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ABSTRACT

Hepatitis B virus (HBV) and hepatitis C virus (HCV)
have several important similarities including worldwide
distribution, hepato-tropism, similar modes of
transmission and the ability to induce chronic infection
that may lead to liver cirrhosis and hepatocellular
carcinoma. Since both viruses are individually known
to cause the pathologies mentioned above, co-infection
with both HBV and HCV would be expected to be
linked with higher morbidity as well as mortality and
impact healthcare resource utilisation. This systematic
review and meta-analysis, therefore, aims to
understand the prevalence of HBV and HCV co-
infection in India based on the available literature.
Following PRISMA guidelines, primary studies
reporting the prevalence of HBV/HCV co-infection in
India were retrieved through searches conducted in
PubMed, Google Scholar, Medline, Cochrane Library,
WHO reports, Indian and International journals
online. All online searches were conducted between
December 2016 and February 2017. Meta-analysis was
carried out using StatsDirect statistical software. Thirty
studies published between 2000 and 2016 conducted
across six regions of India were included in this review.
The pooled HBV/HCV co-infection prevalence rate
across the thirty studies was 1.89% (95% confidence
intervals [CI] = 1.2%-2.4%). A high heterogeneity was
observed between prevalence estimates. The HBV/HCV
co-infection prevalence in different subgroups varied
from 0.02% (95% CI = 0.0019%-0.090%) to 3.2% (95%
Cl = 1.3%-5.9%). The pooled prevalence of HBV/HCV
co-infection in India was found to be 1.89%. This
systematic review and meta-analysis revealed high
prevalence of HBV/HCV co-infection in chronic liver
patients, followed by HIV-positive patients, and then
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followed by persons who inject drugs and kidney
disease patients.

Keywords: Co-infection, dual infection, hepatitis B
virus, hepatitis C virus, India, meta-analysis,
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INTRODUCTION

Hepatitis B virus (HBV) and hepatitis C virus (HCV)
have several important similarities; including worldwide
distribution,  hepato-tropism,  similar modes of
transmission, and the ability to induce chronic infection
that may lead to liver cirrhosis and hepatocellular
carcinoma.[1],[2] HBV and HCV mono-infected patients
have established national and international treatment
guidelines. However, no standard-of-care
recommendation exists for HBV and HCV co-infection
patients due to which this individual category of patients
were considered a difficult to cure group.[3] Therefore,
country-specific prevalence estimate of HBV/HCV co-
infection would be required for making evidence-based
policies related to screening programs, resource
distribution, general prevention and treatment strategies
for HBV/HCV co-infection.

To the best of our knowledge, there are no systematic
reviews/meta-analysis reported specifically focusing on
the prevalence of HBV/HCV co-infection in India. This
systematic review and meta-analysis, therefore, aims to
understand the prevalence of HBV and HCV co-
infection in India based on the available literature.
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LITERATURE REVIEW

This review was conducted according to PRISMA
(preferred reporting items for systematic reviews and
meta-analyses) guidelines.[4] To identify relevant
studies, comprehensive searches were conducted in
PubMed, Google SCHOLAR, Medline, Cochrane
Library, Indian and International journals online. WHO
resources were also searched for related reports. Medical
subject heading (MeSH) terms and free text words were
used in research equations with 'OR' and 'AND' Boolean
operators.

The keywords used were Hepatitis B, Hepatitis B
surface antigen (HBsAg), HBV, HBV-DNA, HCV,
antibody HCV, HCV-RNA, co-infection, dual infection,
prevalence, seroprevalence and India. In many instances,
a combination of these keywords was explored. Online
searches were conducted between December 2016 and
February 2017. All references in selected articles were
further screened for additional publications.

INCLUSION AND EXCLUSION OF STUDIES
Studies were included only if they described the
prevalence of HBV/HCV co-infection in India. Both
serological and HBV/HCV polymerase chain reaction
studies were included. Studies published in English were
selected.

Studies published from January 2000 to February 2017
were considered. Reports of cross-sectional, case—
control, prospective or retrospective studies and clinical
trials were included, with no limit of age or type of
population. We screened the titles and abstracts to select
relevant papers. Following this screening process, we
reviewed the abstract of the papers. If there was doubt
about the suitability of the paper based on the abstract
alone, the full text was reviewed and if the full text was
not available, it was grouped as excluded study.

