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HIV transmission patterns among transgender women,
their cisgender male partners, and cisgender MSM in
Lima, Peru: A molecular epidemiologic and
phylodynamic analysis
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Summary

Background Transgender women (TW) in Peru are disproportionately affected by HIV. The role that cisgender men
who have sex with TW (MSTW) and their sexual networks play in TW’s risk of acquiring HIV is not well understood.
We used HIV sequences from TW, MSTW, and cisgender men who have sex with men (MSM) to examine transmis-
sion dynamics between these groups.

Methods We used HIV-1 pol sequences and epidemiologic data collected through three Lima-based studies from
2013 t0 2018 (1 =139 TW, n = 25 MSTW, n = 303 MSM). We identified molecular clusters based on pairwise genetic
distance and used structured coalescent phylodynamic modeling to estimate transmission patterns between groups.

Findings Among 200 participants (43%) found in 62 clusters, the probability of clustering did not differ by group.
Both MSM and TW were more likely to cluster with members of their own group than would be expected based on
random mixing. Phylodynamic modeling estimated that there was frequent transmission from MSTW to TW
(67-:9% of transmission from MSTW; 95%CI = 52-8—83-2%) and from TW to MSTW (76-5% of transmissions from
TW; 95%CI = 65-5—90-3%). HIV transmission between MSM and TW was estimated to comprise a small proportion
of overall transmissions (4-9% of transmissions from MSM, and 11-8% of transmissions from TW), as were trans-
missions between MSM and MSTW (7-2% of transmissions from MSM, and 32-0% of transmissions from MSTW).

Interpretation These results provide quantitative evidence that MSTW play an important role in TW’s HIV vulnera-
bility and that MSTW have an HIV transmission network that is largely distinct from MSM.
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Research in context

Evidence before this study

On November 20, 2020, we searched PubMed for
molecular epidemiologic and phylodynamic research
including transgender women and/or their partners
using the terms “molecular epidemiology”, “phyloge-
netic”, or “phylodynamic” and “transgender”. Molecular
epidemiology using HIV viral genetic sequences is now
commonly used to identify HIV clusters and understand
patterns of transmission. In approaches based on pair-
wise genetic similarity, sequences that cluster together
are inferred to have epidemiological links, either
between the individuals identified or through additional
unidentified intermediaries. Analysing cluster member-
ship can provide inference about sexual networks and
potential factors associated with HIV transmission in
local epidemics. In contrast, phylodynamic approaches
aim to make inferences about epidemic dynamics from
the topology of viral phylogenetic trees, which repre-
sent the evolutionary relationships between the sam-
pled sequences. Both molecular epidemiology and
phylodynamic analyses can be combined with epidemi-
ologic data to identify patterns in HIV transmission that
may not be evident using traditional epidemiologic
methods alone. Despite a high burden of HIV among
transgender women in many settings globally, only two
studies to date, both in California, United States, have
used molecular epidemiology to better understand
transmission dynamics among transgender women and
their sexual networks. Large scale reconstruction of HIV
transmission networks is possible in some high-income
settings using public health surveillance data from HIV
drug resistance testing. In low- or middle-income coun-
tries where drug resistance testing is not routinely per-
formed, sample collection and HIV sequencing can be
difficult and costly.

Added value of this study

We used HIV sequences and epidemiologic data col-
lected from transgender women, cisgender men who
have sex with transgender women (MSTW), and cisgen-
der men who have sex with men (MSM) in three
research studies in Lima, Peru, to examine patterns of
HIV transmission. This study was the first to include self-
identified MSTW in molecular epidemiologic analyses.
We examined patterns of clustering and transmission
flows within and between groups to quantify the rela-
tionship between the HIV transmission networks of
MSTW, transgender women, and MSM. We found that
MSTW and transgender women clustered with MSM
less frequently than would be expected given random
mixing. Further, phylodynamic modeling estimated that
HIV transmission between MSTW or transgender
women and MSM accounted for a relatively small pro-
portion of transmission events, with transgender
women most frequently acquiring HIV from MSTW. Our
findings suggest that transgender women and their sex-
ual partners are a largely distinct sexual network. Some

overlap with MSM sexual networks was evident in this
analysis but may have been overestimated due to
biased sampling and inclusion criteria for our study
population, which preferentially selected MSTW with
cisgender male partners.

Implications of all the available evidence

Few HIV interventions have been implemented specifi-
cally for transgender people and their sexual partners
to prevent or treat HIV, despite high prevalence. Under-
standing the transmission dynamics of key populations
is critical to intervention efforts, including transmission
modeling, targeted recruitment, and implementation.
Available evidence suggests that cisgender MSTW are a
population that may not be adequately measured or
reached by current HIV research and public health
practice.

