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Abstract The availability of generic direct acting antivi-
rals (DAAs) for hepatitis C virus (HCV) treatment has
prompted many low-and-middle-income countries to
launch HCV elimination programs. Because the efficacy of
some of these generic DAAs varies by HCV viral subtype,
information on subtype distribution can contribute impor-
tant information to these elimination programs. We con-
ducted a cross-sectional serosurvey to characterize HCV
subtype diversity among HIV positive people who inject
drugs (PWID) across 14 cities in India. Of 801 HIV posi-
tive PWID sampled, 639 tested HCV antibody positive
(78.9%). Among 105 samples sequenced, genotype 3
(58.1%) was the most commonly observed followed by
genotype 1 (36.2%) and genotype 6 (5.7%). Of the geno-
type 3 infections, 65% were subtype 3a and 35% were
subtype 3b. Of the genotype 1 infections, 94% were sub-
type la and 6% were subtype 1b. All genotype 6 samples
were subtype 6n. There was some variability in genotype
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diversity depending on geographic region and PWID epi-
demic stage with greater diversity observed in older PWID
epidemics. One sequence, HYO018, did not cluster with any
known reference sequences in phylogenetic analysis.
Nearly 80% of HIV infected PWID across India are co-
infected with HCV, and subtype prevalence and genetic
diversity varied by region and PWID epidemic stage. HCV
elimination programs in India will need to consider HCV
subtype.

Keywords Hepatitis C virus - People who inject drugs -
India - Low-and-middle-income country - Genotype

Introduction

Approximately 71 million persons globally are chronically
infected with hepatitis C virus (HCV, family Flaviviridae,
genus Hepacivirus, species Hepacivirus C) [1]. People who
inject drugs (PWID) bear a significantly higher burden of
HCYV infection with estimates of prevalence ranging from
50 to 90% [2, 3]. The burden of HCV is highest among
HIV-infected PWID [2, 3]. Since the advent of antiretro-
viral therapy, HIV-related mortality has declined in nearly
all high-income settings [4], and HCV-related mortality has
subsequently overtaken HIV-related mortality [S]. How-
ever, there have been dramatic advances in HCV therapy.
Treatment for HCV previously comprised of weekly
interferon injections and daily ribavirin for up to 48 weeks
with sub-optimal viral clearance rates and high-levels of
toxicity. However, current treatment consists of
8—12 weeks of all-oral direct acting antivirals (DAAs) with
minimal side effects and clearance rates greater than 95%
[6-8]. However, access challenges remain across nearly all
settings.
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It has been estimated that the general population HCV
prevalence in India is between 1 and 2.5% [9]; this trans-
lates to nearly 20 million persons living with HCV infec-
tion in India. Access to HCV therapy in India has been
facilitated by preferential pricing agreements and the pro-
duction of generic DAAs including sofosbuvir, ledipasvir,
daclatasvir and velpatasvir. Consequently, some states,
including Punjab, have launched HCV elimination pro-
grams that include the provision of free treatment. How-
ever, the generic DAA regimens currently available in
India have differential efficacy by subtype among persons
with cirrhosis [10] making knowledge of HCV subtype
distribution important for treatment and elimination pro-
gram planning.

Prior reports have suggested that genotype 3 HCV
infection predominates in most parts of Asia including
India, followed by genotype 1. This is in contrast to
western settings where genotype 1 infection predominates
and may impact the relative effectiveness of currently
available HCV DAAs in the region [9, 11]. Moreover,
some studies have suggested that there is regional vari-
ability in HCV subtype distribution across India [12-14].
Even less data is available on the distribution of subtypes
among people who inject drugs (PWID) in India. Yet, India
is home to the largest number of opioid users globally, with
top-end estimates of PWID as high as 1.1 million [15]. A
recent large multi-city survey of PWID across India
demonstrated a high burden of HCV infection and near
negligible uptake of treatment [16]. However, the study did
not collect information on HCV subtype. Accordingly, in
this study, we characterize HCV prevalence and subtype
distribution among HIV-infected PWID in 14 states across
India.

