested for Hardy-Weinberg equilibrium. The allele
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and genotype frequencies were compared between groups
using the χ2 test.

The study was approved by our institution’s Ethics
Committee. Informed consent was obtained from each
study subject or from one of the parents.

RESULTS

Study subjects

A total of 75 children with AVH-A were enrolled, of
whom 46 had uncomplicated AVH-A and 29 had ALF-A.
Specimens from 73 blood donors were studied as con-
trols. Clinical and laboratory details of the study patients
are shown in table 1.

HAVCR1 genotyping results:
rs141023871

and rs139041445 polymorphisms

For the region of interest with two overlapping indels,
three haplotypes were observed (Figures 2 and 3). These
three haplotypes, in the decreasing order of their frequen-
cies, were:

• rs141023871_del and rs139041445_del (the shortest var-
iant).

• rs141023871_ins and rs139041445_ins (the longest vari-
ant), with a 18 nucleotide insertion (corresponding to a
6-amino acid insertion – 157insMTTTVP).

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. A part of the reference sequence (NG_017001.1; GenBank database) of HAVCR1 gene showing exon 4 (upper case letters) with parts of surrounding
introns (lower case letters). The locations of primers used for amplification of the exon 4 are shown using solid underlined arrows. The large box in the
sequence shows a 15-base (TGA CGA CTG TTC CAA) ins/del polymorphism (rs141023871). Within this region is located a 3-base (AAC) ins/del polymorphism
(rs139041445) shown in the margin. The smaller box in the main sequence shows a 3-base (CAA) ins/del polymorphism (rs45439103).
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Table 1. Clinical and laboratory characteristics of study subjects.

Parameter All patients Uncomplicated ALF-A P
with AVH-A AVH-A (n = 29*) P value

(n = 75) (n = 46)

Age (years) 7 (1-17) 7 (1-17) 6 (3-16) 0.90

Male: female 50:25 31:15 19:10 1.00

Serum bilirubin (mg/dL) 8.5 (0.8-52.0) 7.25 (0.8-51.0) 16.2 (4.5-52.0) < 0.001

Serum protein (g/L) 6.8 (3.9-8.9) 7.0 (5.7-8.9) 6.1 (3.9-8.3) < 0.001

Serum albumin (g/L) 3.5 (1.9-4.9) 3.9 (2.2-4.9) 3.2 (1.9-4.6) < 0.001

Serum alanine aminotransferase (IU/L) 942 (43-5,000) 1080 (43-5,000) 643 (55-4,762) 0.97

Serum aspartate aminotransferase (IU/L) 750 (68-7,999) 742 (68-7,999) 758 (148-5,014) 0.99

Prothrombin time (INR) 1.2 (0.8-15.0) 1.1 (0.8-1.9) 2.8 (1.4-15.0) < 0.001

Outcome (mortality) 12 (16%) 0 12 (41%) < 0.001

The data are shown as median (range) or number (percent). AVH-A: acute viral hepatitis A (uncomplicated). ALF-A: acute liver failure due to hepatitis A. INR:
international normalized ratio. * Children with ALF-A included 21 with encephalopathy (grade I: 4, II: 4, III: 3, IV: 10) and 8 with coagulopathy in the absence
of encephalopathy. All deaths occurred among those with encephalopathy.
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Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Alignment of (A)(A)(A)(A)(A) nucleotide sequences and (B)(B)(B)(B)(B) translated amino acid sequences of three different haplotypes observed at a polymorphic site in
exon 4 of HAVCR1 gene. Allele C is the GenBank reference sequence (GenBank ID: NG_017001.1).

