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ABSTRACT
Objective Characterising the perceptions of groups most 
affected by HIV is fundamental in establishing guidelines for 
biomedical advancement. Although Brazil has successfully 
fought HIV/AIDS through several measures, transgender 
women still have a likelihood of HIV infection 55 times 
higher than the general population. This study aimed to 
better understand the perception and awareness of HIV 
cure research among the trans- identifying population in 
São Paulo, Brazil, and to determine factors that motivate or 
discourage participation in HIV cure studies.
Setting This cross- sectional study analysed data 
collected from a questionnaire administered to 118 
transgender women and travestis at 5 sites within the city 
of São Paulo. It uses quantitative methodology to describe 
the perspectives of transgender and travesti people in 
relation to HIV cure research and the context in which such 
perspectives are produced.
Results Of 118 participants, most participants (73%) 
had some knowledge of HIV cure research and were most 
willing to participate in online surveys (52%), interviews 
(52%), focus groups (52%) and studies involving 
blood draws (57%). Those with a higher education 
or employment status were more likely to agree that 
someone had been cured of HIV, people living with HIV 
are discriminated against, and more information about 
HIV cure research is needed before the community 
embraces it. Only 55% of participants completely trusted 
their physician. The biggest motivational factors included 
gaining additional knowledge about HIV infection (77%) 
and the potential for a longer, healthier life for all (73%).
Conclusions As a primary analysis of HIV cure attitudes 
among the transgender and travesti population as well 
as the social context in which they are formed, this 
study identifies opportunities to strengthen the dialogue 
and develop more educational collaborations between 
scientific investigators, community educators and the 
trans- identifying population to ensure that HIV cure 
research is inclusive of diverse perspectives.

INTRODUCTION
Although Brazil has been able to successfully 
fight HIV/AIDS through a number of govern-
mental and societal measures, transgender 
women and travestis in this country still have 
an HIV prevalence of about 25%–30%, 55 
times higher than that of the general popula-
tion.1 2 Despite the development of a universal 
and free public health system, discussions 
with pharmaceutical companies to reduce 
antiretroviral (ARV) drug prices, invest-
ments towards the development of generic 
drugs, and compulsory licensing of ARVs,3 
these measures have not effectively engaged 

Strengths and limitations of this study

 ► This is the first study to report on attitudes to HIV 
cure research in a group of more than 100 trans-
gender women and travestis in São Paulo, Brazil—
South America’s largest city.

 ► This study provides novel insight on this communi-
ty’s general HIV cure research knowledge, the types 
of studies they are willing and motivated to partici-
pate in, as well as the social and demographic fac-
tors that influence these preferences.

 ► To obtain the desired sample size of the study pop-
ulation, convenience sampling had to be used by 
approaching transgender or travesti- identifying 
individuals seeking health services, social services 
or communal living spaces at the designated study 
sites, which may have contributed to sampling bias.

 ► Education and reading level were not screened prior 
to administration of the questionnaire, which may 
have contributed to the amount of missing data and 
uncertainty in responses.
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Brazil’s transgender community with HIV prevention and 
care.4 From a global perspective, the overall estimate of 
new HIV infections in 2019 was 1.7 million, and the large 
number of people living with HIV (PLWH) without access 
to antiretroviral treatment (ART) suggests the incidence 
may increase to 40 million in the coming years.5 6 Latin 
American transgender women face the highest burden of 
HIV of any group, with a 35% infection rate.7 To prevent 
new infections and ultimately reach the UNAIDS goal of 
ending the epidemic, HIV cure research initiatives are 
targeting immunotherapeutic vaccine research, viral tran-
script editing, immune effector therapies, gene editing 
and other investigative approaches.8 With more than 
one person now cured of HIV infection,9–11 attention has 
turned to developing scalable approaches if a widespread 
cure were to become available, especially in vulnerable 
communities like the transgender population.12

The heightened HIV vulnerability faced by the trans-
gender community remains rooted in a variety of struc-
tural, social and individual factors. This study specifically 
focuses on these factors related to transgender women 
and travestis, who are more greatly impacted in compar-
ison to transgender men, non- binary individuals and 
other LGBTQ+-identifying counterparts.13 The over-
lapping gender identities of transgender women and 
travestis have been long debated, as both often identify 
as female, undergo a male- to- female transition period, 
and use female pronouns (she/her/they).14 Travestis 
are often assumed to have no desire for genital gender 
affirming surgeries; however, specifying a clear- cut defi-
nition between the two identities has been considered 
a form of identity invalidation, placing the focus on the 
degree of body dysphoria or modification rather than 
self- identification or experience.15 These identities are 
analysed in the context of intersectionality, a framework 
for understanding how the interconnected nature of an 
individual’s social and political identities, such as race, 
class, sex, gender and/or sexual orientation, generate 
cultural experiences and power differentials that make 
transgender individuals more vulnerable to negative 
health outcomes.16

At the structural level, the transgender community 
continues to face enormous barriers to obtaining higher 
education, entering the formal labour market, and 
securing employment.17 Previous studies report that only 
16.7% of transgender individuals in São Paulo, Brazil, 
worked within the formal labour market, with almost 
40% involved in sex work.18 This can be attributed to 
the country’s lack of equal opportunities, discriminatory 
public policies, limited protections for transgender indi-
viduals and the use of sex work as a means of economic 
survival.17 From a social and interpersonal perspective, 
the transgender population is also disproportionately at 
risk for experiencing physical and systemic violence due 
to deep- rooted stigma and transphobia, often in connec-
tion to their HIV status.19 This is further complicated by 
other intersecting factors, including race and gender 
identity, with Black and travesti- identifying individuals at 

a greater risk for both physical violence and HIV infec-
tion in comparison to their non- Black and transgender- 
identifying counterparts.20 Although there are little 
data on exact HIV prevalence rates among non- white 
transgender individuals in Brazil, several studies have 
demonstrated that Black and mixed race is associated 
with increased HIV- related morbidity and mortality in the 
transgender population.21–23

These intersectional factors have manifested in enor-
mous barriers to healthcare access and education as well 
as HIV prevention and care.20 24 First, there exists a scar-
city of services and medical professionals who understand 
and advocate for the complexities of transgender health. 
Further, prejudice and discrimination have remained 
rooted in the culture of health professionals, leading 
transgender patients to avoid engaging with the health-
care system due to the fear of disrespect and identity 
delegitimisation.25

Despite the existence of evidence- based HIV prevention 
strategies, including PrEP and long- acting injectables, 
within the Brazilian healthcare system, the transgender 
population has historically benefited less from these 
initiatives in comparison to other high- risk groups, such 
as men who have sex with men.26 27 As a ‘hidden popu-
lation’, the transgender community is often stigmatised, 
criminalised, difficult to reach and consequently left 
out of research initiatives and HIV- related program-
ming.28 Although previous studies have investigated the 
numerous structural and social factors that are associated 
with this community’s increased risk of HIV infection, no 
study has yet assessed the specific features of HIV cure 
research that would meet the needs and preferences 
of the Brazilian transgender population as well as their 
overall attitudes to these investigations.

