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Abstract

Background

Hepatitis A is a fecal-oral infection caused by hepatitis A virus (HAV). Men who have sex
with men (MSM) and transgender women (TW) have been reported as target groups for
HAV infection. This study aimed to determine the seroprevalence, risk factors, and circulat-
ing strains associated with HAV infection among MSM and TW in Central Brazil.

Methods

A cross-sectional study was conducted from November 2011 to September 2013. Serum
samples were collected from 425 individuals for anti-HAV antibody testing and HAV molecu-
lar characterization. Of them, 149 (35.1%) participants were self-identified as transgender
women. Statistical analysis was performed to evaluate the risk factors of HAV seropositivity.

Results

The seroprevalence of HAV exposure was 69.7% (95% Confidence Interval: 65.3—74.0%).
Serological evidence of HAV was significantly higher in participants who self-identified as
transgender women (83.2%) than MSM (62.3%). Increasing age, non-white race, and lower
monthly household income were independently associated with HAV exposure among
MSM. Only lower monthly household income was independently associated with HAV expo-
sure among TW. One anti-HAV IgM positive sample, from a transgender woman (0.2%),
was detected and classified as subgenotype IA.

Conclusions

High HAV prevalence was observed, markedly among TW. Considering the risky
sexual behaviors this population is exposed to, HAV vaccination and prevention programs
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targeting this population should be considered to prevent outbreaks and the burden of the
disease.

Introduction

Hepatitis A virus (HAV) infection represents a significant public health problem worldwide.
Prevalence rates are closely related to socioeconomic factors that impact the quality of access
to potable water and sanitation [1]. At the early stages of life, HAV infection is usually asymp-
tomatic; by contrast, about 70% of adults develop symptomatic hepatitis. Transmission occurs
through the fecal-oral route via ingestion of contaminated food or water and direct person-to-
person contact, including sexual (oro-anal, oro-genital, and digital-anal) contact [1, 2].

HAV seroprevalence varies according to geographical and socioeconomic regions. Until
the start of infant mass vaccination, Brazil had an intermediate endemicity [3]. However, stud-
ies with mathematical models pointed to a decrease from an intermediate to a low incidence
rate, with the shift of the age of infection to adulthood [1]. This epidemiological scenario may
cause a significant impact on the burden of disease, especially in high-risk groups [1, 4].

Specific groups are at high risk to HAV infection, such as travelers to endemic areas, inject-
ing-drug users, men who have sex with men (MSM) [4]. The main risk factor among MSM is
related to sexual practices and risk behaviors, classifying HAV as a sexually transmitted infec-
tion (STI) [2, 4, 5]. Nowadays, several HAV outbreaks have been reported in the MSM popula-
tion across Europe and Americas (Chile and the USA) [4]. In Brazil, a men’s HAV outbreak
occurred in Sdo Paulo, in which 44% of infected individuals were MSM [6].

In 2016, the Brazilian Ministry of Health conducted the National Biological and Behavioral
Surveillance Survey (BBSS) among MSM in which investigated HIV, HBV, HCV, and syphilis
infections but not HAV infection [7]. Since the infection can be severe in adults [1], the epide-
miological study of HAV infection among MSM may contribute to the implementation of pre-
ventive measures in this target group. The vaccine against HAV was included in the Brazilian
public immunization program in August 2014. However, only children between one and five
years of age are currently targeted for vaccination [6]. Young individuals and adults remain
susceptible to HAV.

Therefore, considering the lack of studies on HAV infection in MSM from Central Brazil,
this study aimed to estimate the prevalence and the risk factors to HAV infection, as well as to
identify circulating viral strains among MSM, a high-risk population to acquiring this
infection.