Materials and methods
Study population

From October 2009-January 2011, 801 persons with a
history of injection drug use were sampled across 14 cities
in India to examine the viral genetic diversity of HIV and
HCV among PWID in India. In each city, we partnered
with a single existing non-governmental organization
(NGO) that worked with PWID. Each NGO had a roster of
HIV-positive individuals. To be included in the study,
individuals had to be > 18 years old, HIV-infected and
ART naive (by self-report). They also had to report
injection drug use in the prior 2 years and provide
informed consent. In order to examine the viral diversity in
the absence of antiretroviral pressure on the viral genome,
we selected a random sample of antiretroviral-naive

individuals from these rosters (every third person in the
roster was selected until the desired sample size of ~ 60
per site was reached). In each location, individuals were
sampled at multiple times per day over the course of
2 weeks to 1 month to prevent oversampling from a single
social/injecting network.

A total of 234 participants were recruited from 4 cities
in the Northeastern states (Guwahati, Assam [AS]; Imphal,
Manipur [MP]; Aizawl, Mizoram [MZ]; and Dimapur,
Nagaland [NG]); 294 participants from 5 cities in the
Northern states (Amritsar, Punjab [PB]; Faridabad, Har-
yana [HY]; Ghaziabad, Uttar Pradesh [UP]; Jaipur,
Rajasthan [RJ]; New Delhi [ND]); 91 participants from 2
cities in the Western states (Panaji, Goa [GA]; Mumbai,
Maharashtra [MH]); 60 participants from one city in the
East (Kolkatta, West Bengal [WB]); and 122 participants
from 2 cites in the Southern states (Chennai, Tamil Nadu
[TN]; Ananthapur, Andhra Pradesh [AP]). These locations
were also selected to represent drug use epidemics of
varying stages: established epidemics (AS, MP, MZ, NG),
emerging epidemics (PB, HY, UP, RJ, GA, AP) and large
cities (ND, MH, WB, TN).

Study procedures

Following oral consent, participants responded to a survey
that collected information about demographics, lifetime
and recent drug-related risk behavior (including alcohol
use), perceived need for services and perceived causes of
mortality among PWID in the region. Following the sur-
vey, dried blood spot (DBS) samples were collected from
all participants. EDTA-anticoagulated whole blood (50 pl)
was spotted onto each of five circles of filter paper
(Whatman No. 903; Whatman, Springfield Mill, UK) and
air-dried. DBS samples were stored according to WHO
guidelines in air-impermeable bags with silica desiccant
from 2 to 12 months prior to testing. The study was
approved by the Johns Hopkins School of Public Health
(JHSPH) and the YR Gaitonde Centre for AIDS Research
and Education (YRGCARE) Institutional Review Boards
and all participants provided consent.

Laboratory methods

DBS samples from all study sites were shipped to the
central laboratory in Chennai, India. First, all samples were
tested for antibodies to HCV infection (Abbott Murex anti-
HCV, Version 4.0, Republic of South Africa) as per
manufacturer’s instructions. Samples in 11 of the 15 cities
representing geographical variability were selected for
further analysis. In specimens from eight of these cities
(ND, PB, UP, RJ, MP, MZ, WB, and TN), we used the
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following approach. First, all samples within a site that
tested positive for HCV antibodies were randomly ordered.
Samples were subsequently tested in batches of 10 and 5
persons. If any detected HCV genotype in the first batch of
10 was represented by < 2 sequences, additional samples
were tested in batches of five until each site included at
least two sequences of each genotype detected. In three
additional sites, HY, AS, and MH only 3, 2, and 3 samples,
respectively were sequenced because these were the only
specimens viable for sequencing.

For each specimen, two 50 pL dried spots were punched
and eluted with 1.7 mL of Abbott lysis buffer at 56 °C with
constant shaking for 2 h. The tubes were then centrifuged
for 5 min at 15,000xg, and supernatants were processed
manually using the CE marked Abbott Sample Preparation
System (Abbott Laboratories, Abbott Park, IL), as per the
manufacturer’s instructions (1 mL protocol). The extracted
RNA was subjected to one step RT PCR using HCV Core/
El gene specific primers followed by nested PCR as pre-
viously described [17]. The amplified product was
sequenced unidirectionally using the ABI prism
3100-Avant Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA). The abl files containing HCV Core/El
FASTA sequences were blasted in the NCBI tool (https://
www.ncbi.nlm.nih.gov/projects/genotyping/formpage.cgi)
to determine HCV subtypes. Sequences have been depos-
ited in GenBank under accession numbers MN153064-
MN153168 (Online Resource 1).