Introduction
Transgender women are disproportionally impacted by
HIV, with an estimated global prevalence of 19%." A
robust body of literature documents the structural fac-
tors rooted in stigma and discrimination that increase
transgender women'’s vulnerability to HIV.** However,
little is known about the men who have sex with trans-
gender women (MSTW) and their role in transgender
women’s HIV acquisition risk. Prior research suggests
that in the Americas, the majority of MSTW are cisgen-
der (i.e. non-transgender) men who identify as hetero-
sexual or bisexual.* ® Few studies provide data on
sexual behavior among MSTW, but these studies report
a high HIV prevalence and few cisgender male partners
among MSTW.>” These studies also highlight how
HIV-related syndemic factors among cisgender men
with transgender partners—including stigma, sexual
practices (condomless sex and concurrent partnerships),
substance use, and mental health-may increase trans-
gender women’s risk of HIV acquisition.” ® However,
these findings may not be generalizable because data on
MSTW originate from studies conducted among trans-
gender women reporting on male partners,” or from
small qualitative studies.* In addition, MSTW are fre-
quently aggregated with men who have sex with men
(MSM) and thus the limited data collected directly from
MSTW come from convenience samples of cisgender
MSM.>°

Appropriately defining sub-populations who are
impacted by HIV and understanding transmission
within and between these populations is critical for the
development of targeted and combination HIV interven-
tions (e.g., PrEP, HIV testing and linkage to care, and
treatment as prevention) as well as mathematical models
to evaluate them. Molecular epidemiology and phylody-
namic methods using HIV viral genetic sequences can
serve as tools to better understand transmission
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dynamics between populations.’® Measuring genetic dis-
tance between HIV viral sequences allows for the identifi-
cation of clusters of sequences that are closely related,
which are presumed to represent relatively recent chains
of HIV transmission. Analysing cluster membership can
provide inference about factors potentially associated
with transmission in local epidemics.” Phylodynamic
methods can also be used to make inferences about epi-
demic dynamics based on the topology of phylogenetic
trees, which represent the evolutionary relationship
between HIV lineages. In particular, recently developed
phylodynamic approaches can be used to estimate HIV
transmission rates and transmission flows between sub-
populations, which are requisite inputs for mathematical
models of HIV transmission.””

The objective of this analysis was to use molecular
epidemiology and phylodynamics to better understand
HIV transmission dynamics among transgender women,
MSTW, and MSM in Lima, Peru. We used HIV sequen-
ces from blood samples collected in research settings to
examine if transgender women and cisgender men (both
MSM and MSTW) are found in the same viral clusters,
and to identify characteristics associated with clustering.
Further, we estimated transmission rates and the proba-
bility of transmission between subgroups, to better
understand the role sexual networks may play in trans-
gender women'’s vulnerability to HIV acquisition.

Methods

Genetic data source

Data were collected from HIV-seropositive participants
enrolled in three research studies conducted in Lima,
Peru from 2013 to 2018. The Sabes study, which
accounts for 78% of participants in this analysis, has
been previously described.” Briefly, Sabes enrolled cis-
gender MSM and transgender women who did not
know their HIV serostatus and were at elevated risk for
HIV due to participation in sex work, having an HIV-
positive sex partner, or having a sexually transmitted
infection in the past six months. This analysis includes
106 participants who were HIV-seropositive at baseline
and 261 participants with incident HIV during study
follow up. This analysis also included 40 participants
(n = 37 HIV-seropositive at baseline, n = 3 seroconverted
during follow up) from the Feminas study, which tested
an integrated care package combining HIV services,
social support, and provision of feminizing hormones
among transgender women in Lima." Finally, 63 HIV-
seropositive MSM, transgender women, and MSTW are
included from the Microepidemics study, which sought
to identify hotspots for incident HIV in Lima using geo-
spatial and phylogenetic data and HIV point-of-care test-
ing at social venues (i.e., bars, saunas). Male sex
assigned at birth and reporting sex with a cisgender
man or transgender woman were inclusion criteria for
all studies.
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Sabes and Microepidemics obtained informed con-
sent for study samples to be used for phylogenetic analy-
ses, and were both approved by the institutional review
boards (IRB) at la Asociacién Civil Impacta Salud y Edu-
cacién (IMPACTA; Lima) and the Fred Hutchinson Can-
cer Research Center (Seattle). Feminas obtained
informed consent for the use of study samples for future
research and was approved by the IMPACTA IRB.