Thirty studies were included and summarised in [Table
1]. Review articles, conference abstracts and case reports
were excluded.

www.ijmetmr.com

Volume No: 4 (2017), Issue No: 10 (October)

Study  Author Year of Regionof  Study Study Ageof Sample Prevalence Period Gender  Quality
number details publi study design popul participants  size  of HBU/HCV (female  grade
cation ation co-infection percen
(%) with tage)
number of
individuals (n)
1 Jamil et al P! 2016  Shillong, Prospective  HD patients 457021754 507 02%(1)  2012-2015 478117 51 Moderate
North Eastern  observational
India study
Malhotra 2016 Punjab, North Reteros HD patients 21-80 262 08%(2)  January 326 Moderate
etal it India pective CS 2013 10
smudy December
2014
3 Bhaumik 2012 Tripura East Prospective HDpatients 4816 165 12% () January 2727 Moderate
Pand India cs 201110
Debnath K™ June 2011
4 Reddy eral™ 2005 Hyderabad, cs HD patients NS 134 37%(3)  2003-2004 Ns Low
South India
5 Jain and 2008 Jaipur, West  Prospective  HD patients 414 102 3% 03) Tune 333 Moderate
Nijhawag!" India cs 2006-2007
6 Chawla 2005 Punjab, North Retros Panents 50% 499 04%(2) 1996-2000 35 Moderate
ot al B India pective and  with CRF and
prospective Tanuary
cs 2000 ro
December
2000
7 Radhakrishnan 2000 Vellore, s RTRs NS 68 132%(9) NS NS Low
aralis Southern India
8 XessaralP 2001 Pama East  CS LD NS 3045 30%(15) NS NS High
India patieats
9 Rajani and 2016 New Delhi, Case-contrel CLD 20.2£152 600 83%(2)  January 396 Moderate
Janst? North India patients 2008 to
December
2008
10 Anbazhagan 2010 Tamil Nadu, Case-conirol CLD 315 512 15%(8) NS 451 Moderate
atalP® Souh India  smdy patieats
11 Saravanan 2013 SouthlIndia  Case-conwrol CLD 44-45 330 73%(24) NS 2969 Low
aral® smudy patients
12 Saravanan 2009 Chenna, Retero. [s i) 558476 251 59%(15) NS 26 Low
et al P9 South India  spective CS panents. years
1 Kosasaju 2013 Manipal, Retrospective CLD 1863 180 11%()  Jamuary NS Modesate
et al P! South India  case-control  patients 2004 to
smdy June 2012
14 Kumar etal ™ 2007 Tamil Nadu, CS CLD 11-60 175 1.7%(3) March N§ Low
South India patients 200410
November
2005
15 Chakravarty 2005 NewDellu, CS CLD NS 150 16%(24) Ns Ns Moderate
ot al B North India patients
16 Devi et al 2004 Manipus, cs CLD 2035 100 5%(35) January 13 Moderate
South India patients 200010
Angust
2001
17 Perumal 2016 Puducherry CS CLD 21-50 65 15%(1) March NS Low
ot al P and panents 2014 to
Coimbatore February
Tanul Nadu, 2015
South India
18 Tripathi 2007 Lucknow, cs HIV 25-50 620 0.16% (1) NS 238 Low
ot al P4 North India
19 Sawant 2010 Mumbai, cs HIV 25-35 540 04%(2) 2009 Ns Low
ot al &7 Western India
20 Mohanty 2013 Delu, Nomth CS HIV 325% 4 023%(1) 5 years NS Moderate
et al P India data
1 Agarwal 2011 Kanpur cs HIV 21-40 m 183%(5) 1999-2010 Ns ligh
e al ¥ North India
Rai er al ™ 2007 Jumpur, West €S HIV NS 58 34%(18) Ns NS Low
India
23 Ray Saraswani 2015 Dell, cs PWIDs Ns 292 67%(7) NS o Moderate
@t al U North India
24 DevieralP™ 2004 Manipus cs PWID 2235 250 48%(12)  Jauary 6 Moderate
North East 2000 o
India August
2001
Kaur ecal @ 2015 Amuitsar, Case control PWID 29.60 100 %) January o Moderate
North- study. 2013 to
‘western India May 2014
2 Vandana 2015 Allshabad,  Retrospective PW's 1740 1600 0.1%(1) Jamary 1600  High
e al P! North India €S 2012 to
February
2015
277 Supriya 2014 Imphal, North Retrospective Samples 41-50 21358 01%  January 775 High
o al P East India s come from 201010
different December
departments 2013
for
28 Kumar et a/P9 2016 Punjab, cs BD NS 41.090 A% February NS Moderate
North India 201410
Angust
2015
29 Thakur 2000 New Dells, cs BD Ns m 045%(2) NS Ns Low
i al 7 North India
30 Minal eral 9 2013 Unarakhand, €S Volunteers 31.5% 2 02%(1)  July 2012 31+d years Moderate
Northern (1% week)