A.A.A.A.A. Nucleotide sequencesNucleotide sequencesNucleotide sequencesNucleotide sequencesNucleotide sequences

Allelele A tccagCCAAG GTCACGACTA CTCCAATTGT CACAACTGTT CCAACCGTCA CGACTGTTCG AACGAGCACC
Allelele B tccagCCAAG GTCACGACTA CTCCAATTGT CACAACTGTT CCAACCGTCA CGACTGTTCG AACGAGCACC
Allelele C tccagCCAAG GTCACGACTA CTCCAATTGT CACAACTGTT CCAACCGTCA CGACTGTTCG AACGAGCACC

Allelele A ACTGTTCCAA CGACAACGAC TGTTCCAA – – – – – – – – – – – – – – – – – –CGAC AACTGTTCCA ACAACAATGA
Allelele B ACTGTTCCAA CGACAACGAC TGTTCCAATGTGTGTGTG ACAACGACTGACAACGACTGACAACGACTGACAACGACTGACAACGACTG TTCCAATTCCAATTCCAATTCCAATTCCAACGAC AACTGTTCCA ACAACAATGA
Allelele C ACTGTTCCAA CGACAACGAC TGTTCCAATGTGTGTGTG ACACACACAC – – – GACTGGACTGGACTGGACTGGACTG TTCCAATTCCAATTCCAATTCCAATTCCAACGAC AACTGTTCCA ACAACAATGA

Allelele A GCATTCCAAC GACAACGACT GTTCTGACGA CAATGACTGT TTCAACGACA ACGAGCGTTC CAACGACAAC
Allelele B GCATTCCAAC GACAACGACT GTTCTGACGA CAATGACTGT TTCAACGACA ACGAGCGTTC CAACGACAAC
Allelele C GCATTCCAAC GACAACGACT GTTCTGACGA CAATGACTGT TTCAACGACA ACGAGCGTTC CAACGACAAC

Allelele A GAGCATTCCA ACAACAACAA GTGTTCCAGT GACAACAACT GTCTCTACCT TTGTTCCTCC AATGCCTTTG
Allelele B GAGCATTCCA ACAACAACAA GTGTTCCAGT GACAACAACT GTCTCTACCT TTGTTCCTCC AATGCCTTTG
Allelele C GAGCATTCCA ACAACAACAA GTGTTCCAGT GACAACAACT GTCTCTACCT TTGTTCCTCC AATGCCTTTG

Allelele A CCCAGGCAGA ACCATGAACC AGg t aaa
Allelele B CCCAGGCAGA ACCATGAACC AG g t a a a
Allelele C CCCAGGCAGA ACCATGAACC AG g t a a a

B. Aminoacid sequencesB. Aminoacid sequencesB. Aminoacid sequencesB. Aminoacid sequencesB. Aminoacid sequences

Allelele A KVTTTPIVIT VPTVTTVRTS TTVPTTTTVP  – – – – – – TTTV PTTMSIPTTT TVLTTMTVST TTSVPTTTSI
Allelele B KVTTTPIVIT VPTVTTVRTS TTVPTTTTVP MTTTVPMTTTVPMTTTVPMTTTVPMTTTVPTTTV PTTMSIPTTT TVLTTMTVST TTSVPTTTSI
Allelele C KVTTTPIVIT VPTVTTVRTS TTVPTTTTVP MTTMTTMTTMTTMTT–VPVPVPVPVPTTTV PTTMSIPTTT TVLTTMTVST TTSVPTTTSI

Allelele A PTTTSVPVTT TVSTFVPPMP LPRQNHEPX
Allelele B PTTTSVPVTT TVSTFVPPMP LPRQNHEPX
Allelele C PTTTSVPVTT TVSTFVPPMP LPRQNHEPX

• rs141023871_ins and rs139041445_del (corresponding
to NCBI reference sequence, NG_017001.1), with a
15-nucleotide insertion (5 amino acid – 157insMT-
TVP) as compared to the shortest variant.

These haplotypes are referred to subsequently as hap-
lotypes A, B and C, respectively.

The allele frequencies of the three haplotypes in pa-
tients with symptomatic AVH-A were similar to those in
the control subjects (Table 2). In particular, the allele fre-
quencies of allele B, the allele of interest, were similar in
patients and controls (29/150 [19%] vs. 43/146 [29%]). Also,
the combined frequencies of genotypes with 157insMTT-
TVP on either one or both alleles (BB, AB or BC geno-
type) were similar in patients and controls (29/75 [39%] vs.
39/73 [53%]).