This analysis includes plasma samples collected <6
months after HIV acquisition (“early diagnoses” defined
through incident infection during study follow-up) and
from prevalent cases (samples collected >6 months
after presumed HIV acquisition or for which no data
were available about date of HIV acquisition; see Sup-
plemental Content for further details). If a study col-
lected multiple samples, or a participant enrolled in
more than one study (n = 8), the first available sample
was included in the analysis.

Epidemiologic data source

Viral sequences were linked to baseline epidemiologic
data in the Sabes and Feminas studies (questionnaire
data were not collected in Microepidemics). Both stud-
ies administered baseline questionnaires assessing
demographics, gender and sexual identity, sexual behav-
ior, and substance use using questions with nearly or
fully identical wording between the two studies.

Groups of interest for this analysis include transgen-
der women, cisgender MSM, and cisgender MSTW.
Definitions used for gender identities differed slightly
in the three studies; for this analysis, all participants
were categorized based on their identity in their respec-
tive parent study. In Sabes and Microepidemics, trans-
gender women self-identified as transgender on a single
gender-identity question. Feminas used a two-step
method to assess both sex assigned at birth and current
gender identity.” MSM in Sabes were defined as eligible
participants who did not identify as transgender and did
not report sex with transgender women. In Microepi-
demics, MSM were defined as cisgender men who
reported cisgender male partners. Sabes defined MSTW
as participants who reported a transgender woman as
one of three most recent sexual partners in the last 3
months. Microepidemics defined MSTW as anyone
who self-reported having a transgender woman partner.

Molecular cluster analyses

Derivation of the viral genome sequences used for these
analyses were described previously.”® The MAFFT algo-
rithm was used for sequence alignment using the HXB2
sequence as reference (length = ~700 nucleotides; from
amino acid positions 87—99 of protease and 1—220 of
reverse transcriptase, relative to HXB2)."” The alignment
also included all available South American HIV pol
sequences from the Los Alamos National Laboratory
(LANL) HIV Sequence Database (n = 552; available from
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www.hiv.lanl.gov). Molecular clusters were defined as
> 2 sequences with Tamura-Nei (TN9g3) pairwise dis-
tance below a genetic distance threshold of 1-5%. Sensi-
tivity analyses were conducted using a less conservative
threshold of 3% (Supplemental Content).

Data from all three cohorts were used to assess the
relationship between clustering and diagnosis year,
study, demographic group, and early/prevalent HIV.
Analyses of correlates were conducted using data from
Sabes and Feminas, while predictors of clustering with
transgender women were assessed using Sabes data
only. We used univariate Poisson regression with robust
standard errors to calculate unadjusted prevalence ratios
with 95% confidence intervals (CI) and p-values
(o = 0-05) associated with being in a cluster. Co-cluster-
ing by the demographic group was assessed by compar-
ing observed clustering patterns to an expected null
distribution based on the relative representation of each
group in the study sample. Groups that are better repre-
sented in the sample (i.e., MSM) are more likely to be
found in clusters because they comprise a large propor-
tion of the overall sample. We generated null distribu-
tions assuming random mixing by randomly permuting
group labels (N = 10,000 iterations) and estimating p-val-
ues based on the resulting empirical distribution curves.

Phylodynamic analyses

To infer transmission rates and flows among transgen-
der women, MSTW, and MSM we applied a structured
coalescent modeling approach,”® a model-based
approach to phylodynamic inference that uses a time-
calibrated phylogeny to estimate the parameters of stan-
dard deterministic mathematical models that describe
population-level HIV transmission patterns. Our epi-
demic model included the three demographic groups of
interest and a source compartment of South American
LANL sequences representing the regional reservoir of
HIV. Due to the relatively small sample size and limited
data on CD4 counts at sampling, our model only
includes one stage of disease progression. We modeled
transmission between groups as:

dIrw
T = Pmsmztwfl Imsm + PmstwatwV ImSl’W + Ptwatw M ItW

— 68 Itw
d Lnstw
g’; = Pmsmamstw? Imsm + Pmstwamstw? Imstw
+ Prwamstwit Tew — 8 Imsew
dlI
% = Pmsmamsm* Imsm + PmstwamsmV Imstw

+ Prwamsmit Tew — 8 Imsm

Where u, v, and A are HIV transmission rates per
person-year for transgender women, MSTW, and MSM,
respectively (Supplemental Content). The proportion of
overall transmissions between demographic groups is
parameterized by the proportion of transmissions from
one group to another, for example, the proportion of
transmission from transgender women to MSM
(Otwamsm ). We constrained the proportion of transmis-
sions to equal one, and therefore do not explicitly esti-
mate within-group probabilities (i.e., Pmsmamsm» Pewatws
and  Ppswamstw). We  chose this  parameterization
because we were primarily interested in between-group
transmission patterns. Using previously described
methodology,”” we modeled a regional reservoir as hav-
ing a constant effective population size.