India
HD: Hemodialysis. CS: Cross sectional. CRF: Chronic renal failure, RTRs: Renal transplant recipients. CLD: Chronic liver disase, PWIDs: Persons who
inject drugs, RD: Routine diagnostics, BD: Blood donors, NS: Not specified, PW's: Pregnant womens, HBV: Hepatitis B virus, HCV: Hepatitis C virus,

QUALITY ASSESSMENT AND DATA
EXTRACTION

A modified Downs and Black checklist were used to
assess the quality of studies.[5] These were clearly
described the objective of the study, clearly mention
study design, clearly defined participants, modest sample
size, missing data management, age, gender and other
characteristics explored/reported. Each study was
assigned with a unique number for identification

purposes and the following descriptive information
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collected; author details with a year of publication,
region of India, type of study population, mean age of
participants, period, study design, gender of study
participants, sample size and the HBV/HCV co-infection
prevalence. Data were extracted by ZK and cross-
checked by PD.

DATA ANALYSIS

We conducted meta-analyses in Stats Direct statistical
software (Version 3.0.0, StatsDirect Ltd, Cheshire UK).
Meta-analysis was done on HBV/HCV prevalence in the
total population and every subpopulation, pending on the
data availability. The result was reported as pooled
prevalence for overall study and also for subgroups with
95% confidence intervals (Cl). Individual study
proportions were assessed as pooled effect at 95% CI.
Cochran's (Q) statistic test and 12 statistic were assessed
for heterogeneity between studies, which describe the
percentage of total variation across all studies due to
heterogeneity rather than to chance. A P < 0.1 was
considered to be statistically significant for the Q-
statistics test and an 12 >50% was supposed to represent
significant  heterogeneity in  which case the
DerSimonian—Laird, a random effect model was
assumed over fixed effect model in the pooled analysis
summary.[6] Funnel plot was used to evaluate the
publication bias, and this was confirmed with the use of
Egger and Harbord statistics tests. For all calculations
except heterogeneity testing between the studies,
statistical significance was set at P < 0.05. [7], [8]

ETHICAL APPROVAL

Ethical approval was not required for this systematic and
meta-analysis review as it was based on data/information
retrieved from published studies.

OVERVIEW OF STUDIES

[Figure 1] shows the articles search and retrieval steps as
per PRISMA flow diagram. A total of 450 citations were
identified through electronic search and other sources.
Based on titles and abstracts reviewed, duplicates and
non-relevant studies were excluded. After exclusion,
forty-eight (48) articles were retrieved for detailed
analysis. Out of the 48 studies, thirty (30) met the
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inclusion criteria for addition to the
review.[9],[10],[11],[22],[13],[14],[15],[16],[17],[18].[1
91.[20].[21].[22],[23].[24].[25],[26].[271,[28],[29],[30].[
31],[32],[33],[34],[35].[36].[37].[38] Of those, 18
articles were excluded because of no report of co-
infection (15), full-text was not available (02) and no
abstract available (01).

Records identified through
database searching
(n=448)

Additional records identified
through other sources
(n =2 (WHO report))

Records after duplicates removed
(n=150)

Screening } [ Identification

Records excluded
(n = 250)

Records screened

(n=1300)

l

Articles assessed for Articles excluded, with reasons

eligibility (n = 48) (n =18) )
N=15 No report of co-infection
N=1 No abstract available
l N=2

No full text available

Eligibility ] [

Studies included in
quantitative synthesis
(meta-analysis
(n=30)

Included ] {

(

Overall, 75843 individuals have been recruited in the 30
included studies. In terms of population, 10 studies were
conducted in chronic liver disease (CLD) patients, two
in blood donors (BD), one in volunteers (V), one in
pregnant women (PW) and one study in routine samples
received in laboratory for diagnosis (RD). BD, V, PW
and RD were merged in one group. There were three
studies describing persons who inject drugs (PWID) and
five in people living with HIV. Five studies on
haemodialysis (HD) patients were merged with two
studies on chronic renal failure (CRF) individuals and
renal transplant recipient's (RTR) individuals.

