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Introduction: The human immunodeficiency virus (HIV) epidemic
disproportionately affects key populations, including transgender women
(TGW). Understanding the epidemiological and molecular characteristics on
HIV-1 infection among TGW in Brazil, a continental country, is important to
support decisions about public health policies. Therefore, this cross-sectional
study aimed to evaluate the HIV prevalence and associated risk factors, recency
of infection, genetic diversity of HIV-1, transmission clusters, and drug resistance
mutations among TGW in Goias, a state in the Central-West region of Brazil.
Methods: A total of 440 participants from three cities in Goias (Goiania, ltumbiara,
and Jatai) were recruited using Respondent-Driven Sampling. Serum samples
were screened for anti-HIV antibodies using rapid tests and an enzyme-linked
immunosorbent assay. Recent acquisitions were identified from plasma samples
using the Limiting Antigen Avidity assay. Deoxyribonucleic acid was extracted
from blood samples, and the partial polymerase gene (protease/reverse
transcriptase region) was amplified using a nested polymerase chain reaction.
Sequences were subtyped, analyzed for potential transmission networks, and
assessed for drug resistance using the Stanford HIVdb program.

Results: Most participants were young, single, self-identified as Black or mixed-
race, and had a secondary education level or less. Many reported early sexual
debut and multiple high-risk behaviors for sexually transmitted infections.
The overall prevalence was 27.3%, with 43.2% classified as recent acquisitions
and 56.8% as long-standing. Being over 25years of age and engaging in
chemsex were significantly associated with infection (p < 0.05). Regarding
genetic diversity, subtype B was the most prevalent, followed by F1 and C. Ten
transmission clusters were identified; each composed of at least two sequences.
High prevalence of drug resistance mutations (39.1%) was observed among
TGW.
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Conclusion: These findings underscore the high burden of HIV-1 among TGW
in the Central-West region of Brazil and highlight the importance of serological
and molecular surveillance in guiding targeted interventions aimed at preventing
HIV acquisition and formulating well-informed public health policies for this key

population.
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sexual behavior

1 Introduction

The World Health Organization (WHO) reported approximately
1.3 million new human immunodeficiency virus (HIV) infections
worldwide in 2024, with 40.8 million people living with HIV
(PLWHIV) (1). However, the HIV epidemic disproportionately affects
key populations including men who have sex with men (MSM),
transgender and gender-diverse individuals, sex workers, people who
inject drugs, and people in prisons and other closed settings compared
to the general population. Notably, the median HIV prevalence among
transgender individuals was 9.2%, which is substantially higher than
the global adult population estimate of 0.8% (ages 15-49) (2).
Structural stigma and economic vulnerability experienced by
transgender individuals increase their risk of HIV and other sexually
transmitted infections (STIs) (3).

According to Spizzirri et al. (4), in Brazil, nearly three million
people are estimated to be gender-diverse, representing approximately
2% of the adult population. Additionally, over 1 million Brazilians may
identify as transgender. Despite these numbers, data on this
population remain limited, especially in regions distant from the
country’s HIV epicenter.

In Brazil, HIV epidemic is predominantly prevalent among
those aged 15-49 years, with a national prevalence of 0.6% in 2023
(5). A biobehavioral survey conducted across 10 Brazilian cities
reported HIV prevalence rates ranging from 22.5 to 71.5% among
transgender women (TGW) (6). This population frequently reports
risk behaviors for HIV acquisition, such as having multiple sexual
partners and practicing chemsex or sexualized drug use (7). A
study conducted from 2018 to 2020, using the Limiting Avidity
assay as part of a recent infection testing algorithm, identified an
alarmingly high HIV incidence among TGW in Rio de Janeiro
(9.16%) (8).

This population presents ongoing challenges for public health
stakeholders. Stigma and discrimination discourage TGW from
accessing healthcare services (9), negatively affecting HIV testing,
early diagnosis, treatment initiation, and adherence to antiretroviral
therapy (ART) (10). Poor or non-adherence can lead to the
development of HIV drug resistance over time (11).

Understanding the epidemiological dynamics and molecular
characteristics of HIV infection among TGW is essential for
formulating informed public health strategies and expanding access
to HIV preventive interventions tailored to this population.
Furthermore, to date, there is no available data regarding the HIV
epidemic in the transgender population in Goids, a state in the
Central-West region of Brazil, which is geographically distant from
the HIV epidemic epicenter in Brazil, a country with continental
dimensions and with important differences in the dynamics of the
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HIV epidemic among geographic regions. Additionally, demographic
and behavioral information regarding this population remain limited.

