
diseases have emerged as the leading cause of morbidity 
and mortality in HIV-infected individuals and HBV co-
infection have become the major health issue among this 
population particularly from the regions with endemic 
HBV infection. In setting of HIV-HBV co-infection, HIV 
significantly impacts the natural history of HBV infection, 
its disease profile and the treatment outcome in negative 
manner. Moreover, the epidemiological pattern of HBV 
infection and the diversity in HBV genome (genotypic 
and phenotypic) are also varied in HIV co-infected 
subjects as compared to HBV mono-infected individuals. 
Several reports on the abovementioned issues are 
available from developed parts of the world as well as 
from sub-Saharan African countries. In contrast, most 
of these research areas remained unexplored in India 
despite having considerable burden of HIV and HBV 
infections. This review discusses present knowledge from 
the studies on HIV-HBV co-infection in India and relevant 
reports from different parts of the world. Issues needed 
for the future research relevant to HIV-HBV co-infection 
in India are also highlighted here, including a call for 
further investigations on this field of study. 
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Core tip: Various parameters of hepatitis B virus (HBV) 
infection including molecular epidemiology, disease 
profile and treatment outcome remains unexplored in 
human immunodeficiency virus (HIV)-positive individuals 
from India, a major reservoir for HBV and HIV infection 
of the globe. Only few reports particularly from eastern 
Indian HIV-HBV co-infected cohort represented some 
interesting findings in context to the global reports on 
this co-infection. Comparing with the available worldwide 
studies, issues that should be addressed for research in 
India are identified and a call for further investigations 
on HIV-HBV co-infection in India is highlighted through 
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Abstract
Shared routes of transmission lead to frequent human 
immunodeficiency virus (HIV)-hepatitis B virus (HBV) co-
infection in a host which results in about 10% of HIV 
positive individuals to have chronic hepatitis B infection 
worldwide. In post-antiretroviral therapy era, liver 
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this article. This is needed for proper management of 
HIV-HBV co-infected Indian population. 
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INTRODUCTION
Human immunodeficiency virus (HIV) and hepatitis 
B virus (HBV), the two important blood-borne human 
pathogens, are major public health concerns in the current 
era. Since the introduction of combination antiretroviral 
therapy (cART) in 1996, acquired immunodeficiency 
syndrome (AIDS) related deaths among HIV-infected 
individuals have been reduced significantly worldwide[1]. 
In this situation of improved life expectancy due to ART, 
liver disease associated mortality has emerged as the 
leading cause of deaths in HIV-infected global population. 
Of all the possible causes of liver-related deaths, HBV 
co-infection has become one of the important burdens 
among HIV-positive individuals in post-ART era. Moreover, 
HBV shares its routes of transmission (sexual contact, 
percutaneous route and perinatal route) with HIV[2] and 
thus the incidence of HIV-HBV co-infection becomes a 
frequent phenomenon in a host[3]. As a consequence, in 
an estimated 40 million people living with HIV worldwide, 
approximately 10% (2-4 million) have chronic HBV co-
infection [defined by the presence of serum hepatitis 
B surface antigen (HBsAg) for more than 6 mo][2]. 
In addition, the biological signs of prior HBV infection 
[defined by the presence of serum anti-hepatitis B core 
antibody (HBcAb)] could be observed in 90% of HIV-
positive individuals in the regions with high endemic HBV 
infection such as south-east Asia and sub-Saharan Africa.

During the setting of co-infection, HIV and HBV 
simultaneously interact in a host complicating pathogenesis 
and disease progression of these two infections, immune-
responses to both the virus and treatment outcome against 
them. Till date, several studies have been conducted 
worldwide which have shown significant negative impact 
of HIV on the natural history of HBV infection[4-8] whereas 
such confirmed evidences are missing that state the 
effect of HBV on HIV infection[9]. Co-infection with HIV 
modifies the natural history of HBV infection by increasing 
the rate of HBV chronic infection, lowering the rate of 
HBsAg, hepatitis B e antigen (HBeAg) seroconversion and 
increasing HBV replication[5,6]. The deleterious effect of 
HIV leads to more rapid progression towards end-stage 
liver diseases (liver cirrhosis and hepatocellular carcinoma) 
and higher risk for liver-disease related mortality in HIV-
HBV co-infected individuals as compared to those infected 
with HBV only[10,11]. Simultaneously in presence of HIV, 
management of HBV becomes complicated greatly[12]. 