Materials and methods

This cross-sectional study was conducted in Campo Grande, Mato Grosso do Sul, Central Bra-
zil. This study was approved by the Ethics Committee on Human Research of the Federal Uni-
versity of Mato Grosso do Sul, under protocol number 1.250.214 ~-CAAE:
49368115.9.0000.0021. The recruitment of MSM and TW convenience sampling was carried
out between November 2011 to September 2013, at public (e.g., gay pride parades, square,
parks, streets, etc.) and private places (e.g., bars, massage parlors, saunas, nightclubs, brothels,
etc.) of the city. MSM and TW were previously contacted through the Mato Grosso do Sul
State Association of Travestites and Transsexuals and Reference Center for Human Rights in
the Prevention and Combat of Homophobia. Informed consent about the study was obtained
and signed from all participants. As described by Fernandes et al. (2014), the study participants
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were divided into two groups, MSM and TW, according to the self-designation of the individ-
uals during the interview. TW was defined as a group of individuals who were born male but
who are identified as a different gender. In Brazil, they include crossdressers or transvestites
(those who desire to wear clothing associated with another sex) and male-to-female transexu-
als (those who desire or have undergone sexual reassignment surgery or altered their bodies
with hormone therapy and silicone injections).

MSM and TW who were 18 years or more and reported sexual intercourse with another
man within 12 months before the day of the interview were eligible to participate in the study.
Face-to-face interviews with a structured standardized questionnaire were conducted to collect
socio-demographic characteristics (age, marital status, educational level, household income)
and risk behaviors for HAV transmission, including drug use, alcohol consumption, sexual
practices, and syphilis status. Right after the interview, blood samples were collected for IST
screening from all participants and stored at -20°C. The sample size was calculated by hand
using the following formula cited in the review Power and Sample Size determination by Lisa
Sullivan. (https://sphweb.bumc.bu.edu/otlt/ MPH-Modules/BS/BS704_Power/BS704_Power_
print.html), based on the prevalence of 42.3% for total anti-HAV among MSM (8], significance
level of 95% (o <0.05), and 5% of alpha-type error. Thus, the study should include at least 377
individuals, and the study population was 425 individuals.

Serum samples were tested for IgM and total anti-HAV antibodies by enzyme immunosor-
bent assay (ELISA-DiaSorin, Italy). Syphilis infection was screened by ELISA (ICE Syphilis,
DiaSorin, UK). Anti-HAV IgM positive sample was submitted to HAV-RNA detection and
sequencing with primers for VP1/P2A region as described previously [9]. Nucleotide sequence
analyses were performed using a dataset composed of 87 VP1-2A region sequences with 216
nucleotides from genotype IA, representing the main HAV worldwide outbreaks. Phylogenetic
comparisons were accessed using the Maximum Likelihood method, bootstrap resampling test
with 1000 replicates, under General Time Reversible model with gamma distributed rate het-
erogeneity (GTR+G), implemented in Mega software v.7.0.

Statistical analyses were performed using STATA, version 13. Prevalence was calculated
with 95% confidence interval (CI). Categorical parameters were analyzed for comparison by
Chi-square and Fisher’s exact tests. Multiple logistic regression model was used additionally in
parameters that were significantly associated with anti-HAV positivity (p<0.20). All reported
values are two-tailed. The selection of variables for the final model was performed stepwise,
according to the number of events per variable (EPV). Hosmer-Lemeshow test was used to
assess goodness-of-fit, choosing the best regression equation [10]. A value of p < 0.05 was con-
sidered statistically significant.

Results
Study population characteristics

During the study period, 535 individuals were invited to participate, 430 (80.4%) agreed to
answer the questionnaire. Among these, 425 (98.8%) provided blood samples to perform the
analysis and were included in the study. The median age of MSM (n = 276) was 23, ranging
from 18 to 61 years old. Among TW (n = 149), the median age was 26, ranging from 18 to 70
years old. Both groups (91.3% of MSM and 79.8% of TW) were predominantly unmarried
(single, divorced, or widowed) and 12.6% of all participants reported as being married to
MSM or women. Less than 9 years of schooling was reported by 39.1% of MSM and 51% of
TW.