Furthermore, the patients with ALF-A and those with
uncomplicated AVH-A had similar allele frequencies of al-
lele B (12/58 [21%] vs. 17/92 [18%]; p = ns) and composite
frequencies of genotypes that contain allele B (12/29 [41%]
vs. 17/46 [37%]; p = ns).

rs45439103 polymorphism

This 3-nucletide deletion polymorphism was strongly
associated with the rs139041445 polymorphism, i.e. it was
observed only in persons with the 157insMTTTVP inser-
tion allele (allele B) at the latter locus. The allelic fre-
quency of this deletion was similar in patients with
hepatitis A (19/150 [13%]) and the control subjects (32/146
[22%]; p = ns).

DISCUSSION

In this study, we assessed the distribution of different
haplotypes of a part of exon 4 of the HAVCR1 gene, which
included two overlapping indel polymorphisms, among
patients with AVH-A as compared to healthy controls in
the Indian population, as also between patients with AVH-
A of different severities. It revealed that allele and geno-
type frequencies of the haplotype with a 6-amino acid
MTTTVP insertion, previously implicated in the causa-
tion of severe hepatitis A, was comparable among patients
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Figure 3.Figure 3.Figure 3.Figure 3.Figure 3.  Electropherograms showing the results of sequencing for the region of interest (the region of 157insMTTTVP) in exon 4 of the HAVCR1 gene in
persons who were homozygous for the three haplotypes (Panel A: homozygous for reference sequence [haplotype C]; Panel B: homozygous for a 15-nucleotide
(nt) deletion [haplotype A]; Panel C: homozygous for a 3-nt insertion [haplotype B]). Panel D shows the electropherogram for a subject who was heterozygous
for haplotypes A and B; the panel below this electropherogram shows the sequences for the two haplotypes and the expected merged sequence (the ambigu-
ous codes are represented as per the notation laid down by the International Union of Pure and Applied Chemistry).

Table 2. Genotype and haplotype frequencies in different subjects groups.

Characteristic Healthy Patients with symptomatic acute hepatitis A
controls
(n = 73) Uncomplicated acute Acute liver failure All patients with

viral hepatitis A due to hepatitis acute hepatitis A
(n = 46) A (n = 29) (n = 75)

Haplotype
A 97 (66) 68 (74) 44 (76) 112 (75)
B 43 (29) 17 (18) 12 (21) 29 (19)
C 6 (4) 7 (8) 2 (3) 9 (6)

Genotype
A/A 29 (40) 26 (57) 15 (52) 41 (55)
B/B 4 (5) 0 (0) 0 (0) 0 (0)
C/C 0 (0) 1 (2) 0 (0) 1 (1)
A/B 34 (47) 14 (30) 12 (41) 26 (35)
A/C 5 (7) 2 (4) 2 (7) 4 (5)
B/C 1 (1) 3 (7) 0 (0) 3 (4)
Any B 39 (53) 17 (37) 12 (41) 29 (39)
(BB, AB or BC)

The data are shown as number (percent). A, B and C represent three alternative haplotypes as follows: A: rs141023871 Del/rs139041445 Del (15 bases short-
er than the reference sequence, NG_017001.1) – corresponds to the absence of 157insMTTTVP. B: rs141023871Ins/rs139041445Ins (3 bases longer than the
reference sequences) – corresponds to a 6-amino acid 157insMTTTVP insertion. C: rs141023871Ins / rs139041445 Del (reference sequence) – corresponds to
a 5-amino acid 157insMTTVP insertion.

A. Haplotype CA. Haplotype CA. Haplotype CA. Haplotype CA. Haplotype C
Reference sequence.
Homozygous

B. Haplotype AB. Haplotype AB. Haplotype AB. Haplotype AB. Haplotype A
rs141023871
(15-nt del).
Homozygous

C. Haplotype BC. Haplotype BC. Haplotype BC. Haplotype BC. Haplotype B
rs139041445
(3-nt ins).
Homozygous

D. HeterozygousD. HeterozygousD. HeterozygousD. HeterozygousD. Heterozygous
Haplotypes A and BHaplotypes A and BHaplotypes A and BHaplotypes A and BHaplotypes A and B

Haplotype B (3 nt ins) C T G T T C C A A T G A C A A C G A C T G T T C C A A C G AC A A C T G
Haplotype A (15 nt del) C T G T T C C A A C G A C A A C T G T T C C A A C A A C A A T G
Haplotypes A + B C T G T T C C A A Y G A C A A C K R Y T S Y WM C A A C R A Y R
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with AVH-A and healthy controls, as well as among pa-
tients with severe and mild forms of AVH-A.