Most of the developed parts of the world (for, e.g., 

western Europe, Australia and United States) where 
HBV is less endemic (HBsAg prevalence < 2%) and 
some of the developing countries (mostly sub-Saharan 
African countries) with endemic HBV infection (HBsAg 
prevalence ≥ 8%) have largely contributed to the 
studies regarding HIV-HBV co-infection in these parts 
of the globe. Harbouring the third largest population 
of HIV infection and the second largest pool of chronic 
HBV infection (HBsAg prevalence 2%-7%) of the world, 
reports on HIV-HBV co-infection in India are scarce. 
Interestingly, few reports available from India indicate 
that studies on HIV-HBV co-infection are required from 
national as well as global perspectives. Therefore here 
we have highlighted HIV-HBV co-infection in India in 
comparison to the reports from different parts of the 
world to understand the present scenario of this co-
infection in this subcontinent.

EPIDEMIOLOGICAL SCENARIO OF HIV-
HBV CO-INFECTION 
HIV-HBV co-infection showed global heterogeneity in 
epidemiological pattern. Two major determinants of 
this variation are geographical origin and risk groups of 
infected patients[2]. In regions of low endemicity of HBV 
infection (prevalence of HBsAg < 2%) such as United 
States, Western Europe and Australia, prevalence 
of chronic hepatitis B was reported to be 5%-14% 
among HIV-positive individuals[7,13-17]. In the countries 
of developed parts of the world, acute HBV infection 
occurs in adolescents and young adults through 
primarily sexual transmission (both heterosexual and 
homosexual), followed by percutaneous transmission. 
HIV-infected men who have sex with men (MSM) 
showed the highest frequency of chronic HBV infection 
(9%-17%)[3]. In contrast, perinatal transmission (south 
and south-east Asia) and horizontal transmission (Africa) 
are the major threats in the intermediate (HBsAg 
prevalence 2%-7%) and high endemicity (HBsAg 
prevalence ≥ 8%) zones of HBV infection where 
persons obtain HBV infection in childhood[18]. Adults 
could acquire HIV-HBV co-infection through sexual 
contact and unsafe blood transfusion process in the 
resource limited settings of low-income countries[18,19]. 
Most studies reported 10%-20% prevalence of HIV-
HBV co-infection in these countries[2]. Moreover reports 
from different parts of sub-Saharan Africa suggests that 
HBsAg prevalence could vary considerably (from Kenya; 
6% to Nigeria; 16.7%)[20,21]. Evidences of variations in 
the prevalence of HBsAg among different risk groups 
were also found across the countries of this continent[22]. 
Regarding the epidemiological scenario several studies 
have been performed worldwide on multi-centre cohort 
of HIV-HBV co-infection which revealed the overview 
of prevalence, clinical and virological profile of these 
patients from a country[7,8,10,15-17,23-25]. Recently, a study 
including a multi-national cohort from 11 countries 
showed the concordant prevalence of HIV-HBV co-
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infection in Africa, America and Asia similar to the 
previous reports[25].

In contrast, sporadic reports from India[26-37] has 
addressed the issue of prevalence of HBsAg among HIV-
infected patients majority being from the northern part 
of the country[32-37]. Taking together these reports, HBsAg 
prevalence among HIV-infected Indian population could 
be estimated as 2%-14%. These reports mostly included 
HIV-positive patients either from one ART centre[31,37] or 
from single risk group for, e.g., injecting drug users[27], 
female sex workers[30]. However in another two 
studies quite high frequency of HBsAg were found - 
approximately 22% (6/27)[32] and approximately 30% 
(34/110)[26]. These variations in results were observed 
possibly due to small sample size data, lack of multi-
centre studies and unavailability of multi-risk group 
data. Thus, overall epidemiological trend of HIV-HBV 
co-infection in India still remains obscure (Figure 1). 
Nevertheless, two findings from these sporadic studies 
are concordant with the worldwide reports[21,22,25], i.e., 
(1) the male gender is predominant over the females; 
and (2) sexual contact is the chief transmission route of 
HIV-HBV co-infection in India[26-31]. 