Phylodynamic analyses were conducted using the
phydynR package in R, which was used to calculate the
likelihood of a parameter set given the phylogeny and
the model compartment to which each sequence
belonged. We first estimated a time-calibrated phylog-
eny using the date of sequence sampling and the tree-
dater algorithm assuming a strict molecular clock.” We
then fit the mathematical model to the time-calibrated
phylogeny using a Bayesian approach using the Baye-
sianTools package in R. Model parameters were esti-
mated using a differential evolution Markov Chain
Monte Carlo (MCMC) zs sampler (N = 100,000 itera-
tions). We report the maximum aposteriori value (MAP)
—-or mode-and the 95% credible interval (CI) of the
resulting posterior distribution of each model parame-
ter. Prior distributions based on a review of the litera-
ture were used to constrain the parameters
(Supplementary Table 6), and we conducted sensitivity
analyses using non-informative priors (Supplemental
Content). Model convergence was evaluated based on
effective sample size, Gelman-Rubin’s diagnostic for
convergence using potential scale reduction factors, and
trace plots. All analyses were conducted in R v3-6-2 and
Stata v15-1 (College Station, TX, USA, 2017).

Role of the funding source

The study funders had no role in study design, data col-
lection, analysis, interpretation, or manuscript prepara-
tion. The corresponding authors had full access to all
study data and final responsibility for the decision to
submit for publication.

Results

Cluster membership

This analysis included 139 transgender women, 25 cisgen-
der MSTW, and 303 cisgender MSM (N = 467). Overall,
200 (42-8%) participants clustered into 62 genetic clus-
ters, which ranged in size from 2 to 27 study participants.
Among the clusters identified, 48% included transgender
women, 79% contained cisgender MSM, and 15%
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contained cisgender MSTW. The likelihood of appearing
in a cluster did not differ by demographic group (Table 1).
We found no differences in the likelihood of clustering by
study, diagnosis year, or whether the HIV diagnosis was
early or presumed prevalent. In analysing possible demo-
graphic or behavioral predictors of being found in a clus-
ter, no observed characteristics were associated with
cluster membership (Table 1).

Clustering between demographic groups

The likelihood of clustering with transgender women,
MSM, and MSTW was assessed for each demographic
group (Fig. 1). Among those found in clusters, 77% of
transgender women clustered with other transgender
women, while 57% clustered with MSM. Compared to a
null distribution based on the relative representation of
each group, the observed results suggest transgender

www.thelancet.com Vol 6 Month February, 2022

Characteristic® N Clustered

n (%) PR 95% ClI p-value

Diagnosis year 467 200 (42-8) 0-98 (0-90, 1-06) 0-555

Study

Sabes 364 157 (43-1) ref

Feminas 40 19 (47-5) 1-10 (0-78,1-56) 0-586

Microepidemics 63 24 (38-1) 0-88 (0-63,1-23) 0-470

Group

Cisgender MSM 303 134 (44-2) ref

Transgender Women 139 56 (40-3) 0-91 (0-72,1-16) 0-444

Cisgender MSTW 25 10 (40-0) 0-90 (0-55, 1-49) 0-692

HIV Diagnosis

Prevalent 165 67 (40-6) ref

Early (< 6 months) 302 133 (44-0) 1-08 (0-87,1-36) 0-478

City®

Lima 342 151 (44-2) ref

Callao 56 22(39-3) 0-89 (0-63, 1-26) 0-510

Age category®:

<25 196 89 (45-4) ref

25-34 155 66 (42-6) 0-94 (0-74,1-19) 0-598

>35 38 15(39.5) 0-87 (0-57,1-33) 0-516

Any post-secondary school®

No 158 68 (43.0) ref

Yes 245 107 (43.7) 1-01 (0-81,1-28) 0-900

Sexual Orientation®

Gay 193 92 (47-7) ref

Bisexual 91 38 (41-8) 0-88 (0-66, 1-16) 0-362

Heterosexual 10 6 (60-0) 1-26 (0-74,2-13) 0-393

Housing status’

Own place/alone 88 37 (42-1) ref

With sexual partner 44 20 (45-5) 1-08 (0-72,1-62) 0-707

With parent or family 222 98 (44-1) 1-05 (0-79, 1-40) 0-739

With friend 30 11(36-7) 0-87 (0-51,1-48) 0-613

Sexual role?