The HAVCR1 protein belongs to the T-cell immu-
noglobulin mucin (TIM) protein family, which contains
several type I cell-surface transmembrane glycopro-
teins.5,11 It contains an immunoglobulin-like domain, a
heavily-glycosylated mucin domain, a single transmem-
brane domain and a short C-terminal cytoplasmic tail. It is
initially expressed by all CD4+ T cells; however, during
differentiation, its expression on TH1 and TH17 cells de-
clines whereas that on TH2 cells remains high.

HAVCR1 is expressed on hepatocyte membrane and
serves as the cellular receptor for HAV.12-14 In particular,
its mucin-like domain plays a role in the uncoating and in-
ternalization of the virus. It also appears to serve as the
cellular receptor for Ebolavirus, flaviviruses, alphaviruses
and arenaviruses.15-17

The HAVCR1 protein, in particular exon 4, is highly
polymorphic.6 The 157insMTTTVP polymorphism, locat-
ed in this exon,18 is located in the extracellular mucin-like
region of the protein, which is important for uncoating of
HAV before its entry into the cell.19 An insertion at this
site may be expected to affect the binding and internaliza-
tion of HAV into the hepatocytes, and hence influence the
clinical outcome of HAV infection.

The association of 157insMTTTVP polymorphism with
human disease was first studied in atopic conditions in which
HAVCR1 gene was suspected to play a role. This was done
using a cross-sectional study, in which 375 individuals were
evaluated for history of atopy, serologic evidence of HAV in-
fection and the presence of this insertion.18 In this study,
HAV seropositivity was found to protect against atopy in in-
dividuals with the 157insMTTTVP variant, but not in those
without this insertion. This suggested the existence of an in-
teraction between HAV infection and HAVCR1 genotype
that contributed to the occurrence of atopic diseases, and
provided a possible basis for the hygiene hypothesis. This in-
teraction was explained through a hypothesis that immune
cells with the longer variant of HAVCR1 protein bind HAV
better; thus, HAV infection in persons with this variant could
alter the Th1/Th2 balance and thus protect against atopy.
However, subsequent studies on this issue have shown con-
flicting results, with an association being observed in some
population groups20,21 but not in some others.22,23 Interesting-
ly, the relationship between the insertion and atopy has var-
ied even within studies done in the Chinese population.21,23

In addition, several studies have also looked at the association
of this polymorphism with autoimmune disorders with con-
flicting results. Thus, while two single-nucleotide polymor-
phisms in this gene were associated with susceptibility to
rheumatoid arthritis in one study,24 no association of poly-
morphisms in this gene was found with systemic lupus ery-
thematosus in another study.25 In Thailand, persons with

HAVCR1 exon 4 haplotypes with lower expression levels of
TIM1 were found to have a delayed progression of human
immunodeficiency virus infection to acquired immunodefi-
ciency syndrome.26

If a genetic variation in the HAVCR1 protein affects its
binding to HAV, one may expect it to affect the risk and
outcome of HAV infection. This was examined by Kim, et
al., who looked for the presence of 157insMTTTVP allele
in 30 Argentine patients with ALF-A and 102 controls who
had HAV antibodies but no history of liver disease7 and
found the insertion allele to be significantly associated
(22/60 [37%] vs. 57/204 [28%]; p = 0.037) with HAV-in-
duced liver disease. They further showed that the variant
HAVCR1 protein with this 6-amino acid insertion had
more efficient in vitro binding to HAV than the protein
without this insertion. Furthermore, human natural killer
T cells that expressed the longer HAVCR1 protein
showed greater cytotoxic activity against HAV-infected
liver cells than those expressing its shorter form. These
findings appeared to provide a pathogenetic explanation
for the greater disease severity among persons with the
MTTTVP insertion haplotype. However, though the fre-
quency of the insertion allele in that study was significant-
ly higher in persons with disease than in controls, the
absolute difference (37% vs. 28%) was small. We may add
here that our study had a much larger number of cases
with AVH-A (n = 75) than this the previous study (n =
30). No other study has yet assessed the relationship of the
157insMTTTVP insertion with the severity of hepatitis A.