Lower monthly household income (< 264.00 USD) was reported by 14.6% and 39.4% of
MSM and TW, respectively. Frequent consumption of alcohol was reported by TW (65.1%)
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and MSM (67.6%). Recreational drug use differed substantially by group (p<0.001). Use of
non-injecting illicit drugs was reported by 48.5% of all participants (MSM and TW), with mar-
ijjuana being the most commonly consumed drug (77.1%). Three (1.1%) MSM and TW (1.3%)
reported the use of injecting illicit drugs.

Exchange of sex for money or goods was more common among transgender women than
MSM (75.8% vs. 15.9%; p<0.001). Almost fifty-three percent of MSM had sexual debut before
15 years old and the mean age was 15.7 years (standard deviation [SD] = +£2.98). Among TW,
69.8% reported sexual debut before 15 years old and the mean age of sex work initiation was
16.4 years (standard deviation [SD] = £3.43). Regarding the number of sexual partners in the
last seven days before data collection, 23.8% of MSM reported two or less than 10 partners.
Among TW, 46.3% of them reported more than 10 partners in the last seven days before data
collection. Sex with a female partner in the past 12 months was reported by 37% of MSM and
the absence of condom use at the last sexual intercourse was reported by 41.9% of all
participants.

A history of ever having engaged in a variety of sexual practices was reported by 35.8% of
all participants. The frequency of diverse sexual practices was as follows: rimming (53.6%),
sadism and/or masochism (35.9%), ‘golden showers/water sports’ (28.1%), group sex (10.5%),
and others (20.3%) (fisting, shared sex toys and others). Experiencing sexual coercion was
reported by 24.5% of TW and by 13.6% of MSM.

Anti-HAV prevalence and risk factors

Serological evidence of HAV infection (total anti-HAV antibodies positivity) was found in 296
individuals (69.7% 95% CI: 65.3-74.0) of the studied population. One sample tested positive
for IgM anti-HAV. Prevalence of HAV infection among participants self-identified as trans-
gender women (124/149, 83.2%) were significantly higher than MSM (172/276, 62.3%)
(p<0.001). Tables 1 and 2 show sociodemographic characteristics and risk behaviors associ-
ated with anti-HAV positivity. All variables from the univariate analysis (p<0.20) were
included in multiple logistic regression analysis. Increasing age [odds ratio (OR) 21.55; confi-
dence interval (CI) 6.44-72.02], non-white race (OR 1.56; 95% CI 1.15-2.13) and lower
monthly household income (OR 3.01; 95% CI 1.05-8.63) were independently associated with
HAYV exposure among MSM. Only lower monthly household income (OR 6.36; 95% CI 1.21-
33.17) was independently associated with HAV exposure among TW.

HAYV molecular analysis

The subject with evidence of present HAV infection (anti-HAV IgM positive) was a transgen-
der woman, 20 years old, with active syphilis infection, irregular condom use and lived in a
bordering region with Bolivia. Molecular analysis of HAV sequence revealed a close similarity
(>99%) with subgenotype IA strains from Argentina and no relation to MSM European out-
break strains (Fig 1).

Discussion

Efforts to control HAV MSM outbreaks worldwide have been focused on awareness-raising of
risky sexual practices, reinforcing hygiene preventive measures, and in epidemiological sur-
veillance on HAV dispersal patterns [5]. Sparse data on HAV prevalence in MSM and TW is
available in Brazil, especially on the period before the men’s HAV outbreak (2017-2019). The
present study is the first HAV investigation in a sample of MSM and TW in Central Brazil.
The overall prevalence of anti-HAV (69.7%; 95% CI: 65.3-74.0) was high when compared to
the general population of South and Southeast (33.7%; 95% CI, 32.4%-35.1%) [3], to a group
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Table 1. Analysis of socio-demographic and behavioral characteristics among MSM associated with positive anti-HAV antibodies (n = 276), Central Brazil.

