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Abstract

Previously we reported that the exposure to hepatitis B virus (HBV) infection serves as a major threat among the treatment
naive HIV infected population of eastern India. Hence, molecular characterization of these strains is of utmost importance in
order to identify clinically significant HBV mutations. A total of 85 treatment naive HIV/HBV co-infected participants were
included of whom the complete basal core promoter/precore region, the core and the whole envelope gene could be
successfully sequenced for 59, 57 and 39 isolates respectively. Following phylogenetic analysis, it was found that HBV/D was
the predominant genotype with HBV/D2 (38.5%) being the most prevalent subgenotype followed by HBV/A1. The major
mutations affecting HBeAg expression includes the A1762T/G1764A (13.6%), G1896A (22%) and G1862T mutation (33.9%)
which was predominantly associated with HBV/A1. Moreover, the prevalence of G1896A was considerably high among the
HBeAg negative HIV/HBV co-infected subjects compared to HBV mono-infection. The main amino acid substitutions within
the MHC class II restricted T-cell epitope of HBcAg includes the T12S (15.8%) and T67N (12.3%) mutation and the V27I
(10.5%) mutation in the MHC class I restricted T-cell epitope. PreS1/S2 deletion was detected in 3 isolates with all harboring
the BCP double mutation. Furthermore, the frequently occurring mutations in the major hydrophilic loop of the S gene
include the T125M, A128V and M133I/L. Therefore, this study is the first from India to report useful information on the
molecular heterogeneity of the HBV strains circulating among the treatment naive HIV/HBV co-infected population and is
thus clinically relevant.

Citation: Saha D, Pal A, Biswas A, Panigrahi R, Sarkar N, et al. (2014) Molecular Characterization of HBV Strains Circulating among the Treatment-Naive HIV/HBV
Co-Infected Patients of Eastern India. PLoS ONE 9(2): e90432. doi:10.1371/journal.pone.0090432

Editor: Ranjit Ray, Saint Louis University, United States of America

Received January 3, 2014; Accepted January 29, 2014; Published February 28, 2014

Copyright: � 2014 Saha et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work is supported by research grant from Department of Biotechnology (DBT), Government of India. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: runugc@gmail.com

Introduction

Hepatitis B virus (HBV) infection remains a global health

problem in spite of an effective vaccine, with approximately 400

million people being chronically infected with HBV worldwide [1].

HBV, the archetype member of the Hepadnaviridae family, is a

partially double stranded DNA virus of approximately 3.2 kb in

genome length with four overlapping open reading frames

encoding the polymerase (P), nucleocapsid (C), envelope (S), and

X protein [2].

Co-infection with HBV is frequent among the human

immunodeficiency virus (HIV) infected individuals due to their

similar transmission routes [3]. Presence of HIV might alter the

natural history of HBV infection resulting in high serum HBV

DNA levels, lower HBeAg to anti-HBe conversion rates and

increased risk of liver cirrhosis and hepatocellular carcinoma

(HCC) [4,5,6]. HBV replicates by means of an error prone reverse

transcriptase phenomenon which leads to different mutations

along the HBV genome which might have detrimental effect on

the natural course of the infection [7]. For example, the classical

A1762T/G1764A double mutation within the basal core promot-

er (nt 1742–1849 from EcoRI site) and the G1896A mutation in the

precore (PC) (nt 1814–1900 from EcoRI site) region are often

reported to be associated with advanced liver diseases including

liver cirrhosis and HCC in HBV mono-infection [8,9,10,11].

Similarly, the presence of Pre-S1/S2 deletion have also been

reported to be associated with progressive liver disease [12] and

increased risk for HCC [13] in HBV mono-infection. Moreover,

the frequency of PreS2 deletion was previously found to be higher

among the HIV/HBV co-infected population [14].