Herein, to fill these surveillance gaps and, therefore, to contribute
to the knowledge about epidemiological and molecular data on HIV-1
infection among TGW in Brazil, we conducted this study aimed to
evaluate HIV prevalence and associated risk factors, the frequency of
recent HIV acquisitions, as well as HIV-1 genetic diversity,
transmission clusters, and drug resistance mutations (DRM) among
TGW in Goids, Central-West region of Brazil.

2 Materials and methods
2.1 Study design and population

This cross-sectional study was conducted among TGW recruited
between April 2018 and November 2019 in three cities: Goiénia,
Itumbiara, and Jatai located in the state of Goids, Central-West region
of Brazil. These cities were selected because they either have
specialized health facilities for TGW or have plans to implement such
services. Additionally, they are recognized as key routes for
prostitution and sex tourism in the region (12).

Eligible participants were individuals assigned male at birth who
self-identified as female. The minimum required sample size was 454
TGW, calculated using a significance level of 95% (< 0.05), a 5.0%
margin of precision, a design effect of 2.0, and an estimated HIV
prevalence of 17.7% (13).

2.2 Study recruitment

Participant recruitment was conducted using the Respondent-
Driven Sampling (RDS) method (14). Initially, formative research was
carried out among TGW who held leadership roles in their
communities. These individuals helped determine data collection
sites, the form and value of incentives for participation, the expected
time commitment, and the key TGW who would serve as initial
recruiters (referred to as “seeds”). The RDS process began with a
non-random selection of these seeds from within the target
population. Each seed recruited three new participants, who then each
recruited three more, and so on. Each participant received R$10
(approximately US$ 2.55) as a participation incentive, plus an
additional R$10 for each successfully recruited peer who also
participated in the study.

All participants were informed in advance about the study’s
purpose, and those who agreed to participate signed a form indicating
their free and informed consent. Trained staft conducted face-to-face
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interviews using a structured questionnaire to gather information on
sociodemographic characteristics, sexual behaviors, drug use, prior
HIV testing, and current use of ART. Following the interviews, blood
samples were collected from all participants for laboratory testing.

2.3 Laboratory tests

2.3.1 Detection of anti-HIV antibodies

All participants were tested for anti-HIV-1/2 antibodies using
rapid diagnostic tests (Immunochromatography: Bioclin HIV Tri line,
Quibasa, Belo Horizonte, Brazil; Rapid test: R DPP® HIV 1/2,
Bio-Manguinhos, Rio de Janeiro, Brazil). We also tested serum
samples using an enzyme-linked immunosorbent assay (ELISA;
Genscreen™ ULTRA HIV Ag-Ab, Bio-Rad, Marnes-la-Coquette,
France). Samples that tested positive on both the rapid tests and
ELISA were considered anti-HIV positive.

2.3.2 HIV recency testing

Recent HIV acquisitions were identified from available stored
plasma samples using the Maxim HIV-1 Limiting Antigen Avidity
assay (LAg-Avidity EIA; Maxim Biomedical, USA). To prevent the
overestimation of long-standing acquisitions, individuals who
reported using ART were excluded from recency testing. Samples with
a spectrophotometer read below or equal to a 1.5 threshold were
classified as recent acquisitions. A mean duration of recent acquisition
was assumed to be 161 days (95% confidence interval [95% CIJ:
148-174)".

2.4 Genetic diversity analysis

2.4.1 DNA extraction, amplification, and
sequencing

HIV-1 DNA was extracted from blood samples using the QlAamp
DNA Blood Mini Kit (Qiagen, Hilden, Germany) for use in a nested
polymerase chain reaction (PCR) targeting the pol gene region. The
nested PCR amplified a 1,478 bp fragment (positions 2077-3,574
relative to HXB2) covering the protease and partial reverse
transcriptase regions. Amplicons were purified and sequenced as
previously described (15, 16).