INFLUENCE OF HIV ON NATURAL 
HISTORY OF HBV INFECTION
To date, significant adverse effects of HIV co-infection 
on the natural history of HBV infection have been 
demonstrated in several studies from the perspectives 
of increased chronicity, accelerated rate of advance 
liver disease development and heightened mortality 
rates[4-6,10,11]. In a retrospective study, Bodsworth et al[4] 
showed increased rate of HBV chronicity development 
in HIV seropositive homosexual men than those without 
HIV (23% vs 4%)[4]. In several studies, HIV-HBV co-
infected individuals showed decreased rate of HBeAg 
seroclearance along with increased HBe antigenemia[5,6,8]. 
Incidence rate of HBeAg seroclearance was decreased 
five times in HIV-positive patients compared to HIV-
negative ones during a mean follow up for 5 years in a 
study from France[8]. Moreover in accordance to high 
HBeAg positivity, high serum HBV DNA load is associated 
with HIV-HBV co-infected patients[5,6]. HBeAg positive 
HIV-infected patients mostly had higher HBV viraemia 
as compared to HBeAg negative individuals. Thio et 
al[25] showed that 66% of HBeAg negative subjects had 
HBV DNA < 2000 IU/mL in a multi-national treatment-
naïve cohort suggesting HBeAg as a predictive factor for 
HBV treatment in absence of HBV DNA quantification 
data[25]. Remarkably, studies describing the impact 
of HIV on HBV related mortality showed that HIV-
HBV co-infected individuals had increased rate of liver 
associated deaths as compared to those with HBV 
mono-infection[7,10]. HIV-HBV co-infected men had 17 
times higher incidence of liver-disease related deaths 
than HBV mono-infected ones[10].

Besides the worldwide reports, studies regarding 

the abovementioned parameters are lacking in India. 
However in one study from eastern India showed high 
HBV DNA load among HBeAg negative HIV infected 
individuals where 61% had HBV DNA ≥ 2000 IU/mL 
and required HBV treatment[31]. According to the study 
by Thio et al[25], detection of HBeAg may be useful to 
assess the need for treatment in a setting where HBV 
DNA quantification facility is unavailable. Saha et al[31] 
demonstrated that HBeAg could be helpful to indicate 
the need for treatment among HBeAg positive HIV-HBV 
co-infected patients from eastern India however DNA 
quantification is necessary to consider HBeAg negative 
patients for treatment or not. Thus eastern Indian HIV-
HBV co-infected individuals need serious attention for 
their clinical management and the conformation of this 
finding from the different parts of the country is an 
urgent necessity.

The aforementioned negative impacts on natural 
history of HBV might be the consequences of influence of 
HIV on the diversity of HBV genome, modification of host 
immune response and ART related complications. Some 
reports could be found to address the genetic diversity 
of HBV among HIV co-infected individuals[23,38-43]. HBV 
genome diversity can be described from two aspects - 
genotypic and phenotypic.

INFLUENCE OF HIV ON GENOTYPIC 
DIVERSITY OF HBV
Genotypic diversity is related to the natural history and 
the genotypes of HBV infection occurring during the 
gradual evolution of HBV in a host without selective 
pressures. Having a high mutation rate (10-5/replication 
cycle), HBV results in the generation of different 
genotypes and each genotype can further be divided 
into several sub-genotypes. So far ten HBV genotypes 
(A-J) have been described depending upon their > 8% 
nucleotide divergence in complete genome sequences, 
whereas subgenotypes have that divergence of > 4% 
- < 8%[44]. HBV genotypes and subgenotypes showed 
varied distribution according to the geographical 
regions. Moreover, HBV genotypes/sub-genotypes differ 
considerably in the mutational patterns, ethnicity and 
their clinical as well as treatment outcomes[44]. 