Phylogenetic and clustering analysis

Sequence alignments were performed using ClustalW in
the MEGA version 6 package [18]. Parameter values for
the best-fit model of nucleotide substitution were deter-
mined to be TPM2uf+G (three parameter model with
unequal frequencies; gamma distribution shape parameter
[G = 0.67]) using the corrected Akaike information criteria
(AICc) as implemented in jModelTest [19, 20]. A phylo-
genetic tree was inferred by maximum-likelihood recon-
struction with 1000 bootstrap replicates based on the
nucleotide alignment of the core/El sequences as imple-
mented in the MEGA version 6 package [18]. The tree was
displayed with the Fig Tree version 1.4.2 program (http://
tree.bio.ed.ac.uk/software/figtree/). Clusters were deter-
mined using a range of genetic distance thresholds from
1.5% through 5% in increments of 0.5% until the number
did not increase using MicrobeTRACE version 1.9 (https://
github.com/CDCgov/Microbe TRACE).
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Results and discussion
Characteristics of study participants

The median age of the 801 participants was 33 years (in-
terquartile range [IQR], 28-38); 88.1% were male. The
majority had no (27.2%) or only primary school education
(31.6%). The majority were either unemployed (31.0%) or
daily wage laborers (48.9%). The median age at first
injection was 20 years (IQR, 18-25). Types of drugs
injected varied by city; overall, the drug that was most
commonly reported was heroin injection (68.5%) followed
by buprenorphine (39.3%) and other pharmaceutical drugs
(45.1%). A large proportion (39.9%) reported drinking
three or more days per week with a median of three drinks
per drinking episode (IQR, 3-4). The majority (74.4%)
reported that they typically injected with at least one other
person with 35.3% reporting that they typically injected
with multiple people. The median lifetime number of
injection partners was 9 (IQR, 4-20), and 91.4% reported
that they had ever shared needles with a median of five
(IQR, 3—10) sharing partners. There was variability by site
with respect to most sociodemographic and risk behaviors
(Table 1).

Hepatitis C prevalence and subtypes

Overall, 639 of 801 PWID were infected with HCV for an
overall HCV prevalence of 78.9%; prevalence ranged from
2 to 98% across sites but was greater than 70% in in all but
two sites (Fig. 1a). Among 211 available samples where
sequencing was attempted, 106 could not be amplified.
Among the remaining 105 samples that were sequenced,
genotype 3 (58.1%) was most commonly detected, fol-
lowed by genotype 1 (36.2%) and genotype 6 (5.7%). Of
those that were genotype 3, 65% were subtype 3a and 35%
were subtype 3b. Of those that were genotype 1, 94% were
subtype la and 6% were subtype 1b. All genotype 6
samples were subtype 6n. There was some variability in
subtype diversity depending on geographic region and
stage of the PWID epidemic (Fig. 1b). In the cities with
historical PWID epidemics, subtypes 1b, 3a, 3b and 6n
were detected with 3b and 6n predominating. In sites with
emerging epidemics, subtypes la, 3a and 3b were detected
with a predominance of 3a. In the large cities, subtypes la,
1b, and 3a were detected.

Genetic diversity
All HCV sequences clustered in a monophyletic manner

with their respective genotype reference sequence(s) with
greater than 80% bootstrap support, except for sequence
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Table 1 Characteristics of participants by study site® (n = 801)
South West North Northeast East
AP TN GA MH HY PB RJ UP ND AS MP MZ NG WB

Number of participants 61 61 37 54 53 70 60 51 60 48 63 60 63 60
Median age (years) 32 40 35 30 28 29 32 34 36 38 35 30 31 34

IQR 27,38 34,43 28,40 2435 25, 25,35 26,40 2941 3041 3441 32,38 26,35 2636 30,38

32

Gender (%)

Male 475 984 54.1 94.4 100 100 96.7 100 100 100 98.4 78.3 65.1 933

Female 426 1.6 432 5.6 0 0 33 0 0 0 1.6 21.7 349 6.7

Hijrah 9.9 0 2.7 0 0 0 0 0 0 0 0 0 0 0
Married (%) 63.9 459 432 259 377 257 200 569 20.0 56.3 58.7 31.7 60.3  70.0
Education (%)

None 246 295 0 333 245 529 433 471 483 4.2 1.6 1.7 286  26.7

Primary school 36.1 492 189 519 245 314 467 275 317 16.7 14.3 6.7 23.8 56.7

Secondary school 13.1 6.6 324 74 321 129 1.7 11.8 133 50.0 28.6 21.7 27.0 15.0

High school or more 26.2 148 487 74 189 29 8.3 137 6.7 29.2 55.6 70.0 20.6 1.7
Employment (%)

