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Abstract
Objective. To identify correlates of HIV/STI prevalence 
among 13 cities with varying sizes of female sex worker 
(FSW) populations and municipal characteristics in Mexico. 
Materials and methods. FSWs underwent interviews 
and testing for HIV, syphilis, gonorrhea and chlamydia. Lo-
gistic regression explored variations in HIV/STI prevalence. 
Results. Among FSWs (n=1 092), prevalence across 13 
sites was: HIV: 0.4% (range: 0%-1.4%): syphilis: 7.8% (range: 
0%-17.2%); chlamydia: 15.3% (range: 5.7%-32.2%); gonorrhea: 
2.9% (range 0%-13.8%), and any HIV/STI: 23% (range: 9.9%-
46%). Municipalities with high human development scores 
and a lower municipal marginalization index had higher odds 
of combined HIV/STI prevalence. After controlling for site-
specific variability in municipal characteristics, greater risk 
of HIV/STIs was associated with lower education, having a 
spouse diagnosed or treated for an STI, unaffordability of 
condoms, and having non-Mexican clients. Conclusions. 
Prevalence of HIV/STIs varies across Mexican municipalities 
indicating the need for surveillance to identify hotspots for 
targeted resource allocation.

Keywords: sex worker; females; HIV; sexually transmitted 
infections; epidemiology; prevalence; Mexico

Resumen
Objetivo. Identificar correlaciones de la prevalencia de VIH / 
ITS entre 13 ciudades con diferentes tamaños de población de 
trabajadoras sexuales y características municipales en México.
Material y métodos. Las trabajadoras sexuales fueron 
entrevistadas y recibieron pruebas de VIH, sífilis, gonorrea y 
clamidia. La regresión logística exploró las variaciones en la 
prevalencia del VIH/ITS. Resultados. Entre las trabajadoras 
sexuales (n = 1 092), la prevalencia en 13 sitios fue: VIH: 0.4% 
(rango: 0-1.4%): sífilis: 7.8% (rango: 0-17.2%); clamidia: 15.3% 
(rango: 5.7-32.2%); gonorrea: 2.9% (rango 0-13.8%) y cualquier 
VIH/ITS: 23% (rango: 9.9-46%). Los municipios con altos pun-
tajes de desarrollo humano y menor índice de marginación 
municipal tuvieron una mayor probabilidad de prevalencia 
combinada de VIH/ITS. Después de controlar la variabilidad 
específica del sitio en las características municipales, el mayor 
riesgo de VIH / ITS se asoció con menor educación, tener 
un cónyuge diagnosticado o tratado para una ITS, imposibi-
lidad de conseguir condones y tener clientes no mexicanos. 
Conclusiones. La prevalencia de VIH/ITS varía entre los 
municipios mexicanos, lo que indica la necesidad de una 
vigilancia para identificar hotspots para la asignación selectiva.

Palabras clave: trabajadores sexuales; mujeres; VIH; infecciones 
de transmisión sexual; epidemiología; prevalencia; México
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Female sex workers (FSWs) are highly vulnerable 
to HIV and other sexually transmitted infections 

(STIs), particularly in low- to middle-income countries.1 
In a review of HIV in Mexico, del Rio and Sepulveda2 
concluded that from 1980 to 2000, HIV seroprevalence 
among FSWs was less than 1%. However, more recent es-
timates in Tijuana and Ciudad (Cd.) Juarez yielded HIV 
prevalences ranging from 6% among non-injecting FSWs 
to 12% in FSW-IDUs.3 In contrast to HIV, STI prevalence 
among FSWs in Mexico has been high for decades. In the 
late 1990s, the prevalences of active syphilis, chlamydia, 
and gonorrhea among FSWs in Mexico City were 23.7, 
12.8 and 11.6%, respectively;4 the prevalence of HSV-2 
was 60%.5 Among FSW-IDUs residing in Tijuana or Cd. 
Juarez, 50% had at least one active STI, compared to 25% 
among non-IDU FSWs.3
 The present study used a social ecological frame-
work to explore the prevalence of HIV and other STIs 
and their correlates among 1 092 FSWs in 13 sites across 
Mexico. The Social Ecological Model describes five 
levels of influence on behavior, including individual 
(e.g., education), interpersonal (e.g., substance use 
with clients), institutional (e.g., work venue), com-
munity (e.g., poverty, access to health care), and policy 
(e.g., policing).6 Given recent emphasis in prevention 
research on the “risk environment”,7 which includes all 
levels of influence described in our conceptual model, 
we hypothesized that site-specific, community-level, 
municipal characteristics might explain variations 
in HIV/STI prevalence independent of individual-, 
interpersonal-, institutional, and policy-level fac-
tors. We also hypothesized that settings with fewer 
resources and less-educated populations would have 
FSWs who were riskier. The availability in Mexico 
of two government-monitored indices, the Human 
Development Score (which comprises life expectancy, 
education, income, and other factors) and the Marginal-
ization Index (an indicator of decreased access to basic 
public services and greater poverty), provided us with 
ready-made potential predictor variables related to the 
risk environments of the sites studied. If correlations 
could be found, the findings could help rationalize the 
allocation of limited resources for HIV/STI prevention 
and treatment.