Reports on HIV/HBV co-infection from India are rare. In our

previous study we showed that the rate of HBV infection was

considerably high among the HIV infected population of eastern

India with majority of them being associated with high HBV DNA

levels [15]. However, molecular characterization of the HBV

strains circulating among the HIV infected cohort remains to be

analyzed. Therefore, the present study aims to characterize the

different HBV mutations found among the HIV/HBV co-infected

population of eastern India which might provide newer insights

into the possible reasons for the proficiency of the infection.
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Methods

Ethics Statement
The present study was approved by the Institutional Ethical

Committee of National Institute of Cholera and Enteric Diseases

(ICMR) with written informed consent being obtained from all the

study participants in their native language.

Study Subjects
Of the 119 HIV/HBV co-infected patients who participated in

our previous study [15], sufficient sample was available from 85

isolates for further analysis at the molecular level and they were

thus included in this present study. Data regarding age, sex,

possible modes of transmission and different HBV sero-markers

were previously abstracted from all the participants. Furthermore,

of all the HIV/HBV co-infected participants included for this

present study, 12 patients (12/85, 14.1%) had developed acquired

immunodeficiency syndrome (AIDS).

DNA Isolation, PCR Amplification and Sequencing of
Different HBV Region
DNA was extracted from the HIV/HBV co-infected subjects

using QIAamp DNA Blood Kit (Qiagen, Hilden, Germany)

according to manufacturer’s protocol. The HBV genotyping was

initially done by a highly sensitive polymerase chain reaction-

restriction fragment length polymorphism (PCR-RFLP) method,

as previously described [16]. The complete basal core promoter/

precore (BCP/PC) (nt 1742–1900 from EcoRI site) region was

amplified by nested PCR with first round primers ep1-1 (sense)/

ep1-2 (antisense) and second round primers ep2-1 (sense)/ep2-2

(antisense) whereas the complete core gene (nt 1901–2452 from

EcoRI site) was amplified using the primers HB7F (sense)/HBAS6

(antisense) for the first round and CB3 (sense)/HBAS5 (antisense)

for the second round.

Similarly, the complete PreS1/S2 and small surface (S) gene was

amplified by heminested PCR in two different fragments. The first

fragment includes the whole PreS1/S2 region which was amplified

as described earlier [17] while the second fragment, spanning the

entire S gene, was amplified using primers HB1F (sense)/HS4R

(antisense) for the first round and B2 (sense)/HS4R (antisense) for

the second round. The above reactions were performed using

Promega Taq DNA polymerase (Promega, Madison, WI) and all

the reagent concentrations were maintained as per the earlier

methods [16]. Details of all the primers and their respective

thermal profiles are presented in Table 1.

After PCR amplification the amplicons were directly sequenced

in both directions using their respective second round primers,

prism Big Dye kit and ABI 3130xl Genetic Analyzer (Applied

Biosystems, Foster City, USA). All the sequences were aligned and

corrected using BioEdit v7.1.3.0 [18]. The BCP/PC and the core

sequences were joined via the overlapping regions to acquire a

711 bp (HBV/D and HBV/C) and a 717 bp (HBV/A) sequence.

Similarly, the complete S region was amplified in two fragments

which were joined to obtain a maximum sequence length of

1170 bp for HBV/D and 1203 bp for HBV/A & HBV/C

initiating from preS1 start codon. The accession numbers for the

HBV BCP/PC/core gene sequenced in this study are KF798259 -

KF798315; for the complete small S gene are KF798220 -

KF798258 and the two additional isolates whose BCP/PC region

could be sequenced are KF798316 - KF798317.

Phylogenetic Analysis
HBV genotypes and subgenotypes for the isolates were

determined phylogenetically using MEGA 5 [19]. The phyloge-

netic tree was constructed using the neighbor-joining method [20]

and the reliability of the tree was evaluated by means of bootstrap

analysis with 1,000 replicates. Pairwise evolutionary distances were

computed using the Kimura two-parameter model [21].