Unemployed 164 131 243 259 94 40.0 400 275 34 43.8 55.6 53.3 444 300

Daily wages 639 771 243 704 604 457 467 549 814 354 159 233 38.1 417

Weekly wages 4.9 1.6 2.7 1.9 170 7.1 33 39 5.1 4.2 0 0 0 18.3

Monthly wages 148 82 48.7 1.9 132 7.1 10 13.7 102 16.7 28.6 23.3 17.5  10.0
Alcohol use® (%)

Never 18.0 9.8 24.3 51.0 151 7.1 417 157  26.7 0 47.6 8.3 1.6 26.7

Light use 312 164 162 471 321 614 450 66.7 66.7 77.1 333 450 571 56.7

Heavy use 50.8 738 595 2.0 528 314 133 177 6.7 229 19.1 46.7 413 167
Median number of 3 3 3 3 4 3 3 3 3 2 4 3 3 3

drinks

IQR 3,6 3,6 23 33 34 34 35 35 34 2,3 2,6 2,5 34 2,5
Median age at st 24 18 22 17 21 20 21 27 23 21 19 18 19 18

injection (years)

IQR 22,32 17,20 19,25 14,22 20,26 16,25 18,27 30,32 19,29 19,25 17,21 17,22 17,20 17,20
Lifetime injection drug use (%)

Heroin 65.6 100 89.2 982 19 39.0 567 58.8 55.0 97.9 100 68.3 54.0 950

Buprenorphine 0 4.9 35.1 9.3 755 429 833 765 95.0 18.8 14.3 0 1.6 98.3

Other pharmaceutical ~ 62.3 623 270 648 849 57.1 833 882 80.0 37.5 50.8 73.3 98.4 91.7

drugs

Cocaine 13.1 1.6 75.7 7.4 283 157 1.7 2.0 0 2.1 0 33 0 0

Methamphetamine 115 1.6 27.0 37 1.9 5.7 0 0 0 0 0 0 33
Pattern of drug injection (%)

Alone 18 6.6 2.7 204 528 18.6 45 37.3 283 333 349 18.3 1.6 40

With one sexual 11.5 35.1 1.1 0 5.7 33 0 5 0 0 0 191 0

partner

With one good friend 52.5 9.8 24.3 463 17 48.6 30 43.1  61.7 6.3 23.8 21.7 20.6 50

With multiple friends 18 82 324 222 283 243 217 137 5 60.4 41.3 56.7 58.7 6.7

With unknown persons 0 1.6 54 0 1.9 29 0 5.9 0 0 0 33 0 33
Medan lifetime injection 6 9 6 9.5 4 4 6 20 15 65 40 14 5 9

partners

IQR 5,15 510 45,12 5,15 3,6 3,6 325 7,770 6.527.5 30,100 20,100 5.540 3,10 6,20
Ever shared needles (%) 49.2 984 97.3 100 981 88.6 933 863 933 97.9 100 93.3 93.7 95
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Table 1 continued

South West North Northeast East
AP TN GA MH HY PB RJ UP ND AS MP MZ NG WB
Lifetime median number 7 4 6 5 3 2.5 6 7 8 18 20 10 4 5
of needle sharing
partners
IQR 3,10 3,6 4,7 3,8 2,3 2,3 2,12 320 4,15 7,35 5,40 5,30 2,6 4,6

Study sites: South: Ananthapur, Andhra Pradesh (AP); Chennai, Tamil Nadu (TN). West: Panaji, Goa (GA); Mumbai, Maharashtra (MH).
North: Faridabad, Haryana (HY); Amritsar, Punjab (PB); Ghaziabad, Uttar Pradesh (UP); Jaipur, Rajasthan (RJ); New Delhi (ND). Northeast:
Guwhati, Assam (AS); Imphal, Manipur (MP); Aizawl, Mizoram (MZ); and Dimapur, Nagaland (NG). East: Kolkatta, West Bengal (WB);

interquartile range (IQR)

PLight alcohol use < 3 days per week; heavy alcohol use > 3 days per week

HYO018 which clustered with genotype 3, but did not cluster
in a monophyletic manner with the other known subtypes
(Fig. 2). Within each genotype, sequences from the large
cities of Chennai and Kolkatta tended to cluster almost
exclusively with sequences from their respective city,
while sequences from the Northern and Northeastern cities
did not exclusively cluster by city, but tended to cluster
within both city and region. Of the large cities, sequences
from Kolkatta showed very little within city diversity,
while sequences from Chennai and New Delhi had com-
paratively greater within genotype diversity. Sequences
from the Northeastern cities, where the most established
epidemics are, showed greater within site and regional
diversity compared to sequences from the large cities and
cities with emerging PWID epidemics.