Materials and methods
Data for this analysis were obtained from baseline 
interviews and HIV/STI screenings of 1 092 FSWs en-
rolled in the Mujer Segura implementation study.8 This 
hybrid type-2 study simultaneously tested the efficacy 
of the Mujer Segura safer-sex intervention and a train-

the-trainer implementation strategy at multiple sites.9 
The protocol was reviewed and approved by the Insti-
tutional Review Boards of the University of California, 
San Diego; Universidad Autónoma de Ciudad Juárez, which 
provided training to staff; and the Mexican Foundation 
for Family Planning (Mexfam), which operates the clin-
ics at which the study was carried out. All participants 
provided written informed consent.

Study sites

The study was carried out from 2011 to 2015 at 13 
community-based clinics operated by Mexfam, which 
is a non-profit, non-governmental organization, head-
quartered in Mexico City, that operates sexual and 
reproductive health programs in 22 states in Mexico. 
An initial list of 23 sites was drawn up that met mini-
mum capacity criteria and reflected a broad geographic 
distribution.8 Sites were intentionally chosen to repre-
sent a cross-section of clinic sizes (large versus small) 
and locations (urban versus rural). From the initial 
list,12 sites were randomly selected for participation. 
A thirteenth site was added after the publication of the 
protocol description.

Eligibility criteria

Eligibility criteria from the original efficacy trial were 
retained.8 Participants had to be biologically female; 
be at least 18 years of age; be able to speak Spanish 
(which cannot be assumed in some of Mexico’s more 
rural, indigenous areas); have no plans to move out 
of the area for at least 6 months; self-identify as a fe-
male sex worker; report having traded sex for drugs, 
money, shelter, or other material benefit within the 
previous two months; have had unprotected vaginal 
or anal sex with a client at least once during the previ-
ous two months; have no previous HIV-positive test 
result; agree to be tested for HIV and STIs at baseline 
and at six-month follow-up; agree to accept free STI 
treatment at baseline (to distinguish prevalent from 
incident cases at follow-up); and be willing to provide 
informed consent.

Recruitment

At each site, outreach workers employed by Mexfam 
adopted a time-location sampling approach,10 whereby 
they compiled a map of sex work venues (e.g., bars, 
brothels, shooting galleries, street corners) in red light dis-
tricts and other areas with high concentrations of FSWs. 
Women who appeared to be engaged in sex work were 
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approached and engaged in conversation to assess study 
interest and eligibility. Among FSWs who met eligibility 
criteria, less than 1% refused to participate in the study.

Data collection

Participants were reimbursed the equivalent of $30 
U.S. for completing an interviewer-administered, com-
puterized questionnaire and brief counseling session. 
Sociodemographic and personal questions included 
age, educational attainment in years, and birthplace. 
Sexual risk behaviors included numbers of clients and 
of unprotected sex acts with clients during the previ-
ous four months. Drug use behaviors included lifetime 
and recent consumption and injection of various drugs. 
Alcohol use was assessed with the AUDIT-C, which 
reliability identifies drinkers who are hazardous or “at 
risk”.11 Data on the demographic, social, and economic 
characteristics of the municipalities hosting the par-
ticipating clinics were derived from reports published 
by the Mexican National Institute for Statistics and 
Geography (INEGI).12