Sequence editing was performed using the SeqMan module of
DNASTAR 4.0 software, and alignments were carried out with pure
subtype references and circulating recombinant forms (BE BC, and
CF) from the Los Alamos HIV Sequence Database using the Clustal
W program implemented in MEGA 11.0 software (17). The final pol
alignment covered a 1,302 bp fragment, corresponding to nucleotides
2,253 to 3,554 of the HXB2 genome. Phylogenetic analysis was
performed using the neighbor-joining (NJ) method and the
Tamura-Nei substitution model in MEGA 11.0. Bootstrap values >
90% (1,000 replicates) were considered statistically significant.
Potential recombinant sequences were identified using a bootscan
analysis in the SimPlot version 3.5.1 program (sliding window of
200 bp, step size of 10 bp). All nucleotide sequences have been

1 https://www.maximbio.com
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deposited in the GenBank database under accession numbers
V794413 to PV794494.

2.4.2 Transmission cluster analysis

Sequences that clustered together with high bootstrap support (>
0.90) in the NJ tree were analyzed to identify potential transmission
clusters. To this end, we used the nucleotide Basic Local Alignment
Search Tool (BLASTn) (18) to retrieve reference sequences with high
similarity (> 95%). Before performing phylogenetic analyses to
confirm transmission clusters according to HIV-1 subtypes, DRM
positions were stripped from each alignment, resulting in a 1,261 bp
fragment spanning nucleotides 2,253 to 3,514 of the HXB2 genome.
Sequences were considered part of a transmission cluster if they
branched together and met the criteria of an aLRT (> 90) and a mean
pairwise genetic distance (< 4.5%).

2.4.3 Drug resistance mutation analysis
We submitted the sequences to the Stanford HIV Database (https://
hivdb.stanford.edu/page/algorithm-updates/) for DRM identification.

2.5 Data analysis

Prevalence and 95% Cls were estimated using the Respondent-
Driven Sampling Analysis Tool (RDSAT) version 7.1.46. RDSAT
provided weights for each participant based on their social network
size, and analyzed homophily, network size, recruitment waves, and
equilibrium. To measure network size, we asked each participant:
“How many transgender women do you know personally?” To correct
for outliers (19), network sizes were constrained to the interval of 3
and 150. Values less than three or greater than 150 were replaced by 3
and 150, respectively (20). Data and weights generated by RDSAT
were exported to STATA v.17 for modeling. We used RDSAT with
15,000 bootstraps. Bivariate logistic regression analysis was performed
to identify variables associated with the outcome (anti-HIV positive).
The multivariate logistic regression model included variables with
p-values < 0.25 from the bivariate analysis (21). A p-value < 0.05 was
deemed statistically significant. We assessed multicollinearity using
variance inflation factors and tolerance; all retained variables met
acceptable thresholds. Recruitment networks, including the
distribution of HIV-1 cases, were visualized with NetDraw
software (22).

2.6 Ethical statement

The Federal University of Goids Ethics Committee for Human
Research approved the study under the protocol CAAE

77481417.5.0000.5083 and 2.358.818.

3 Results

Eight seeds (five in Goi4nia, one in Jatai, and two in Itumbiara)
distributed 1,312 invitations, resulting in 440 individuals agreeing to
participate in the study: 285 from Goiania, 74 from Itumbiara, and 81
from Jatai. This total represents 96.9% of the calculated minimum
required sample size (N = 454). The number of participants recruited
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per seed ranged from 2 to 141, and recruitment was completed over
64 weeks through 1 to 14 waves (Supplementary Table S1).

Table 1 shows both crude and RDSAT-weighted prevalence
estimates of participant characteristics. Based on weighted data, 56.2%
of participants were aged 25 years or younger, the majority were single
(81.7%), and 72.6% identified as Black or mixed race. Only 18.3% had
more than a secondary education, and 13.6% reported a monthly
income of BRL 2,000 (Brazilian reais) or more. Among TGW, 46.9%

10.3389/fpubh.2025.1679535

had their first sexual experience at age 13 or younger, and 39.7%
reported having experienced sexual assault. A total of 30.8% identified
as sex workers. Nearly all participants (97.1%) reported engaging in
receptive anal sex, and 55.7% also reported insertive anal sex. Most
participants (61.7%) reported inconsistent condom use during anal
sex, 64.4% reported engaging in group sex, and 77.5% had more than
ten sexual partners in the past week. Chemsex was reported by 60.0%
of participants. Regarding sexual partners, 75.3% had sex exclusively

TABLE 1 Crude and RDS-weighted characteristics of transgender women in Goias, Brazil, 2018—-2019.