In HIV-HBV co-infection, distribution of HBV 
genotypes was found to vary with geographical origin 
which is similar to HBV mono-infection[45]. In a recent 
collaborative study from 19 French university hospitals, 
223 HIV-HBV co-infected patients were evaluated[24], 
where primarily prevalence of HBV/A were found in 
European and HBV/D in African patients. While, HBV/E 
was found mainly in patients with sub-saharan African 
origin, as this genotype is reported to be confined 
mostly to that region. Interestingly, a report from 
Mexico observed differential predominance of genotype 
between HBV mono-infected (HBV/H) and HIV-HBV co-
infected patients (HBV/G)[46]. Moreover in a recent report 
on a multi-national HIV infected cohort (n = 113), Thio 
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In comparison to worldwide data, only four studies 
could be found from India that analyzed the genetic 
diversity of HBV among HIV co-infected patients; three 
from eastern India[31,42,43] and one from north-eastern 
India[47]. Reports from other parts of the country are still 
lacking. Interestingly, a recent multi-national study[25] 
that included patients from India (n = 13), showed 

et al[25] reported the predominance of HBV/A (72%) 
and HBV/D (16%) in HIV-HBV co-infection worldwide 
and the divergence of HBV genotype with geographical 
regions[25]. Till date only one study could be found to 
report an association of HBV genotype (HBV/G) with liver 
severity, i.e., the degree of liver fiborsis in HIV-HBV co-
infected patients[38]. 

August 12, 2015|Volume 4|Issue 3|WJV|www.wjgnet.com 258

Chakravarty R et al . HIV-HBV co-infection in India

B

pol ORF 
(amino acid)

pre-S2/pre-S1/S ORF
(amino acid)

BCP + pre-C/C ORF 
(nucleotide)

X 
ORF

Mutations reported in HBV 
among HIV-co-infected 

individuals in India

3TC-resistant double (L180M 
+ M204V) and triple mutation 

(V173L+ L180M + M204V)[31,42,60]

Pre-S2 deletion, immune-escape 
mutations(M133I/T, Y134N/H, Q129R),  

vaccine-escape mutation (G145R), premature 
stop codon (C69Stop)[42,43,47]

A1762T/G1764A, G1896A, 
frameshift mutation (-1G)[43]

-

Research areas in HIV-HBV co-infection Worldwide reports excluding India 
(References)

Nationwide reports from India 
(References)

Multi-centre study on prevalence and 
characterization

√ 
[5-8,16,17,23-25]

−

Effect of HIV on natural history of 
HBV infection

√ 
[4-6]

−

Genetic diversity (Genotypic and 
phenotypic) of HBV among HIV co-

infected individuals

√ 
[23-25,38-41,46,48-50]

√ 
[31,42,43,47]

Altered immune response in HIV-HBV 
co-infection and effect of HIV on 

genetic diversity of HBV

√ 
[25,58,59,90,91]

√ 
[42]

Increased liver injuries and end stage 
liver disease development

√ 
[11,38,92,93]

−

Increased liver mortality √ 
[7,10,11]

−

Detection of Lamivudine resistance √ 
[23,52-59]

√ 
[31,42,60]

Reports on other anti-HBV drugs √ 
[62-64]

-

C

Figure 1  Human immunodeficiency virus-hepatitis B virus co-infection: World vs Indian scenario. A: Prevalence of this co-infection is elucidated from most of 
the developed parts of the world as well as from sub-Saharan African countries as multi-centre and multi-cohort study. The few regional reports available from various 
regions of India are also represented, highlighting the need for multicentric study; B: Most of the research areas remain unexplored in India as compared to the 
worldwide reports; C: Mutations in hepatitis B virus (HBV) genome (four open-reading frames) reported among human immunodeficiency virus (HIV)-HBV co-infected 
Indian patients. BCP: Basal core promoter.
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100% prevalence of HBV/D. In contrast, three studies 
from eastern India, that included a larger number 
of patients (n = 73[42], 119[31] and 85[43]), reported 
predominance of HBV/D, followed by HBV/A and found 
a few HBV/C infected patients. Pal et al[42], showed 
that the HBV genotypes/subgenotypes found among 
co-infected patients from eastern India are consistent 
with the previous data on HBV mono-infection, but the 
proportion differs between the HIV-HBV co-infected and 
the HBV mono-infected patients. Significantly higher 
prevalence of HBV genotype D (HBV/D - 67%) and 
HBV sub-genotype D2 (HBV/D2 - 68%) was observed 
among HBsAg positive HIV co-infected patients from 
this region[42]. Moreover, the predominance of HBV/
C among the HBsAg negative HIV co-infected IDUs 
from Manipur, a state of northeastern India, has also 
been reported[47]. The presence of HBV/C has been 
thought to be correlated with drug-trafficking routes 
and epidemic use of injection drug in that geographical 
region. Additionally in this study, HBV recombinant 
strains (HBVA/D, HBVA/C) were found from two 
IDUs. Few studies could be found worldwide to report 
recombination in HBV DNA among HIV co-infected 
patients[48-50]. However, clinical consequences of these 
recombinants are unknown.