Assessment of HIV and STIs

Participating sex workers were screened for HIV us-
ing the Advanced Quality Rapid Anti-HIV (1 and 2) 
test. Reactive samples were shipped to the San Diego 
County Health Department Laboratory and tested 
using HIV-1, 2 serum antibody enzyme immunoassay 
(EIA) and indirect fluorescent antibody (IFA) tests. 
FSWs were also screened for syphilis, chlamydia, 
and gonorrhea. Syphilis serology included a rapid 
diagnostic screening for the qualitative detection of 
antibodies to Treponema pallidum in blood. All reactive 
samples were shipped to the San Diego County lab and 
subjected to the rapid plasma reagin (RPR) test and the 
T. pallidum particle agglutination assay (TPPA). Urine 
samples were collected using the Gen-Probe Aptima 
Combo 2W Assay for C. trachomatis and N. gonorrhoeae. 
HIV/STI test results were provided to participants 
by nurses within two weeks of testing. Those testing 
HIV-positive were referred to their municipal clinic 
for free medical care, while those who tested positive 
for another STI were treated at the study site. HIV 
reporting is mandatory throughout Mexico, and re-
quirements are consistent across states. The reporting 
requirement was explained in the consent form along 
with possible adverse consequences (e.g., loss of license 
to practice sex work).

Statistical analyses

Due to the small number of HIV+ cases, we chose com-
bined HIV/STI status (i.e., any of the measured STIs 
including HIV) as our binary dependent variable. Lo-
gistic regressions via generalized estimating equations 
were performed to identify site and participant charac-
teristics related to HIV/STI prevalence. Since this is a 
multisite study, the data are heterogeneous, inducing 
intra-site correlation. Site was used as a cluster variable 
with an exchangeable correlation structure, where the 
correlation between any two observations within any 
particular site was assumed to be the same. Our model 
building approach involved conducting univariate 
analyses of all variables that were both conceptually 
relevant and important in the literature. Variables that 
yielded a significance <= 0.10 in the univariate analyses 
were considered for the multivariable model based on 
both conceptual and statistical relevance. The alpha 
for entrance into the multivariate model was chosen 
based on measurement error and potential lack of 
power considerations. To obtain the most parsimoni-
ous multivariate model, goodness of fit was conducted 
by comparing values of the quasi-likelihood under 
the Independence Model Information Criterion (QIC) 
and by ruling out interactions and multicollinearity. 
All the variables in the final multivariate model are 
significant at the 5% significance level while account-
ing for other variables in the model. Because site was 
not used as a fixed covariate, it does not appear in the 
final multivariate model.

Results
Site characteristics and participant
risk profiles

Sites were spread across eight Mexican states (table 
I). The average population of the metropolitan areas 
hosting the participating clinics was 426 608 (range 
14 751-1 495 189). Residents’ average annual per capita 
income was 10 218 U.S. (range 4 045-15 117).Types of 
venue for sex work varied widely between sites, which 
ranged from urban (Mexico City, Guadalajara) to rural 
(Naranjos, Tlapa). The legal status of sex work varied 
from tolerated (Mexico City), to municipally sanc-
tioned with specially constructed facilities (Tuxtla), to 
illegal (Ciudad Neza). Table II presents demographic, 
sex risk, and drug and alcohol risk variables for each 
study site.
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Variations in HIV/STI prevalence

The overall prevalence of HIV among the total sample 
was 0.4%, ranging from zero to 1.4% at the 13 sites (table 
III). The prevalence of other STIs varied widely: syphilis, 
7.8% (range 0 to 17.2%); chlamydia, 15.3% (range 5.7 to 
32.2%); gonorrhea, 2.9% (range 0 to 13.8); and any STI, 
23% (range 9.9 to 46%).

Univariate associations with HIV/STI

Univariate analyses suggest that municipalities with 
high Human Development Scores had a 33% decrease 
in the odds of combined HIV/STI prevalence compared 
to those with medium scores (OR= 0.67; 95%CI: 0.47, 
0.96, p=.0032). Furthermore, the odds of prevalent HIV/
STIs increased by 30% for every 1–standard devia-
tion increase in the municipal Marginalization Index 
(OR= 1.3; 95%CI: 1.28, 1.50, p= .0003). Also, having 
fewer years of education was associated with HIV/STI 
prevalence (OR= 0.90; 95%CI: 0.86, 0.94, p= .000). FSWs 
who reported that their spouse had been diagnosed or 
treated for an STI in the past 6 months were 2.6 times 
more likely to have ever tested positive for an STI or 
HIV (OR= 2.61; 95%CI: 1.22, 5.60, p= .014). FSWs who 
could afford to buy condoms had a lower odds of an 
STI or HIV (OR= 0.65; 95%CI: 0.49, 0.88, p= .005) as did 
FSWs who reported that most or all clients were from 

elsewhere than Mexico (OR= 0.56; 95%CI: 0.33, 0.95, p= 
0.03). Among drug use factors, only cocaine use in the 
past month (OR= 1.74; 95%CI: 1.01, 2.99, p= .047) and 
binge drinking (OR= 1.38; 95%CI: 1.02, 1.87 p= .036) 
were significantly associated with having an STI or HIV.