Variable

% Crude

95% ClI

Age (median: 25 years; IQR:9)

Frontiers in Public Health
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<25 245 55.7 56.2 47.2-64.8
>25 195 44.3 43.8 35.2-52.8
Schooling (median 11; IQR: 3)
More than secondary level 202 10.9 18.3 11.2-25.9
Until secondary level 61.1 56.5 48.4-65.4
Until elementary level 238 28.0 25.2 17.9-32.2
Monthly income (BRL; median: 2,000; IQR: 2,000)*
>2,000 104 23.6 13.6 8.3-19.8
1,000-2,000 211 48.0 45.6 37.8-53.9
<=1,000 125 284 40.8 32.1-494
Marital status
Single 372 84.7 81.7 72.6-87.8
Married/consensual union 64 14.6 18.2 12.1-27.3
Divorced//widow 3 0.7 0.1 0.0-0.3
No information: 1
Skin color/race (self-defined)
White 90 20.6 20.3 13.8-26.9
Black or mixed race 312 71.2 72.6 65.3-79.8
Other 36 8.2 7.2 39-11.3
No information: 2
First sex (age; median: 13; IQR: 4)
>13 195 44.3 53.1 45.0-61.9
<13 245 55.7 46.9 38.1-55.0
Ever sex assault
No 227 51.8 60.3 52.4-69.0
Yes 211 48.2 39.7 31.0-47.7
No information: 2
Sex worker
No 182 41.4 69.2 58.5-78.2
Yes 258 58.6 30.8 21.8-41.5
Receptive anal sex
No 11 25 29 4.0-6.4
Yes 428 97.5 97.1 93.6-99.6
No information: 1
Insertive anal sex
No 113 25.7 44.3 35.3-53.4
(Continued)
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TABLE 1 (Continued)

Variable % Crude % RDS* 95% ClI

Yes 326 74.3 55.7 46.6-64.7

No information: 1

Consistent condom uses in anal sex

Yes 156 36.2 38.3 28.8-45.2

No 275 63.8 61.7 54.8-71.2

No information: 9

Number of sexual partners (last 7 days; median: 10; IQR:29)

<=1 83 18.9 9.2 5.2-14.2

2-10 108 245 133 8.3-19.1

>10 249 56.6 77.5 69.5-84.6
Group sex

No 86 19.6 35.6 25.9-45.7

Yes 353 80.4 64.4 54.3-74.1

No information: 1

Chemsex
No 107 245 40.0 30.8-49.1
Yes 330 75.5 60.0 51.0-69.2

No information: 3

Sex with man only

No 188 43.1 24.7 18.3-32.1

Yes 248 56.9 75.3 67.9-81.7

No information: 4

Sex with man and woman

No 297 68.1 84.9 79.3-89.2

Yes 139 31.9 15.1 10.8-20.7

No information: 4

Sex with transgender woman

No 322 73.9 83.5 76.7-89.2

Yes 114 26.1 16.5 10.8-23.4

No information: 4

Previous STI

No 221 50.2 60.2 51.8-68.3

Yes 219 49.8 39.8 31.7-48.2

Non-injection illicit drug use

No 114 26.0 39.8 30.9-49.4

Yes 325 74.0 60.2 50.6-69.1

No information: 1

Injection illicit drug use

No 425 97.3 98.3 96.0-99.8

Yes 12 2.7 1.7 0.2-4.0

No information: 3

RDS*: Respondent Driven Sampling; CI: confidence interval; IQR: interquartile range; BRL: Brazilian currency (reais); STI: sexually transmitted infection. *BRL 3.91 was equivalent to USD 1
during the study period.
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Flow-chart for HIV recent acquisition screening and genetic diversity analysis among transgender women from Goias, Brazil. TGW: transgender
women; HIV: Human Immunodeficiency Virus; ARV: antiretroviral; LAg: limiting-antigen assay; PCR: polymerase chain reaction.

with men, 15.1% with men and women, and 16.5% with TGW. A
previous STI diagnosis was reported by 39.8%. Non-injection illicit
drug use was reported by 60.2%, while declared injection drug use was
reported by only 1.7%.