Communicating with populations most affected by the 
epidemic about advancements in HIV cure research is 
fundamental in establishing guidelines for biomedical 
advancement.29 It is essential to consider a number of 
questions regarding HIV cure research programmes to 
ensure that these new approaches are inclusive and appli-
cable to the realities of those impacted by the disease, 
specifically transgender individuals; for example, how 
does language and communication affect the meaning 
of ‘cure’ to PLWH and broader communities; how would 
a cure affect the identity and social position of PLWH; 
what counselling and support interventions are needed 
to address the psychosocial needs and concerns of study 
participants related to analytical treatment interrup-
tions; how are motivation, acceptability and decision- 
making processes of potential study participants related 
to different cure strategies; and how can potential social 
harms or adverse social events associated with cure 
research participation be mitigated?

Thus, it is essential to further understand the health-
care disparities faced by the transgender community in 
these settings as well as evaluate their attitudes towards 
current treatment options and a potential future cure. We 
undertook a cross- sectional survey of transgender women 
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in São Paulo, Brazil to address these questions. The aim 
of this study was to better understand the perception and 
awareness of HIV cure research among the transgender 
and travesti population of São Paulo, Brazil, and to deter-
mine willingness to participate in HIV cure studies.

METHODS
This study analyses data collected from a questionnaire 
administered at five sites within the city of São Paulo, 
Brazil. It is a cross- regional study that uses quantitative 
methodology to describe the perspectives of transgender 
and travesti people in relation to HIV cure research and 
the context in which such perspectives are produced.

Study population
A convenience sample of 118 individuals was obtained 
from 5 July 2019 to 15 August 2019. To obtain the 
desired sample size, convenience sampling was used by 
approaching transgender or travesti- identifying individ-
uals seeking health services, social services, or communal 
living spaces at the designated study sites. Inclusion 
criteria for the study consisted of being 18 years of age 
or more, being a resident of the state of São Paulo, self- 
identification as a transgender woman or travesti, and 
attendance at a study site. To limit potential sampling 
bias and obtain a more regionally representative sample, 
the study was conducted in five sites where transgender 
women and travestis assembled for social and supportive 
activities: Centro de Cidadania LGBT Sul (LGBT Citi-
zenship Center, South Zone), Instituto NICE (NICE 
Institute, North Zone), Casa Florescer (Transgender 
Housing, Downtown Zone), Casa de Profissionais de Sexo 
(Sex Worker House, East Zone), and Centro de Pesquisa 
USP (USP Clinical Research Center, West Zone). A self- 
administered questionnaire was used to gather quantita-
tive data (see online supplemental file).

Consent forms were distributed before the activities to 
all possible participants. For those who consented, the 
consent form was signed by both the participant and a 
member of the research team; copies were kept by both the 
participant and the team. After consenting, the question-
naires were completed and collected, with the responses 
recorded on a secure online database (REDCap).

Patient and public involvement
Before data collection, the questionnaire was trans-
lated from English to Portuguese and discussed with the 
community advisory board of the clinical research centre, 
which advised on changes suggested to improve compre-
hension by the local population. The questionnaire was 
revised by transgender health experts and transgender 
women to ensure it was appropriate for the study popula-
tion. This version was back translated to English to ensure 
the main principles of the original questionnaire were 
maintained. A transgender woman working as a field coor-
dinator helped identify potential participants and crafted 
appropriate invitations. Participants were self- referred to 

the study or approached when seeking health services, 
social services or communal living spaces. Through the 
help of various socioeconomic resource centres, clinical 
research centres and LGBTQ+ organisations around the 
city of São Paulo, the research was announced, inviting 
all transgender people involved in these sites to partici-
pate in the study. To encourage attendance at the sites, 
the research team also worked with the various organi-
sations to provide an educational session on beauty and 
health, consisting of a makeup application class followed 
by a presentation on current HIV prevention and treat-
ment options, the current status of HIV research and the 
purpose of this study. The data will be disseminated to 
all study sites to share the findings with participants and 
the wider transgender and travesti communities. The 
research team plans for continued collaboration with 
these organisations in future studies and health educa-
tion services.

Measurements and main outcomes
The self- administered paper questionnaire measured 
demographic factors, HIV awareness, attitudes to HIV 
cure research, past participation in HIV research studies 
and willingness to participate in HIV cure studies. This 
study had four main outcomes: (1) willingness to partic-
ipate in various forms of HIV cure research (2) factors 
which could motivate participation in HIV cure research 
(3) factors which could discourage participation in HIV 
cure research, and (4) general attitudes towards HIV and 
HIV cure research. A modified Likert Scale was used to 
determine participants’ level of agreement with specific 
statements or aspects of research studies.30 The variables 
were chosen based on previous research, namely a study 
completed by members of the collaboration team that 
analysed data from an online questionnaire about percep-
tions towards HIV cure in the USA. (Magnus M. Percep-
tions about HIV prevention in relation to the concept of 
HIV cure.)

Variables
As the questionnaire indicates (see online supplemental 
file), demographic variables included self- reported age, 
skin colour/race, site location, sexual orientation, gender 
identity, level of education, employment status, health 
status and HIV status.

Knowledge and perceptions about HIV cure were 
measured by asking participants if they had heard of HIV/
AIDS cure research and what an HIV cure mean to them, 
with the possible options being: ‘No more HIV treatment 
needed temporarily’; ‘No more HIV treatment needed 
ever’; ‘No risk of transmitting HIV to others’; ‘Negative 
HIV test’; ‘HIV completely eliminated from the body’; 
‘There is no risk of HIV/AIDS- related complications or 
other effects of HIV’; or ‘Other’. To determine whether 
general knowledge of news surrounding HIV cure had 
been assimilated by the associated population, we asked 
participants if they thought someone had been cured of 

https://dx.doi.org/10.1136/bmjopen-2020-040092
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HIV as well as how many years it would take to make an 
HIV cure that is available to the public.