By contrast, in our study, frequency of the 157insMTT-
TVP insertion in patients with AVH-A was similar to that
in healthy controls. If anything, the frequency of this inser-
tion was somewhat lower in our patient group than in the
control group, as opposed to the higher frequency in pa-
tients in the previous study. This suggests that this poly-
morphism did not have a role in determining the severity
of liver injury in our population. Further, we also com-
pared the frequency of this allele in patients with ALF-A
and those with uncomplicated AVH-A, and found these to
be similar; the previous study did not do such a compari-
son. Thus, our findings indicate that this polymorphism
may not have a role in determining the severity of HAV
disease in at least some settings. This is somewhat similar
to the association between this insertion and the occur-
rence of atopy, which has also been found in some popu-
lations but not in the others.

What could be the possible reasons for the differences
between the results obtained in our and the Argentine
studies? First, the two populations have different ethnic
origins. Despite the similar frequencies of the HAVCR1
157insMTTTVP haplotype in the two populations, being
28% in the Argentine study and 30% in our population, the
two populations would be expected to have several other
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genetic differences, which could have influenced the rela-
tionship between the presence of the 157insMTTTVP in-
sertion and disease severity.

Second, the HAV strains prevalent in India and Argenti-
na could be different. Thus, differences in amino acid se-
quences, and structures of proteins in viral strains
prevalent in the two regions could influence the associa-
tion of severity of HAV disease with HAVCR1 alleles in
these sites. We are unable to comment on this since we
did not assess the viral characteristics. However, all HAV
genotypes are known to share one highly conserved anti-
genic neutralization site and have a single serotype with
cross-protection across genotypes,27 making this explana-
tion less likely.

It may be pertinent to point out a limitation of our
study. Subjects enrolled as controls were not tested for
IgG anti-HAV, a marker of prior HAV infection. Howev-
er, previously published data28 and our unpublished expe-
rience show that > 95% of adult blood donors in this area
are positive for this antibody.

Overall, our study indicates that there may be an asso-
ciation between genomic variations in the HAVCR1 gene
and severity of disease associated with HAV infection in
some settings but not in others. This suggests that further
studies in various populations are needed to confirm or
refute this association, and to determine the factors that
influence the presence or absence of a relationship.
These studies should also help us better understand the
factors which influence the severity of hepatitis A dis-
ease, and possibly methods to prevent and treat such se-
vere disease.

ABBREVIATIONS

• ALF-A: acute liver failure due to hepatitis A.
• AVH-A: acute viral hepatitis A.
• HAV: hepatitis A virus.
• HAVCR1: Hepatitis A virus cellular receptor 1.
• HE: hepatic encephalopathy.
• INR: international normalized ratio.
• KIM-1: kidney injury molecule 1.
• PT-INR: prothrombin time-international normalized

ratio.
• TIM: T-cell immunoglobulin mucin.
• TIM-1: T-cell immunoglobulin and mucin domain 1.

COMPLIANCE WITH ETHICAL STANDARDS

DISCLOSURE OF
POTENTIAL CONFLICTS OF INTEREST

None of the authors has any conflict of interest.

RESEARCH INVOLVING HUMAN
PARTICIPANTS AND/OR ANIMALS

The study was approved by the Ethics Committee of
Sanjay Gandhi Postgraduate Institute of Medical Sciences,
Lucknow, India. Funding information is not applicable.

INFORMED CONSENT

Informed consent was obtained from each study sub-
ject or from one of the parents.

AUTHOR CONTRIBUTIONS

Mercilena Benjamin: Study design and  laboratory
work. Shikha Agnihotry: Analysis of sequencing data. An-
shu Srivastava: Finalization of study design, and clinical
work-up of subjects. Rishi Bolia: Enrolment and clinical
work-up of subjects: SK Yachha: Clinical work-up of
subjects. Rakesh Aggarwal: Conception and design of the
study, conduct, and supervision of laboratory work, analy-
sis of data including those related to sequence data,
writing the manuscript.

