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Abstract 

Herpes virus 2 (HSV-2) is the main cause of genital herpes, one of the most 

prevalent sexually transmitted infections (STIs) in the world. STIs are major public health 

problems in prisons because of the behaviors of prisoners and the presence of other factors 

that increase the risk of transmission. The present study aimed to estimate the prevalence 

and risk factors associated with HSV-2 infection at 12 prisons in Mato Grosso of Sul, 

Brazil. We tested 872 serum samples (732 from males, 140 from females) for anti-HSV-

2 IgG, and tested the positive samples (n = 184) for anti-HSV-2 IgM. Anti-HSV-2 IgG 

positivity (n = 85, 43.1%, 95% CI = 34.6 to 40.4). The prevalence of HSV-2 positivity 

was much greater than reported in the general population of Brazil and in other prison 

populations worldwide. There was a greater risk of HSV-2 positivity in prisoners who 

were older, female, unmarried, HIV positive, positive for other STIs, not previously 

incarcerated, in the same cell with more than 26 individuals, and in those who reported 

having had genital discharge in the past month, having had a homosexual relationship in 

recent months, and not using or occasionally not using condoms during sexual 

intercourse. Further analysis of prisoners with active HSV-2 infections (anti-HSV-2 IgM 

positivity) indicated that unmarried status and the presence of 26 or more prisoners in the 

same cell increased the risk for active HSV-2 infection. This study provides important 

data on HSV-2 seroprevalence in the prison population of Brazil, and identified risk 

factors associated with HSV-2 infection. These data provide important information 

needed to implement procedures that better prevent and control of STIs in prison 

populations. 
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Background 2 

 Individuals living in precarious environments such as prisons, which are typically 3 

characterized by poverty, conflict, discrimination, and apathy, often have poor health [1]. 4 

In particular, prisoners have a high risk for infectious diseases. Moreover, the 5 

confinement and conditions in prisons make it difficult for these individuals to access 6 

integrated and effective health care services [2]. Individuals in prisons throughout the 7 

world have increased risk for many health problems. When convicted, prisoners in 8 

precarious prisons, police stations, houses of detention/correction, and similar institutions 9 

are typically exposed to environments with poor sanitary conditions, and they are 10 

confined and in close proximity to others with infectious diseases. A recent study 11 

described the prison environment as a site with great concentration and amplification of 12 

situations and risk factors that facilitate the spread of infections [3]. Many factors favor 13 

the spread of infectious diseases among prisoners, such as their idleness, overcrowding, 14 

stress caused by incarceration and disruption of social and family ties, poor sanitary 15 

conditions, physical abuse, dependence on licit and illicit toxic substances (alcohol and 16 

tobacco), handmade tattoos, sharing of piercing-sharps, gestation without prenatal care, 17 

and social marginalization [4] [5]. 18 

Brazil has the third-largest overall prison population in the world, according to 19 

data of the Ministry of Justice. In 2019, there were 729.949  Brazilians in jail [6].  20 

The Human alphaherpesvirus 2 (HSV-2) is primarily responsible for genital 21 

herpes, and is widely distributed worldwide [7]. In addition, this virus is efficiently 22 

transmitted, has rapid replication, and can remain latent in the sensory nerves for long 23 

periods [8]. There are many symptoms of HSV-2 infections, including oropharyngeal, 24 

cutaneous, and genital diseases, and encephalitis [9]. The initial infection usually 25 
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manifests as an ulcerative lesion in the genitalia, and is more common in adolescents and 26 

sexually active adults [10];[11]; [12]. After an acute primary infection, the virus often 27 

remains latent in the sensory ganglia, and may spontaneously re-activate depending on 28 

the immune status and genetic predispositions of the patient. Reactivation may lead to 29 

recurrent lesions or genital herpes, with manifestations ranging from asymptomatic viral 30 

excretions to painful symptomatic blisters [13]; [14]; [15]. 31 

The World Health Organization (WHO) estimated that 417 million people aged 32 

15 to 49 years have HSV-2 infections [16]. There is no compulsory notification for HSV-33 

2 infections, so data on the prevalence and incidence in Brazil are limited. Researchers 34 

believe there is a high rate of HSV infection in Brazil, even though most individuals are 35 

asymptomatic. The health ministry estimated that more than 90% of Brazilians have 36 

antibodies against HSV-1 and/or HSV-2, even though the majority have never presented 37 

with symptoms [17]. Some behaviors may increase the risk of HSV-2 infection,  and these 38 

are the same factors that increase the risk of sexually transmitted infections (STI) in 39 

general populations: unprotected sexual activity, sexual intercourse with many 40 

homosexual or heterosexual partners, sexual violence, unprotected sex between inmates, 41 

and intimate visits with prisoners [2]. Given the lack of prevention policies regarding 42 

HSV-2 infection in Brazilian prisons, the aim of this study was to estimate the 43 

seroprevalence and predictive factors of HSV-2 infection among prisoners from 12 44 

prisons in Midwest Brazil.  45 
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Methods  46 

