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Abstract

Background

In Peru, there is an ongoing high-incidence HIV epidemic among men who have sex with
men (MSM) and transgender women (TW). Sexual concurrency, or having sex with a part-
ner in between two acts of sex with another partner, may be a key factor in onward HIV
transmission. In this study, we quantify concurrency, evaluate factors associated with con-
currency, and assess condom use with concurrent partners among MSM and TW in Peru.

Methods

We conducted a secondary analysis of data from the 2011 Peruvian Biobehavioral

Survey. Pearson’s Chi-squared test was used to identify individual-level characteristics
associated with concurrency. We estimated the association between participant character-
istics, concurrent partnerships, partnership type (stable vs. non-stable), and CLAI within the
context of concurrent partnerships using multivariate and repeated-measure Poisson
regression.

Results

3-month cumulative prevalence of concurrency was higher among TW compared to MSM
(30.7% vs 25.2%, p = 0.014). Among those with concurrent stable and non-stable partners,
45% used condoms with both partners (95% Cl: 40%-50%) and 30% preferentially had
CLAI with the stable partner only (95%Cl: 26%-35%). Factors associated with CLAI within
the context of concurrent partnerships varied between MSM and TW.
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Conclusions

Although concurrency is common among TW and MSM in Peru, patterns of concurrency
and differential condom use may vary between TW and MSM. Future research may explore
differential condom use with stable and non-stable partners to better understand behavioral
factors that may alter vulnerability to HIV in TW compared to MSM.

Introduction

Worldwide, men who have sex with men (MSM) and transgender women (TW) are dispro-
portionately burdened by HIV [1]. Biologic risk factors associated with MSM and TW com-
pared to non-MSM and non-TW—among these a higher lifetime numbers of partners and a
higher per-act probability of transmission of HIV during anal versus vaginal sex (1.4% vs
0.08%)—Tlikely drive this disparity[2, 3]. Sexual networks also play an important role in HIV
transmission; high connectivity is hypothesized to drive HIV epidemics, particularly in hetero-
sexual populations [4-7]. Sexual concurrency, or the practice of having sex with a partner in
between two acts of sex with another partner, increases the risk of HIV transmission, even
beyond the risk associated with having multiple serial partners (i.e. one after another in time,
with no overlap in partnerships) [4, 8—10]. Under serial monogamy, HIV can only be transmit-
ted to partnerships beginning later in time, whereas under concurrency, HIV acquired from a
partnership that began later in time can be transmitted back to a partnership that began earlier
in time, if the earlier relationship is still ongoing. In other words, serial monogamy provides a
“protective sequence” of partners, compared to having multiple partners that overlap in time.
Furthermore, once an individual with concurrent partners acquires infection from one part-
ner, transmission to the another concurrent partner(s) can occur without the potential delay
involved in ending the previous relationship and starting a new one [11].

A number of studies from high income countries have described concurrency patterns
among MSM, but little research has described concurrency in low-to-middle income coun-
tries, in Latin America, or among TW specifically. In the US and Australia there is evidence
that compared with non-MSM, MSM are 2-3 times more likely to report sexual concurrency,
and MSM are more likely to be in open relationships with a primary partner or to have an
agreement in place that one or both partners may have other sex partners [12, 13]. Limited
quantitative and qualitative research suggest that MSM in main partnerships have adopted
behavioral strategies such that condomless anal intercourse (CLAI), even in the context of con-
current partnerships, carries little risk of HIV transmission[14, 15]. One such strategy, termed
“negotiated safety,” typically requires two conditions: first, both partners must test negative for
HIV and disclose their status, and second, any sex outside the main partnership will be “rela-
tively safe” (e.g. use of condoms or refrain from anal sex)[14]. Since this study was conducted,
pre-exposure prophylaxis (PrEP) has also been shown to be a highly effective biomedical
option for HIV prevention among MSM[16]. At the time this study was conducted, however,
PrEP was not available in Peru.

In Peru, there is an ongoing high-incidence HIV epidemic largely among MSM and TW.
Between 2010-2016, new HIV infections increased by 24% in Peru, and gay men and other
MSM had an estimated HIV prevalence over 15%[17]. In the capital city of Lima, where the
majority of HIV cases are reported, HIV prevalence has been estimated to be as high as 22%
among MSM and 30-49% among TW [18-20]. Since current prevention efforts are failing to
reduce HIV incidence among MSM and TW, empirical estimates of the levels of sexual
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concurrency, correlates of concurrency, and information about the interaction of concurrency
with CLAI can inform more targeted HIV prevention activities. The aims of this paper are to
provide insight in the nature of concurrency and CLAI patterns among Peruvian MSM and
TW by quantifying the level of concurrency, describing individual-level characteristics associ-
ated with concurrent partnerships, and identifying factors associated with condomless anal
intercourse (CLAI) within the context of concurrent partnerships.

Materials and methods
Study population

This paper presents a secondary analysis of data collected between June and October 2011 as
part of the Peruvian Biobehavioral Survey, a nationwide survey of MSM and TW. A total of
5,137 Peruvian MSM (n = 4,440, 86.4%) and TW (n = 697, 13.6%) from five Peruvian cities
(Lima/Callao, Iquitos, Ica, Piura, Pucallpa) were enrolled and completed the questionnaire.
Participants were eligible for the study if they were at least 18 years of age, assigned male sex at
birth, and had at least one male or TW sexual partner in the previous 12 months. This conve-
nience sample was recruited through posters, flyers, informational meetings, and outreach by
peer educators at venues frequented by MSM and TW (e.g. saunas, adult movie theaters, video
arcades, nightclubs, bars, beauty parlors, and sporting arenas). To reflect the sexually active
population, the present analysis is limited to the 2,405 MSM and 414 TW who reported at least
one male or TW partner in the three months preceding interview, and who had complete data
regarding the dates of first and most recent sex with each partner.