Characteristics Anti-HAYV Positive*/Total | Anti- HAV Negative*/Total | Univariate analysis Multiple logistic regression
(%) (%) analysis

P Value; OR (95% CI) P Value; OR (95% CI)°
Age (years)
<20 28/70 (40.0) 42/70 (40.0) 1.00
20-24 56/99 (56.6) 43/99 (56.6) 0.035; 1.95 (1.05-3.63) 0.019; 2.46 (1.16-5.21)
25-29 36/50 (72.0) 14/50 (28.0) 0.001; 3.85 (1.76-8.42) | <0.001; 6.12 (2.37-15.80)
>30 52/57 (91.2) 05/57 (8.8) <0.001; 15.6 (5.54— <0.001; 21.55 (6.44-72.02)

43.90)

Education (years)
>12 21/29 (72.4) 8/29 (27.6) 1.00
10-12 92/139 (66.2) 47/139 (33.8) 0.517; 0.74 (0.30-1.81) 0.464; 1.60 (0.45-5.64)
<9 59/108 (54.6) 49/108 (45.4) 0.089; 0.45 (0.18-1.12) 0.717; 0.78 (0.21-2.96)

Marital status

Living with a partner

18/24 (75.0)

06/24 (25.0)

1.00

Single

154/252 (61.1)

98/252 (38.9)

0.180; 0.52 (0.20-1.36)

0.797; 1.17 (0.33-4.15)

Monthly household income (national
minimum wage)”

>5 28/65 (43.1) 37/65 (56.9) 1.00 1.00

2-5 103/158 (65.2) 55/158 (34.8) 0.003; 2.47 (1.37-4.46) 0.333; 1.41 (0.69-2.88)

<1 29/38 (76.3) 29/38 (23.7) 0.002; 4.25 (1.74- 0.039; 3.01 (1.05-8.63)
10.41)

No Information (15)

Sex exchange for money and goods (ever)

No 135/232 (58.2) 97/232 (41.8) 1.00 1.00

Yes

37/44 (84.10)

07/44 (15.9)

0.002; 3.79 (1.62-8.87)

0.337; 1.87 (0.51-6.80)

Number of sexual partners in the last week

<1

122/210 (58.1)

88/210 (41.9)

1.00

2-10 42/56 (75.0) 14/56 (25.0) 0.023; 2.16 (1.11-4.20) 0.876; 1.07 (0.45-2.54)

> 10 8/10 (80.0) 02/10 (20.0) 0.187;2.88 (0.59- 0.877;0.815 (0.06-10.84)
13.91)

Sexual practices *

No 106/186 (57.0) 80/186 (43.0) 1.00

Yes 50/71 (70.4) 21/71 (29.6) 0.050; 1.79 (0.99-3.23) 0.198; 1.60 (0.78-3.28)

No Information (19)

Experienced sexual coercion (ever)

No 128/223 (57.4) 95/223 (42.6) 1.00

Yes 29/35 (82.8) 06/35 (17.2) 0.006; 3.58 (1.43-8.98) 0.051; 2.84 (0.99-7.96)
No Information (18)

Race/ethnicity

White 60/117 (51.3) 57/117 (48.7) 1.00 1.00
Non-White 112/159 (70.4) 47/159 (29.6) 0.001; 1.50 (1.17-1.92) 0.004; 1.56 (1.15-2.13)
Total anti-HBc status

Negative 149/247 (60.3) 98/247 (39.7) 1.00

Positive 23/29 (79.3) 06/29 (20.7) 0.052; 2.52 (0.99-6.41) 0.627; 1.33 (0.45-5.64)

OR: Odds Ratio; 95% CI: 95% Confidence Interval

*National minimum wage: during the study period, one minimum wage represented approximately R$ 998.00 BRL (U$ 264.00 USD).

* Positivity for total anti-HAV antibodies

* Ever had engagement in sexual practices as rimming, group sex, shared sex toys and others

® Adjusted for age, education and monthly household income.

https://doi.org/10.1371/journal.pone.0256818.t001
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Table 2. Analysis of socio-demographic and behavioral characteristics among TW associated with positive anti-HAV antibodies (n = 149), Central Brazil.