EFFECT OF HIV ON PHENOTYPIC 
DIVERSITY OF HBV
Phenotypic diversity results from the attempts to escape 
from host immune pressure or selective pressure of 
drugs. In HIV-infected individuals known HBV phenotypic 
diversity as well as novel viral variants have been reported 
which arise from several mutations in the four open-
reading frames (ORFs) of HBV genome (pol, pre-S1/
pre-S2/S, pre-C/C and X). 

The basal core promoter (BCP) mutations reported 
to be associated with fulminant hepatitis in HBV-mono-
infection namely T1753C, A1762T, G1764A occur in X 
ORF leading to down-regulation of HBeAg by decreasing 
its mRNA synthesis. The BCP double mutations (A1762T/
G1764A) and triple mutation (T1753C/A1762T/G1764A) 
could also be found in HIV infected patients from United 
States, Australia and Thailand[23,41]. But the frequency 
of A1762T and G1764A was lower in HIV-HBV co-
infected individuals as compared to those with HBV 
mono-infection (39.8% vs 59.3% and 39.8% vs 61% 
respectively)[41]. Moreover, presence of HBV precore stop 
codon mutation was reported in the co-infected cohort 
from different parts of the world though prevalence of 
G1896A (W28Stop) varied among these studies[23,38,39]. 
Among HIV-HBV co-infected patients, a novel -1G deletion 
mutation in precore/core region of HBV was reported[40]. 
This mutation was found to be associated with genotype 
A and high HBV load. This mutation was suggested to be 
associated with altered pathogenesis in this population by 
two mechanisms - firstly, development of a premature 
stop codon and truncated pre-core/core protein might 

be responsible for increased viral load and secondly, 
stop codon in the MHC-class II restricted epitope might 
lead to immune escape. In the same study, in addition 
to -1G mutation, substitutions in x gene, polymerase 
gene, precore/core gene and regulatory regions were 
also found[40]. Study by Audsley et al[41] supported the 
earlier result showing -1G frameshift mutation to be 
unique for HIV-HBV co-infected patients (10.8%). The 
only report[43] demonstrating the molecular epidemiology 
of HIV-HBV co-infected individuals from eastern India 
also found these BCP, precore/core mutations however 
prevalence of these mutations varies from the worldwide 
reports. In this Indian cohort lower frequency of A1762T/
G1764A (13.6%) and-1G mutation (1.75%) were found, 
but the prevalence of G1896A is high (22%) as compared 
to the reports available from different parts of the 
globe[43]. This discrepancy could be explained by the high 
prevalence of HBV/D than HBV/A and HBV/C in India.

In a recent study analyzing complete HBV genome 
from HIV co-infected patients, pre-S2 deletion was 
more frequently found in pre-S1/pre-S2/S ORF among 
HIV-HBV co-infected individuals as compared to those 
infected with HBV only (14.6% vs 3.3%)[41].The majority 
of Pre-S2 deletions were located close to the N-terminus 
of the Pre-S2 protein. In contrast this deletion mutation 
is uncommon in eastern Indian cohort with HIV-HBV co-
infection (5.41%)[43]. Some immune escape mutations 
(P120T/S and G145R/K/A) could also be found in 
context to HIV-HBV co-infection[38]. In the study from 
eastern India, low frequency of some immune escape 
mutations (Q129R, M133I/T, Y134N/H and G145RS) 
has been reported from the surface gene region of 
HBV genome[42,43]. Interestingly, in the upstream of “a” 
determinant region, a stop codon at C69 was found 
mainly in HBV/D2 isolates from these HBsAg positive 
HIV co-infected patients. This mutation was previously 
reported in Iranian HBV mono-infected patients 
with cirrhosis[51]. Though, the effect of this nonsense 
mutation remains unknown among HIV-HBV co-infected 
patients. 