Insertive 53 22 (41.5) ref

Receptive 161 68 (42-2) 1-02 (0-70,1-47) 0-926

Versatile 185 82 (44-3) 1.07 (0-75,1-53) 0.720

Sex worker”

No 308 132 (42-9) ref

Yes 79 32 (40-5) 0.95 (0-70,1-27) 0-710

Gender of partners reported’

Cisgender man 231 198 (42-4) 0-98 (0-80, 1-21) 0-862

Transgender woman 16 7 (43-8) 1.02 (0-58,1-80) 0-939

Cisgender woman 7 0(0:0) N/A

Reported partnership type'

Stable/spouse 151 68 (45-0) 1.05 (0-84, 1-32) 0-644
(continued)
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Table 1 (Continued)

Characteristic® N Clustered

Casual 66 28 (42-4) 0.97 (0-71,1-32) 0-840
One time/anonymous 102 42 (41-2) 0-93 (0-71,1:21) 0-580
Sold/client! 19 6(31-6) 0-72 (0-37,1-40) 0-328
Purchased’ 9 4 (44-4) 1.02 (0-49, 2-14) 0.957

Table 1: Univariate predictors of cluster membership (N = 467).
PR: prevalence ratio; CI: confidence interval; MSM: men who have sex with men; TW: transgender women; MSTW: partners of transgender women.
# Year of diagnosis, study, group, and HIV diagnosis (early vs prevalent) are reported for all three studies. All other data is reported from Sabes and Feminas.
City data missing for n = 5 Feminas participants and n = 1 Sabes participant.
Age data missing for n = 1 Feminas participant and n = 14 Sabes participants.

b
c
d
e

transgender and are counted as missing for this analysis.

& Sex role data missing for n = 5 Feminas participants.

Education data missing for n = 1 Feminas participant. Education defined as any post-secondary or vocational training.
Sexual orientation data was not collected among TW in the Sabes study (n = 82). In Feminas, n = 28 TW identified their sexual orientation as

f Housing status data missing for n = 6 Feminas participants and n = 14 Sabes participants.

b Sex worker data missing for n = 15 Feminas participants and n = 2 Sabes participants.

! Partnership data reported from the last three sexual partners, beginning with the most recent.

I Purchasing and selling sex defined as exchange goods, services, a place to sleep, or money for sex. Sold/client refers to encounters in which the
participant acquired goods, services, or money, while purchased refers to encounters in which the participant gave goods, services, or money.

women clustered with MSM significantly less often
than expected (p < o-oo1) and clustered with other
transgender women more often than expected
(p < o-oo01) (Fig. 1A). Cisgender MSM, however, clus-
tered with other MSM more often than expected (91%
clustered with MSM, p = 0-004) and less often than
expected with transgender women (37%, p < 0-001) and
MSTW (5%, p = o-o10) (Fig. 1B). The likelihood that cis-
gender MSTW clustered with any group was difficult to
ascertain due to the small sample size, but analyses sug-
gested that MSTW clustered with MSM less often than
expected (60%, p = 0-0406) (Fig. 1C).

Predictors of clustering with transgender women
When examining characteristics among all cisgender
men (MSM and MSTW) that may be associated with
being in a cluster with one or more transgender women,
we found that while the data suggests some trends, no
statistically significant associations were evident
(Table 2). The results did show some evidence that men
who identify as bisexual were more likely to cluster with
transgender women compared to those who identify as
gay (PR =152, 95% CI = 0-98—2-35). Results were simi-
lar in sensitivity analyses using a less conservative dis-
tance threshold (see Supplemental Content).

Estimated HIV transmission between groups

Phylodynamic modeling produced estimates for model
parameters that describe the overall proportion of trans-
missions from one group to another. We estimated that
there was frequent transmission between transgender
women and MSTW and that the majority of transmis-
sions from MSTW were to transgender women (67-9%;
95% CI = 52:8—83.2%; Fig. 2). Transgender women
also had a higher probability of transmission to MSTW

(76-5%; 95% CI = 65-5—90-3%) than MSM (11:8%; 95%
CI = 3-4—19-6%). There was a low probability of trans-
mission from MSM to transgender women (4:9%; 95%
CI: 1:0—19:5%) or MSTW (7-2%; 95% CI =1-4—30-6%).
Approximately a third of transmissions from MSTW
were to MSM (32:0%; 95% CI = 14-0—46-3%). We esti-
mated that the HIV transmission rate varied slightly
between groups, though confidence intervals largely
overlapped (transgender women: 1-6, 95% CI = o-2
—5-2; MSM: 0-9, 95% CI = 0-2—5-5; and MSTW: 55,
95% CI = 0-7—18:5 per 100 person-years; Fig. 2). Sensi-
tivity analyses using non-informative priors obtained
similar estimates (see Supplemental Content).