To evaluate previous involvement in general health 
studies, participants were asked to report any participa-
tion in research involving online questionnaires, HIV 
prevention surveys, interviews, focus group discussions 
and long- term studies. They were also asked about 
involvement in studies that included blood draws, HIV 
prevention medications, behavioural treatments, new 
treatments or approaches, and drug safety.

To assess participant preferences regarding their poten-
tial involvement in HIV cure research, they were asked if 
they would be willing to participate in studies involving 
online questionnaires, in- person or phone interviews, 
focus group discussions, blood draws, tissue biopsies, 
leukapheresis or apheresis, latency reversing agents, gene 
editing, autologous or allogenic transplants, therapeutic 
vaccines, treatment interruption, broadly neutralising 
antibodies, unique proteins or T cells, new treatments 
untested on people, early safety studies and efficacy 
studies.

The subsequent portion of the questionnaire evaluated 
factors that would motivate participants to engage in HIV 
cure research. Participants were asked to indicate the level 
of importance for each of the following factors: gaining 
additional knowledge about HIV, having access to medical 
doctors, researchers or nurses, contributing to HIV cure 
research, hope for health improvement, payment for 
participation, care for the community, information about 
new treatment options, free laboratory work, free meals 
at the study site, money for transportation, care for future 
generations, contributions to scientific knowledge, the 
potential for a longer and healthier life for themself, and 
the potential for a longer and healthier life for others.

To understand potential study risks that would 
discourage participation in HIV cure research, partici-
pants were asked whether various factors would dissuade 
them from engaging in research studies. These included 
toxicities or adverse side effects, the potential of drug 
resistance development, the potential of an increased 
viral load to do ART interruption, the activation of 
cancer- causing genes, graft- versus- host disease, invasive 
study procedures, long study visits, long- term follow- up, 
neurological side effects, gastrointestinal side effects, 
psychological side effects, HIV- related side effects, derma-
tological side effects, musculoskeletal side effects, allergic 
reactions, reproductive side effects, potential HIV trans-
mission, unknown side effects, pain or discomfort, over-
night hospital stays and taking time away from family or 
work.

Finally, general attitudes towards HIV cure research 
were assessed by asking participants their level of agree-
ment with various statements regarding the impact of 
cost on a potential HIV cure, the potential dangers of a 
new cure, whether a cure is actually needed, the use of 
sexually transmitted infection (STI) prevention methods 
if an HIV cure were available, the need for more HIV 
cure research education, and whether they believed there 

would ever be a cure for HIV. Participants were also asked 
about discrimination against PLWH and their level of 
trust for their healthcare provider.

All technical terms used in the questionnaire were 
accompanied by brief definitions and/or examples in 
layman’s terms to improve participant comprehension.

Data collection
For data entry and database construction, REDCap 
(V.6.5.0) was used.31

Statistical analyses
A univariate analysis was performed to determine the asso-
ciation between demographic variables, perceptions and 
willingness to undergo different types of cure research 
studies using χ2 tests or Fisher exact tests for categorical 
variables as well as Wilcoxon Rank- Sum tests for numeric 
variables. A univariate analysis was also performed on the 
association between demographic variables and ‘Missing/
Do Not Understand’ responses in order to explore the 
characteristics of participants who failed to provide valid 
answers. For all comparisons, two- tailed p values <0.05 
were considered statistically significant. All analyses were 
performed in Stata V.15.1 (StataCorp).

RESULTS
Demographics
The questionnaire was answered by 132 participants, and 
14 responses were excluded because they did not meet 
the inclusion criteria (5 self- identified as transgender 
men, 5 self- identified as men, and 4 were under 18 years 
of age). The final sample size was 118 (table 1). The ques-
tionnaire application sites were diverse, representing 
each region of São Paulo (North, South, East, West and 
Downtown Zones), with the highest concentrations of 
eligible participants in the South and West Zones.

Participants mainly identified as mixed race (52%), 
white (29%) or Black (19%), with a median age of 33 
years (minimum 18 years, maximum 62 years) in a skewed 
distribution towards younger than 36 (table 1). Forty- 
three per cent self- identified as transgender women, 40% 
as travestis and 17% as women. Regarding sexual orienta-
tion, 42% of participants identified as heterosexual. The 
study population had a limited level of education and 
employment, with 44% only having completed elemen-
tary or middle school and only 14% engaged in full- time 
work. Considering health status, 49% defined themselves 
as healthy and 40% had been diagnosed with HIV.

General attitudes towards HIV cure research
With respect to general attitudes towards HIV cure 
research, 73% of participants had previously heard about 
HIV cure research (table 2). Just over half of partici-
pants believed there was no HIV cure at the present time 
(58%) and that no one had been cured of HIV (54%); 
further, knowledge that someone had been cured of HIV 
was correlated with a higher education level (PR 1.24, 
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95% CI 1.01 to 1.53, p≤0.05; table 3). Participants with 
a higher education level were also more likely to agree 
that PLWH are discriminated against in comparison 
to those with a lower education level (PR 1.21, 95% CI 
0.98 to 1.49, p≤0.05; table 4); however, the majority of all 
study participants did agree that PLWH are discriminated 
against (64%). Most participants also agreed that more 
information about HIV cure research is needed before 
the community embraces it (66%), with employed partic-
ipants being more likely to hold this belief in compar-
ison to their unemployed counterparts (PR 0.83, 95% CI 

Table 1 Demographic characteristics of participants

All participants 
N=118 (%)

Age (%)

  Median (min–max) 33 (18–62)

  18–24 years old 17 (14)

  25–35 years old 32 (27)

  >36 years old 33 (28)

  Missing 36 (31)

Race (%)

  White 29 (25)

  Black 22 (19)

  Mixed race 61 (52)

  Native 4 (3)

  Asian –

  Missing 2 (2)

Location (%)

  Clinical research centre (West) 38 (32)

  LGBT centre (South) 39 (33)

  Transgender housing (Downtown) 16 (14)

  Sex worker house (East) 14 (12)

  NICE Institute (North) 11 (9)

Sexual orientation (%)

  Bisexual 14 (12)

  Homosexual 13 (11)

  Questioning 7 (6)

  Straight 49 (42)