A total of 440 TGW were tested for anti-HIV-1/2 using rapid tests,
and 431 were also tested using ELISA. Nine of these did not have
samples available for ELISA. Among those tested, 143 out of 431
(33.2%) had positive results on at least two anti-HIV assays and were
therefore considered HIV positive. Of the 143 individuals who tested
positive for HIV, 51 reported current ARV use and were excluded
from the recency analysis. Plasma samples were available for 87 out of
the remaining 92 participants (94.6%) for LAg testing. Of these, 44
(50.6%) were classified as recent HIV acquisitions, and 43 (49.4%)
were long-standing cases (Figure 1). There were no statistically
significant sociodemographic differences between TGW with recent
and long-term acquisitions (p > 0.05).

The RDSAT-weighted prevalence of HIV was 27.3% (95% CI:
20.8-35.4). Based on LAg avidity testing, the weighted prevalence of
recent and long-term HIV acquisition was 43.2% (95% CI: 14-58) and
56.8% (95% CI: 42.1-86), respectively.

Of 440 TGW, 385 (87.5%) reported previous HIV testing. Among
them, 77/385 (20%) reported a positive HIV serostatus, and 51/77
(66.2%) confirmed ART use. Furthermore, among 297 participants
who self-reported as HIV-negative, 52 (17.5%) tested positive in this
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study, and 34 of the 49 with LAg results (69.4%) were classified as
recent infections.

Table 2 shows the variables associated with HIV infection. In the
bivariate analysis, age and chemsex were significantly associated with
HIV (p < 0.05). These variables, along with others with p-values < 0.25
(insertive anal sex, group sex, previous STI, and sex with TGW), were
included in the multivariate logistic regression model and remained
independently associated with HIV infection. TGW aged 25 years or
older had 2.83 times greater odds of being HIV positive (95% CI:
1.31-6.15) compared to younger participants. Those who reported
chemsex had 2.65 greater odds of being infected with HIV (95% CI:
1.14-6.13) than those who did not report this behavior.

Of the 143 TGW living with HIV, 139 had blood samples available
for DNA extraction. Among these, 87 samples were successfully PCR
amplified and sequenced (63%, Figure 1). Phylogenetic analyses
revealed that HIV-1 subtype B was the most prevalent clade (55.2%)
in our sampling, followed by F1 (17.2%), C (15%), and recombinant
forms (12.6%). The recombinants included 9.2% BF (one CRF39 and
seven URFs), 2.3% BC, and 1.1% CF (Supplementary Figure S1).

Maximum likelihood (ML) phylogenetic analysis (Figures 2-4)
showed that 35.6% (31/87) of the sequences were grouped into 13
clusters, each comprising two to four sequences with aLRT > 0.90.
Combined phylogenetic and genetic distance analysis (< 4.5%)
confirmed transmission relationships in 10 of the 13 clusters: two were
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TABLE 2 Bivariate and multivariate analysis of variables associated with HIV among transgender women in Goias, Brazil, 2018-2019.

Variable p value Bivariate (RDS weighted) p value Multivariate (RDS weighted)
OR (95% ClI) Adjusted OR (95% CI)®

Aged >25 years 0.021 2.34 (1.14-4.83) 0.009 2.83 (1.31-6.15)
Scholarly®

More than secondary level 1.00

Until secondary level 0.793 0.86 (0.28-2.61)

Until elementary level 0.959 1.03 (0.31-3.42)
Monthly income (BRL)®

> 2,000 1.00

1,001-1,999 0.987 0.99 (3.40-2.48)

< 1,000 0.597 0.72 (0.28-2.08)
Non-White 0.693 0.831 (0.33-2.08)
Single/divorced/widow 0.531 0.73 (0.27-1.97)
First sex at 13 years old or less 0.508 0.79 (0.39-1.60)
Being sex worker 0.936 0.97 (0.50-191)
Insertive anal sex 0.138 1.79 (0.83-3.88) 0.439 1.40 (0.60-3.25)
Receptive anal sex 0.274 2.91(0.43-19.78)
Inconsistent condom use in anal sex 0.965 1.02 (0.47-2.20)
Ever suffered coercive sex 0.830 0.93 (0.45-1.89)
Number of sexual partners (last 7 days)

<2 1.00

2-10 0.815 0.87 (0.28-2.74)