HIV testing and questionnaire

All participants underwent HIV testing with Determine HIV-1/2 third generation rapid anti-
body test (Alere Inc., MA, USA) and confirmed with Western blot. Pre- and post-test HIV
counseling, risk reduction counseling, condoms, and lubricant were provided. Participants
with sexually transmitted infections (STI) were managed according to Peruvian STI treatment
guidelines and those diagnosed with HIV received standard health care following Peruvian
HIV and AIDS health care management guidelines. Participants answered a questionnaire in
the form of a 45-minute computer-assisted self-administered interview (CASI), which assessed
demographics, alcohol and drug use, and sexual behaviors. The latter included the total num-
ber of male or TW sex partners in the three months preceding the interview, and specific ques-
tions regarding the three most recent male or TW partners.

Partnership-level data

Questions regarding the three most recent male or TW sexual partners included the following:
type(s) of sex acts (anal, oral), sexual role during anal sex (insertive, receptive), condom use
during anal intercourse (yes, no), dates of first and most recent sex, and whether the respon-
dent expected to have sex again in the future (yes, no, or don’t know). Respondents also identi-
fied whether the partner was a stable partner (pareja stable, “a person you live with, see often,
or with whom you feel a special connection”) or a non-stable partner (either a caserito, “a per-
son with whom you’ve had or are having sex, but you don’t consider him/her your partner”, or
vacilon/punto/agarre, “a person with whom you’ve had sex only once”).

Concurrency measures

Concurrency was calculated using methods recommended by UNAIDS[21]. According to
these methods, we asked participants about the date of first sex (day, month, and year) and
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date of most recent sex (day, month, and year) with their three most recent sexual partners.
These dates were used to calculate the duration of each partnership, and assess whether there
was an overlap between partners. We calculated the 3-month cumulative prevalence of at least
one instance of concurrency (proportion of participants with any overlap in the 3-months pre-
ceding interview) and the corresponding 95% confidence intervals.

Covariates

Covariates included self-reported sociodemographic characteristics: residence (Lima vs. else-
where), age quartile, education (any vs. no post-secondary education), sexual orientation
(homosexual, heterosexual, or bisexual), gender (male-identified or transgender), sexual role
(insertive, receptive, or versatile), and sex worker status (yes vs. no); HIV-status and HIV test
history; alcohol use disorder (AUD) identified using the Alcohol Use Disorders Identification
Test (AUDIT) [22], with an AUDIT score >8 indicating an AUD; and sexual behavior infor-
mation including the total number of male and TW sexual partners in the previous three
months, which was log transformed to more closely approximate a normal distribution.

Negotiated safety

We did not ask a direct question about negotiated safety with sexual partners. Participants
were considered to have behavior consistent with negotiated safety if condoms were used with
the non-stable partner during a period of concurrency with a stable partner.

Statistical analysis

We described sociodemographic and behavioral characteristics associated with concurrency in
the three months preceding interview and used Pearson’s Chi-squared test to evaluate factors
associated with concurrency. Bivariate analyses using Poisson regression with a log link and
corresponding 95% confidence intervals were used to estimate the prevalence ratio (PR) of
each covariate associated with concurrent partnerships (any vs. none). Poisson regression with
robust standard errors was used in lieu of logistic regression because the outcome, concur-
rency, was common (>10%). Stepwise backward multivariate Poisson regression was used to
estimate the adjusted prevalence ratio of concurrency associated with each variable. Covariates
were considered for the full multivariate analysis if they were associated with concurrency in
bivariate analyses (p-value <0.10) and maintained in the multivariate model if p<0.05. In an
attempt to identify characteristics associated with concurrency above and beyond those associ-
ated with having multiple partners, the multivariate analysis was adjusted for total number of
male or TW partners in the previous three months. The final model was constructed by select-
ing the covariates that minimized both the Akaike information criterion (AIC) and the Bayes-
ian information criterion (BIC).

As we were interested in differential condom use by partner type (stable vs. non-stable)
among those with concurrent partners, we calculated the proportion of respondents with each
combination of concurrent partners (two stable partners, two non-stable partners, or one sta-
ble and one non-stable partner), and the proportion of those with a concurrent stable and
non-stable partner who reported CLAIL Two sets of bivariate analyses were conducted with
generalized estimating equations (GEE) using Poisson regression to estimate the prevalence
ratio of participant characteristics associated with 1) CLAI with a stable partner among those
reporting a stable partner, and 2) CLAI with a non-stable partner among those reporting a
non-stable partner. Since up to three dyads were possible for each respondent, estimates were
adjusted for this within-person correlation structure. Although we hypothesized that there
would be confounding by sociodemographic variables of age, education, income, role, and sex
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worker status, adjustment did not change the point estimate of the significant predictors, and
no adjustment was made in the final analyses.

Missing data

Participants for whom relational duration could not be calculated based on the information
provided by the participant in the questionnaire were excluded from this analysis. We con-
ducted a sensitivity analysis in which we imputed relational dates based on the following
assumptions: for partnerships in which the date of first sexual encounter with a partner was
reported but there was no date of most recent sexual encounter, the date of most recent sex
was imputed based on the type of partner (stable, casual, or anonymous) and whether or not
the respondent reported that s/he thought sex would occur again in the future. The sexual part-
nership was considered ongoing for stable and casual partners for whom it was unknown
whether sex would occur in the future; the date of most recent sex was imputed as the mid-
point between date of first sex and the date of their interview for stable partners with whom
sex would not occur again; for anonymous partners and for casual partners whose relationship
status was not ongoing, sex was considered a one-time event. The results from the analyses
with imputed relational data were similar to the results from the analysis using only complete
data, and thus only cases with complete data are presented in this paper.

Software

All statistical analysis was performed using Stata 14.1 software [23].

Ethical approval

Ethical approval for this study was obtained from the Fred Hutchinson Cancer Research Cen-
ter in Seattle, WA (6007-613) and the Asociacion Civil Impacta Salud y Educacion, Lima,
Peru (00140-2011).