In terms of study design, 19 studies were cross-sectional,
three were retrospective, four were prospective, one was
retrospective and prospective both and four were case
control. In terms of sex distribution, 14 studies (46.6%)
were conducted in male and female sex both whereas
one study was conducted only in females and two in
males only. In terms of quality, 16 of the 30 studies
(53.3%) had moderate total quality score. 85% of studies
defined age and sex distribution and 90% period of
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recruitment, only one was based on a randomly selected
population sample, and 10% had a sample of at least
1000 individuals (The characteristics of the studies are
summarised in [Table 1]).

From total 30 studies, groups were made i.e.,, HD
patients; CRF and RTR were merged in one group. CLD
patients were one group. BP, volunteers, pregnant
women (PW) and routine diagnostic samples were
merged in a separate group. The HBV/HCV co-infection
prevalence in different subgroups varied from 0.02%
(95% CI = 0.001%-0.09%) in BP, volunteers, PW and
routine diagnosis samples to 3.2% (95% CI = 1.3%-
5.9%) in CLD patients. HIV-positive patients, PWID
group and patients on HD were the second affected
group with prevalence 2.5% (95% CI = 0.3-6.5), 2.5%
(95% CIl = 0.08-8.2) and 2.4 (95% CI = 0.79-4.9),
respectively. The prevalence of HBV/HCV co-infection
in different groups is presented in [Table 2]. High
heterogeneity was revealed through Q-test in all groups
with P < 0.1. The percentage of inconsistency was found
to be >50% in all studied groups. A high degree of
inconsistency was found in HIV-positive patient group
(12 = 94.3, 95% CI = 90.1%-96.2%) and low in PWID
group (12 = 755, 95% CI = 10.1%-88.1%) and
significant publication bias was observed in all studied
group with P < 0.05 revealed through Egger's and
Harbord test except in PWID group as stratum was
found to be small for analysis as shown in [Table 2].

A total of 75843 people were examined across thirty
studies included in this review. The pooled HBV/HCV
co-infection prevalence rate in India across the thirty
(30) studies was 1.89% (95% CI = 1.2%-2.5%) revealed
through Forest plot [Figure 2]. Heterogeneity Cochran
(Q) was 625.6, inconsistency, as determined by I2 test,
was found to be 95.4% (95% CI = 94.5% to 96%). The
significance level for heterogeneity was P < 0.0001. A
funnel plot of pooled HBV/HCV co-infection prevalence
rates did not reveal a symmetrical display of the
prevalence rates reported by the various studies [Figure
3]. However, we found publication bias by Egger' (P <
0.0001) and Harbord (P = 0.0002) tests.
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Table 2: Prevalence of different infections and their co-
morbidity among different Indians groups, January 2000

to February 2017.

Proportion meta-analysis plot [random effects]
Jamil et al., 2016 HD [9] 2.0E-3 [5.06-5, 0.01)
Malhotra et al, 2016 HO (10] 0.02 (2,663, 0.08)
Bhaumik Pand Debnath K. 2012 HO [11]

Reddy etal 2005HD [12] | ——B——
Jain and Nijhawan 2008 HD [13] | —B———

0.01 (153, 0.04)
0.04 (0.0, 0.08)
0.03 6.16-3, 0.08)
Chawla et al,, 2005 CRF [14) 4.0-3 [4.9E-4, 0.01)
Radhakrishnan, 2000 RTR [15) 0.13 (0.0, 0.24)
Yess et al, 2001 CLD [18) 4963 [2.86-3, B1E3)
Rajani and Jais, 2016 CLD [17) 3363 [4.064, 0.01)
Anbazhagan etal, 2010 CLo 18] | -
Saravanan et al,, 2015 CLD [19) —
Saravanan et al,, 2007 CLD (0] B
Kosaraju et 2l 2013 CLO [21)
Kumar et al, 2007 CLD [22) I
Chakravarty et l,, 2005 CLD [23]

Devietal, 200400 [24) | ————

Perumal et al, 2016 CLD [25)

0.02 (6.8€-3,0.03)
0.07 (0,05, 0.11)
0.06 (0,03, 0.10)
0.01 (L33, 0.04)
0.02 (3:5€-3, 0.05)
0.16(0.11,0.23)

0.05 (0,02, 0.11)

0.02 (3.9E-4, 0.08)

Tripathi et al., 2007 HIV [26) L6E-3 [4.1E-5, 8.0E-3)

Sawant etal., 2010 HIV [27) 3763 [4.5E4, 0.01)
Mohanty et al, 2013 HIV 28] 2363 (5,765, 0.01)