>10 0.626 0.78 (0.29-2.12)
Group sex 0.098 2.16 (0.87-5.35) 0.761 1.167 (0.433.17)
Chemsex 0.049 2.27 (1.00-5.12) 0.023 2.65 (1.14-6.13)
Previous STI 0.065 1.98 (0.96-5.483) 0.141 1.74 (0.83-3.65)
Sex with man only 0.391 0.72 (0.34-1.53)
Sex with man and woman 0.333 1.52 (0.65-3.53)
Sex with TGW 0.235 1.70 (0.71-4.10) 0.659 1.24 (0.47-3.28)
Non-injection illicit drug use 0.672 1.18 (0.55-2.51)
Injection illicit drug use 0.405 0.40 (0.048-3.42)

RDS: Respondent Driven Sampling; OR: Odds Ratio; CI: confidence interval; BRL: Brazilian currency (reais); STI: sexually transmitted infection; TGW: transgender woman.
*Adjusted by age, insertive anal sex, group sex, chemsex, previous STI and sex with transgender woman.
"Scholarly: elementary level < 9 years of formal education, secondary level = 10 to 12 years of formal education; ‘BRL 3.91 was equivalent to USD 1 during the study period.

p values < 0.05 were considered statistically significant.

subtype B (clusters 2 and 4), three were subtype C (clusters 6 to 8),
three were subtype F1 (clusters 9 to 11), and two were BF recombinants
(clusters 12 and 13). Clusters 1, 3, and 5, all subtype B, did not meet
the criteria to confirm a transmission cluster since they presented a
> 4.5% 2-4;
Supplementary Table S2). We observed that sequences from three

mean pairwise genetic distance (Figures
transmission clusters (4, 7, and 13) originated from TGW recruited in
the same city and within the same recruitment networks (E G, and A,
respectively). In contrast, the remaining clusters (2, 6, and 8-12)
included sequences from TGW recruited from different RDS networks
and in the same or different cities (Figure 5), highlighting the TGW
mobility among the studied cities and inter-network mixing.

DRMs were detected in 34 of the 87 (39.1%) subtyped sequences,
some of them reflecting transmitted drug resistance mutations.

Additionally, 44.8% (39/87) of individuals reported prior ARV use.

Frontiers in Public Health

Mutations associated with protease inhibitors (PI) were detected in six
individuals (6.9%). Mutations linked to nucleoside reverse transcriptase
inhibitors (NRTT) were found in 20 samples (23%), and non-nucleoside
reverse transcriptase inhibitors (NNRTI) mutations were identified in 22
samples (25.3%). The most prevalent mutations were S68G (10/87, 11.5%)
and M184V/1 (7/87, 8%) for NRTTs, and K103N and V179D/E/T (each
in 6/87, 6.9%) for NNRTIs (Supplementary Table S3).

4 Discussion

This study provides relevant epidemiological and molecular
data on HIV-1 infection among TGW in Goias, Central-West
region of Brazil. Our findings reveal alarmingly high HIV burden
in this population. To the best of our knowledge, only one previous
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FIGURE 2

ML phylogenetic tree of 45 HIV-1 subtype B sequences in PR/RT from transgender women in Goias. The analyzed PR/RT alignment covered a
fragment of 1,261 bp, corresponding to nucleotides 2,253 to 3,514 relative to HXB2 genome, drug-resistance mutation positions were stripped from
each alignment. Reference sequences retrieved from GenBank are not labeled. ALRT values are represented only if greater > 0.90 with an asterisk.
Possible HIV-1 transmission clusters were indicated by numbers. Three short sequences were not included in the analyses.
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study has examined the molecular epidemiology of HIV infection
among TGW in this region. Conducted 10 years ago in Campo
Grande City, Mato Grosso do Sul, that study used a convenience
sample of 152 TGW—nearly three times smaller than ours—and
reported molecular characteristics for only 11 sequenced HIV
samples (23).

The sociodemographic characteristics of the TGW in our study
are consistent with findings from other Brazilian studies and
international studies involving this population (24-29). Most
participants were young, self-identified as Black or mixed race, single,
had less than a secondary level of formal education, and reported a
monthly income below 2,000 BRL.

In Goids, the HIV prevalence among TGW was 68 times higher
(27.3%; 95% CI: 20.8-35.4) than that reported among Brazilian
women aged 15 to 49 years (0.4%) (5). This rate is comparable to those
observed among TGW in Sao Paulo (38%; 95% CI: 30.9-45.6) (30)
and Rio de Janeiro (31.2%; 95% CI: 18.8-43.6) (31), cities in the
Southeast region that bear a higher burden of HIV in Brazil (32).
These findings underscore the elevated risk of HIV among TGW, even
in regions far from the epidemic’s epicenter. A recent global systematic

Frontiers in Public Health

review and meta-analysis estimated a 19.9% HIV prevalence (95% CI:
14.7-25.1) among TGW (33).