In addition, all the authors participated in critical revi-
sion of the manuscript drafts and approved the final
version of the manuscript. RA takes overall responsibility
for the work.

ACKNOWLEDGMENTS

The Bioinformatics Center at Sanjay Gandhi Postgrad-
uate Institute of Medical Sciences, Lucknow is funded by
Indian Council of Medical Research (ICMR), New Del-
hi. Mercilena Benjamin and Shikha Agnihotry were fund-
ed by ICMR during this work.

REFERENCES

1. Vaughan G, Goncalves Rossi LM, Forbi JC, de Paula VS,
Purdy MA, Xia G,  Khudyakov YE. Hepatitis A virus: host in-
teractions, molecular epidemiology and evolution. Infect
Genet Evol 2014; 21: 227-43.

2. Aggarwal R, Goel A. Hepatitis A: epidemiology in resource-
poor countries. Curr Opin Infect Dis 2015; 28: 488-96.

3. Armstrong GL, Bell BP. Hepatitis A virus infections in
the United States: model-based estimates and implica-
tions for childhood immunization. Pediatrics 2002; 109:
839-45.

4. Feigelstock D, Thompson P, Mattoo P, Zhang Y, Kaplan GG.
The human homolog of HAVcr-1 codes for a hepatitis A virus
cellular receptor. J Virol 1998; 72: 6621-8.

5. Kuchroo VK, Dardalhon V, Xiao S, Anderson AC. New roles
for TIM family members in immune regulation. Nat Rev Immu-
nol 2008; 8: 577-80.

6. Nakajima T, Wooding S, Satta Y, Jinnai N, Goto S, Hayasaka
I, Saitou N, et al. Evidence for natural selection in the
HAVCR1 gene: high degree of amino-acid variability in the



Benjamin M, et al. ,     2018; 17 (4): 561-568568

mucin domain of human HAVCR1 protein. Genes Immun
2005; 6: 398-406.

7. Kim HY, Eyheramonho MB, Pichavant M, Gonzalez Cambac-
eres C, Matangkasombut P, Cervio G, Kuperman S, et al. A
polymorphism in TIM1 is associated with susceptibility to se-
vere hepatitis A virus infection in humans. J Clin Invest
2011; 121: 1111-8.

8. Mullen KD. Review of the final report of the 1998 Working
Party on definition, nomenclature and diagnosis of hepatic
encephalopathy. Aliment Pharmacol Ther 2007; 25(Suppl.
1): 11-6.

9. Squires RH Jr, Shneider BL, Bucuvalas J, Alonso E, Sokol
RJ, Narkewicz MR, Dhawan A, et al. Acute liver failure in
children: the first 348 patients in the pediatric acute liver fail-
ure study group. J Pediatr 2006; 148: 652-8.

10. Hall TA. BioEdit: A user-friendly biological sequence align-
ment program for Windows 95/98/NT. Nucl Acids Symp Ser
1999; 41: 95-8.

11. Rennert PD. Novel roles for TIM-1 in immunity and infection.
Immunol Lett 2011; 141: 28-35.

12. Kaplan G, Totsuka A, Thompson P, Akatsuka T, Moritsugu Y,
Feinstone SM. Identification of a surface glycoprotein on Af-
rican green monkey kidney cells as a receptor for hepatitis
A virus. EMBO J 1996; 15: 4282-96.

13. Thompson P, Lu J, Kaplan GG. The Cys-rich region of hepati-
tis A virus cellular receptor 1 is required for binding of hepa-
titis A virus and protective monoclonal antibody 190/4. J
Virol 1998; 72: 3751-61.

14. Silberstein E, Dveksler G, Kaplan GG. Neutralization of hepa-
titis A virus (HAV) by an immunoadhesin containing the
cysteine-rich region of HAV cellular receptor-1. J Virol
2001; 75: 717-25.

15. Moller-Tank S, Kondratowicz AS, Davey RA, Rennert PD,
Maury W. Role of the phosphatidylserine receptor TIM-1 in
enveloped-virus entry. J Virol 2013; 87: 8327-41.