Results
Participant characteristics

Of the 5,137 MSM and TW included in the national survey who completed the questionnaire,
3,949 reported at least one male or TW partner in the previous three months, and of these
3,019 provided complete relational timing data that allowed us to calculate concurrency status
(Table 1). The characteristics of the 930 participants who reported at least one male/TW part-
ner, but were missing complete relational timing data are presented in supplemental Appendix
1. The median age of respondents in this sample was 26 (IQR: 21-34), 14% were TW, and 63%
identified as homosexual. In the three months preceding interview, participants reported a
median of three male or TW sex partners in the previous three months (IQR: 1-6), and one-
third had at least one stable partner and three-quarters had at least one non-stable partner.
Nearly 8% (n = 241) screened positive for HIV and over 60% reported at least one previous
HIV test.

Prevalence and correlates of cumulative concurrency

The 3-month cumulative prevalence of concurrency in our study population was 25.9%

(N =783; 95% CI: 24.4-27.5%). Transgender participants were significantly more likely to
report a concurrent partner in the previous three months compared to cisgender participants
(30.7% vs 25.2%, p = 0.014). The total number of male partners in the previous three months
was positively associated with having concurrent partners for both cisgender and transgender
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Table 1. Sociodemographic and behavioral characteristics of participants reporting at least one male partner in the three months preceding interview (N = 3,019).
P-values compare the proportion between groups (concurrency vs. no concurrency) and were calculated with Chi-squared tests.

Total Concurrent Partners No Concurrent Partners p-value
N (%) N|(%") N|(%")
Total 3019 (100) 783 | (25.9) 2236 | (74.1) —
HIV Status
Positive 241 (8.0) 61 | (25.3) 180 | (74.7)
Negative 2778 (92.0) 722 | (26.0) 2056 | (74.0) 0.818
Previous HIV test
Yes 1864 (61.7) 569 | (30.5) 1295 | (69.5)
No 1155 (38.3) 214 | (18.5) 941 | (81.5) <0.001
Location
Lima 1477 (48.9) 421 | (28.5) 1056 | (71.5)
Outside Lima 1542 (51.1) 362 | (23.5) 1180 | (76.5) 0.002
Age (years)
<21 809 (26.8) 154 | (19.0) 655 | (81.0)
22-25 632 (20.9) 146 | (23.1) 486 | (76.9)
26-31 664 (22.0) 174 | (26.2) 490 | (73.8)
>32 914 (30.3) 309 | (33.8) 605 | (66.2) <0.001
Any Post-Secondary Education
Yes 1168 (61.3) 347 | (29.7) 821 | (70.3)
No 1851 (38.7) 436 | (23.6) 1415 | (76.4) 0.004
Income
< Minimum Wage 2033 (67.3) 472 | (23.2) 1561 | (76.8)
> Minimum Wage 986 (32.7) 311 | (31.5) 675 | (68.5) <0.001
Sexual Orientation
Homosexual 1897 (62.8) 573 | (30.2) 1324 | (69.8)
Heterosexual 268 (8.9) 36 | (13.4) 232 | (86.6)
Bisexual 853 (28.3) 174 | (20.4) 679 | (79.6) <0.001
Gender
Transgender Women 414 (13.7) 127 | (30.7) 287 | (69.3)
Cisgender MSM 2605 (86.3) 656 | (25.2) 1949 | (74.8) 0.018
Sexual Role®
Insertive 1011 (33.5) 179 | (17.7) 832 | (82.3)
Receptive 1102 (36.5) 346 | (31.4) 756 | (68.6)
Versatile 905 (30.0) 258 | (28.5) 647 | (71.5) <0.001
Sex work
Yes 587 (19.4) 186 | (31.7) 401 | (68.3)
No 2432 (80.6) 597 | (24.6) 1835 | (75.5) <0.001
Any Alcohol Use Disorder (AUDIT>8)
Yes 1905 (63.1) 508 | (26.7) 1397 | (73.3)
No 1114 (36.9) 275 | (24.7) 839 | (75.3) 0.231
Total Number of Male Sex Partners
Median (IQR) 3 (1-6) 4| (2-10) 2| (1-5) <0.001
No. of stable partners in last 3 months
0 1916 (63.5) 431 (22.5) 1485 | (77.5)
1 731 (24.2) 238 | (32.6) 493 | (67.4)
(Continued)
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Table 1. (Continued)

Total Concurrent Partners No Concurrent Partners p-value
N (%) N | (%") N | (%")
2+ 372 (12.3) 114 | (30.7) 258 | (69.4) <0.001

*Column percent
PRow percent.
“One participant included in this table did not report their sexual role. All percentages are calculated from non-missing values.

https://doi.org/10.1371/journal.pone.0222114.t001

participants (Table 2). Among cisgender participants, a higher number of stable partners was
associated with increased prevalence of concurrency, and among transgender participants,
reporting one stable partner was associated with increased prevalence of concurrency com-
pared to those who reported no stable partners (aPR = 1.63, 95% CI: 1.12-2.39). Cisgender
participants in older age groups had a significantly higher prevalence of 3-month cumulative
concurrency compared to those in the youngest age group. Among cisgender participants,
those with concurrent partners were significantly more likely to have tested for HIV in the
past, and to have reported condomless anal intercourse (aPR = 1.29, 95% CI: 1.10-1.50).

Condom use and concurrent partners

To test for evidence of negotiated safety, we explored condom-use patterns among participants
who reported at least one instance of concurrency between a stable and non-stable partner.
Participants reporting any concurrency (N = 783) provided detail on 1270 total overlapping
partnerships. Combined, MSM and TW had 31% (95% CI: 29-34%) overlapping stable and
non-stable partners, and a considerable proportion of participants with a concurrent partner-
ship between a stable and non-stable partner had CLAI with both partners (20%, 95% CI:
16%-24%). A majority of partnerships showed behavior consistent with negotiated safety;
either using condoms with both partners (45%, 95% CI: 40%-50%) or preferentially having
CLAI with the stable partner only (30%, 95%CI:26%-35%). These proportions did not differ
significantly between cisgender and transgender participants.