  Asexual 5 (4)

  No identification 20 (17)

  Other 7 (6)

  Missing 3 (3)

Gender (%)

  Female 20 (17)

  Transgender woman 51 (43)

  Travesti 47 (40)

  Other –

  Missing –

Education (%)

  Incomplete elementary and middle 
school

37 (33)

  Elementary and middle school 12 (11)

  Incomplete high school 30 (26)

  High school 23 (20)

  Skilled training 5 (4)

  Some college 5 (4)

  Undergrad. degree 2 (2)

  Some Grad. school –

Continued

All participants 
N=118 (%)

  Graduate degree –

  Employment status (%)

  Full- time work 17 (14)

  Looking for work 37 (31)

  No paid work by choice 10 (9)

  Part- time work 6 (5)

  Retired –

  Seasonal work 7 (6)

  Student 21 (18)

  Informal work 13 (11)

  Other 11 (9)

Health status (%)

  Very health 24 (20)

  Healthy 58 (49)

  Somewhat healthy 19 (16)

  Not very healthy 10 (9)

  Not health at all 1 (1)

  Missing 6 (5)

HIV status (%)

  Living with HIV 47 (40)

  Fam/friends w/ HIV 39 (33)

  Partner w/ HIV 3 (3)

  At risk of HIV 13 (11)

  Work in HIV field 11 (9)

  None apply 23 (20)

Participation in health studies (%)

  Online questionnaire research 12 (10)

  Interviews 26 (22)

  Focus group discussions 41 (35)

  Study with blood draws 28 (24)

  Long- term study 4 (3)

  None 30 (25)

  Other 8 (7)

Max, maximum; Min, minimum.

Table 1 Continued
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0.66 to 1.03, p≤0.05; table 4). A minority of participants 
thought that there is no need for an HIV cure (15%) or 
that there would never be a cure for HIV (24%), and 
almost half (47%) of respondents thought there would 
be a cure in the future. About half (56%) of participants 
were trusting of their physicians’ medical decisions (56%) 
or completely trusted their physician (55%); there were 
no significant differences between the different demo-
graphic categories with respect to these beliefs.

Willingness to participate in HIV cure research
With respect to willingness to participate in HIV cure 
research, participants were more willing to engage in 
studies with hypothetical blood draws (57%), online 
surveys (52%), phone/in- person interviews (52%) or 
focus groups discussion (52%), whereas they were much 
less willing to interrupt ART (9%) or use broadly neutral-
ising antibodies (8%) (table 5). In response to ques-
tions about gene editing, latency reversing agents, bone 
marrow transplants, or T cell therapy, there was a high 

percentage of ‘Missing/Not Sure/I Do Not Understand’ 
responses (40%–69%) (table 5).

A limited education level was associated with less willing-
ness to participate in a focus group (PR=0.86, 95% CI 0.75 to 
0.99, p=0.02) (table 6). Further, those who were employed 
were less likely to participate in new drug research than 
those who were unemployed (PR=0.75, 95% CI 0.55 to 
1.03, p=0.01). In comparison to self- identified travestis, self- 
identified women and transgender women were less likely 
to participate in tissue biopsy research (PR=0.82, 95% CI 
0.70 to 0.96, p≤0.05) and more likely to participate in safety 
studies (PR 1.24, 95% CI 1.00 to 1.52, p=0.01; table 6) Those 
who had already participated in health studies were less 
willing to participate in a safety study (PR=0.93; 95% CI 0.85 
to 1.01, p=0.27) or efficacy study (PR=0.89; 95% CI 0.79 to 
0.99, p=0.17).

Motivation for participation in HIV cure research
The greatest motivators for participation in HIV cure 
research were to gain additional knowledge about HIV 

Table 2 General attitudes towards HIV cure research

Strongly 
agree
N (%)

Agree
N (%)

DNK
N (%)

Disagree
N (%)

Strongly 
disagree
N (%)

Missing
N (%)

High costs of HIV cure would prevent people from taking it 40 (34) 18 (15) 21 (18) 10 (9) 14 (12) 15 (13)

People living with HIV are discriminated against 52 (44) 24 (20) 7 (6) 5 (4) 9 (8) 21 (18)

The dangers of a new cure may be too high 16 (14) 25 (21) 26 (22) 5 (4) 11 (9) 35 (29)

We do not need a cure 11 (9) 7 (6) 17 (14) 38 (32) 21 (18) 24 (20)

A cure would prevent people from using HIV prevention 
methods

29 (25) 25 (21) 12 (10) 17 (14) 14 (12) 21 (18)

More education about cure research is needed before a 
cure is accepted by community

47 (40) 30 (26) 8 (7) 2 (2) 8 (7) 23 (20)

There will never be a cure for HIV 13 (11) 15 (13) 13 (11) 33 (28) 23 (20) 21 (18)

A cure that would stop the need for all treatment would be 
desirable

26 (22) 28 (24) 16 (14) 17 (14) 13 (11) 18 (15)

I can trust my healthcare provider’s decisions on medical 
treatments

35 (30) 31 (26) 15 (13) 8 (7) 9 (8) 20 (17)

I completely trust my healthcare provider 36 (31) 28 (24) 17 (14) 8 (7) 10 (9) 19 (16)

DNK, do not know.

Table 3 Attitudes towards HIV cure research (higher vs lower education)

Complete middle school or lower 
N=49

Incomplete high school or higher 
N=65

P value
Answered
N

Yes
N (%)

Missing 
data
N (%)

Answered
N

Yes
N (%)

Missing 
data
N (%)

Have you already heard about HIV cure research? 47 35 (71) 2 (4) 65 50 (77) 0 0.76

Do you believe someone has been cured from HIV?* 47 33 (67) 2 (4) 62 54 (83) 3 (5) 0.03

Do you believe that is an HIV cure available now? 47 19 (39) 2 (4) 62 24 (37) 3 (5) 0.86

Bolded values represent statistically significant findings (p < 0.05).
*PR 1.24, 95% CI (1.01 to 1.53), x2=0.03.
PR, prevalence ratio.
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infection (77%), the potential for a longer and healthier 
life for oneself (73%), and the potential for a longer 
and healthier life for others (73%). The least important 
motivators were free meals at a study site (12%) and 
access to study nurses (6%) (table 7). In comparison 
to self- identified travestis, self- identified transgender 
women and self- identified women were more likely to 
refer to access to physicians as a motivator to partici-
pate in research (PR=1.09; 95% CI 0.99 to 1.22, p≤0.05) 
and to assign contribution to scientific knowledge as a 
motivator to participate in HIV cure research (PR=1.13; 
95% CI 1.00 to 1.26, p≤0.05; table 8). Those that believed 
an HIV cure is currently available were less likely to have 
health improvement as a motivator to participate in cure 
research (PR=0.89; 95% CI 0.79 to 1.01, p≤0.05) (table 8).