Discussion

This analysis used complementary methods for analy-
sing HIV sequences to provide insight into transmis-
sion dynamics among three distinct populations with
high HIV prevalence in Peru. Cluster analyses sug-
gested that both transgender women and cisgender
MSTW cluster with cisgender MSM less frequently
than would be expected based on random mixing, with
evidence suggesting men with bisexual identities are
more likely to cluster with transgender women com-
pared to men who self-identify as gay. Phylodynamic
modeling results similarly suggested that a small pro-
portion of transmission events occurred between trans-
gender women or MSTW and MSM, and that
transgender women were more likely to transmit to cis-
gender MSTW (77%) than cisgender MSM (12%). More-
over, modeling suggested that 68% of transmissions
from MSTW were acquired by transgender women,
compared to only 5% of transmissions from MSM. We
also observed less frequent transmission between
MSTW and MSM. Notably, we obtained similar
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A. Transgender women (TW)

9% cluster with MSTW
p-value = 0.063

OAZ)O 0.'25 0.'50 O.'75 1.60
) Proportion in a Cluster
B. Cisgender men who have sex men (MSM)

5% cluster with MSTW 37% cluster with TW h MSM
p-value = 0.010 p-value < 0.001 0.004

v 1 v
0.00 0.25 0.50 0.75
Proportion in a Cluster

C. Cisgender men who have sex with transgender women (MSTW)

20% cluster with MSTW 50% cluster with TW 60% cluster with MSM
p-value = 0.998 p-value = 0.346 p-value = 0.046

0.00 0.25 0.50 0.75 1.00
Proportion in a Cluster

Null Distribution for the Proportion
who are in a Genetic Cluster with:

Ly

Fig. 1. Null distribution and empirical p-values for the proportion who cluster with transgender women (TW), MSTW, and MSM. Pan-
els compare the observed clustering patterns of each group to a null distribution of what would be expected under the assumption
of random mixing. Curves demonstrate the null distribution, with purple curves representing expected clustering with MSTW, green
curves representing expected clustering with MSM, and red curves representing the expected clustering with transgender women.
Lines show the actual observed clustering with each respective group, with p-values estimated based on the resulting empirical dis-
tribution curves. Panel A demonstrates observed vs expected clustering patterns for transgender women. The observed clustering
of transgender women with MSTW falls on the left tail of the expected curve, showing slightly less clustering than would be
expected. Clustering with MSM however is much less likely than would be expected, with almost no overlap with the expected
curve; similarly, clustering with other transgender woman was much more likely than would be expected. In Panel B, we see that
MSM clustered with transgender women and MSTW less likely than would be expected, and clustered with other MSM more than
would be expected. Due to small the small sample of MSTW, curves in Panel C are wider, but these data suggest that MSTW cluster
with MSM less often than would be expected based on random mixing.
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Characteristics N TW in cluster® PR 95% CI P-value
n (%)
Reported TW partner
No 134 50 (37-3) 1
Yes 10 5 (50-0) 1.34 (0-69, 2-59) 0-385
Sexual Orientation
Gay 88 29 (33-0) 1
Bisexual 38 19 (50-0) 1.52 (0-98, 2-35) 0-062
Heterosexual 3 1 (33-3) 1.01 (0-20,5-18) 0-989
HIV diagnosis
Presumed prevalent 28 13 (46-4) 1
Early (< 6 months) 116 42 (36-2) 0-78 (0-49, 1-24) 0-297
Age category
<25 66 24 (36-4) 1
>25 78 31 (39-7) 1-09 (0-72,1-67) 0-679
Any post-secondary® education
No 40 18 (45-0) 1
Yes 89 31 (34-8) 0.77 (0-50, 1-21) 0-261
Sexual role
Insertive 21 9 (42-9) 1
Receptive 34 12 (35-3) 0-82 (0-42,1-62) 0-572
Versatile 74 28 (37-8) 0-88 (0-50, 1:57) 0-672
Purchased sex® (6 months)
No 109 42 (38-5) 1
Yes 18 7 (38-9) 1-01 (0-54,1-89) 0-977
Sold sex® (6 months)
No 99 38 (38-4) 1
Yes 28 1Al (39:3) 1-02 (0-60, 1-73) 0-931
Table 2: Correlates of clustering with TW among all cisgender men (n = 144).
TW: transgender women; PR: prevalence ratio; CI: confidence interval.
¢ Data on reporting a TW partner and HIV diagnosis are from both Sabes (n = 129) and Microepidemics (n = 15) participants. All other variables include
cisgender men from the Sabes study. TW found in the cluster could be from Sabes, Feminas, or Microepidemics.
b Post secondary education defined as any school after secondary school, or vocational training.
€ Purchasing and selling sex defined as exchange goods, services, a place to sleep, or money for sex. Data on purchased and sold sex missing for n = 2 Sabes
participants.
inferences from cluster-based and phylodynamic  attraction to transgender (84%) and cisgender (68%)

approaches with regards to transmission patterns
among transgender women and MSTW.