No factors we explored were significant predictors of CLAI with a stable partner among cis-
gender MSM (Table 3). Among transgender participants, those who had concurrency consist-
ing of a stable and non-stable partner were significantly more likely to report CLAI with their
one stable partner compared to those who had two concurrent stable partners (PR = 3.12, 95%
CI: 1.13-8.63). Among cisgender participants, predictors of CLAI with a non-stable partner
included alcohol use disorder (PR = 1.36, 95% CI: 1.06-1.75), and living in Lima (PR = 1.71,
95% CI: 1.34-2.17). Among cisgender participants with a non-stable partner, those with a con-
current stable partner were significantly less likely to have CLAI with the non-stable partner
than those with two concurrent non-stable partners (PR = 0.57, 95% CI: 0.45-0.71). No factors
we explored were significant predictors of CLAI with a nonstable partner among transgender
participants.

Discussion

This study used data from the 2011 Peruvian Biobehavioral Survey to quantify concurrency, to
evaluate factors associated with concurrency, and to assess condom use with concurrent part-
ners among MSM and TW in Peru. We found that while both Peruvian MSM and TW have a
high prevalence of concurrent sexual partners, TW reported significantly higher cumulative
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Table 2. Prevalence ratio associated with concurrent partnerships for cisgender and transgender participants. Results from unadjusted and adjusted Poisson

regression.

Log number of male/TW partners
HIV-positive
Previous HIV test
Unaware of HIV-positive status
Lima (Ref. = Outside Lima)
Age (Ref. = <21 years)
22-25
26-31
>32
Any Post-Secondary Education
Income > Minimum Wage
Sexual Orientation (Ref = Heterosexual)
Homosexual
Bisexual
Sexual Role (Ref. = Insertive)
Receptive
Versatile
Sex work
Any Alcohol Use Disorder

# of stable partners in last 3 months (Ref = 0)

1
2+
Any CLAI

Cisgender MSM Transgender Women

Unadjusted PR | (95% CI°) | Adjusted® PR | (95% CI®) | Unadjusted PR | (95% CI”) | Adjusted® PR | (95% CI°)
1.16 (1.12-120) | 1.15 (1.11-1.19) 1.10 (1.04-1.17) 1.09 (1.03-1.17)
0.92 (0.63-1.70) 1.03 (0.63-1.70)

1.64 (1.39-1.94) | 1.25 (1.05-1.49) 1.49 (0.91-2.46)

0.49 (0.23-1.01) 0.70 (0.20-2.42)

1.29 (1.11-1.51) 0.85 (0.60-1.20)

1.31 (1.04-1.66) | 1.20 (0.94-1.52) 0.89 (0.52-1.52) 0.78 (0.45-1.35)
1.52 (1.21-1.92) | 1.43 (1.13-1.81) 0.89 (0.51-1.54) 0.81 (0.46-1.41)
1.83 (1.47-2.27) | 1.64 (1.31-2.06) 1.68 (1.04-2.69) 1.56 (0.97-2.52)
1.30 (1.11-1.51) 121 (0.83-1.77)

1.36 (1.17-1.57) 1.68 (1.18-2.39) 1.43 (0.99-2.96)
2.20 (1.56-3.09) d

1.49 (1.04-2.14) d

1.73 (1.43-2.10) | 1.44 (1.18-1.76) 1.30 (0.77-2.20)

1.61 (1.32-1.95) | 1.29 (1.06-1.58) d

1.22 (0.99-1.51) 1.34 (0.92-1.96)

1.03 (0.88-1.21) 1.36 (0.90-2.06)

1.39 (1.17-1.66) | 1.31 (1.10-1.57) 1.64 (1.12-2.38) 1.63 (1.12-2.39)
1.43 (1.14-1.79) | 1.48 (1.18-1.86) 1.02 (0.61-1.74) 1.14 (0.67-1.95)
1.49 (1.28-1.73) | 1.29 (1.10-1.50) 121 (0.85-1.72)

*Adjusted for all other variables presented in the adjusted column

°CI = Confidence interval

“Among those with an HIV-positive test

dUnstable estimates due to small numbers are not reported here.

https://doi.org/10.1371/journal.pone.0222114.t002

3-month prevalence of concurrency compared to cisgender MSM (30% vs 25%, respectively).
Our estimate of concurrency among MSM is comparable to previous estimates of concurrency
in other MSM populations in Western countries,[24, 25] and higher than estimates from het-
erosexual populations in sub-Saharan Africa[26]. Our study is one of few to specifically report
the prevalence of concurrency in TW populations, and suggests that patterns of concurrency
and condom use may be different among TW compared to MSM. Historically in the HIV liter-
ature, data regarding MSM and TW have been conflated; however, analyzing TW and MSM as
separate populations improves the ability to identify distinct social or behavioral factors that
may increase vulnerability to sexually transmitted infections, including HIV[27].

This study elucidated the convergence of transmission-related risk factors, particularly
among MSM: alcohol use disorder (AUD), condomless anal intercourse (CLAI), and concur-
rent sexual partnerships. A substantial proportion (20%) with concurrent partners did not use
condoms with either their stable or non-stable partner, consistent with previous studies which
found a considerable proportion of the population is unlikely to use condoms with any part-
ner, even if these partners overlap in time [25]. Among MSM, AUD was associated with CLAI
among people with non-stable partners. This is aligned with literature that shows alcohol and
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Table 3. Prevalence ratio (PR) associated with CLAI with stable and non-stable partners among those with at least one instance of concurrent partners.