Statistical Analysis
Data entries, determining the median of different parameters

and other preliminary calculations were done using Microsoft

Excel. Mann-Whitney test was used for comparing the medians of

continuous variables using Graphpad Prism (version 4.0.3). Chi-

square or Fischer’s exact test was used for comparing categorical

data using StatCalc (EpiInfo version 6.0, Centers for Disease

Control and Prevention and World Health Organization, Geneva,

Switzerland). In all the analyses, p-values ,0.05 were considered

as statistically significant.

Results

Among the 85 isolates included for this study, the complete

BCP/PC region could be successfully analyzed for 59 treatment

naive HIV/HBV co-infected subjects. On the other hand, the

entire core gene could only be successfully sequenced for 57

isolates. Among the patients whose complete BCP/PC region was

sequenced, the complete envelope gene (PreS1, PreS2 and S) of

39 HBV isolates could be amplified.

HBV Genotyping and Baseline Characteristics of the
Study Subjects
Among the above 59 study subjects, 53 (89.8%) were males and

6 (10.2%) were females. HBV genotyping, done by PCR-RFLP

method, showed that 34 of the 59 HIV/HBV co-infected patients

belonged to HBV/D (57.6%). The major baseline characteristics

of these study participants are summarized in Table 2.

The median CD4+ T-cell count for HIV/HBV co-infected

patients infected with either HBV/A (144 cells/mm3, inter-

quartile range [IQR] 61–838 cells/mm3) or HBV/D (194 cells/

mm3, IQR 26–414 cells/mm3) was considerably lower compared

to subjects infected with HBV/C (319.5 cells/mm3, IQR 186–629

cells/mm3). However, this difference was statistically not signifi-

cant (HBV/A vs. HBV/C; p= 0.14 & HBV/D vs. HBV/C;

p= 0.09). Moreover, there was no significant difference among

subjects infected with either of the HBV genotypes with respect to

ALT levels or the HBV DNA load.

Phylogenetic Analysis and Genetic Diversity
Phylogenetic analysis was done based on the complete small S

gene (nt 155–835 from EcoRI site) of the HBV genome. The 39

representative isolates were analyzed along with 42 reference

sequences belonging to different HBV genotypes/subgenotypes

retrieved from the GenBank [Figure 1]. Such analysis also showed

that HBV/D was the predominant genotype which was further

distributed among three subgenotypes HBV/D2, HBV/D3 &

HBV/D5 with HBV/D2 (15/39, 38.5%) being the most prevalent

subgenotype circulating among the HIV/HBV co-infected

patients of eastern India.

The overall inter-patient genetic distance was calculated for

different regions of HBV genome and it was found that the median

genetic distance was significantly higher for the HBV PreS1/S2/

Surface region compared to the Precore/core gene (p = ,0.0001)

[Figure 2A]. Moreover, it was found that the median genetic

distance was significantly lower for both the PreS1/S2/Surface

and the Precore/core region in case of HBV/A strains compared

to HBV/D and HBV/C [Figure 2B].

HBV Diversity in HIV Infected Adults from India
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Mutational Analysis of the BCP and Precore Region
Of the 59 isolates whose complete BCP/PC region was

sequenced, 46 were HBeAg positive and 13 were HBeAg negative.

The major mutations found in our study population are

summarized in Figure 3A. A total of 8 isolates (8/59, 13.6%)

harbored the BCP (A1762T/G1764A) double mutations. In 4

cases it occurred together with the T1753C mutation whereas in 5

cases the BCP mutations were accompanied by the G1896A

precore mutation. Similarly, the precore stop codon mutation

(G1896A) occurred in 13 isolates (13/59, 22%) with all harboring

the C1858T mutation and in 4 cases it occurred along with

G1899A mutation. The frequency of both BCP and precore

mutations was significantly higher for the HBeAg negative HIV/

HBV co-infected subjects compared to HBeAg positive subjects

(38.5% vs. 6.5%; p= 0.009 & 61.5% vs. 10.9%; p=,0.0001

respectively).The precore stop codon mutation was predominantly

found in HBV/D (10/34, 29.4%) and in majority of the HBV/C

strains while none of the HBV/A isolates had this mutation. On

the other hand, the BCP double mutation was common among the

HBV/A and HBV/C strains compared to HBV/D.