Characteristics Anti- HAV Positive*/ Anti-HAV Negative*/ Univariate analysis Multiple logistic regression
Total Total analysis
P Value; OR (95% CI) P Value; OR (95% CI)*

Age (years)

<20 19/24 (79.2) 05/24 (20.8) 1.00 1.00

20-24 34/45 (75.6) 11/45 (24.4) 0.735; 0.81 (0.25— 0.332;2.12 (0.46-9.77)
2.69)

25-29 24/29 (82,7) 05/29 (17.3) 0.740; 1.26 (0.31- 0.260; 2.74 (0.46-11.80)
5.01)

>30 47/51 (92.2) 04/51 (7.8) 0.119; 3.09 (0.74— 0.188; 3.34 (0.52-17.75)
12.77)

Monthly household income (national minimum

wage)

>5 8/13 (61.5) 05/13 (38.5) 1.00 1.00

2-5 59/70 (84.3) 11/70 (15.7) 0.066; 3.35 (0.02-2) 0.129; 3.25 (0.72-14.86)

<1 49/54 (90.7) 05/54 (9.3) 0.014; 6.12 (1.44- 0.043; 6.14 (1.06-31.21)
26.04)

No Information (12)

Race/ethnicity

White 28/39 (71.8) 11/39 (28.2) 1.00 1.00

Non-White 96/110 (87.3) 14/110 (12.7) 0.030; 1.64 (1.04- 0.528; 1.21 (0.67-2.18)
2.56)

Total anti-HBc status

Negative 87/110 (79.1) 23/110 (20.9) 1.00

Positive 37/39 (94.9) 02/39 (5.1) 0.037; 4.89 (1.09- 0.302; 2.50 (0.43-14.38)
21.82)

Frequency of drinking alcohol

Rare/never 40/52 (76.9) 12/52 (23.1) 1.00

Once a week 64/76 (84.2) 12/76 (15.8) 0.302; 1.60 (0.65— 0.076; 2.76 (0.90-8.51)
3.09)

Diary 20/21 (95.2) 01/21 (4.8) 0.096; 6.00 (0.72— 0.109; 6.14 (0.66-56.83)
49.46)

Syphilis status®

Negative 56/74 (75.7) 18/74 (24.3) 1.00

Positive 68/75 (90.7) 07/75 (9.3) 0.018;3.12 (1.21- 0.421; 1.63 (0.49-5.36)
8.00)

NS: Not Significant; OR: Odds Ratio; 95% CI: 95% Confidence Interval

*National minimum wage: during the study period, one minimum wage represented approximately R$ 998.00 BRL (U$ 264.00 USD).

* Positivity for total anti-HAV antibodies

*Adjusted for age, education and monthly household income.

® Serologic test for anti-T. pallidum antibodies by ELISA.

https://doi.org/10.1371/journal.pone.0256818.t002

of MSM from Poland (16.6%) [11], the Netherlands (37%; 95% CI, 35-40%) [12] and Italy
(42.8%) [8]. Similar rates were found in individuals of North and Central-West regions
(68.8%; 95% CI, 64.8%-72.5%), the latter being the same region of the present study. Similar
prevalence was also observed in Afro-Brazilian rural communities from Central Brazil (75.6%;
95% CI: 72.7-78.3%) [13]. Areas more developed in socio-economic terms, as developed coun-
tries and South and Southeast regions of Brazil, present lower HAV prevalence [1, 3]. How-
ever, due to the men’s HAV outbreak between 2017-2019 in Brazilian southeastern states,
some of these regions that had low HAV prevalence as a reflection of 2014 vaccination,
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Fig 1. Maximum likelihood phylogenetic tree based on 85 HAV VP1-2A genotype IA sequences. In addition,
sequences of genotypes IB and IIA were included as an outgroup. HAV sequence from this study.

https://doi.org/10.1371/journal.pone.0256818.g001

have presented an upward trend, showing levels of infection similar to the pre-vaccine period
[14].