CLAI with stable partner® CLAI with a non-stable partner®

Cisgender MSM Transgender women Cisgender MSM Transgender women
PR [(95% CI) PR (95% CI) PR |(95% CI) PR (95% CI)
Total participants (n) 309 77 552 115
Total partnerships (n) 464 120 897 186
HIV-positive 0.90 | (0.56-1.43) 1.15 (0.46-2.87) 0.66 | (0.38-1.17) 0.96 | (0.46-2.00)
Previous HIV test 1.22 | (0.93-1.60) 1.16 (0.54-2.46) 0.84 | (0.67-1.06) 1.49 | (0.50-4.48)
Lima (Ref = outside Lima) 1.19 |(0.94-1.51) 0.64 (0.35-1.17) 1.71 | (1.34-2.17) 1.73 | (0.98-3.07)

Age (Ref <21 years)

22-25 1.20 | (0.81-1.78) 1.00 (0.44-2.31) 1.15 | (0.83-1.59) 1.83 | (0.37-8.99)

26-31 0.99 | (0.63-1.55) 0.82 (0.32-2.10) 1.09 | (0.78-1.51) 1.17 | (0.20-6.74)

>32 097 | (0.65-1.46) | 121 | (0.58-2.55) | 1.07 |(0.79-1.46) | 2.42 | (0.53-11.1)
Any Post-Secondary Education 1.01 | (0.80-1.27) 0.69 (0.30-1.59) 1.06 | (0.86-1.31) 1.28 | (0.71-2.32)
Income >Min Wage 126 |(1.00-1.60) | 0.78 | (0.43-1.44) | 1.00 |(0.80-1.25) | 0.59 | (0.31-1.11)
Sexual Orientation (Ref = Heterosexual)

Homosexual 121 |(0.55-2.71) ¢ 0.80 | (0.50-1.29) <

Bisexual 1.06 | (0.46-2.46) < 0.85 | (0.51-1.40) <
Sexual Role (Ref = Insertive)

Receptive 1.08 | (0.76-1.53) N 0.85 | (0.63-1.14) N

Versatile 1.23 | (0.88-1.73) N 1.14 | (0.87-1.49) 1.42 | (0.77-2.63)
Sex work 1.00 | (0.72-1.40) 1.20 (0.61-2.46) 1.22 | (0.93-1.61) 0.97 | (0.52-1.79)
Any Alcohol Use Disorder 1.25 | (0.98-1.61) 1.24 (0.53-2.92) 1.36 | (1.06-1.75) 1.19 | (0.52-2.66)
Combination of concurrent partners (Ref = both stable partners)

1 stable, 1 non-stable partner 1.03 | (0.82-1.30) 3.12 (1.13-8.63) | N/A N/A
Combination of concurrent partners (Ref = both non-stable partners)

1 stable, 1 non-stable partner N/A N/A 0.56 | (0.44-0.72) 0.63 | (0.37-1.09)

*Conditional upon having at least one stable partner

"Conditional upon having at least one non-stable partner.

“Unstable estimates due to small numbers not reported here.

https://doi.org/10.1371/journal.pone.0222114.t003

drug use are associated with concurrency and other sexual risk behavior [28-30], and studies
from Peruvian populations showing AUDs are associated with risky sexual behavior including
CLALJ, anal sex in venues (e.g. saunas, nightclubs), sex with casual partners, and diagnosis of
STIs[31]. Alcohol reduction interventions targeted to those with AUDs may serve as an indi-
rect HIV-prevention strategy and may be particularly well suited for this high-risk population
[32].

Of importance, the participants in our study displayed behavior consistent with HIV pre-
vention approaches, including consistent condom use and knowledge of HIV status. Nearly
half of the respondents in this study used condoms consistently with both stable and non-sta-
ble partners, and individuals in concurrent partnerships were relatively more knowledgeable
of their HIV status and were more likely to have been previously tested for HIV.

Additionally, we hypothesized that there would be evidence in this population of negotiated
safety, a practice in which main partners mutually agree to use condoms with non-main part-
ners in order to honor a commitment to their primary partner and to protect themselves from
STIs, including HIV [15]. Although this survey did not ask participants directly about their
motivations for condom use, our data suggest that condoms are used differentially with stable
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compared to non-stable partners in concurrent partnerships. Among those who used condoms
differentially by partner type, the majority either had CLAI with only the stable partner or with
neither partner; on the other hand, only a small proportion had CLAI with only their non-sta-
ble partner. Our data also suggest that condom use with concurrent partners may be different
between MSM and TW. Among MSM, CLAI with a non-stable partner was less common
among those with a concurrent stable partner compared to those whose concurrent partner
was non-stable. Among TW, CLAI with a stable partner was more common among those with
a concurrent non-stable partner compared to those with two concurrent stable partners.
Future research should explicitly ask about motivations for condom use with stable and non-
stable partners in order to better interpret these findings.

It is possible that negotiated safety could be an effective risk reduction technique if prac-
ticed consistently and at high levels in these populations, but further modeling studies and
empirical data is needed to confirm this hypothesis. In the absence of these data, condom use
and frequent HIV testing may be appropriate and acceptable risk reduction techniques for
both MSM and TW populations, given the already observed high-level uptake of these behav-
iors. Given the high proportion of MSM and TW with concurrent partners, and the known
impact of concurrency in driving HIV epidemics, consideration of pre-exposure prophylaxis
(PrEP) for those with concurrent partners, particularly those who do not use condoms consis-
tently, may also be appropriate.

The results of this study should be interpreted with the following limitations in mind. First,
individuals were only included in this analysis if they had complete data on first and most
recent dates of sex with up to their three most recent partners. It is possible that those with
missing data are systematically different from those with complete data, resulting in a biased
estimate of concurrency. However, a sensitivity analysis with imputed dates suggests that the
inference drawn from this study is robust. Second, the population included in the Biobehav-
ioral Surveillance was a convenience sample and may not be representative of the general
MSM and TW population. Recruitment was conducted at social venues, including bars and
nightclubs, and at venues frequented by sex workers, possibly resulting in higher levels of alco-
hol use and risky sexual behavior. On the other hand, individuals sampled for participation in
this study had a lower than expected HIV prevalence (8%), compared to over 20% prevalence
in previous studies.[18-20] This could be due to the fact that those at higher risk had tested
positive for HIV previously, and therefore chose not to participate in a screening study. Finally,
PrEP was not available at the time this study was conducted but has since considerably
changed the landscape of HIV prevention [16]. Although PrEP is not yet widely available in
Peru, or in Latin America, it will change the definition of what is considered “safe” in both
monogamous and concurrent partnerships as it is rolled out as a prevention strategy.