Besides spontaneous genetic variability, several 
diversities could be found in HBV genome, mainly 
in polymerase gene, under the selective pressure of 
nucles(t)ide analogues having anti-HBV activity. As a 
first line ART, lamivudine has been extensively used 
among HIV co-infected individuals. Benhamou et al[52] 
first estimated that after 4 years of lamivudine (3TC) 
therapy, 90% of a HIV-HBV co-infected cohort developed 
drug-resistant HBV which was higher compared to HBV 
mono-infected patients (67%). Furthermore, a later 
study showed increased frequency of double mutation 
(rt L180M + rt M204V) and triple mutation (rtV173L 
+ rt L180M + rt M204V) during longer duration of 3TC 
therapy and they found 3TC resistance in 94% of the 
HIV-HBV co-infected patients experiencing 3TC for > 4 
years[23]. The high frequency of lamivudine-resistance 
associated with HIV-HBV co-infected patients could also 
be supported in several studies from different parts of 
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the world so far[23,39,53-59]. Another adverse consequence 
of the 3TC-resistant triple mutation is that it generates 
vaccine escape mutation (E164D + I195M) in the 
overlapping surface gene region. Therefore, possibility 
to infect the unvaccinated as well as the HBV vaccinated 
persons makes this a serious health issue. In the earlier 
study of Pal et al[42], the presence of 3TC-resistant triple 
mutation was observed among the HIV-HBV co-infected 
patients from eastern India. In a recent study from same 
part of the India demonstrated the high incidence of 
3TC-resistant double and triple mutation among HIV-
HBV co-infected patients who had exposure of 3TC as a 
sole HBV-active agent during prolonged ART[60]. Studies 
on 3TC-resistance among HIV-HBV co-infected patients 
from different parts of the world found higher frequency 
of 3TC-resistant double mutation compared to triple 
mutation[23,39,53-57]. It is noteworthy to mention in this 
context that HIV-HBV co-infected patients from eastern 
India receiving long-term ART showed predominance of 
3TC-resistant triple mutation over double mutation and 
the former prevailed in significantly higher frequency 
among HBV viraemic patients experiencing 3TC for 
≥ 4 years [frequency of 3TC-resistant triple mutation 
(vaccine escape mutation): 60% vs double mutation: 
10%][60]. Moreover these 3TC-resistance associated 
vaccine-escape HBV mutants showed the presence of 
liver damages in these HIV-HBV co-infected patients. 
This finding by Pal et al[60] underscored the urgent need 
to study the overall burden of 3TC-resistant mutations in 
HIV-HBV co-infected Indian pool for proper management 
of 3TC-resistant mutants of HBV from clinical and public 
health perspectives in this country. Considering the 
adverse effects of 3TC-monotherapy, use of combination 
therapy using tenofovir has been introduced by World 
health organisation worldwide and National AIDS Control 
Organization in India for the management of HBV among 
HIV co-infected individuals[61]. Among other drugs used 
for treatment of HBV, development of drug resistance 
have been reported for adefovir and entacavir among 
HIV-HBV co-infected patients[62,63], however tenofovir 
resistance could not be detected among this population. 
So far, Tenofovir has been reported to suppress HBV 
DNA even in presence of lamivudine resistance and thus 
is recommended for the treatment of HBV infection in 
setting of HIV co-infection[64]. Use of tenofovir has been 
started in India among HIV-HBV co-infected patients 
from 2012[61], however the evaluation on treatment 
response for HBV during tenofovir treatment is still 
missing.

