
International Journal of Translational  
Medical Research and Public Health (2021), Volume 5, Issue 1, 41-53

International      Journal      of        Translational  
Medical R esearch  and Public Health

                                     ISSN 2576-9502 (Online)
ISSN 2576-9499 (Print)

	 Available online at www.ijtmrph.org	 DOI: 10.21106/ijtmrph.145

PB 41�

ORIGINAL ARTICLE | HIV INFECTION

Identifying Risk Factors and Spatial Clustering of HIV Infection Among 
Female Sex Workers in India
Arumugam Elangovan, MSc, MTech;1 Vasna Joshua, PhD;1 Aridoss Santhakumar, MSW, MPhil;1 
Balasubramanian Ganesh, PhD;1 Nagaraj Jaganathasamy, MSc, PGDCA;1 Joseph K. David, PhD;2 
Malathi Mathiyazhakan, PhD;1 Manikandan Natesan, PhD;1 VM Padmapriya, MDS;1 Pradeep Kumar BHMS3

1ICMR-National Institute of Epidemiology, R-127, 2nd Main Road, TNHB,  Ayapakkam, Chennai – 600 077, Tamil Nadu, India; 2Procrea Fertility Centre, 955 
Major Mackenzie Drive West, Vaughan, Ontario, Canada L6A 4P9; 3National AIDS Control Organization, Ministry of Health and Family Welfare, Govern-
ment of India, 36 Janpath road, New Delhi-110 001, India
Corresponding author email: elangovan@nie.gov.in

ABSTRACT

Background: The human immunodeficiency virus (HIV) epidemic in India is generally considered to 
be more concentrated, with the focus on high-risk groups including female sex workers (FSWs). The 
Integrated Biological and Behavioral Surveillance (IBBS), the first nationwide surveillance conducted 
during 2014-2015, collected many key indicators, including indicators related to HIV/STI transmission. 
The purpose of this study was to develop an index score for each domain surveyed and to identify 
focus areas for interventions among FSWs.

Methods: The study population consisted of 27,007 FSWs. Forty high-risk related covariates of HIV/STI 
transmission, demographic characteristics, sexual history, condom practices, knowledge of HIV/STI and 
biological variables were considered. The original data set was examined using the correlation matrix and 
was reduced to 15 highly-correlated factors using principal component analysis. The factors were further 
improved using varimax rotation and the percentage of variation was used as weights to obtain the initial 
score for each domain, which were then standardized for comparison. Bartlett’s test of sphericity was 
examined before the factor extraction.

Results: Six factors were extracted, which together explained about 73% of the total variation. The factors 
were: (1) more number of clients; (2) younger FSW and started selling sex at younger age; (3) experiencing 
condom breakage; (4) having occasional clients and poor HIV/AIDS knowledge; (5) illiteracy; and (6) a 
longer period of sex work. Six domains with an index score of above 80, from the states of Maharashtra, 
Rajasthan, Arunachal Pradesh, Uttar Pradesh, and Jharkhand need greater intervention.

Conclusion and Implications for Translation: FSWs’ current age, age at commencement of sex work, 
and the number of clients were the indicators most-associated with HIV infection. Therefore, program and 
policy interventions should focus on FSWs who are younger than <25 years, who started selling sex at 
<22 years, and who have >10 clients.