The Kozak sequence mutation (nt 1809–1812 from EcoRI site)

was found in only one HBV/A isolate harboring the A1811C

mutation. Similarly, the A1814C precore start codon mutation

was found in two isolates. Furthermore, the G1862T mutation was

found in 33.9% (20/59) of the study subjects. Strikingly, all the

HBV/A isolates harbored this mutation.

Mutations in the Core Gene
Several amino acid substitutions were found within the

immune-active region of the HBV core gene including the T12S

Table 1. List of primers used to amplify the different regions of the HBV genome and their respective thermal profile are
presented here.

HBV region/Round Primer Name (Position) Primer Sequence (59-39) Thermal Profile

Basal core promoter/Precore region

First Ep1-1 (1606–1625) GCATGGAGACCACCGTGAAC 94uC (30 s), 55uC (30 s), 72uC (45 s)/35 cycle

Ep1-2 (1974–1955) GGAAAGAAGTCAGAAGGCAA

Second Ep2-1 (1653–1672) CATAAGAGGACTCTTGGACT 94uC (30 s), 55uC (30 s), 72uC (45 s)/30 cycle

Ep2-2 (1959–1940) GGCAAAAAAGAGAGTAACTC

Core gene

First HB7F (1611–1630) GAGACCACCGTGAACGCCCA 94uC (45 s), 55uC (45 s), 72uC (60 s)/40 cycle

HBAS6 (2993–2971) GGGTTGAAGTCCCAATCTGGATT

Second CB3 (1824–1843) TTCACCTCTGCCTAATCATC 94uC (45 s), 55uC (45 s), 72uC (60 s)/35 cycle

HBAS5 (2662–2643) GGATAGAACCTAGCAGGCAT

PreS1/S2

First HB7F (1611–1630) GAGACCACCGTGAACGCCCA 94uC (60 s), 55uC (60 s), 72uC (60 s)/45 cycle

HB12R (256–237) CGAGTCTAGACTCTGTGGTA

Second HBS6 (2814–2834) GGGTCACCATATTCTTGGGAA 94uC (60 s), 55uC (60 s), 72uC (60 s)/40 cycle

HB12R (256–237) CGAGTCTAGACTCTGTGGTA

S gene

First HB1F (18–39) AAGCTCTGCTAGATCCCAGAGT 94uC (45 s), 55uC (45 s), 72uC (60 s)/40 cycle

HS4R (989–970) CATACTTTCCAATCAATAGG

Second B2 (65–84) GGCTC (AC) AGTTC (AC) GGAACAGT 94uC (45 s), 55uC (45 s), 72uC (60 s)/35 cycle

HS4R (989–970) CATACTTTCCAATCAATAGG

doi:10.1371/journal.pone.0090432.t001

Table 2. Baseline characteristics of all the participating HIV/HBV co-infected individuals belonging to different HBV genotypes.

Variable Total HIV/HBV patients Genotype

HBV/A HBV/C HBV/D

Patients, n (%) 59 19 (32.2) 6 (10.2) 34 (57.6)

Age, years, median (IQR) 35 (21–60) 35 (21–60) 33.5 (26–50) 34.5 (32–54)

Male sex, n (%) 53 (89.8) 17 (89.5) 6 (100) 30 (88.2)

CD4+ T-cell count, cells/mm3, median (IQR) 198 (26–838) 144 (61–838) 319.5 (186–629) 194 (26–414)

ALT, U/L, median (IQR) 50 (15–406) 54 (15–186) 52 (17–406) 45 (22–182)

HBeAg positive, n (%) 46 (78) 15 (79) 4 (66.7) 27 (79.4)

HBV DNA, log10IU/ml, median (IQR) 5.7 (2–7.65) 5.7 (2–7.64) 4.9 (4.62–5.96) 5.8 (4.37–7.65)

doi:10.1371/journal.pone.0090432.t002

HBV Diversity in HIV Infected Adults from India
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(9/57, 15.8%) and T67N (7/57, 12.3%) mutation in the MHC

class II restricted T-cell epitope of HBV core protein and the V27I

(6/57, 10.5%) mutation in the MHC class I restricted T-cell

epitope. Majority of these mutations were associated with HBV/C

strains. Other mutations found within the immunologically-active

region of the core protein are presented in Figure 3B. Further-

more, the 21 G frameshift mutation was detected in one of the

isolate belonging to HBV/A.