HIV ASSOCIATED IMMUNOLOGIC 
STATUS AND GENETIC DIVERSITY, 
SEROLOGICAL OUTCOME OF HBV 
INFECTION
Besides the genotypic and phenotypic diversity, 
modulation in HIV-associated immune status could not 
be overlooked. HIV-HBV co-infected subjects were mostly 

associated with lower CD4+ T-cell count as compared to 
HIV mono-infected ones[25]. This observation indicates 
towards the potential effect of HIV related immune 
dysfunction on HBV diversity as well as in the clinical 
outcome of HBV infection among HIV-positive patients. 
Few available reports showed interesting findings. 
The study by Pal et al[42] highlighted the influence 
of HIV induced immune modulation on the genetic 
heterogeneity of HBV among HIV-HBV co-infected 
patients from eastern India. Here a trend of negative 
association between the frequency of the HBV/D2, the 
predominant HBV subgenotype, isolates and CD4+ T 
cell counts was found. The HBV/D2 isolates showed 
decreased genetic diversity in low CD4+ T cell count 
group which in turn was attributed to increased HBV 
viremia and favourable selection of HBV/D2 isolates in 
HIV induced low immune pressure. Moreover, increased 
non-synonymous substitutions with increase in CD4+ 
T cell count in this study underscored the possibility 
that ART induced immune reconstitution might lead 
to the development of vaccine/immune escape and 
lamivudine resistant mutations among HBV/D2 infected 
patients. In contrast to HBV/D2, interestingly in HBV/A1 
genetic variability was modified differently in presence 
of HIV. This contrasting substitution pattern with varying 
immune suppression between HBV/A1 and HBV/D2 
was proposed to be related to the differences in host 
immune response against these two subgenotypes. 
An earlier study from Argentina showed that as a 
consequence of lower CD4+ T cell count, HBV subjects 
from HIV co-infected patients had low quasispecies 
diversity as well as evolutionary rate when compared to 
that from HBV mono-infected patients[65].

Another study reported the association of HBV 
serological outcome with CD4+ T-cell count. Landrum et al[66] 
showed increased proportion of chronic HBV infection in 
patients with CD4+ T-cell count < 200 cells/mm3 (19%) 
compared to those with ≥ 500 cells/mm3 (11%) 

and 200-499 cells/mm3 (16%). Individuals with HBV 
infection occurring after HIV diagnosis had high risk of 
chronic HBV infection and also this risk reduced after 
initiation of highly active antiretroviral therapy. However, 
conformation of these findings is missing due to limited 
studies in the respective fields.

HIV-HBV CO-INFECTION IN INDIA- A 
CONCERN 
In India, HIV and HBV mono-infection have been studied 
thoroughly from different parts of the country[67-89]. These 
reports represent the subcontinent as a region epidemic 
of HIV infection and intermediately endemic to HBV 
infection. But, “HIV-HBV co-infection in India” remains 
unexplored even after knowing the epidemiological 
trends of these virus and adverse effects of HIV on 
outcome of HBV infection in setting of co-infection. In 
comparison to the global scenario of researches on HIV-
HBV co-infection, information from India is scanty and 
thus need investigations in this field (Figure 1). Few 
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studies from eastern India have shown some interesting 
findings highlighting the need for the studies from 
the different parts of this country to get the national 
scenario on the whole. The foremost requirement is to 
elucidate the overall burden of HIV-HBV co-infection in 
India, not only the prevalence of chronic HBV infection 
but the rate of prior infection should be studied to know 
its threat level among HIV infected population of India. 
To fulfill this aim, multi-centre study with different risk 
groups across the country should be included. Besides 
epidemiological studies, characterization of virological 
parameters (HBV genotype/subgenotype distribution, 
their association with degrees of immunosuppression, 
HBeAg status) and clinical aspects (ALT, fibrosis stage) 
also needs attention. Moreover, full genome sequencing 
of HBV from HIV co-infected Indian population is required 
to get results whether genetic diversity from this cohort 
shows concordance with worldwide reports and to screen 
for the possible presence of any unusual mutations. Data 
obtained from HIV-HBV co-infected patients from eastern 
India, i.e., effect of HIV on genetic heterogeneity of HBV 
also needs conformation from the other parts of this 
country. Another important aspect for future research 
includes the study on response of anti-HBV treatment 
among HIV-HBV co-infected patients of India in this 
ART era. This requires the evaluation on the incidence of 
drug resistant mutations, follow-up studies to elucidate 
its clinical and treatment outcome on combination 
therapy. Taken together, research on HIV-HBV co-
infection in India could lead to better understanding 
of this global health problem which would explore the 
scenario to the rest of the world. Finally this will help to 
develop the strategy for proper management of HIV-
HBV co-infection in Indian population.
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