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Introduction

Human immunodeficiency virus (HIV) enters the host cell 
through an interaction between its envelope protein (gp120) and 
the host chemokine receptors, CCR5 and/or CXCR4. Viruses 
using the CCR5 receptor are known as R5-tropic viruses, those 
using CXCR4 receptor are known as X4-tropic viruses and those 
using both receptors are known as dual-tropic viruses. CCR5 co-
receptor has been used especially during initial infection, whereas 
CXCR4 coreceptor would be used much later in HIV infection 
when the infected individual would be progressing towards AIDS. 
Two mechanisms are known that could inhibit the fusion of  the 
HIV envelope with the CCR5 coreceptor: 1) a 32-base pair (bp) 
deletion in the host CCR5 gene that results in a conformational 
change of  the chemokine receptor and inhibits its interaction 

with the virus; and 2) use of  CCR5 antagonists. The use of  CCR5 
antagonists is highly dependent on the coreceptor usage by the 
virus; and this could be predicted by analyzing the variable 3 re-
gion of  the gp120 using bioinformatic algorithms like geno2phe-
nocoreceptor[1].

The HIV-1 pandemic in India is characterized by the predomi-
nance of  subtype ‘C’ conferring 1-7% and 2-20% primary resist-
ance to reverse transcriptase and protease inhibitors respectively 
[2]. Hence, use of  CCR5 antagonist could have great therapeutic 
implications in HIV-1 infected patients conferring transmitted 
drug resistance. A prior study from India has demonstrated a high 
prevalence of  R5 tropism among HIV-1 subtype ‘C’ strains [3], 
but lacked paired data on CCR5 genotyping and genotypic re-
sistance profile for reverse transcriptase and protease inhibitors. 
Thus, the objective of  our pilot study was to estimate the clini-
cal use of  CCR5 antagonists in treatment naive and experienced 
HIV-1 infected patients.

Materials and Methods

Setting and study approval

The study was performed at a referral diagnostic laboratory at 
Mumbai and approved by the institutional review board.

Routine specimen testing

EDTA whole blood and plasma samples were received as a part 
of  the routine diagnostic services for CD4/CD8 count (by flow 
cytometry) and HIV-1 viral load testing (COBAS Taqman, Roche) 
respectively.
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Molecular laboratory testing

Genotypic drug resistance testing (reverse transcriptase and pro-
tease inhibitors) was performed on plasma samples using Viro-
Seq HIV-1 Genotyping System version V.2.0, according to the 
manufacturer’s instructions (Celera, Alameda, California, USA). 
Sequences obtained were analyzed for resistance conferring mu-
tations using the HIVdb programme of  the Stanford University 
HIV Drug Resistance Database. Cotropism testing and CCR5 
genotyping was performed as previously described (using 10% 
predictive cut-off) [4, 5].

Statistical analysis

Statistical calculations were performed using SPSS program 
ver.12.0 (SPSS Inc, Chicago, Illinois, USA). Fisher’s exact test was 
used to compare categorical variables between the two groups, 
with p-value < 0.05 considered to be statistically significant. Wil-
sons binomial method was used to estimate 95% confidence in-
terval (CI) [6].

Results and Discussion

A total of  45 patients (23, treatment naïve; 22, one-year treatment 
experienced) with a mean age of  45.1 years (±16.3 years, standard 
deviation) were included for the study analysis (January, 2015 to 
April, 2015). None (0% [0/45]; 95% CI:0-7) of  the patients re-
ported MTB co-infection and/or other opportunistic infections, 
unusual sexual behavioral patterns (male having sex with male, 
female having sex with female, multiple sex partners, incidence 
of  having oral sex) or use of  illicit injectible drugs. This informa-
tion on sexual behavioral patterns and illicit drug use could be 
incorrect, as patients do not tend to share this information due to 
the social-stigma associated within the community [7, 8]. Statisti-
cal correlation revealed no significant association for CD4, CD8 
counts and HIV-1 viral load among patients infected with R5 and 
X4 tropic viruses irrespective of  their treatment status (p > 0.05, 
Table 1).

All patients (100%, 45/45) expressed a wild-type CCR5 genotype, 
but cotropism testing predicted the usage of  X4 co-receptor for 
cellular entry in 21.8% (5/23) and 22.7% (5/22) HIV-1 treatment- 

Table 1. represents the demographic and clinical characteristics of  patients included in the study.