16. Jemielity S, Wang JJ, Chan YK, Ahmed AA, Li W, Monahan
S, Xia B, et al. TIM-family proteins promote infection of multi-
ple enveloped viruses through virion-associated phosphati-
dylserine. PLoS Pathog 2013; 9: e1003232.

17. Meertens L, Carnec X, Lecoin MP, Ramdasi R, Guivel-Ben-
hassine F, Lew E, Greq L, et al. The TIM and TAM families of
phosphatidylserine receptors mediate dengue virus entry.
Cell Host Microbe 2012; 12: 544-57.

18. McIntire JJ, Umetsu SE, Macaubas C, Hoyte EG, Cinnioglu C,
Cavalli-Sforza LL, Barsh GS, et al. Immunology: hepatitis A
virus link to atopic disease. Nature 2003; 425: 576.

19. Silberstein E, Xing L, van de Beek W, Lu J, Cheng H, Kaplan
GG. Alteration of hepatitis A virus (HAV) particles by a solu-
ble form of HAV cellular receptor 1 containing the immu-
noglobin-and mucin-like regions. J Virol 2003; 77: 8765-74.

20. Chae SC, Song JH, Lee YC, Kim JW, Chung HT. The associa-
tion of the exon 4 variations of Tim-1 gene with allergic dis-
eases in a Korean population. Biochem Biophys Res
Commun 2003; 312: 346-50.

21. Wu Q, Hu L, Cai P, Li Y, Chen F, Kong L. Association analy-
sis of TIM-1 -232G > A and 5383_5397 insertion/deletion pol-
ymorphisms with childhood asthma and total serum
immunoglobulin E levels in middle China. J Investig Allergol
Clin Immunol 2009; 19: 146-53.

22. Noguchi E, Nakayama J, Kamioka M, Ichikawa K, Shibasaki
M, Arinami T. Insertion/deletion coding polymorphisms in
hHAVcr-1 are not associated with atopic asthma in the Jap-
anese population. Genes Immun 2003; 4:170-3.

23. Li JS, Liu QJ, Wang P, Li HC, Wei CH, Guo CH, Gong YQ,
et al. Absence of association between two insertion/dele-
tion coding genetic polymorphisms of TIM-1 gene and
asthma in Chinese Han population. Int J Immunogenet
2006; 33: 417-22.

24. Xu JR, Yang Y, Liu XM, Sun JY, Wang YJ. Polymorphisms of
the TIM-1 gene are associated with rheumatoid arthritis in
the Chinese Hui minority ethnic population. Genet Mol Res
2012; 11: 61-9.

25. Li WX, Chen GM, Yuan H, Yao YS, Li RJ, Pan HF, Li XP, et al.
Polymorphisms of the TIM-1 and TIM-3 genes are not associ-
ated with systemic lupus erythematosus in a Chinese popu-
lation. Mutagenesis 2011; 26: 507-11.

26. Wichukchinda N, Nakajima T, Saipradit N, Nakayama EE,
Ohtani H, Rojanawiwat A, Pathipvanich P, et al. TIM1 haplo-
type may control the disease progression to AIDS in a HIV-
1-infected female cohort in Thailand. AIDS 2010; 24:
1625-31.

27. Stapleton JT, Lemon SM. Neutralization escape mutants de-
fine a dominant immunogenic neutralization site on hepatitis
A virus. J Virol 1987; 61: 491-8.

28. Acharya SK, Batra Y, Bhatkal B, Ojha B, Kaur K, Hazari S,
Saraya A, et al. Seroepidemiology of hepatitis A virus infec-
tion among school children in Delhi and north Indian patients
with chronic liver disease: implications for HAV vaccination.
J Gastroenterol Hepatol 2003; 18: 822-7.

Correspondence and reprint request:
Rakesh Aggarwal, M.D., D.M.

Department of Gastroenterology
Sanjay Gandhi Postgraduate Institute of Medical Sciences

Lucknow 226014, India
Tel.: +91 522 249 4431

E-mail:aggarwal.ra@gmail.com