Most TGW in our study (385/440, 87.5%) reported having been
previously tested for HIV. Among them, 20% (77/385) reported being
HIV positive, and 66.2% (51/77) of these individuals confirmed ART
use. When the 52 newly diagnosed cases identified in this study are
included, the proportion of TGW on ART drops to 39.5% (51/129),
which falls far short of the Joint United Nations Programs on HIV/
AIDS (UNAIDS) 95-95-95 targets: 95% of PLWHIV should know
their status; 95% should receive ART; and 95% of those on ART
should achieve viral suppression (1). These findings suggest that TGW
in Goids remain significantly underserved in the HIV care continuum
and are far from reaching these global targets.

The high proportion of recent acquisitions found in the studied
population (50.6%) highlight an elevated transmission rate and
ongoing viral dissemination among TGW in Goias. This finding,
along with the high HIV prevalence and the gaps in treatment
coverage, suggests that the current HIV prevention and treatment
policies in Brazil are having a limited impact on this key population.
These findings reinforce the urgent need for greater public investments
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ML phylogenetic tree of 13 HIV-1 subtype C sequences in PR/RT from transgender women in Goids. The analyzed PR/RT alignment covered a
fragment of 1,261 bp, corresponding to nucleotides 2,254 to 3,514 relative to HXB2 genome, drug-resistance mutation positions were stripped from
each alignment. Reference sequences retrieved from GenBank are not labeled. ALRT values are represented only if greater > 0.90 with an asterisk.
Possible HIV-1 transmission clusters were indicated by numbers. Two short sequences were not included in the analyses.
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to address the social determinants—such as low education attainment,
poverty, and exposure to violence—that shape the lives of TGW and
may contribute to risk-taking behaviors.

Similarly, a high frequency of risky behaviors has been reported
among TGW in the US (34), and in the present study, most of these
behaviors were associated with HIV infection in bivariate analysis.
However, in the multivariate analysis, only older age and chemsex
remained independently associated with HIV. The link between age and
HIV infection is well documented and likely reflects cumulative exposure
to risk over time (35, 36). Additionally, the perception of HIV risk may
diminish with age, potentially leading to behaviors that increase
vulnerability to infection. It is also notable that many TGW initiate sexual
activity at a very young age, suggesting that HIV acquisition can occur as
early as adolescence or early adulthood (37). Chemsex is frequently
reported among TGW (7). According to Kcomt et al. (38), transphobia
often drives both substance abuse and engagement in sex work. Substance
abuse may serve as a coping mechanism to blunt emotional pain or
trauma, and it can also be client-driven, either to enhance sexual arousal
or as a requirement during encounters (39, 40). Moreover, Incera-
Fernandez et al. (41) reported in their systematic review that intervention
practices are beneficial in addressing chemsex, including harm reduction
programs and behavioral activation therapy, which have proven
significantly effective in reducing risky behaviors, decreasing the
frequency of chemsex participation, and improving the physical, mental,
and sexual health of people with a history of chemsex. Therefore, the
inclusion of TGW in harm reduction programs aimed at reducing
chemsex can contribute to an improved quality of life and lower rates of
HIV and other STTIs.
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In terms of HIV-1 subtypes, these results underscore the ongoing
diversification of HIV subtypes within the TGW population. Also,
they corroborate previous data from studies focused specific groups
such as pregnant women and MSM in Goids and a national study in
HIV1 molecular diversity in Brazil (2008-2017), which reported an
increasing trend in the prevalence of subtypes C and F1, alongside a
gradual decline in subtype B (42).

Another important finding was that 28.7% (25/87) of the
HIV-1 sequences were linked to at least one other sequence,
forming 10 transmission clusters. Six sequences grouped within
three clusters (4, 7, and 13) (Supplementary Table S2) originated
from TGW and belonged to the same recruitment networks (E, G,
and A, respectively) (Figure 5). These participants reported
sex-related risk factors, such as unprotected sexual intercourse,
group sex, and a history of STIs. In contrast, sequences from the
remaining seven clusters (2, 6, and 8 to 12) were obtained from
TGW affiliated with different recruitment networks. This pattern
highlights the high geographic mobility and sexually
interconnected networks of TGW spreading HIV and other STIs
across cities.