Identifiable risks that were most likely to discourage 
participation in research were dermatological side effects 
(43%), musculoskeletal side effects (41%), HIV- related 
side effects (40%), toxicities/adverse side effects (40%) 
and psychological side effects (39%) (table 9). Partici-
pants were also more likely to be discouraged to partic-
ipate in research which required long study visits (19%), 
taking time away from work (19%) or having to stay in a 
hospital overnight (19%) (table 9).

People living with HIV (PLWH)
Within the study group, 47 participants (40%) were PLWH 
(table 1). Of those PLWH, the majority self- identified as 
women or transgender women (66%), were non- white 
(77%) and were unemployed (64%). Almost all of these 

participants had heard of HIV cure research (85%), 
believed that PLWH are discriminated against (85%), 
and agreed that more education about HIV cure research 
was needed before being accepted by the community 
(91%) (table 10). Around half of these participants 
believed that someone had been cured from HIV (52%) 
and that an HIV cure was currently available (44%). Still, 
41% believed there will never be a cure for HIV, and 29% 
believed that a cure is not needed. PLWH were very willing 
and motivated to be involved in HIV cure research, as a 
higher percentage of these participants were willing to 
participate in almost every type of study in comparison 
to participants that were not living with HIV, even if the 
study required treatment interruption (tables 11 and 12). 
Factors that were most likely to discourage PLWH from 
participating in HIV cure research included musculoskel-
etal side effects, toxicities and potential drug resistance 
development (table 13).

Missing data
The missing data due to non- responsiveness varied 
between different questions and sections, but it is an 
important aspect to consider when analysing the data. 
For questions on attitudes towards HIV cure research and 
motivations to participate in HIV cure research, there was 
a range of 22%–35% of missing data (tables 2 and 7). With 
respect to willingness and risks associated with participa-
tion in HIV cure research, the amount of missing data was 
even higher at 45%–65% (tables 5 and 9). Notably, PLWH 
answered more questions in comparison to participants 

Table 5 Willingness to participate in HIV cure research procedures

Very 
willing
N (%)

Willing
N (%)

Not sure
N (%)

Unwilling
N (%)

Very 
unwilling
N (%)

DNA
N (%)

DNU
N (%)

Missing
N (%)

Online surveys 29 (25) 32 (27) 14 (12) 2 (2) 4 (3) 9 (8) 9 (8) 19 (16)

Phone/in- person interview 34 (29) 27 (23) 11 (9) 4 (3) 5 (4) 11 (9) 4 (3) 22 (19)

Focus group discussions 32 (27) 29 (25) 10 (9) 2 (2) 2 (2) 7 (6) 8 (7) 28 (24)

Blood draws 30 (25) 37 (31) 5 (4) 2 (2) – 9 (8) 6 (5) 29 (25)

Tissue biopsies 22 (19) 25 (21) 16 (14) 3 (3) 3 (3) 10 (9) 14 (12) 25 (21)

Leukapheresis/apheresis 22 (19) 28 (24) 14 (12) 6 (5) 1 (1) 13 (11) 15 (13) 19 (16)

Latency reversing agents 12 (10) 16 (14) 23 (20) 4 (3) 5 (4) 15 (13) 23 (29) 20 (17)

Gene editing 15 (13) 16 (14) 25 (21) 5 (4) 4 (3) 12 (10) 21 (18) 20 (17)

Autologous transplants 18 (15) 19 (16) 27 (23) 2 (2) – 12 (10) 20 (17) 20 (17)

Allogenic transplants 18 (15) 14 (12) 22 (19) 7 (6) – 12 (10) 19 (16) 26 (22)

Therapeutic vaccines 30 (25) 28 (23) 13 (11) 4 (3) 2 (2) 11 (9) 13 (11) 17 (14)

Treatment interruption 19 (16) 15 (13) 20 (17) 7 (6) 4 (3) 17 (14) 19 (16) 17 (14)

Broadly neutralising antibodies 20 (17) 20 (17) 18 (15) 8 (7) 2 (2) 13 (11) 18 (15) 19 (16)

Unique proteins or T cells 19 (16) 13 (11) 22 (19) 5 (4) – 13 (11) 25 (21) 21 (18)

New, untested treatments 22 (19) 27 (23) 18 (15) 3 (3) 2 (2) 13 (11) 13 (11) 20 (17)

Early safety studies 26 (26) 28 (24) 19 (16) 3 (3) 1 (1) 5 (4) 12 (10) 24 (20)

Efficacy studies 24 (20) 22 (19) 19 (16) 3 (3) 1 (1) 12 (10) 18 (16) 19 (16)

DNA, does not apply; DNU, do not understand.
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not living with HIV, specifically regarding questions about 
awareness and willingness to participate in HIV cure 
research (tables 10 and 11). Further, participants who 
self- identified as travestis answered fewer total questions 
from this questionnaire compared with those identifying 
as women and transgender women.

DISCUSSION
This study is the first to report on attitudes to HIV cure 
research in a group of more than 100 transgender women 
and travestis in São Paulo, Brazil, South America’s largest 
city. The study provides novel insight on the types of studies 
that transgender and travesti participants are most willing 
to participate in, such as online surveys, person- to- person 
interviews, focus group discussions and blood draws, as 
well as those they are least willing to participate in, such as 
complex studies involving gene editing or T cell therapy. 
This indicates that some complex studies, especially those 
which may expose participants to dermatological, muscu-
loskeletal and psychological side effects, may need to find 
further means to encourage participation and inclusion 
of the transgender and travesti communities.