Characteristics CCR5 CXCR4 p-value
Total no. of  patients 35 10 -
Age (in years, ±SD) 44 (± 16) 39 (± 16.9) 0.57

Sex, n (%)
   Male 23 (65.7) 8 (80) 0.46

   Female 12 (34.2) 2 (20)
Treatment naïve

No. of  patients 18 5 -
HIV-1 Viral Load (median log, IQR) 5.1 (4.2 - 5.6) 5.1 (5.1 - 5.4) 0.57

CD4 count (median, IQR) 172 (102 - 265) 146 (20.5-355) 0.72
CD8 count (median, IQR) 528 (334 - 755) 1040 (440 – 1348.5) 0.2

HIV-1 subtype, n (%)
   C 18 (100) 4 (80) 0.21

   CRFa (CRF02_AG) 0 (0) 1 (20)
HIV drug resistant mutations, n (%) 8 (44.4) 2 (40) 1

   1 - class drug resistanceb 3 (16.6) 1 (20) -
   2 - class drug resistancec 4 (22.2) 0 (0) -
   3 - class drug resistanced 1 (5.6) 1 (20) -

Treatment experienced
No. of  patients 17 5 -

HIV - 1 Viral Load (median log, IQR) 4.7 (4.1 - 5.2) 4.4 (4.1 - 5.8) 0.3
CD4 count (median, IQR) 158 (59.5 - 361) 116 (37.5-280.5) 0.4
CD8 count (median, IQR) 650 (363.5 - 1432) 421 (321.5 – 776.5) 0.3

HIV-1 subtype, n (%)
   C 17 (100) 4 (80) 0.2

   CRFa (CRF01_AE) 0 (0) 1 (20)
HIV drug resistant mutations, n (%) 3 (17.6) 5 (100) 0.002

   1 - class drug resistance 0 (0) 0 (0) -
   2 - class drug resistance 3 (17.6) 5 (100) -
   3 - class drug resistance 0 (0) 0 (0) -

SD, standard deviation; a CRF, Circulating Recombinant Form; b 1-class drug resistance, resistance to either NRTI/NNRTI/PI; c 2-class 
resistance, resistance to NRT+NNRTI/NRTI+PT/NNRTI+PI; d 3-class resistance, resistance to NRTI+NNRTI+PI.
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naive and experienced patients respectively. Previous studies have 
reported X4-tropic viruses to cause HIV-1 infections in treatment 
naive patients [3], but its preference for use over CCR5 receptors 
remains unknown. The finding of  X4-tropic viruses in treatment-
experienced patients indicates the progression of  the disease, but 
whether the HIV-1 virus has switched from R5 to X4 phenotype 
or the primary entry was using the X4 coreceptor cannot be de-
termined [1, 9].

Genotyping analysis revealed the predominance of  HIV-1 sub-
type ‘C’ (95.6% [43/45], 95% CI:84-100) irrespective of  treat-
ment status, while 4.4% patients (2/45, 95% CI:0-16) infected 
with CRF genotypes (CRF02_AG, treatment naive; CRF01_AE, 
treatment experienced) expressed X4 coreceptor usage (Table 
1). Previous studies from West Africa and Europe have reported 
similar findings, wherein CRF02_AG and CRF01_AE infected 
individuals used X4 coreceptor for cellular entry [10, 11]. These 
CRF-infected patients conferred multi-class resistance (CRF02_
AG, NRTI+non-NRTI [NNRTI]+PI resistance; CRF01_AE, 
NRTI+NNRTI).

A total of  40% (18/45, 95% CI:27-55) conferred first and/or sec-
ond line antiretroviral resistance (43.4% [10/23], 95% CI:26-63), 
treatment naive; 36.3% [8/22, 95% CI:20-57], treatment expe-
rienced). Cotropism testing of  these drug resistant subtypes re-
vealed the usage of  R5 coreceptor in 80% (8/10, 95% CI:48-95) 
treatment naive and 37.5% (3/8, 95% CI:13-70; p <0.05) treat-
ment experienced patients. This indicates that CCR5 antagonists 
could be considered as a part of  the therapeutic regimen for ef-
fective patient management.

Besides, our study also had a few limitations: 1) since there were 
no baseline genotypic drug resistance pattern for treatment-ex-
perienced cohorts, its mutational relevance could not be inter-
preted, 2) our results are based on a relatively small sample size 
and needs to be confirmed with a study on a large sample size 
including diverse HIV-1 subtypes; and, 3) the use of  ultra-deep 
sequencing could help detect the minority viral population (X4 
tropic viruses), hence our results could be an over-estimation for 

the prevalence of  R5 coreceptor usage.

Conclusion 

Our study revealed a high level of  transmitted drug resistance 
among HIV-1 treatment naive patients; and, CCR5 antagonists 
should be considered as a part of  an effective therapeutic man-
agement in both treatment naive and experienced HIV-1 infected 
Indian patients.
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