The frequency of HIV-1 DRMs detected in this study (39.1%) was
higher than that observed in two previous studies involving
MSM—17.3% in Goids and 12% in Mato Grosso do Sul (43, 44).
Notably, 44.8% (39/87) of TGW included in our analysis reported
being on ART. However, considering the first-line regimen
recommended for PLWHIV in Brazil since 2024 (lamivudine/
tenofovir+dolutegravir), approximately 30% of participants would
be at risk of reduced treatment effectiveness due to the presence of
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FIGURE 4

Possible HIV-1 transmission clusters were indicated by numbers.

ML phylogenetic tree of 13 HIV-1 sub-subtype F1 sequences in PR/RT from transgender women in Goids. The analyzed PR/RT alignment covered a
fragment of 1,261 bp, corresponding to nucleotides 2,254 to 3,514 relative to HXB2 genome, drug-resistance mutation positions were stripped from
each alignment. Reference sequences retrieved from GenBank are not labeled. ALRT values are represented only if greater > 0.90 with an asterisk.

resistance mutations. Thus, we highlight the timely diagnosis, the early
initiation of antiretroviral therapy, and the retention of TGW in the
healthcare system as key monitoring gaps.

A key strength of this study is the successful use of the RDS
methodology, which enabled the recruitment of a large number of
TGW and the generation of both epidemiological and molecular HIV
data from a population in a region far away—such as the Central-West
region of Brazil—that lies outside the usual focus of national HIV
surveillance. Nonetheless, our study has some limitations. First,
because all interviews were conducted face-to-face, some responses,
particularly those related to sexual behaviors, may be subject to
reporting bias. However, to minimize potential bias, measures such as
the use of well-trained interviewers and private interview settings
were implemented. The interaction between participants and well-
trained interviewers is particularly important when working with
hard-to-reach populations, such as TGW, since it plays a key role in
fostering trust and rapport between interviewers and participants.
Furthermore, RDS assumes participants invite people from their own
which can contribute to the

network of relationships,

overrepresentation of some profiles and the underrepresentation of

Frontiers in Public Health

others. Despite these limitations, RDS is commonly used and is likely
to continue being used for obtaining epidemiological data from hard-
to-reach populations until more effective methods become available.
Second, we were unable to apply the full recent infection testing
algorithm, which includes CD4 + lymphocyte counts and HIV RNA
quantification (viral load), due to limited access to these clinical data
from public health databases. For this reason, our recent acquisitions’
estimates can be overestimated. Third, the low PCR amplification rate
among HIV-positive samples may have affected the robustness of our
molecular analyses, potentially leading to an underestimation of HIV
subtypes and drug resistance mutations. Nevertheless, neither HIV-1
subtype distribution nor drug resistance mutations appear to have
been biased, as they were consistent with previous studies (40, 43, 45).
Despite these limitations, the study offers valuable insights into the
epidemiology and molecular characteristics of HIV-1 infection in
Brazilian TGW—a pivotal population that warrants greater inclusion
in targeted HIV prevention strategies.

Our findings underscore the considerable impact of the HIV
epidemic on TGW in the Central-West region of Brazil despite the
implementation of public health prevention focused on key
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uptriangle (cluster 12) and downtriangle (cluster 13).

olive green (BC) and fuchsia (FC). Gray color defines undetermined samples. Clusters of subtype B are identified as uptriangle (cluster 2) and
downtriangle (cluster 4). Clusters of subtype C are identified as downtriangle (cluster 6), uptriangle (cluster 7) and diamond (cluster 8). Clusters of
subtype F are identified as uptriangle (cluster 9), diamond (cluster 10) and downtriangle (cluster 11). Cluster of recombinant BFlare identified as

populations. There is an urgent need to develop more effective,
inclusive policies and expand targeted diagnosis, interventions, and
care for TGW. This includes access to pre-exposure prophylaxis
(PrEP) for TGW to meet the specific needs of this vulnerable group,
as well as expand HIV testing, strengthen HIV molecular surveillance,
improve ART coverage, and address structural barriers faced by them,
to curb the spread of HIV in Brazil.
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