The study also reveals how intersecting demographic 
and social factors impact the overall perspective of trans-
gender and travesti individuals, their general attitudes 
towards HIV cure research, and their willingness to 
participate in HIV cure studies. The study population had 
a limited level of education, and only 14% were engaged 
in full- time work. This may be explained, among other 
factors, by the hostile environment of schools and work-
places, with transgender people noting experiences of 
harassment, physical aggression and sexual violence in 
these spaces.32 Notably, those with a higher education or 

employment status were significantly more likely to have 
knowledge that someone had been cured of HIV, agree 
that PLWH are discriminated against, and agree that 
more information about HIV cure research is needed 
before the community embraces it. This indicates that 
education and employment opportunities within the 
transgender community may lead to a greater under-
standing of HIV cure research and a larger engagement 
in HIV prevention and control strategies, as suggested 
in previous research.33 34 Studies in other low- income to 
middle- income Latin American countries indicate that 
early intervention programmes targeted towards those 
with lower levels of education and socioeconomic status 
can provide additional support and risk reduction oppor-
tunities.35 36 This demonstrates the vital importance of 
making these opportunities available to the transgender 
population, which are too often lacking in São Paulo.37

In parallel with previous literature regarding medical 
mistrust within the transgender and broader LGBTQ+ 
communities,32 38 only about half of participants trusted 
their physician’s decisions on medical treatments or 
completely trusted their physician. Because training in 
transgender health is limited in medical education due to 
social and institutional stigma,39 many providers approach 
transgender patients with uncertainty and ambivalence.40 
This often manifests in a reinforced power dynamic 
between the patient and provider, resulting in loss of 
follow- up and lack of care engagement among the trans-
gender population; ultimately, this functions to maintain 
the systems of inequality that contribute to health dispar-
ities.41 This highlights the ongoing need for physician 
education with respect to transgender healthcare and the 
establishment of spaces that make transgender patients 

Table 7 Motivations to participate in HIV cure research

Very 
important
N (%)

Somewhat 
important
N (%)

DNK
N (%)

Barely 
important
N (%)

Not 
important
N (%)

DNA
N (%)

Missing
N (%)

Additional knowledge about HIV infection 61 (52) 29 (25) 7 (6) 1 (1) 1 (1) 9 (8) 10 (9)

Access to medical doctors/researchers 50 (42) 30 (25) 8 (7) 2 (2) 1 (1) 8 (7) 19 (16)

Access to study nurses 40 (34) 26 (22) 8 (7) 3 (3) 4 (3) 8 (7) 29 (25)

Feel good about contributing to HIV cure research 45 (38) 36 (31) 9 (8) 1 (1) 1 (1) 8 (7) 18 (15)

Hoping for health improvements 51 (43) 28 (24) 4 (3) 1 (1) 2 (2) 12 (10) 20 (17)

Care for community 50 (42) 30 (25) 7 (6) 1 (1) 1 (1) 7 (6) 22 (19)

Knowledge about new treatment options 51 (43) 29 (25) 8 (7) 1 (1) – 6 (5) 23 (20)

Laboratory work without costs 50 (42) 29 (25) 5 (4) 1 (1) 3 (3) 8 (7) 22 (19)

Free meals at study sites 39 (33) 29 (25) 4 (3) 7 (6) 7 (6) 7 (6) 25 (21)

Payment for gas, parking, or transportation 46 (39) 30 (25) 6 (5) 2 (2) 2 (2) 9 (8) 23 (20)

Care for future generations 45 (38) 27 (23) 7 (6) 2 (2) 3 (3) 7 (6) 27 (23)

Contributions to scientific knowledge 51 (43) 29 (25) 8 (8) 2 (2) 2 (2) 9 (8) 17 (14)

Potential for longer, healthier life for self 58 (49) 28 (24) 7 (6) – 1 (1) 8 (7) 16 (14)

Potential for longer, healthier life for others 60 (51) 26 (22) 5 (4) 1 (1) 3 (3) 9 (8) 14 (12)

DNA, does not apply; DNK, do not know.
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feel supported and welcome, which have been shown to 
improve health outcomes and overall engagement with 
care.42 43 It also supports a potential explanation for why 
this community is often unengaged with their health 
status or HIV cure research initiatives, as the physician–
transgender patient relationship is seen to lack trust or 
true understanding.44

It was also important to consider how an HIV diag-
nosis could potentially impact participant attitudes 
towards HIV cure research. In this study, 40% of partic-
ipants were living with HIV, the majority of which were 
non- white and unemployed. This supports the findings 
of previous studies that have indicated the increased 
HIV vulnerability for non- white (specifically Black) 
transgender individuals as well as those who are not 
engaged with the formal labour market.18 20 32 38 In 
almost every type of study considered in the question-
naire, PLWH were more willing and motivated to partic-
ipate in HIV- cure research compared with participants 
not living with HIV. As supported by previous studies, 
this suggests that PLWH are some of the most willing 
to participate in HIV cure research and are often moti-
vated by altruistic factors and the ability to contribute 
to scientific advancement.45 46 Still, the general study 

population expressed being highly motivated to partici-
pate in HIV cure research, specifically to gain additional 
knowledge about HIV infection and the potential for a 
longer, healthier life for all. Again, this demonstrates 
that participation in HIV cure research is often rooted 
in altruistic motivations and the pursuit for more infor-
mation rather than material or financial benefits45 47; 
therefore, by providing HIV- related education and clear 
explanations on how HIV cure research is benefitting 
populations most affected by the epidemic, researchers 
can potentially engage more participants in studies and/
or HIV prevention/care.48

With respect to study limitations, an important feature 
was the participant ambivalence to several of the ques-
tions, demonstrated through the amount of missing data 
and uncertainty in responses. Other quantitative studies 
approaching HIV cure with self- completed questionnaires 
have demonstrated similar results in missing data, with 
an answer rate around 60%.49 One potential explanation 
for the missing data could be the questionnaire language, 
which may have been too technical for some participants, 
with only 44% having completed elementary or middle 
school. In future HIV cure research studies involving this 
population, we recommend including less technical word 

Table 9 Risks associated with discouraging participation in HIV cure research

Very likely to 
discourage
N (%)

Somewhat likely to 
discourage
N (%)

Not likely to 
discourage
N (%)

Not 
discouraging
N (%)

DNK
N (%)

DNA
N (%)

Missing
N (%)

Toxicities/adverse side effects 35 (30) 12 (10) 14 (12) 3 (3) 17 (14) 10 (9) 27 (23)

Potential for drug resistance 
development

31 (26) 11 (9) 13 (11) 5 (4) 19 (16) 15 (13) 24 (20)

Potential for virus returning if ART is 
stopped

31 (26) 9 (8) 7 (6) 5 (4) 25 (21) 14 (12) 27 (23)