Factors independently associated with 
HIV/STI prevalence

A final multivariate model (table IV) suggested that 
after controlling for site-specific variability in munici-
pal characteristics, higher rates of STI/HIV infection 
were related to lower education, having a spouse who 
has been diagnosed or treated for an STI in the past six 
months, not being able to afford a condom, and having 
foreign clients.

Discussion
The prevalence of HIV among the participants was 
low at all of the study sites, and prevalence of other 
STIs varied widely, ranging from 9.9 to 46%. Similarly, 
self-reported sex risk varied widely, with rates of un-
protected sex ranging from 20 to 60% between sites. 
While illicit drug use was low overall, alcohol abuse was 
common with 73% overall meeting criteria for hazard-
ous drinking. Neither drug nor alcohol use correlated 
with STI prevalence in univariate analyses. In univariate 

Table III
prevalence of hiv and StiS in 13 SiteS in Mexico. 2011-2015

Site N HIV
(%)

Gonorrhea
(%)

Chlamydia
(%)

Syphilis titer
(%)

Any syphilis
(%)

HIV or
any STI

01 Revolución 71 1 (1.4) 2 (2.9) 9 (12.9) 3 (4.3) 10 (14.3) 20 (29.0)

02 Ciudad Neza 81 0 (0) 2 (2.5) 7 (8.6) 1 (1.2) 4 (4.9) 12 (14.1)

03 Huajuapan 85 0 (0) 0 (0) 14 (16.5) 1 (1.2) 4 (4.7) 18 (21.2)

04 Iguala 80 0 (0) 5 (6.3) 24 (30) 3 (3.8) 5 (6.3) 27 (33.8)

05 Ixtaltepec 81 1 (1.2) 4 (4.9) 10 (12.3) 1 (1.2) 11 (13.6) 22 (27.2)

06 Naranjos 86 0 (0) 0 (0) 19 (22.1) 1 (1.2) 6 (7) 25 (29.1)

07 Guadalajara 88 1 (1.1) 0 (0) 7 (8) 3 (3.5) 13 (15.1) 18 (20.7)

08 San Luis de la Paz 90 0 (0) 2 (2.2 10 (11.1) 0 (0) 0 (0) 12 (13.3)

09 San Luis Potosí 84 1 (1.2) 3 (3.6) 9 (10.7) 6 (7.2) 13 (15.7) 21 (25.3)

10 Tlapa 87 0 (0) 12 (13.8) 28 (32.2) 8 (9.2) 15 (17.2) 40 (46.0)

11 Veracruz 84 0 (0) 0 (0) 7 (8.6) 0 (0) 1 (1.2) 8 (9.9)

12 Tepeji del Río 88 0 (0) 0 (0) 18 (20.5) 0 (0) 0 (0) 18 (20.5)

13 Tuxtla 87 0 (0) 1 (1.1) 5 (5.7) 0 (0) 3 (3.4) 9 (10.3)

Totals 1 092 4 (0.4) 31 (2.9) 167 (15.3) 27 (2.5) 85 (7.8) 250 (23.0)
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analyses, a high Human Development Score decreased 
the odds of combined HIV/STI prevalence, but this 
variable was not significant in multivariate analyses. The 
Human Development Scores are broadly representative 
of each state and may not reflect the micro-environments 
inhabited by individual sex workers. Therefore, future 
research should focus on individual markers of eco-
nomic status.
 The prevalence of HIV among the sample of 1 
092 FSWs was 0.4%. When combined with previous 
estimates,3,13,14 data from the present study suggest 
that FSWs from the 13 study sites had about 5.7 times 
(0.40/.07%) the risk of HIV compared to women from 
the general population, but they have only 0.06 times 
the risk of HIV compared to FSWs in Mexico’s northern 
border region, providing further evidence that sub-
epidemics of HIV are occurring in specific regions and 
subpopulations in Mexico, particularly in border cities 
where migration patterns, drug trafficking routes, and 
sexual tourism contribute to higher risk behaviors 
among FSWs.15