Ethics  47 

 This study was approved by the Education and Training Unit of the Federal 48 

University of Grande Dourados (CE/UFGD) CAAE 05598912.0.0000.5160 opinion 49 

191.877 and the State Agency of Administration of the Penitentiary System/MS 50 

(Agepen/MS). The participants were approached and asked to sign an informed consent 51 

form (ICF) which explained the purpose of the study. Emphasis was placed on the 52 

confidentiality of each individual’s identity and personal information by explaining that 53 

only the team of researchers would have access to the information, and that all data would 54 

be used exclusively for research purposes. 55 

Study participants and procedures  56 

 This was a multicenter, retrospective, descriptive study, which analyzed 57 

observations of primary data and laboratory test results. The study was conducted from 58 

March 2013 to March 2014 in 12 prisons (4 for females and 8 for males) from Mato 59 

Grosso do Sul, Brazil (Figure 1).  60 

 The directors of each penal establishment were contacted to obtain authorization 61 

for the team of investigators and for evaluation of logistical needs. Subjects were included 62 

if they signed the ICF, authorized the use of samples for research, and provided answers 63 

to a questionnaire about certain general factors (age, sex, education, knowledge about 64 

sexually transmitted infections, and socioeconomic and behavioral factors that were used 65 

to identify risk factors. 66 

 67 
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Figure 1: Locations of the 12 study prisons in the state of Mato Grosso do Sul, Brazil 68 

(adapted from Puga et al, 2017). 69 

 70 

Abbreviations: EPFCAJG, women's penal establishment Carlos Alberto Jonas Giordano; 

EPFTL, women's penal establishment Três Lagoas; EPFPP, women's penal establishment 

Ponta Porã; EPFIIZE, women's penal establishment Irmã Irma Zorzi; EPC, penal 

establishment de Corumba; PTL, penal establishment Três Lagoas; EPRB, penal 

establishment Ricardo Brandão; CTAL, Centro de Triagem Anoazio Lima; PTCG, penal 

establishment de Campo Grande; IPCG, penal establishment Campo Grande; EPJFC, 

penal establishment Jair Ferreira de Carvalho; PHAC, penal establishment Harry Amorim 

Costa. 

 71 
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 A team of trained health professionals performed the interviews, which were 72 

conducted while the prisoners were sunbathing. The interviewers always maintained a 73 

safe distance from the interviewees to guarantee the physical integrity of interviewers of 74 

the participants. The study subjects were told that participation was voluntary, and they 75 

had a right to refuse without any threat of reprisal.   76 

 A simple random probability sampling form was used, so that participants were 77 

likely to be representative of the overall population, thus ensuring the internal validity of 78 

the study. The collected serum samples were sent to the Oswaldo Cruz Foundation, Rio 79 

de Janeiro, to be tested for HSV-2.  80 

The number of subjects (N) was determined as: N = z2 × p × (1 – p)/e2. Where z 81 

is the confidence level based on a standard normal distribution (1.96 for 95%), p is the 82 

expected prevalence (0.113 in the general population, because no data were available for 83 

the study population), and e is the maximum acceptable error in the estimate (0.05).  84 

 A total of 872 serum samples were examined (732 males and 140 females) from 85 

different age groups. All randomly selected individuals where be arrested in a closed 86 

regime, over 18 years-old, and provided informed consent. The exclusion criteria were: 87 

volunteering to participate without initially being screened, being pregnant, having a 88 

mental illness, and being unable to respond to the questionnaire for any reason. 89 

 HSV-2 tests 90 

 Serum samples were tested for anti-HSV-2 IgM and anti-HSV-2 IgG using an 91 

enzyme-linked immunosorbent assay type-specific glycoprotein C2 gG2 (Euroimmun 92 

commercial kit, Luebeck, Germany). The test protocol was followed according to the 93 

instructions of the manufacturers, using internal positive and negative controls that were 94 

part of the assay kit. 95 
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Data analysis  96 

 The questionnaire data were entered into a database. Inferential statistics using 97 

Pearson’s χ2 analyses were calculated, and all variables that were significant at the 98 

univariate level (p < 0.05) were entered into unadjusted and adjusted logistic regression 99 

models to predict the ORs and 95% CIs for associations with the dependent variable (anti-100 

HSV-2 IgG and anti-HSV-2 IgM positivity). Analyses were performed using the RStudio 101 

Desktop statistical package. 102 

Results  103 

Characteristics of the study population 104 

 Analysis of the sociodemographic characteristics of the participating prisoners 105 

(Table 1) indicated that a majority were male (84%), had fewer than 4 years of education 106 

(66.7%), were married (60%), and were not users of injection drugs (84%). Most 107 

participants (82%) worked before incarceration, and 65% of women and 94.6% of men 108 

said they were not injectable drug users (IDUs). The average incarceration time was 17 109 

months, and most participants were previously in jail. Analysis of the sexual histories of 110 

the participants indicated that 94.1% were heterosexual, but 11.6% reported having a 111 

previous homosexual relationship. In addition, 34.3% reported using condoms only 112 

sometimes or never during intercourse. 113 

 The overall HSV-2 prevalence was 43.1% (95% CI: 34.6 to 40.4), and the 114 

prevalence was greater in females than males (68%, 95% CI: 8.4 to 10.7 vs. 37%, 95% 115 

CI: 2.54 to 3.07). The HSV-2 females-to-male prevalence ratio was 4.2 (95% CI: 2.5 to 116 

7.1, p < 0.001; Table 1). Moreover, the prevalence of HSV-2 positivity was greater in 117 

females than males of all ages, except for those who were 62 years-old or more (Figure 118 

2). 119 
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Table 1: Association of HSV-2 positivity with sociodemographic characteristics, risk 

factors, and prison variables among male and female prisoners at baseline (n = 872). 