Activation of cancer- causing genes 27 (23) 5 (4) 13 (11) 3 (3) 28 (24) 14 (12) 28 (24)

GVHD 29 (25) 8 (7) 9 (8) 3 (3) 28 (24) 12 (10) 29 (25)

Invasive study procedures 25 (21) 10 (9) 7 (6) 9 (8) 20 (17) 12 (10) 35 (30)

Long- term follow- up for safety and 
outcomes

28 (24) 12 (10) 10 (9) 8 (7) 24 (20) 10 (9) 26 (22)

Neurological side effects 23 (20) 18 (15) 10 (9) 5 (4) 17 (14) 16 (14) 29 (25)

Gastrointestinal side effects 26 (22) 17 (14) 10 (9) 7 (6) 18 (16) 15 (13) 25 (21)

Psychological side effects 29 (25) 17 (14) 9 (8) 7 (6) 17 (14) 13 (11) 26 (22)

HIV- related side effects 33 (28) 14 (12) 8 (7) 7 (6) 20 (17) 15 (13) 21 (18)

Dermatological side effects 37 (31) 14 (12) 5 (4) 6 (5) 21 (18) 13 (11) 22 (19)

Musculoskeletal side effects 33 (28) 15 (13) 9 (8) 6 (5) 15 (13) 14 (12) 26 (22)

Allergic reactions 29 (25) 13 (11) 11 (9) 3 (3) 15 (13) 17 (14) 30 (25)

Risk of giving HIV to sexual partners 32 (27) 10 (9) 11 (9) 2 (2) 18 (15) 13 (11) 32 (27)

Unknown side effects 26 (22) 11 (9) 6 (5) 3 (3) 22 (13) 19 (16) 31 (26)

Pain or discomfort 28 (24) 13 (11) 4 (3) 3 (3) 21 (18) 19 (16) 30 (25)

Having to stay in hospital overnight 18 (16) 12 (10) 10 (9) 12 (10) 19 (16) 19 (16) 28 (24)

Taking time away from family 19 (16) 13 (11) 12 (10) 9 (8) 14 (12) 23 (20) 28 (24)

Taking time away from work 20 (17) 11 (9) 11 (9) 12 (10) 16 (14) 20 (17) 28 (24)

Long study visits (4+ hours) 22 (19) 11 (9) 12 (10) 11 (9) 17 (14) 19 (16) 26 (22)

DNA, does not apply; DNK, do not know.
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choices and ensuring that those at a low reading level can 
fully understand the questionnaire.

It is also important to consider the potential sampling 
bias in the study, as convenience sampling was used in 

order to obtain the desired sample size. Perspectives 
were limited to transgender women and travestis already 
seeking assistance or resources at the study sites, which 
may have influenced their level of knowledge regarding 

Table 10 General attitudes towards HIV cure research (HIV+ vs HIV− participants)

HIV+ N=47 HIV– N=71 PR

Answered 
N

Yes 
%

Missing 
data
N (%)

Answered 
N

Yes 
%

Missing 
data
N (%) P value

Have you already heard about HIV cure research? 46 85 1 (2) 69 70 2 (3) 0.06

Do you believe someone has been cured from HIV? 46 52 1 (2) 70 40 1 (1) 0.19

Do you believe that there is an HIV cure available now? 43 44 4 (8) 70 36 1 (1) 0.37

More education about cure research is needed before a cure is 
accepted by community

35 91 12 (25) 52 87 19 (27) 0.48

I can trust my healthcare provider’s decisions on medical 
treatments

38 87 9 (19) 45 73 26 (37) 0.13

I completely trust my healthcare provider 37 87 10 (21) 45 71 26 (37) 0.09

The dangers of a new cure may be too high 24 83 23 (49) 33 63 38 (54) 0.10

People living with HIV are discriminated against 39 85 8 (17) 51 84 20 (28) 0.97

High costs of HIV cure would prevent people from taking it 38 71 9 (19) 44 71 27 (38) 0.95

A cure that would stop the need for all treatment would be 
desirable

37 70 10 (21) 47 60 24 (34) 0.31

A cure would prevent people from using HIV prevention 
methods

34 65 13 (28) 51 63 20 (28) 0.85

There will never be a cure for HIV 32 41 15 (32) 52 29 19 (27) 0.27

We do not need a cure 34 29 13 (28) 43 19 28 (39) 0.27

PR, prevalence ratio.

Table 11 Willingness to participate in HIV cure research procedures (HIV+ vs HIV− participants)

HIV+ N=47 HIV– N=71 PR

Answered N Yes % Missing data N (%) Answered N Yes % Missing data N (%) P value

Autologous transplants 22 100 25 (53) 17 88 54 (76) 0.09

Efficacy studies 20 100 27 (57) 30 87 30 (42) 0.09

Blood draws 29 100 18 (38) 40 95 31 (44) 0.22

Early safety studies 30 97 17 (36) 28 89 43 (61) 0.27

Therapeutic vaccines 32 94 15 (32) 32 88 39 (55) 0.39

Tissue biopsies 28 93 19 (40) 25 84 46 (65) 0.31

New, untested treatments 26 92 21 (45) 28 89 43 (61) 0.70

Online surveys 26 92 21 (45) 41 90 30 (42) 0.77

Leukapheresis/apheresis 23 91 24 (51) 34 85 37 (52) 0.49

Unique proteins or T cells 20 90 27 (57) 17 82 54 (76) 0.49

Focus group discussions 29 90 18 (38) 36 97 35 (49) 0.20

Broadly neutralising antibodies 26 89 21 (45) 24 71 47 (66) 0.12

Treatment interruption 24 88 23 (49) 21 62 50 (70) 0.04

Phone/in- person interview 30 87 17 (36) 40 88 31 (44) 0.91

Gene editing 21 86 26 (55) 19 68 52 (73) 0.19

Allogenic transplants 20 85 27 (57) 19 79 52 (73) 0.62

Latency reversing agents 18 78 29 (62) 19 74 52 (73) 0.77

PR, prevalence ratio.
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Table 12 Motivations to participate in HIV cure research (HIV+ vs HIV− participants)

HIV+ N=47 HIV– N=71 PR

Answered N Yes %

Missing 
data
N (%)