In conclusion, our study suggests that concurrency is common, but that patterns of concur-
rency and condom use may be different between TW and MSM. Future research should
explore differential condom use with stable and non-stable partners to better understand
behavioral factors that may alter vulnerability to HIV in TW compared to MSM. In the mean-
time, targeted interventions, such as frequent HIV testing, treatment of alcohol use disorder,
and PrEP for HIV-negative individuals with concurrent partners may be appropriate to reduce
HIV acquisition and transmission in both MSM and TW.

Supporting information

S1 Appendix. Sociodemographic characteristics of participants with non-missing and
missing relational timing data.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0222114  September 16, 2019 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0222114.s001
https://doi.org/10.1371/journal.pone.0222114

@ PLOS|ONE

Concurrent partnerships and patterns of condom use among MSM and transgender women in Peru

Author Contributions

Conceptualization: Angela K. Ulrich, Jorge Sanchez, Javier R. Lama, Steven M. Goodreau,
Ann C. Duerr.

Data curation: Jorge Sanchez, Javier R. Lama, Ann C. Duerr.

Formal analysis: Angela K. Ulrich.

Funding acquisition: Jorge Sanchez.

Investigation: Jorge Sanchez, Javier R. Lama.

Methodology: Angela K. Ulrich, Jorge Sanchez, Javier R. Lama, Ann C. Duerr.
Project administration: Jorge Sanchez, Javier R. Lama.

Supervision: Jorge Sanchez, Javier R. Lama, Lisa E. Manhart, Steven M. Goodreau, Ann C.
Duerr.

Writing - original draft: Angela K. Ulrich.

Writing - review & editing: Angela K. Ulrich, Jorge Sanchez, Javier R. Lama, Lisa E. Manhart,
Steven M. Goodreau, Ann C. Duerr.

References

1.  WangH, Wolock TM, Carter A, Nguyen G, Kyu HH, Gakidou E, et al. Estimates of global, regional, and
national incidence, prevalence, and mortality of HIV, 1980-2015: the Global Burden of Disease Study
2015. The lancet HIV. 2016; 3(8):e361-87. Epub 2016/07/30. https://doi.org/10.1016/S2352-3018(16)
30087-X PMID: 27470028; PubMed Central PMCID: PMC5056319.

2. Goodreau SM, Golden MR. Biological and demographic causes of high HIV and sexually transmitted
disease prevalence in men who have sex with men. Sex Transm Infect. 2007; 83(6):458—62. https://doi.
org/10.1136/sti.2007.025627 PMID: 17855487; PubMed Central PMCID: PMC2598698.

3. Baggaley RF, White RG, Boily MC. HIV transmission risk through anal intercourse: systematic review,
meta-analysis and implications for HIV prevention. International journal of epidemiology. 2010; 39
(4):1048-63. Epub 2010/04/22. https://doi.org/10.1093/ije/dyq057 PMID: 20406794; PubMed Central
PMCID: PMC2929353.

4. Carnegie NB, Morris M. Size matters: concurrency and the epidemic potential of HIV in small networks.
PloS one. 2012; 7(8):e43048. Epub 2012/09/01. https://doi.org/10.1371/journal.pone.0043048 PMID:
22937011; PubMed Central PMCID: PMC3427300.

5. Goodreau SM, Cassels S, Kasprzyk D, Montano DE, Greek A, Morris M. Concurrent partnerships,
acute infection and HIV epidemic dynamics among young adults in Zimbabwe. AIDS and behavior.
2012; 16(2):312—22. https://doi.org/10.1007/s10461-010-9858-x PMID: 21190074; PubMed Central
PMCID: PMC3394592.

6. Morris M, Epstein H, Wawer M. Timing is everything: international variations in historical sexual partner-
ship concurrency and HIV prevalence. PloS one. 2010; 5(11):e14092. https://doi.org/10.1371/journal.
pone.0014092 PMID: 21124829; PubMed Central PMCID: PMC2991312.

7. Eaton JW, Hallett TB, Garnett GP. Concurrent sexual partnerships and primary HIV infection: a critical
interaction. AIDS and behavior. 2011; 15(4):687—-92. https://doi.org/10.1007/s10461-010-9787-8 PMID:
20890654; PubMed Central PMCID: PMC3520057.

8. Goodreau SM. A decade of modelling research yields considerable evidence for the importance of con-
currency: a response to Sawers and Stillwaggon. Journal of the International AIDS Society. 2011;
14:12. Epub 2011/03/17. https://doi.org/10.1186/1758-2652-14-12 PMID: 21406079; PubMed Central
PMCID: PMC3065394.

9. Morris SR, Little SJ. MSM: resurgent epidemics. Current opinion in HIV and AIDS. 2011; 6(4):326-32.
Epub 2011/05/04. https://doi.org/10.1097/COH.0b013e3283476c29 PMID: 21537172.

10. SawersL, Isaac AG, Stillwaggon E. HIV and concurrent sexual partnerships: modelling the role of coital
dilution. Journal of the International AIDS Society. 2011; 14:44. Epub 2011/09/15. https://doi.org/10.
1186/1758-2652-14-44 PMID: 21914208; PubMed Central PMCID: PMC3182950.

11.  Morris M, Kretzschmar M. Concurrent partnerships and the spread of HIV. Aids. 1997; 11(5):641-8.
Epub 1997/04/01. https://doi.org/10.1097/00002030-199705000-00012 PMID: 9108946.