Socioeconomic variable such as low household income was associated with anti-HAV posi-
tivity among MSM and TW in the present study, previously reported by other authors [1, 3].
In countries with high and moderate water-access rates, socioeconomic indicators are better
predictors of HAV prevalence, even more than sanitation and water access conditions. In addi-
tion, as demonstrated by our study, ethnicity may play a role in anti-HAV positivity. As has
been demonstrated, being non-white is a common barrier to STIs screening, facilitating the
dispersal of HIV, hepatitis and other infections in this population [15].

The mean age among anti-HAV seropositive individuals was higher than in the seronega-
tive group. Statistical analysis confirmed that increasing age was strongly associated with past
HAYV infection. This finding is consistent with previous studies and could be explained by
environmental improvements, such as sanitary and socio-economic conditions that decrease
the risk of infection along with the new generations [1, 8].

Sexual transmission is primarily responsible for the HAV spread among MSM and TW,
according to previous studies [2, 4, 11, 12, 16, 17]. Despite no significant association that has
been established with HAV exposure, high levels of risky sexual behaviors were found among
MSM of the study, such as being a sex worker, multiple sexual partners, irregular condom use,
and engagement in a variety of sexual practices. The sexual practice of rimming, defined by
direct oro-anal contact, facilitates the spread of enteric pathogens among MSM |[2, 9]. Fisting,
shared use of sex toys and the presence of others STI as syphilis might lead to an increased risk
of HAV transmission [8, 11]. Among MSM group, history of sexual violence showed a ten-
dency to increase the anti-HAV prevalence in the multiple logistic regression analysis. As
described previously, childhood sexual abuse was more experienced among MSM than hetero-
sexual individuals and it may influence future risk behaviors [16].
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Molecular analyses were performed in the transgender woman sample with serological evi-
dence of present HAV infection. Subgenotype IA was detected, which is in accordance studies
with MSM population [2]. However, phylogenetic analyses did not reveal a molecular link
with the recent HAV outbreaks among MSM in some regions of Europe and Americas [4].
This sample was also not genetically related to other HAV strains circulating in Brazil, thus
presenting high homology with a strain sampled in Rio de la Plata river, Argentina, in 2010
[18]. It is known the carrier is a sex professional, irregular condom user with active syphilis,
who lived in a city bordering Bolivia. Thus, it is possible that this viral strain was acquired
through unprotected sexual practices with an immigrant or traveler from Latin America. The
high mobility, characteristic of sex workers, can support this hypothesis [19].

This study has some limitations. Firstly, the convenience-sampling method may have
recruitment bias, restringing the representativeness of the entire MSM and TW communities.
Secondly, other factors potentially relevant to HAV transmission were not addressed in this
study, such as housing, sanitation, migration, and trips for endemic areas. Thirdly, although
the molecular sequence identified here was similar to Argentine strains, more sequences
would be necessary to achieve a better understanding of HAV molecular epidemiology in
MSM and TW of Central Brazil. In addition, sampling selection was carried out a few years
ago, thus the study may not reflect the current scenario of these group population. Despite
these limitations, our study provided epidemiological data on HAV exposure and risk factors
in key populations as MSM and TW. The recent HAV outbreaks in MSM and the increase in
HAYV prevalence in Brazil due to men’s outbreak demonstrate the need for continuous epide-
miological surveillance. In addition, the study data revealed that in the study period there was
no HAV outbreak in Central Brazil.

In conclusion, an intermediate prevalence of HAV exposure was found in this study,
despite low socio-economic conditions. Although sexual transmission presents an important
role in HAV spread in MSM and TW groups, unsafe sexual behaviors were not associated with
HAYV infection. The HAV sequence found in the study was similar to Argentine strains and
not related to MSM European outbreak strains, as occurred in Chile and Southeast Brazil [4,
14, 20]. The declining trend in HAV incidence and the transition of the infection age may
cause a major impact on the burden of the disease. To prevent outbreaks, such as one that
occurred in Sdo Paulo [6], vaccination programs targeting these populations could be consid-
ered as an important strategy to prevent this infection among MSM and TW in Central Brazil.
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