Answered 
N Yes %

Missing 
data
N (%) P value

Hoping for health improvements 35 100 12 (25) 47 94 24 (34) 0.13

Additional knowledge about HIV infection 41 98 6 (13) 51 98 20 (28) 0.88

Access to medical doctors/researchers 37 97 10 (21) 46 96 25 (35) 0.69

Feel good about contributing to HIV cure research 36 97 11 (23) 47 98 24 (34) 0.85

Knowledge about new treatment options 36 97 11 (23) 45 100 26 (37) 0.26

Potential for longer, healthier life for self 38 97 9 (19) 49 100 22 (31) 0.25

Care for community 37 95 10 (21) 45 100 26 (37) 0.11

Laboratory work without costs 35 94 12 (25) 48 96 23 (32) 0.75

Contributions to scientific knowledge 35 94 12 (25) 49 96 22 (31) 0.73

Potential for longer, healthier life for others 40 93 7 (15) 50 98 21 (29) 0.21

Payment for gas, parking or transportation 35 91 12 (25) 45 98 26 (37) 0.19

Care for future generations 37 89 10 (21) 40 98 31 (44) 0.14

Access to study nurses 33 85 14 (30) 40 95 31 (44) 0.14

Free meals at study sites 36 83 11 (23) 46 83 25 (35) 0.93

PR, prevalence ratio.

Table 13 Risks associated with discouraging participation in HIV cure research (HIV+ vs HIV− participants)

HIV+ N=47 HIV– N=71 PR

Answered 
N Yes %

Missing 
data
N (%)

Answered 
N Yes %

Missing 
data
N (%) P value

Musculoskeletal side effects 33 76 14 (30) 36 64 35 (49) 0.28

Dermatological side effects 37 73 10 (21) 41 60 30 (42) 0.18

Psychological side effects 30 73 17 (36) 40 60 31 (44) 0.24

Toxicities/adverse side effects 29 72 18 (38) 38 68 33 (47) 0.72

Potential for drug resistance development 28 71 19 (40) 38 56 33 (47) 0.26

HIV- related side effects 34 71 13 (28) 40 58 31 (44) 0.24

Pain or discomfort 31 71 16 (34) 34 56 37 (52) 0.21

Gastrointestinal side effects 33 70 14 (30) 35 57 36 (50) 0.28

Neurological side effects 26 69 21 (44) 37 62 34 (48) 0.56

Unknown side effects 29 69 18 (38) 33 52 38 (54) 0.16

Potential for virus rebound if ART is stopped 29 66 18 (38) 41 51 30 (42) 0.23

Taking time away from family 27 59 20 (42) 28 57 43 (61) 0.87

Long- term follow- up for safety and outcomes 31 58 16 (34) 41 54 30 (42) 0.71

Long study visits (4+ hours) 30 57 17 (36) 31 52 40 (56) 0.69

Activation of cancer- causing genes 28 54 19 (40) 35 49 36 (51) 0.69

GVHD 28 54 19 (40) 40 55 31 (44) 0.90

Taking time away from work 27 52 20 (42) 32 53 39 (55) 0.92

Invasive study procedures 27 48 20 (42) 37 60 34 (48) 0.37

Having to stay in hospital overnight 29 48 18 (38) 32 50 39 (55) 0.89

Allergic reactions 28 23 19 (40) 32 60 39 (55) 0.05

GVHD, graft versus host disease; PR, prevalence ratio.
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HIV prevention, treatment and cure research. This 
potential bias was mitigated by choosing study sites that 
encompassed all regions of the city and recruited partic-
ipants from a range of backgrounds and experiences. 
Still, it is essential to recognise the vast diversity that exists 
within the transgender and travesti population. Some 
transgender women and travestis, such as those with a 
higher socioeconomic status or those who have experi-
enced a social transition, may be under- represented due 
to their lack of involvement with the sites involved in this 
study. Additionally, these data only refer to São Paulo and 
its metropolitan area. Therefore, the results cannot be 
generalised beyond the scope of the study.

Finally, although the study attempted to assess the 
impact of intersecting social factors, such as stigma, 
racism, employment and education opportunities, due to 
the sample size, some of the comparative variables could 
not be analysed to find statistically significant results. 
Thus, the impact of social and demographic variables 
likely plays a larger role in attitudes towards HIV cure 
research than indicated in the results of this study. Future 
studies should attempt to obtain a greater sample size with 
a larger number of participants belonging to each demo-
graphic category. Further, the study did not address how 
other medical conditions or the use of hormone therapy 
could potentially have an impact on participant perspec-
tives. Therefore, future HIV cure research investigations 
should evaluate whether concurrent medical conditions 
or the use of hormonal therapies within the participant 
population has an impact on their overall attitudes.

In conclusion, this study provides novel insight on 
attitudes to HIV cure research in the transgender 
women and travesti populations of São Paulo as well as 
the improvements that are needed to strengthen the 
dialogue between scientists and the populations that are 
most affected by HIV. It serves as a primary analysis of 
these attitudes and the social context in which they are 
formed, providing important information for future HIV 
cure research. Considering this study’s initial research 
questions, the meaning of ‘HIV cure’ varies greatly, even 
within a specific community that shares many experiences 
and is impacted by similar social factors. It is evident that 
various forms of marginalisation and stigma towards 
the transgender and travesti population are ingrained 
in several aspects of Brazilian society, specifically educa-
tion,35 36 39 the labour market18 19 34 and healthcare.7 38 41 
Because of these barriers, it is unclear whether an HIV 
cure would affect the social position of PLWH and the 
broader transgender community, as it would only address 
one aspect of a complex web of intersecting issues.50 Still, 
this population appears to be motivated and willing to be a 
part of scientific and clinical initiatives that push us closer 
to a cure.45–47 This exemplifies the importance of HIV 
cure research and education that appreciate the social 
perspectives of this population, consider the broader 
social context, and find ways to meet the needs and pref-
erences of the community. Through this approach, inclu-
sive HIV cure research provides an opportunity to inform 

participants, engage them with care, and move closer to 
the goal of ending the epidemic.51

As we move forward towards this goal, it is essential to 
develop more educational collaborations between scien-
tific investigators, community educators, transgender- 
identifying people and travestis in order to ensure that 
future HIV cure research is inclusive and supportive of 
the perspectives of the trans- identifying community. We 
must also advocate for public policies that support inclu-
sive actions to reduce stigma, discrimination, violence 
and transphobia in educational, employment and health-
care institutions. Especially in the context of transgender 
health, scientific advancement and social mobilisation 
must function simultaneously in order to protect, support 
and uplift this vulnerable population.
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