Key words: • Female Sex Worker • Kriged Map • Factor Analysis • Principle Component Analysis • HIV  
• Sexually Transmitted Infections
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1. Introduction
The National  AIDS Control Organization 
(NACO) estimates that around 2.1 million 
people in India are living with HIV, out of which 
40.5% are females. 1   The epidemic in India is 
concentrated among high-risk group (HRG) 
populations, including female sex workers 
(FSW), men who have sex with other men, 
transgender people, and injection drug users. 
The infection is generally transmitted from 
HRGs to low-risk groups such as the general 
population through bridge populations such as 
migrants and truckers. Hence, containing the 
disease at the HRG level is considered effective 
in preventing the disease spread to the general 
population by advocating behavioral changes 
among HRGs. The National Integrated Biological 
and Behavioural Surveillance (IBBS),2 was 
conducted in 2014-15, with a strategic focus 
of strengthening HIV surveillance among high-
risk groups (HRG) and bridge population. It 
was the first nationwide community-based bio-
behavioral surveillance, among HRG and bridge 
populations that collected information on many 
key parameters of programmatic importance. 
Apart from the basic socio-demographic profile, 
the dataset also included knowledge indicators 
related to HIV prevention, sexually transmitted 
infections (STI), condom usage, HIV/AIDS 
services, behavioral risk profile and practices, 
HIV testing, stigma, and discrimination as well as 
exposure to HIV/AIDS services and community 
mobilization. Since several HIV/STI transmission-
related variables were collected during the IBBS 
surveillance, it would be beneficial to bring out 
the essence of all the highly correlated HIV 
risk-related variables. Hence, the aim of this 
study was to develop an index or a score for 
each domain surveyed, based on multiple and 
highly correlated risk-related variables of HIV/
STI concurrently and to identify focus areas for 
interventions among FSWs.

2. Methods

2.1. Study Type

The National IBBS was a community-based 
cross-sectional survey designed using probability-
based sampling. Numerous behavioral and biological 
variables of HIV/STI in India were collected. Blood 
specimens were collected using the Dried Blood 
Spot (DBS) method.

2.2. Study Population

Female sex workers were defined as any female, aged 
15 years or older, who engaged in consensual sex in 
exchange for cash/payment in kind in the last month. 
The study population consisted of 27,007 FSWs 
from 73 randomly selected domains comprising 
108 districts across 28 Indian states including Union 
territories, where the sizable number of FSWs are 
available (Appendix I).

2.3. Domain

A ‘Domain’ was defined as a continuous geographical 
unit for which the bio-behavioral estimates 
generated for a specific (FSW/MSM/IDU/TG) group. 
The domains surveyed in the study were selected 
based on the size of the FSWs available in a particular 
domain. Generally, a single district was the basic 
domain in National IBBS, called independent domains. 
However, if a single district did not have an adequate 
sample size, neighboring districts were grouped 
to form a ‘Domain’, called composite domains. A 
domain name was given to each domain, which was 
either the district name in the case of independent 
domains, or the name of the district with the highest 
number of HRG for composite domains. All the 
domains were prioritized for targeted interventions 
by NACO.

2.4. Sampling Strategy

The respondents were recruited through a two-
stage cluster sampling procedure. A conventional 
cluster sampling approach was used for fixed 
locations like home-based venues and brothels, 

Copyright © 2021 Elangovan et al. Published by Global Health and Education Projects, Inc. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License CC BY 4.0.
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A time-location cluster (TLC) sampling approach 
was used for dynamic clusters such as street-based 
FSWs. Each hotspot was divided into four clusters 
based on availability as follows: (1) Peak Day- Peak 
Time (peak days of operations, maximum FSW 
found at a particular time); (2) Peak Days - Lean 
Time (peak days of operations, minimum FSW 
found at a particular time); (3) Lean Day- Peak Time 
(lean days of operations, maximum FSW found at a 
particular time); (4) Lean Day- Lean Time (lean days 
of operations, minimum FSW found at a particular 
time). The TLCs were selected by systematic random 
sampling (without replacement) by probability 
proportional to the estimated measure of size (PPS) 
of FSWs.

The target sample size for the FSW group was 
400 per domain. The sample size was less than 
400 members in the case of fewer populations in 
the domain or when the refusal rate was high. 
The methodology, data collection, ethical consent, 
weighting procedure, laboratory methods, etc. are 
discussed in detail elsewhere.2 The study period 
was for three months and varied for each site from 
October 2014 to November 2015.