Our findings have several important implications.
First, they suggest that transgender women and their
cisgender male partners (MSTW) comprise a largely
separate HIV transmission network, with a small
degree of overlap with that of cisgender MSM. Specifi-
cally, they indicate that transgender women are signifi-
cantly more likely to acquire HIV from MSTW
compared to MSM. Qualitative research has previously
asserted that transgender women and cisgender MSM
have distinct sexual networks due to differing structural
factors that influence HIV vulnerability.*® Research
conducted among MSTW in the Americas suggests that
cisgender men represent a relatively small proportion of
sexual partners of MSTW#>7*" ranging from 21% in
San Francisco’ to 7% in Lima.** A Lima-based study
reported that MSTW most frequently reported sexual

women, and few reported attraction to cisgender men
(7%).** Similarly, in the Sabes study, MSTW reported
primarily transgender and cisgender women partners,
with fewer than 20% reporting male partners.®” Our
results add quantitative evidence to this growing body
of research and further suggest that there is little over-
lap in the HIV transmission networks of MSM and
MSTW. These findings underscore that cisgender MSM
constitute a small proportion of the sexual network of
transgender women, and relationships between MSM
and transgender women are unlikely to play a key role
in HIV transmission in either sexual network. The clus-
tering patterns between cisgender MSM and transgen-
der women we observed align with recent research
conducted in Los Angeles County using sequences col-
lected through the Los Angeles Department of Public
Health for drug resistance testing.”® That analysis found
that transgender women were likely to cluster with
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Transmission rate per person-year

Demographic group MAP (95% ClI)

MSM 0-009 (0-002, 0-055)
Transgender Women 0-016 (0-:002, 0-052)
MSTW 0-055 (0-007, 0-185)

Conditional probability of transmission
From To

MAP (95% Cl)

Transgender Women  0-049 (0-010, 0-193)

MSM

MSTW 0-072 (0-014, 0-306)
Transgender ~ MSM 0-118 (0-034, 0-196)
Women

MSTW 0-765 (0-655, 0-903)
MSTW Transgender Women  0-679 (0-528, 0-832)

MSM 0-320 (0-140, 0-463)

0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

Transmission rate per person-year (MAP, 95% ClI)

L ]

0.1 02 03 0.4 05 06 0.7
Proportion (MAP, 95% CI)

Fig. 2. Parameter estimates for the structured coalescent phylodynamic model of HIV transmission. This figure shows maximum
aposteriori (MAP) and credible intervals (Cl) for the Bayesian parameter estimates for the transmission rates per person-year as well
as conditional probabilities of transmission across demographic groups: transgender women, cisgender men who have sex with
transgender women (MSTW), and cisgender men who have sex with men (MSM).

MSM, but had lower odds of clustering with MSM than
would be expected based on sample distribution. While
data on MSTW were not included, they found that cis-
gender men not categorized as MSM were more likely
to be found in a cluster with transgender women com-
pared to MSM. A similar phylogenetic analysis in San
Francisco that found a high likelihood of clustering
between transgender women and MSM called into ques-
tion the categorization of MSM in public health surveil-
lance data, suggesting that men may inaccurately be
labelled MSM for having sexual partnerships with trans-
gender women.># Disaggregation of MSTW from MSM,
as we did in the present analysis, would provide clearer
insight into prevention and treatment opportunities for
these populations.

Second, these findings have important implications
for modeling the impact and cost-effectiveness of HIV
interventions in Peru. To date, only six mathematical
models of HIV transmission have included transgender
women, including five set in Lima (Supplemental Con-
tent). Two of these models do not disaggregate trans-
gender women from cisgender men; three models
separately consider MSM, men who have sex with
women, and transgender women; and two exclusively
model transmission between transgender women
engaged in sex work and MSTW. Our findings suggest
that cisgender MSTW should be included as a high-
prevalence population separate from cisgender MSM
and men who have sex with men and cisgender women,
in addition to disaggregating transgender women from
MSM. Failing to do so may obscure transmission
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patterns and potentially different impacts of interven-
tions within these distinct populations.