Analysis of the Complete S Gene
Among the 39 HIV/HBV co-infected subjects, whose complete

envelope gene could be successfully sequenced, the PreS1/S2

deletion was detected in 3 isolates (3/39, 7.7%) [Figure 4A]. Two

isolates, EICIS-29 & EICIS-35, had a deletion of 2 and 10 amino

acids respectively in the PreS2 domain whereas EICIS-59 had a

large deletion of 21 amino acids in the PreS1 region of the

envelope gene. Interestingly, all the subjects with PreS1 or PreS2

deletion had A1762T/G1764A mutation in their BCP region

whereas the G1896A PC mutation was found in two of the isolates.

Figure 1. Phylogenetic analysis of the HBV isolates circulating among the HIV/HBV co-infected population of eastern India. The
phylogenetic tree was constructed based on the complete small S region (nucleotide 155–835 from EcoRI site) of the HBV genome using the
neighbor-joining method and bootstrap value of 1000 replicates. The 39 isolates (denoted by EICIS) were analyzed with respect to 42 reference
sequences retrieved from the GenBank which are designated by their respective accession numbers along with their HBV genotypes/subgenotypes
and country of origin. N represents isolates belonging to HBV/A, & represents HBV/C whereas m represents HBV/D.
doi:10.1371/journal.pone.0090432.g001

HBV Diversity in HIV Infected Adults from India
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Very few amino acid substitutions were found within the

hepatocyte binding site including the G27S and G35R mutation

in only one HBV/C isolate and A39S/R mutation in 3 HBV/D

isolates.

Figure 2. Inter-patient genetic distances for different HBV genes and its divergence among different HBV genotypes. (A) The median
genetic distance was significantly higher for the HBV PreS1/S2/Surface region compared to the precore/core regions. (B) The median genetic distance
was significantly lower in case of HBV/A compared to HBV/D and HBV/C for both the HBV open reading frames (ORF), thus indicating the low genetic
diversity of HBV/A.
doi:10.1371/journal.pone.0090432.g002

HBV Diversity in HIV Infected Adults from India
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The mutations which occurred more frequently within the small

S gene are shown in Figure 4B. In addition, other mutations such

as Y100D, Q101R/H, M103V/I, D144E and G145S was also

found within the major hydrophilic loop (MHL) of the S gene.

Moreover, 93.3% of the HBV/D2 strains had T118V (14/15)

whereas all the HBV/D2 isolates were associated with A128V.

Additionally, two premature stop codon mutations, the C69* and

the W182* mutation, were observed outside the MHL region in

two isolates.

Discussion

Despite India being intermediately endemic for both HIV and

HBV, there are very few reports on HIV/HBV co-infection from

India and even scarce from eastern India. In our previous study,

we showed that the exposure to HBV co-infection was predom-

inant among the ART naive HIV infected population of eastern

India and thus it serves as a major threat in this population [15].

However, the molecular characterization of these HBV strains

remained to be done. Therefore, the present study primarily

emphasizes on the genetic variability of different HBV regions and

to best of our knowledge, is the first in India to evaluate the

prevalence of different HBV mutations among the treatment naive

HIV/HBV co-infected population. Several clinically significant

HBV mutations were observed in our settings including the BCP

double mutations, PreS deletions and the G1896A precore

mutation, which was predominant among the HBeAg negative

HIV/HBV co-infected patients who were treatment naive.