2.5. Study Variables

Forty covariates of HIV/STI transmission for FSW 
based on demographic characteristics, sexual history, 
condom practices, knowledge, and awareness of 
HIV/STI and biological variables were explored.

2.6. Statistical Analysis

Principal component analysis (PCA) and factor analysis 
are data reduction techniques employed to reduce 
the dimension of the covariates; these methods 
are used to extract a relatively smaller subset of 
independent uncorrelated factors and to find the linear 
combination of standardized indicators.3-5 In our study, 
these techniques were used to identify the underlying 
structure of the variables studied and to estimate the 
factor scores. All the estimates used in the analysis were 
weighted based on the inverse probability of selection. 
The original dataset of 40 high-risk related covariates 
was examined using the correlation matrix. The final 
data set used in the analysis was of size 73 (domains) 
x 15 variables (Appendix I). The PCA identified a 

smaller dimension of six (eigen value greater than one) 
uncorrelated factors. The six factors were improved 
using varimax rotation and their scores were acquired. 
Using percent variation as weights on factor scores, 
the initial score for each domain was then obtained 
and standardized for comparisons. To check for model 
adequacy, Bartlett’s test of sphericity was done before 
factor extraction and was found to be suitable with 
p<0.0001. All the analyses were done using the SPSS 
(version 26) software. 6

A geospatial interpolation technique called Kriging 
was used for points that were not physically sampled 
in the study area. The method of least squares was 
used, which estimates the values with the information 
surveyed and the spatial arrangement of the data set.7 
The standardized score (as a proportion) for each 
surveyed domain was expressed as β(xi, yi), where 
(xi, yi) are the geographic coordinates (latitude and 
longitude). β(xi, yi) were modeled using a semi-
variogram and the kriged values were obtained using 
the ArcGIS software package. 8

3. Results
The initial and standardized index scores of the 
domains are presented in Table 1. Twenty-six domain 
sites had an index score of above 50 (more than 
the average). Considering all the high-risk related 
variables in a multivariate set up, the domain of Jalna in 
Maharashtra state had the highest score followed by 
Kota and Ajmer in Rajasthan; West Siang in Arunachal 
Pradesh; Jhansi in Uttar Pradesh; Lathiar in Jharkhand; 
and Pune in Maharashtra. The distribution of the 
domains and levels of care required based on the 
standardized index score of the surveyed domains 
are presented in Figure 1. The domains in deep red 
indicate the need for greater care and interventions.

	 Bartlett’s test of sphericity of high 
significance (p<0.0001) indicated that the selected 
variables were well-correlated, which is required for 
the factor analysis to be valid. The 15 variables with 
factor loadings greater than 0.6 are listed in Table 2. 
The six factors extracted together explained about 
73% percent of the total variation. The six factors 
were: (1) having 10 or more regular clients in the 
past week, having 10 or more occasional clients in 
the past week, and having regular clients; (2) current 
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age of the FSW ≤ 25 and had started selling sex at 
age <22 years; (3) experiencing condom breakage, 
and wanted to use condoms but could not use in the 
past month; (4) having occasional clients, never heard 
of any other sexually transmitted diseases, and having 
misconceptions about AIDS transmission; (5) HIV 
prevalence, illiteracy, and never used a condom; and 
(6) duration of sex work for more than 5 years. The 
first factor was set as the proxy for HIV infection.

	 The map in Figure  2 depicts the best, 
unbiased representation of the essence of numerous 
HIV risk-related variables in the form of Kriged 
estimates. It represents the regional variations and 
the high-risk, HIV-concentrated regions (hot spots), 
and regions where FSW are at the greater risk of 
developing the HIV infection. The Kriged estimates 
identified the western part of central India that 
included Gujarat, and portions of Rajasthan, Madhya 
Pradesh, and Maharashtra as high-risk regions. 