PLOS ONE | https://doi.org/10.1371/journal.pone.0222114  September 16, 2019 11/13


https://doi.org/10.1016/S2352-3018(16)30087-X
https://doi.org/10.1016/S2352-3018(16)30087-X
http://www.ncbi.nlm.nih.gov/pubmed/27470028
https://doi.org/10.1136/sti.2007.025627
https://doi.org/10.1136/sti.2007.025627
http://www.ncbi.nlm.nih.gov/pubmed/17855487
https://doi.org/10.1093/ije/dyq057
http://www.ncbi.nlm.nih.gov/pubmed/20406794
https://doi.org/10.1371/journal.pone.0043048
http://www.ncbi.nlm.nih.gov/pubmed/22937011
https://doi.org/10.1007/s10461-010-9858-x
http://www.ncbi.nlm.nih.gov/pubmed/21190074
https://doi.org/10.1371/journal.pone.0014092
https://doi.org/10.1371/journal.pone.0014092
http://www.ncbi.nlm.nih.gov/pubmed/21124829
https://doi.org/10.1007/s10461-010-9787-8
http://www.ncbi.nlm.nih.gov/pubmed/20890654
https://doi.org/10.1186/1758-2652-14-12
http://www.ncbi.nlm.nih.gov/pubmed/21406079
https://doi.org/10.1097/COH.0b013e3283476c29
http://www.ncbi.nlm.nih.gov/pubmed/21537172
https://doi.org/10.1186/1758-2652-14-44
https://doi.org/10.1186/1758-2652-14-44
http://www.ncbi.nlm.nih.gov/pubmed/21914208
https://doi.org/10.1097/00002030-199705000-00012
http://www.ncbi.nlm.nih.gov/pubmed/9108946
https://doi.org/10.1371/journal.pone.0222114

@ PLOS|ONE

Concurrent partnerships and patterns of condom use among MSM and transgender women in Peru

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
24,

25.

26.

27.

28.

29.

30.

Hoff CC, Beougher SC, Chakravarty D, Darbes LA, Neilands TB. Relationship characteristics and moti-
vations behind agreements among gay male couples: differences by agreement type and couple seros-
tatus. AIDS Care. 2010; 22(7):827-35. https://doi.org/10.1080/09540120903443384 PMID: 20635246;
PubMed Central PMCID: PMC2906147.

Hosking W. Agreements about extra-dyadic sex in gay men’s relationships: exploring differences in
relationship quality by agreement type and rule-breaking behavior. J Homosex. 2013; 60(5):711-33.
https://doi.org/10.1080/00918369.2013.773819 PMID: 23593955.

Crawford JM, Rodden P, Kippax S, Van de Ven P. Negotiated safety and other agreements between
men in relationships: risk practice redefined. International journal of STD & AIDS. 2001; 12(3):164-70.
Epub 2001/03/07. https://doi.org/10.1258/0956462011916965 PMID: 11231869.

Leblanc NM, Mitchell JW, De Santis JP. Negotiated safety—components, context and use: An integra-
tive literature review. Journal of advanced nursing. 2016. Epub 2016/12/03. https://doi.org/10.1111/jan.
13228 PMID: 27906471.

Desai M, Field N, Grant R, McCormack S. Recent advances in pre-exposure prophylaxis for HIV. BMJ
(Clinical research ed). 2017; 359:j5011. Epub 2017/12/13. https://doi.org/10.1136/bmj.j5011 PMID:
29229609; PubMed Central PMCID: PMC6020995.

UNAIDS. 2016 UNAIDS Peru Fact Sheet 2016 [09 Aug 2019]. Available from: https://www.unaids.org/
en/regionscountries/countries/peru.

Sanchez J, Lama JR, Kusunoki L, Manrique H, Goicochea P, Lucchetti A, et al. HIV-1, sexually trans-
mitted infections, and sexual behavior trends among men who have sex with men in Lima, Peru. J
Acquir Immune Defic Syndr. 2007; 44(5):578-85. https://doi.org/10.1097/QAI.0b013e318033ff82
PMID: 17279049.

Tabet S, Sanchez J, Lama J, Goicochea P, Campos P, Rouillon M, et al. HIV, syphilis and heterosexual
bridging among Peruvian men who have sex with men. AIDS. 2002; 16(9):1271-7. https://doi.org/10.
1097/00002030-200206140-00010 PMID: 12045493.

Silva-Santisteban A, Raymond HF, Salazar X, Villayzan J, Leon S, McFarland W, et al. Understanding
the HIV/AIDS epidemic in transgender women of Lima, Peru: results from a sero-epidemiologic study
using respondent driven sampling. AIDS and behavior. 2012; 16(4):872—-81. Epub 2011/10/11. https:/
doi.org/10.1007/s10461-011-0053-5 PMID: 21983694.

UNAIDS. Consultation on concurrent sexual partnerships: recommendations from a meeting of the
UNAIDS Reference Group on Estimates, Modelling and Projections held in Nairobi, Kenya, April 20-21,
2009. 2009.

Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the Alcohol Use Disor-
ders Identification Test (AUDIT): WHO Collaborative Project on Early Detection of Persons with Harmful
Alcohol Consumption—II. Addiction (Abingdon, England). 1993; 88(6):791-804. Epub 1993/06/01.
PMID: 8329970.

StataCorp. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP; 2014.

Lyons A, Hosking W. Prevalence and correlates of sexual partner concurrency among Australian gay
men aged 18-39 years. AIDS and behavior. 2014; 18(4):801-9. https://doi.org/10.1007/s10461-013-
0613-y PMID: 24057932.

Rosenberg ES, Khosropour CM, Sullivan PS. High prevalence of sexual concurrency and concurrent
unprotected anal intercourse across racial/ethnic groups among a national, Web-based study of men
who have sex with men in the United States. Sex Transm Dis. 2012; 39(10):741-6. https://doi.org/10.
1097/0LQ.0b013e31825ec09b PMID: 23001260; PubMed Central PMCID: PMC3457013.