In our recent report, we showed that HBV/D was the

predominant genotype circulating among the ART naive HIV/

HBV co-infected population of eastern India followed by HBV/A

and HBV/C [15]. In the present study, we showed that HBV/D2

(15/39, 38.5%) was the major subgenotype prevailing among the

HIV/HBV co- infected patients of eastern India whereas the most

prevalent non-HBV/D genotype was HBV/A1 (13/39, 33.3%).

This was in accordance with our previous study which also showed

similar results [22]. Moreover, the genetic diversity of HBV/D or

HBV/C was significantly higher compared to HBV/A which was

reflected by high inter-patient genetic distances for different HBV

open reading frames (ORF) including the PreS1/S2/Surface and

the precore/core region [Figure 4B]. These findings were similar

to earlier studies on HBV mono-infection which also suggested

that HBV/D exhibits high degree of molecular heterogeneity

Figure 3. Mutations in the Basal Core Promoter/PreCore and the Core regions of the HBV Genome. (A) The frequency of the major
mutations found in the BCP/precore region of the HBV strains circulating among the treatment naive HIV infected cohort of eastern India are
presented here. The frequency of the G1896A precore mutation was higher compared to the BCP double mutations in our settings with majority of
the strains harboring the C1858T mutation. (B) The frequencies of the amino acid mutations found in the immune-active regions of the core gene are
shown. The major mutations in the MHC class I restricted (amino acids 18–27, 88–96, 130–140, 141–151) and MHC class II-restricted (amino acids 1–
20, 50–69, 81–105, 117–131, 141–165) T-cell epitopes of core antigen includes the V27I and T12S respectively.
doi:10.1371/journal.pone.0090432.g003

HBV Diversity in HIV Infected Adults from India
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[23,24] and has an estimated substitution rate higher than that of

HBV/A [25].

The core promoter (nt 1613–1849 from EcoRI site) region of

HBV is of great importance in HBV replication. It consists of two

regulatory regions: the upper regulatory region and the basal core

promoter [26]. The BCP region is composed of 4 TA rich

sequences which play a pivotal role during the transcription

process [10] and are considered as mutational ‘‘hot spots’’ [26].

The complete analysis of the BCP and the precore/core region in

this study showed that 13.6% of the isolates harbored the BCP

double mutation whereas about 22% of them had the G1896A

precore mutation. However, the prevalence of the A1762T/

G1764A mutations were relatively lower in case of the HIV/HBV

co-infected patients, as our previous study on HBV mono-infection

from eastern India showed that about 61% of the subjects

harbored this double mutation [10]. In a study performed by

Audsley et al, it was also shown that the frequency the BCP double

mutation was considerably high in case of HBV mono-infection

compared to HIV/HBV co-infection [14]. Possibly, the presence

of more HBeAg positive participants in our study might have led

to the overall decrease in the frequency of the BCP mutations

which are more often associated with HBeAg negative status. On

the other hand, the prevalence of both BCP double mutation and

G1896A were considerably low among the HBeAg positive HIV/

HBV co-infected patients which was in accordance with our

previous reports [27]. Interestingly, in contrast to our earlier

reports which showed that 18–24% of the HBeAg negative HBV

mono-infected patients harbored the G1896A mutation [27,10],

the prevalence of G1896A precore mutation was considerably

high (61.5%) among the HBeAg negative HIV/HBV co-infected

subjects from eastern India. However, presence of any distinct

BCP or Precore mutations distinguishing between HBeAg positive

Figure 4. Schematic representation of the PreS deletions and the mutations in the small surface gene of the HBV strains isolated
from the HIV/HBV co-infected patients of eastern India. (A) The PreS deletions are indicated by dashed lines (–). The numbers ahead of each
deletion indicates the starting point of the respective amino acid deletions whereas the numbers besides the triangle (m) indicates the length of each
deletion observed in the co-infected individuals. (B) The major mutations occurring frequently within the small surface gene of HBV are shown here.
The substitutions marked with a star (*) are mainly contributed due to the presence of the HBV/D2 sequences.
doi:10.1371/journal.pone.0090432.g004

HBV Diversity in HIV Infected Adults from India
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and HBeAg negative HIV/HBV co-infected patients was not

observed in our study population.