4. Discussion
IBBS was an extensive cross-sectional survey 
conducted across India among the HRGs that has 
resulted in a huge data resource of great importance 
to policymakers. Just by looking at the HIV prevalence 
estimates the domains of higher prevalence will 
seem to be of programmatic importance for future 
interventions, which may not necessarily be the actual 
case. For instance, the state of Karnataka had been a 
high prevalent state for FSW, owing to the practice of 
traditional sex work. Although the districts of Bagalkot, 
Raichur, and Kolar had HIV prevalence greater than 
5%, these domains fall behind the domain of Jalna 
with a prevalence of 2.62%. Thus, the data reduction 
techniques, PCA and factor analysis, used in this study 
have optimally reduced the dimensionality of variables 
in a multivariate set up to derive an index for each 
domain, such that emerging hotspots and contributing 
factors are well-identified. Rather than just considering 
the prevalence of HIV/STI estimates, this technique 
helps to probe further into the behavioral factors 
to identify the key domains that require greater 
interventional care.9

 At the individual level, age, sexual debut, duration 
of commercial sex, type and number of clients, 
illiteracy, STD knowledge, presence of STI symptoms, S.
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Figure 1: Map showing standardized scores of HIV risk-related factors among female sex workers (FSW)  in India: IBBS 2014-2015

condom breakage or non-usage, misconceptions 
about HIV transmission, were the risk related factors. 
These factors, being associated with higher infection 
risk, have been well-established through numerous 
behavioral studies. According to the National AIDS 

Control Programme III, FSWs having several clients 
per day and FSWs having 100 or more clients in a 
month are found to be at most risk.10 A study in 
the Indian district of Kolkata indicated that the odds 
of exposure of younger sex workers ≤ 20 years 
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 Table 2: Principal component analysis - varimax rotation factor loadings

Variables Component 
1

Component 
2

Component 
3

Component 
4

Component 
5

Component 
6

Communalities 

HIV 0.645 0.447

Any STI 0.63

Cannot read & write 0.647 0.655

Current age<=25 
years

0.881 0.946

Duration of sex work 
>5 years

0.89 0.888

Age at started selling 
sex <22 years.

0.92 0.909

Never used a 
condom

0.659 0.681

Experienced condom 
breakage last month

0.881 0.813

Wanted to use but 
did not past month

0.764 0.654

Have a regular client -0.658 0.604

Have an occasional 
client

-0.641 0.764

10 or more clients 
in the past week 
- Occasional Male 
Clients

0.926 0.903

10 or more clients 
in the past week – 
Regular Male Clients

0.926 0.903

Never heard of any 
STI

0.664 0.629

Incorrect belief about 
AIDS transmission- 
global indicator

0.643 0.561

Component 1: Sex with More number of male clients ( ≥10)  in a week (Regular or Occasional); Component 2: Younger FSWs (age ≤25 yrs.) and started sex at a younger age 
(<22yrs); Component 3: Condom usage (breakages and wanted but did not use); Component 4: Have occasional clients and improper knowledge of HIV/STI (not heard of STI & 
incorrect belief of about AIDS transmission); Component 5: Illiterate, HIV cases and never used a condom; Component 6: Duration of sex work for a longer period (≥ 5 yrs)

acquiring HIV were four times higher compared to 
the older age group.11 Similarly, surveillance data in 
Nepal reported that a larger proportion of HIV-
affected victims were young female sex workers than 
older ones.12 Young FSW are more vulnerable to HIV 
than their older counterparts for reasons including 
a higher number of sexual partners, susceptibility to 
violence, and hence inability to negotiate condom 
use.13 A higher rate of damage to the cervico-
vaginal epithelium because of the relatively immature 
genital tract anatomy of adolescent FSW has also 
been reported to increase their susceptibility to 

infection.11 Young age and duration of sex work are 
also associated with higher exposure risk, due to 
the probability of having higher number of sexual 
partners. 