Nine clusters of sequences, ranging in size from two to
fourteen sequences, were found using a genetic distance
threshold of < 4.0% (Online Resources 2 and 3). Three of
the clusters were limited to sequences from a single city,
while six of the clusters contained sequences from multiple
cities. A single cluster contained sequences from multiple
regions. The largest cluster contained thirteen genotype la
sequences from Kolkatta, West Bengal.

Implications of study findings

With the newly available all-oral therapies for HCV
infection, there has been much discussion about the best
way to deliver these treatments across settings and popu-
lations, particularly those that will be most difficult to
reach. These data from this resource-limited setting rein-
force the high prevalence of HCV among HIV-infected
PWID, and the diversity in risk behaviors and subtype
distribution have important implications for treatment
delivery as well as HCV transmission.

A predominance of genotype 3 HCV infection was
observed in this sample of HIV positive PWID across
India, followed by genotype 1 and then 6. In nearly all
cities, more than one subtype was present with the highest
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levels of diversity observed in cities with the oldest
injection drug use epidemics (Northeast). These findings
are consistent with some prior reports, which have
demonstrated a predominance of genotype 3 in Southern
India [21]. By contrast, reports from Northeastern India
have suggested that HCV genotype 4 is most predominant
followed by genotype 6 with a relatively low prevalence of
genotype 3 infection [22]. However, these studies were
conducted in tribal populations who might be underrepre-
sented in our study. Studies in Burma have suggested the
most common subtypes to be 6, 3b and 1b [23], which is
consistent with the results of our study. Genotype 3 HCV
has also been reported as the most common genotype in
other parts of south and southeast Asia [24].

The phylogenetic analysis provides insight into the HCV
epidemics in both individual sites and regionally. The
greatest diversity of HCV genotypes was observed in the
Northeastern cities, where drug use and likely HCV
transmission have been endemic for decades [25]. More-
over, the sequences collected from these cities showed the
greatest within genotype genetic diversity consistent with
what would be expected from older more established epi-
demics. By contrast in Kolkatta, West Bengal, only subtype
la was found and very little genotype genetic diversity
(maximum distance = 0.037; data not shown) was
observed between all 18 samples collected from this site.
This could indicate a new emerging epidemic in this
location with limited introduction of viruses from outside
the city. In comparison, the subtype 3a and la sequences
from Chennai, Tamil Nadu demonstrated about double the
genetic diversity seen in the 1a samples from Kolkatta with
maximum diversity within genotype with genetic distances
of 0.070, and 0.078 (data not shown) respectively.

Interestingly, one sequence, HYO18, could not be
assigned to a known subtype in the phylogenetic analysis.
HYO018, from Faridabad, Haryana, was one of three sam-
ples sequenced from the site, which all clustered within
genotype 3. The other two sequences were subtype 3a, and
while HYO18 more closely resembled the genotype 3b
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Fig. 2 Phylogenetic tree of HCV sequences from 105 participants in 8 study sites

sequences, it did not cluster significantly with the 3b ref-
erence sequence nor with the other 3b sequences from this
study. HY018 may be a new HCV subtype not previously
reported. Additional sampling and sequencing will be
helpful in determining whether this is a new subtype and
further whether this subtype is common in the population.

Study limitations

This study was limited by the relatively small sample size
from each city that was available for sequence analysis.
Moreover, the samples were collected from several years
ago, and we did not have available samples from some
cities to assess subtype distribution and genetic diversity.
However, the aforementioned findings are consistent with
what has been demonstrated in the general population
within India [9].
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Taken together, this study demonstrates the large burden
of HCV among HIV-infected PWID across India, many of
whom are still actively engaged in high risk behaviors.
While HCV subtype prevalence and genetic diversity
within each genotype varied by region and PWID epidemic
stage, HCV prevalence remained high in HIV-infected
PWID in all sites. These findings collectively reinforce the
importance of considering HCV subtype when imple-
menting HCV treatment efforts across India.
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