Our findings also revealed that the A1762T/G1764A mutations

were more common among HIV/HBV co-infected subjects who

were infected with HBV/A or HBV/C whereas the G1896A

precore mutation was more associated with HBV/D which was in

concordance with earlier studies on HBV mono-infection from this

part of India [10,28]. Several reports suggest that the BCP double

mutations, HBV/A and HBV/C are considered as a major risk

factors for severe liver disease [29,30]. In the present study, 50% of

the subjects infected with HBV/C harbored the A1762T/G1764A

mutations, thus increasing the chances of advanced liver disease

among the HIV/HBV co-infected cohort. On the other hand, the

clinical relevance of G1896A mutation is ambiguous, with some

reporting its association with severe forms of chronic liver disease

[31] while other studies suggest no such relevant association

[8,32]. As per previous reports from India, the presence of

G1896A might lead to inactivation of liver diseases [33].

Therefore, since we found that the frequency of G1896A mutation

was noticeably high among the HBeAg negative HIV/HBV co-

infected individuals, further studies are needed to monitor the

clinical outcome of these patients in future and examine whether

G1896A has any clinical significance in this cohort.

The Kozak sequence mutation which suppresses the translation

of HBeAg [34] and the precore start codon mutation which

completely terminates the expression of HBeAg [35] was also

found in our study among the HBV/A strains but at a lower

frequency. Beside these mutations, a common missense mutation

at nucleotide 1862 (G to T) was also observed in about 34% of the

isolates. The G1862T mutation is known for affecting the

expression of HBeAg at the post-translational level [36]. It

converts the amino acid residue valine at codon 17 of the precore

peptide to phenylalanine, which being a bulkier residue interferes

with signal peptidase cleavage [37]. Moreover, all the HBV/A

isolates of this present study were associated with the G1862T,

irrespective of HBeAg status. A previous study also demonstrated

that G1862T mutation was appreciably related to HBV/A1 rather

than HBV/A2 [38]. Such significant association between this

mutation and HBV/A was earlier reported from our lab among

the HBV mono-infected patients from eastern India, which

supports the idea that this mutation might be a part of the natural

variability of HBV/A1 [39].

Additional random mutations were observed in the immune-

active regions of the core gene which consists of different B-cell

and T-cell epitopes and is thus vulnerable to different mutations

during the course of infection [40]. The major mutations include

the T12S, V27I and T67N which were predominant among the

HBV/C strains. Moreover, the frequency of the mutations in the

MHC-II restricted T-cell epitope was higher compared to MHC-I

restricted T-cell epitope, which coincide with other recent findings

[41,42]. A recent study showed that HBV/C related P5H, I97F/L

and L100I mutations were significantly associated with HCC [42].

However, the frequency of these mutations was markedly low in

our study population. A possible reason might be due to the fact

that our cohort comprised of HIV infected individuals and are

therefore associated with lower immune selection pressure.

A study on HIV/HBV co-infection had earlier reported the

presence of an unusual mutation (21 G frameshift mutation)

predominantly found among this cohort, especially among those

infected with HBV/A strains [14]. This mutant, created by the

deletion of a guanosine residue from the guanine-rich homopol-

ymer sequence at nts 2,085–2,090 (from EcoRI site) in the HBV

core gene, results in the formation of a truncated precore or core

protein and was more prevalent among patients from USA and

Australia [43]. Furthermore, this mutant was also reported in a

Japanese patient who was infected with both HIV and HBV [44].

In vitro studies have revealed that the truncated proteins are more

often intracellularly retained in the endoplasmic reticulum and the

Golgi apparatus [45]. In this study, we found that the frequency of

this mutation was very low in our study population as only one

HBV/A isolate harbored this unique mutation. However, none of

the previous studies from India had reported the presence of this

mutation both in case of HIV/HBV co-infection and HBV mono-

infection.