	 At the domain levels, the priority-domains 
reported having higher standardized index scores 
had a comparatively lower prevalence (< 3%) 
except Kota. On the other hand, the domains 
Mahabubnagar (Andhra Pradesh), Aizwal (Mizoram), 
Pune (Maharashtra), Kota (Rajasthan) and Imphal 
East (Manipur) had the highest HIV prevalence 
(> 10%) among FSW. This indicates that the 
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Figure 2: Kriged estimates of the standardized scores of FSW in India: IBBS 2014-2015

identified priority-domains were either emerging 
hotspots or increasing high-risk related behaviors 
among FSW. Accordingly, the proportion of FSW 
having 10 or more clients and misconceptions about 
HIV transmission was invariably much higher in the 
priority-domains as well as in the domains of Gujarat 
state indicating higher exposure risk. 

Kriged estimates revealed that Western 
India including Gujarat and parts of Rajasthan, 
Maharashtra, and Madhya Pradesh as high-risk regions. 
Correspondingly, an increase in the number of HIV/
AIDS related deaths has been reported in Gujarat.14 

High HIV prevalence was reported among females in 
Madhya Pradesh, with a larger proportion of affected 
being aged between 21 and 40 years. 15 The World 
Health Organization stated that Rajasthan was at 
higher risk of HIV transmission due to its geographical 
and occupational reasons such as tourism.16 Our study 
identified hot spots in Maharashtra and Rajasthan.10 HIV 
sentinel surveillance conducted in 2016-17 indicated 
an overall decline in HIV infection in India; however, 
Gujarat and Rajasthan reported a rising trend in HIV 
prevalence. 17 Similar analyses done earlier, showed 
63 districts with consistently high HIV prevalence 
clustered in the South and the North-east regions of 
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India including some districts in Maharashtra.18 Given 
its geographic and cultural diversity, an overall analysis 
of the cross-sectional survey might have masked 
certain regional high-risk factors. For instance, injection 
drug use (IDU) is a major cause of HIV transmission 
in North-East India; IDU practices among FSW have 
been reported in Northeast India19, 20 that need to be 
considered for interventions in these regions. Our 
study reveals that the clustering has now shifted to 
the central regions of India. Continuous interventions 
at the previously identified high-risk regions had been 
instrumental in bringing about behavioral change 
among the FSW. Hence, it would be appropriate to 
target FSW and domains with increased HIV risk-
related factors and prioritize interventional care.

4.1. Limitations

Though this surveillance was conducted during 
2014-2015, this was the only latest available behavioral 
data to study the FSWs and their behaviors in India. 
Nonetheless, it is considered as relevant in the present 
scenario as the behaviors of HRGs hardly change within 
short period of time. In addition, migration and double 
counting are some of the major problems for any survey. 
These information were not collected in IBBS and may 
pose another source of limitation for the survey. 

5. Conclusion and Implications For 
Translation
All 26 domains with a standardized score of 50 and 
above require priority care. The FSW at exposure 
risk, having limited knowledge about STI/HIV 
transmission and condom usage needs interventions 
for behavioral change. HIV estimates identify regions 
of high prevalence that need continued interventions. 
PCA and factor analysis revealed the factors that 
optimally contribute to higher infection risks and 
Kriged estimates identified hotspots of high-risk 
concentrated areas that need increased interventional 
care to prevent emerging infections. Globally, carrying 
out such studies at HIV epidemic regions will help to 
identify the target populations and emerging hotspots, 
thereby facilitating faster preventive measures. 
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Key Messages

•	 Female Sex Workers who are young, hav-
ing higher exposure risk and having limited 
knowledge on STI/HIV transmission are more 
vulnerable to HIV/AIDS.

•	 The western part of central India, comprising 
of the state of Gujarat, a portion of Rajasthan, 
Madhya Pradesh and Maharashtra needs a 
greater interventional care.
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