Third, we found that the transgender women in our
sample frequently appear in clusters with other trans-
gender women (77%, p-value < o-oo1). Although US-
based studies have found that transgender people fre-
quently have other transgender partners,” few studies
have documented this within Latin America. Previous
analyses of the Sabes cohort show that only 2:1% of
transgender women reported having sex with another
transgender woman in the last 3 months, and 0-7%
reported sex with a cisgender woman.”* A combined
analysis of participants from Feminas and the Trans-
PrEP study found that among 1167 partners reported by
389 transgender women, 91-7% (n = 1070) were cisgen-
der men and 83% (n = 97) were another gender.*®
Therefore, it is possible that our results can be partially
explained by under-sampling of MSTW who may act as
intermediaries in HIV transmission events between
transgender women (i.e., transgender woman cluster
together because they share the same, unsampled part-
ners). Alternatively, the lack of data on the diversity of
the gender of sexual partners of transgender women in
existing studies may reflect researcher assumptions that
transgender women only partner with cisgender men,
or be a by-product of biased HIV study inclusion crite-
ria, which only enroll participants who report having
sex with cisgender men (e.g., the Sabes study).***” Fur-
ther studies are necessary to provide context for these
findings and explore transgender women partnerships,
including those with other transgender women.
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The cultural context in Peru is important to under-
stand the patterns of HIV transmission revealed by this
study. Stigma and discrimination against transgender
communities make them disproportionately vulnerable
to HIV due to lack of legal protections and access to
medical care, reliance on sex work due to economic
disempowerment, experiences of violence, power imbal-
ances in sexual relationships, and substance use.*? Pre-
vious research among transgender women in Peru has
found a 20—30% HIV prevalence***° while two-thirds
reported exchanging sex for money or goods,” and
nearly 80% reported recent condomless receptive anal
intercourse.>® Among MSTW, current research in Latin
America suggest that while participation in sex work
and reported condomless anal intercourse are high,*'
both HIV risk perception and PrEP awareness are
low,>3°3" highlighting the need for targeted prevention
strategies to reach these groups.

This study had several strengths. This is the first
molecular epidemiologic study that disaggregates
MSTW from MSM. The majority of samples were col-
lected during early infection - before the virus had accu-
mulated substantial genetic divergence — and, thus,
were more likely to reveal recent transmission events.'®
Additionally, there are valid concerns about the ethics of
HIV molecular epidemiology, centered on issues of
informed consent, stigma, and criminalization of HIV
transmission.>* The majority of our viral sequence and
linked behavioral and epidemiological data were
obtained with explicit informed consent to conduct phy-
logenetic research.

Our results should be interpreted in light of several
limitations. This sample included a small fraction of the
target populations, which makes cluster detection diffi-
cult ,"" reduces power in statistical analysis, and limits
inference, particularly relating to the role of MSTW.
More research is needed with larger sampling fractions
and more representative study populations, including
MSTW not recruited from studies primarily focused on
MSM, transgender men, non-binary people, and cisgen-
der women. Second, clustering can be biased by time
from infection to sampling and differing sampling frac-
tions of subgroups.”® However, our analysis found no
statistical difference in clustering by demographic
group despite differences in subgroup sample sizes.
Third, our analyses using linked epidemiologic data did
not include data from participants in the Microepidem-
ics study, includes only study baseline data, and did not
capture syndemic factors that may be related to trans-
gender women’s risk of HIV acquisition (e.g., gender
affirmation, stigma, intimate partner violence, harass-
ment, and discrimination) or other likely correlates of
clustering (e.g., concurrency), so we were unable to
assess if these factors were associated with clustering.
Fourth, structured coalescent modeling assumes

random sampling of HIV sequences, although this
method has been previously applied to study popula-
tions recruited through chain-referral.®® Thus, our find-
ings may be less generalizable to other populations due
to violations of this assumption in study recruitment.
Data for MSTW and transgender women primarily
came from Sabes, which recruited using outreach meth-
ods that targeted MSM. Therefore, our sample of
MSTW and transgender women may be biased towards
those closely identified with MSM social networks and
with cisgender male partners, and we likely overesti-
mated the proportion of transmission with MSM.
Finally, the validity of our phylodynamic modeling
results is conditional on the correct specification of the
mathematical model; because our model did not include
other gender groups (e.g., cisgender women, transgen-
der men) and used a single stage of disease progression,
our estimates should be interpreted with caution.

In summary, these results build on the growing use
of molecular epidemiology to study transmission
dynamics within and between subpopulations. Our
findings provide unique insight on the HIV epidemic
among cisgender men with transgender women part-
ners and further highlights the need for more data on
this population. Understanding transmission patterns
that include MSTW is crucial for modeling, designing,
and implementing effective HIV prevention and treat-
ment interventions.
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