Agarwal etal, 2011 HIV [29] | B— 0.02 (6.06-3,0.04)

Rai etal,, 2007 HIV [30)

0.31(0.20, 0.45)
Ray etal, 2015 PWID [31]
Devi et al,, 2004 PWID [32) e

Kaur etal, 2015 PWID [33] | —————

Bansal et al, 2015 PW [34]

3163 (1263, 6363)
0.05 (0,03, 0.08)
0.04 (0.01, 0.10)
634 [L6E-5, 356-3)
Supriya et al, 2014 RD [35] 47E5 [12E-6, 2.6E4)

Kumar et al, 2016 B0 [36] 9765 (2765, 2 5E-4)

Thakur et al., 2000 B0 [37] 9.0€-3 (1.1€-3, 0.03)

Mittal etal, 2013V [38) 0.05 (1.2€-3, 0.23)
combined 0.02 {0.01,0.03)

000 005 010 015 020 025 030 035 040 045
proportion {35% confidence interval)

Figure 2: Forest plot of reported HBV/HCV co-infection
prevalence rates across studies conducted in India
between 2000 and February 2017
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Bias assessment plot

o
0.01 60

Standard error

Proportion

Figure 3: Bias assessment plot (Funnel plot) of reported
HBV/HCYV co-infection prevalence rates across studies
published in India between Jan 2000 and Feb 2017

DISCUSSION

This systematic literature review aimed to collect, assess
and pool the available information on the prevalence of
HBV/HCV co-infection in India. There was extensive
heterogeneity in the identified studies of this meta-
analysis review, which restricted comparability.

Data from the total 30 studies showed that the northern
and southern part of India had a higher HBV/HCV
prevalence than eastern and western parts.

This review found 1.89% HBV/HCV co-infection
prevalence in India. However, dual infection of
HBV/HCV is a fairly frequent occurrence particularly in
highly endemic areas and among subjects with a high
risk of parenteral infections.® The estimated prevalence
of HBV/HCV dual infection worldwide is approximately
5%-20% in HBsAg positive patients and 2%-10% in
HCV-positive patients.”” Our prevalence rate is lower
than the rates reported from other countries. However,
systematic review and meta-analysis was done by
Researchers in Iran to compute the prevalence of HBV,
HCV and HIV co-infection and found 1.25% prevalence
of co-infection in PWID group.” While the possibility
of a true low rate is attractive, it is probable that co-
infections are under-reported in our country. Further
studies in this area would be needed to confirm the

Volume No: 4 (2017), Issue No: 10 (October)

actual rates across the country in various settings. These
results could then be used to define diagnostic
algorithms for such co-infections. These data would also
be useful for making evidence-based policies related to
screening programs, resource distribution, as well as
prevention and treatment strategies for HBV/HCV co-
infection in this region.

In our study, the prevalence rate was found to be high in
CLD group patients. The high prevalence rate in this
group is well documented as co-infection with HBV and
HCV leads to CLD." Our results highlighted the
prevalence of HBV/HCV co-infection in HIV-positive
patients, PWID and HD patients. HIVV-positive patients
have a higher prevalence of HBV/HCV co-infection.
This would be due to same mode of transmission of
these viruses and suppressed immune status of HIV
patients which make them prone to other
infections.l*) India has an estimated 177,000 PWID and
one of the major risk factors for HBV/HCV co-infection
in this group is sharing of same needle again and
again.®*¥ Risk factors for HBV/HCV co-infection in HD
group would be blood transfusions, multiple visits to
different HD units and frequency of HD. " In our study,
the prevalence rates were found to be low in BP, PW and
volunteers. A possible higher awareness regarding the
availability of vaccine against HBV and modes of
transmission may be the reasons for low prevalence rate
of HBV/HCV co-infection in this group.[*!

LIMITATIONS:

The main limitation of this review is the heterogeneity
between the studies. Indeed, studies were conducted in
various geographical areas and targeting different
populations. The majority of the study included in this
review, reported the prevalence on the basis of
serological tests, hence, there are chances of missing
occult HBV and HCV infection particularly in high-risk
individuals.

CONCLUSION

The pooled HBV/HCV co-infection prevalence was
found to be 1.89%. This systematic review and meta-
analysis revealed a high prevalence of HBV/HCV co-
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infection in chronic liver patients followed by HIV-
positive patients and PWID and then followed by kidney
disease patients. Further studies in this area would be
needed to confirm the actual rates across the country in
various settings.
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