 Overall 23% of FSWs had either HIV or another STI. 
While this is comparable to STI rates observed histori-
cally among FSWs in Mexico,4 it is high relative to the 
general population (e.g., 2.3% prevalence of syphilis 
among women in the general population in 2007),16 
suggesting high sex risk and thus the potential for an 
escalation of the HIV epidemic among FSWs in larger 
areas of Mexico. However, compared to FSWs in Tijuana 
and Cd. Juárez,17 FSWs in the present study were at 
about half the risk (.48 times) of gonorrhea, similar in 
chlamydia risk (1.18 times), and at lower risk for active 
syphilis titers (.18 times).
 The final multivariate model suggested that, after 
controlling for variability in municipal characteristics, 
a greater risk of STI/HIV infection was related to four 

Table IV
factorS independently aSSociated With hiv or any Sti aMong fSWS

in 13 SiteS in Mexico (n=1 092) (2011-2015)

Predictor Odds ratio
estimate

Standard
error

Lower wald 95%CI
for OR

Upper wald 95%CI
for OR P-value

Years of education 0.9009 0.0249 0.8535 0.9510 0.0002

Spouse has been diagnosed or treated for an STI past six months 2.9700 1.2271 1.3215 6.6750 0.0084

Can afford to buy her own condoms 0.6852 0.1013 0.5129 0.9154 0.0105

Most or all clients are from elsewhere than Mexico 1.9092 0.5101 1.1309 3.2232 0.0155

CI: confidence interval. OR: odds ratio
Controls for intra-site correlation by using site as a cluster variable with exchangeable corrletion structure in a GEE algorithm

factors: lower education, having a spouse who has 
been diagnosed or treated for an STI in the past six 
months, not being able to afford a condom, and having 
clients who were from outside of Mexico. These results 
suggest a number of targets for interventions. Poverty 
and low education among FSWs have been identified 
previously as risk factors for negative health outcomes, 
Hence, HIV/STI prevention interventions could include 
structural components such as microloans and small 
business training.18

 Providing more free condoms is an obvious and 
relatively inexpensive structural intervention. However, 
even FSWs who receive free condoms might be induced 
not to use them by offers from clients of higher fees for 
unprotected sex. This disincentive to condom use could 
be counteracted by cash transfers that are dependent on 
FSWs’ remaining free of sexually transmitted infections.19

 The need for couples-based interventions is 
highlighted by our finding that having a spouse who 
has been diagnosed or treated for an STI in the past 
six months is related to increased risk for HIV/STIs. 
A number of investigators have tested couples-based 
interventions that, suitably adapted, could be effective 
for FSWs in Mexico.20

 Finally, the correlation between having foreign-
born male clients and being at elevated risk for HIV/
STIs is of unclear significance. It is unclear whether the 
foreign-born clients reported in this study were pri-
marily tourists, resident or transient migrants, or some 
combination. Sex tourism21 is not a likely explanation 
for the presence of foreign-born male clients, since the 
sites were predominantly located in cities or towns in the 
interior of Mexico that are not well known for their tour-
ist trades. If the foreign-born clients were predominantly 
migrants, then the literature that indicates higher HIV 
risk among migrant men22 might shed some light on our 
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finding. Future studies should examine this question in 
greater detail.
 A limitation of this study stems from our sampling 
design, which involved recruiting women in high-risk 
areas and venues through time location sampling. 
This type of sampling can introduce bias by omitting 
unidentified areas and venues, and by excluding FSWs 
who do not visit these areas and venues, or refuse to be 
screened.10 The sample also consisted of volunteers in 
a sexual risk reduction intervention and thus may not 
be representative of the broader population of FSWs 
in each study site. Also, the $30 US compensation for 
participation in the interview and intervention could 
have affected the representativeness of the sample; 
most likely it resulted in greater motivation to partici-
pate. Although the low overall HIV prevalence could 
reflect the success of ongoing HIV/STI surveillance and 
prevention efforts, our cross-sectional data prevent us 
from assessing whether overall HIV/STI prevalence 
is decreasing among FSWs in these cities. Site-specific 
prevalence estimates may be unstable due to relatively 
small samples at each site and the fact that entry criteria 
included reporting high-risk behavior.
 This study contributes to our understanding of the 
HIV epidemic in Mexico by adopting a multi-level ap-
proach to identifying correlates of HIV/STI prevalence 
that includes community-level municipal characteristics 
that have been largely ignored in previous research. 
Also, unlike previous work,23 this multi-site study 
involved a national sample of FSWs that included both 
urban and rural regions of Mexico. Our data suggest 
that interventions are advisable to mitigate the risks as-
sociated with FSW lifestyles. Evidence-based behavioral 
interventions for HIV prevention have been shown to 
be highly cost-effective and to potentially save public 
health resources in LMIC such as Mexico.24
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