Several studies on HBV mono-infection had previously reported

the presence of PreS1/S2 deletion [46,47] which has severe

clinical significance. In sub-saharan Africa, it had been reported to

be associated with increased risk of hepatocarcinogenesis [48].

Moreover, several other reports have shown that the deletion

mutants often accumulate within the endoplasmic reticulum (ER)

of hepatocyte and cause ER stress, which might be a possible cause

for development of HCC [49]. In our study, we found that the

frequency of PreS deletion among the HIV/HBV co-infected

population was only 7.7%, which was much lower compared to its

prevalence in case of HBV mono-infection (20% PreS1 and 24%

PreS2 deletion) from eastern India [17]. This was in contrast to

another study where they showed that the frequency of PreS2

deletions were significantly high in HIV/HBV co-infection rather

than HBV mono-infection [14]. Notably, it was seen that all the

isolates which harbored the PreS1/S2 deletion were accompanied

by the BCP A1762T/G1764A double mutations. Similar associ-

ation was previously noticed in case of HIV/HBV co-infection

and also in HBV mono-infected patients with advanced liver

diseases [14,50]. Additionally, the F141L mutation in the PreS

region was not found in any of the HIV/HBV co-infected

individuals, although this mutation was found to be significant

among the liver cirrhosis patients compared to the chronic HBV

cases with HBV mono-infection [17].

The current study also focused on the molecular heterogeneity

of the small surface gene of the HBV strains circulating among the

treatment naive HIV/HBV co-infected population of eastern

India. Several amino acid substitutions within the major hydro-

philic loop were observed in our study population which included

Y100D, Q101R/H, M103V/I, T125M, A128V, M133L, D144E

and G145S. The presence of T118V and A128V were found

significantly in HBV/D2, which concurs with our previous study

[51] and hence are considered as signature residues of this

subgenotype. Additional mutation outside the MHL region was

also observed including the E164G mutation, which was earlier

reported by another study on chronic HBV carriers [52].

However, its implication as a vaccine escape mutant is still

unclear. Notably, two premature stop codon mutations, one at

codon 69 and another at codon 182, were found in the surface

gene of the HBV strains. The former results in a truncated surface

protein and was previously reported among the HIV/HBV co-

infected patients of eastern India [22]. The W182* mutation had

been previously reported to have severe clinical implications. A

study involving Korean patients showed that this stop codon

mutation was frequently found in HBV/C and is associated with

progressive form of liver disease particularly with HCC [53]. In

addition, a recent genome wide study showed the association

between chronic HBV infection and HLA-locus in a Japanese

population. It showed that variations in antigen-binding sites of

HLA-DP and HLA-DQ might result in persistent HBV infection

[54]. However, similar reports on HIV/HBV co-infection are

lacking and needs further study to identify the different host

genetic factors associated with HBV infection among the HIV

infected patients.
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In conclusion, our study mainly highlights the genetic variability

of the different HBV genes among the treatment naive HIV/HBV

co-infected population of eastern India. To best of our knowledge,

it is the first study of its kind from India to report the prevalence of

different HBV mutations in the HIV infected cohort. In this study,

it was observed in accordance to our previous report, that HBV/

D2 was the predominant subgenotype circulating among the

HIV/HBV co-infected population followed by HBV/A1. Fur-

thermore, the frequency of the A1762T/G1764A mutations was

comparatively lower than its frequency among HBV mono-

infected cases from this part of the country with majority of the

HBV/C strains being associated with this mutation. However, the

prevalence of G1896A was markedly high among the HBeAg

negative HIV/HBV co-infected patients and therefore, needs

further follow-up to assess whether this mutation is associated with

any severe clinical implications in this cohort. Finally, this study for

the first time also reports the presence of the 21 G frameshift

deletion and the W182* mutations among the Indian population

but with a lower frequency. Therefore, the current study provides

valuable information on the molecular heterogeneity of the HBV

strains circulating among the treatment naive HIV/HBV co-

infected population of eastern India and might elucidate the

molecular basis for the proficiency of the HBV infection in this

cohort.
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