Morris M, Vu L, Leslie-Cook A, Akom E, Stephen A, Sherard D. Comparing Estimates of Multiple and
Concurrent Partnerships Across Population Based Surveys: Implications for Combination HIV Preven-
tion. AIDS Behav. 2014; 18(4):783-90. Epub 2013/10/01. https://doi.org/10.1007/s10461-013-0618-6
PMID: 24077973; PubMed Central PMCID: PMC4097893.

Poteat T, German D, Flynn C. The conflation of gender and sex: Gaps and opportunities in HIV data
among transgender women and MSM. Global public health. 2016; 11(7-8):835-48. Epub 2016/01/21.
https://doi.org/10.1080/17441692.2015.1134615 PMID: 26785751; PubMed Central PMCID:
PMC4957661.

Adimora AA, Schoenbach VJ, Doherty IA. Concurrent sexual partnerships among men in the United
States. Am J Public Health. 2007; 97(12):2230—7. Epub 2007/11/01. https://doi.org/10.2105/AJPH.
2006.099069 PMID: 17971556; PubMed Central PMCID: PMC2089088.

Nelson SJ, Manhart LE, Gorbach PM, Martin DH, Stoner BP, Aral SO, et al. Measuring sex partner con-
currency: it's what’s missing that counts. Sex Transm Dis. 2007; 34(10):801-7. Epub 2007/06/07.
https://doi.org/10.1097/0OLQ.0b013e318063c734 PMID: 17551413.

Senn TE, Carey MP, Vanable PA, Coury-Doniger P, Urban M. Sexual partner concurrency among STI
clinic patients with a steady partner: correlates and associations with condom use. Sex Transm Infect.

PLOS ONE | https://doi.org/10.1371/journal.pone.0222114  September 16, 2019 12/13


https://doi.org/10.1080/09540120903443384
http://www.ncbi.nlm.nih.gov/pubmed/20635246
https://doi.org/10.1080/00918369.2013.773819
http://www.ncbi.nlm.nih.gov/pubmed/23593955
https://doi.org/10.1258/0956462011916965
http://www.ncbi.nlm.nih.gov/pubmed/11231869
https://doi.org/10.1111/jan.13228
https://doi.org/10.1111/jan.13228
http://www.ncbi.nlm.nih.gov/pubmed/27906471
https://doi.org/10.1136/bmj.j5011
http://www.ncbi.nlm.nih.gov/pubmed/29229609
https://www.unaids.org/en/regionscountries/countries/peru
https://www.unaids.org/en/regionscountries/countries/peru
https://doi.org/10.1097/QAI.0b013e318033ff82
http://www.ncbi.nlm.nih.gov/pubmed/17279049
https://doi.org/10.1097/00002030-200206140-00010
https://doi.org/10.1097/00002030-200206140-00010
http://www.ncbi.nlm.nih.gov/pubmed/12045493
https://doi.org/10.1007/s10461-011-0053-5
https://doi.org/10.1007/s10461-011-0053-5
http://www.ncbi.nlm.nih.gov/pubmed/21983694
http://www.ncbi.nlm.nih.gov/pubmed/8329970
https://doi.org/10.1007/s10461-013-0613-y
https://doi.org/10.1007/s10461-013-0613-y
http://www.ncbi.nlm.nih.gov/pubmed/24057932
https://doi.org/10.1097/OLQ.0b013e31825ec09b
https://doi.org/10.1097/OLQ.0b013e31825ec09b
http://www.ncbi.nlm.nih.gov/pubmed/23001260
https://doi.org/10.1007/s10461-013-0618-6
http://www.ncbi.nlm.nih.gov/pubmed/24077973
https://doi.org/10.1080/17441692.2015.1134615
http://www.ncbi.nlm.nih.gov/pubmed/26785751
https://doi.org/10.2105/AJPH.2006.099069
https://doi.org/10.2105/AJPH.2006.099069
http://www.ncbi.nlm.nih.gov/pubmed/17971556
https://doi.org/10.1097/OLQ.0b013e318063c734
http://www.ncbi.nlm.nih.gov/pubmed/17551413
https://doi.org/10.1371/journal.pone.0222114

@ PLOS | O N E Concurrent partnerships and patterns of condom use among MSM and transgender women in Peru

2009; 85(5):343—7. Epub 2009/02/11. https://doi.org/10.1136/sti.2009.035758 PMID: 19204019;
PubMed Central PMCID: PMC2935200.

31. Herrera MC, Konda KA, Leon SR, Deiss R, Brown B, Calvo GM, et al. Impact of alcohol use on sexual
behavior among men who have sex with men and transgender women in Lima, Peru. Drug and alcohol
dependence. 2016; 161:147-54. Epub 2016/02/21. https://doi.org/10.1016/j.drugalcdep.2016.01.030
PMID: 26896169; PubMed Central PMCID: PMC4807690.

32. Wray TB, Grin B, Dorfman L, Glynn TR, Kahler CW, Marshall BD, et al. Systematic review of interven-
tions to reduce problematic alcohol use in men who have sex with men. Drug and alcohol review. 2016;
35(2):148-57. Epub 2015/04/14. https://doi.org/10.1111/dar.12271 PMID: 25866929; PubMed Central
PMCID: PMC4604011.

PLOS ONE | https://doi.org/10.1371/journal.pone.0222114  September 16, 2019 13/13


https://doi.org/10.1136/sti.2009.035758
http://www.ncbi.nlm.nih.gov/pubmed/19204019
https://doi.org/10.1016/j.drugalcdep.2016.01.030
http://www.ncbi.nlm.nih.gov/pubmed/26896169
https://doi.org/10.1111/dar.12271
http://www.ncbi.nlm.nih.gov/pubmed/25866929
https://doi.org/10.1371/journal.pone.0222114