Variable N (%) Missing OR (95% CI)  P value 

HSV-2 positivity 375 (43.1)    

Sex     

Male 732 (83.9)  1  

Female 140 (16.1)  4.2 (2.5-7.1) <0.001 

Sociodemographics     

Age, years, mean±SD 32.04 ±10.09  1.9 (1.1-3.3) 0.02 

Schooling, less than 4 years 584 (66.7)  0.4 (0.2-0.8) 0.05 

Marital status     

Married 525 (60.2)  1  

Not married 347 (39.7)  1.9 (1.5-2.5) 0.04 

Drug history     

Non-IDU 731 (83.8) 3 1 0.04 

IDU 7(0.8) 2 0.9 (0.6-1.2) 0.3 

Sexual history     

Sexual preference  4   

Heterosexual 845 (97)  1 0.12 

Homosexual 23 (2.6)  1.2 (0.7-2.0) 0.10 

Previous homosexual intercourse 69 (7.9)  1.3 (0.2-5.7) 0.20 

Condom use  1   

Always 296 (33.9)  1  

Sometimes/never 565 (64.7)  1.9 (1.2-2.9) 0.02 

Other Risky behaviors     

History of STI(s)     

No 767 (87.9)  1  

Yes 103 (12) 5 4.9 (1.7-13.5) <0.001 

HIV status     

Negative 863 (98.9)  1  

Positive 9 (1)  2.3 ( 1.4-3.8) <0.001 

Presence of genital discharge*     

No 785 (90)  1  

Yes 87 (9.9)  1.6 (0.9-1.8) 0.09 

Prison history     

Previous incarceration     

No 372 (42.6)  1  

Yes 493 (56.5) 7 1.2 (1.1-1.7) 0.03 

Time in prison, months, mean±SD 17 ± 24    

Number of individuals in lockup  142 (16.2)    

< 26   1  

26-50   2.3 (1.2-5.2) <0.001 

Penal institution**    0.8 

EPFCAJG 26 (2.9)    

EPFTL 18 (2)    
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EPFPP 22 (2.5)    

EPFIIZ 74 (8.5)    

EPC 87 (10)    

PTL 72 (8.2)    

EPRB 78 (8.9)    

CTAL 34 (3.9)    

PTCG 159 (18.2)    

IPCG 83 (9.5)    

EPJFC 87 (10)    

PHAC 132 (15)       

Here and below: Significant p values are in bold; IDU- injecting drug user, STI: sexually transmitted 

infection; *Presence of genital discharge in the last month;**See abbreviations in Figure 1. 

 

Figure 2: Prevalence of HSV-2 positivity* among male and female prisoners in 

different age groups. 

 

*Here and below: Presence of anti-HSV-2 IgG.  

 

Multivariable analysis 120 

  The multivariable model (Table 2), adjusted, indicated significant and 121 

independent associations of HSV-2 positivity with female sex, age older than 18 to 29 122 

years, unmarried status, history of an STI, no previous incarceration, being incarcerated 123 

with more than 26 others, presence of genital discharge, previous homosexual intercourse, 124 
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HIV-positivity, and no use/occasional use of condoms during sexual intercourse (p < 0.01 125 

for all comparisons).  126 

Table 2: Multivariate analysis of factors associated with HSV-2 positivity*.  

  HSV-2 positivity (n=376)    

Variable n (%) Prevalence (%)  aOR (95% CI)  p-value 

Sex     

Male 732 (83.9) 280 (32.1)  1  

Female 140 (16.1) 96 (11)  3.4 (2.3- 5.0) <0.001 

Age group (years)     

18-29   1  

29-39 301 (34.5) 141 (16.1) 1.8 (1.2-2.8) 0.001 

40-50 123 (14.1) 67 (7.6) 2,7 (1.6-4.6) <0.001 

51-61 39 (4.4) 23 (28) 2.6 (1.1-6.0) 0.02 

Marital status     

Married   1  

Not married 347 (39.7)  137 (15.7) 1.8 (1.1-3.1) 0.02 

History of STI(s)     

No   1  

Yes 19 (2.1)  11 (1.2)  4.9 (1.7-13.5) 0.002 

Previous incarceration     

Yes   1  

No 373 (42.7)  163 (18.6) 1.5 (1.1-2.1) 0.01 

Number of individuals in lockup     

<26   1  

26-50  142 (16.2)  54 (6.1)  1.8 (1.2-2.7) <0.001 

Genital discharge**     

No   1  

Yes 87 (9.9)  53 (6)  4.8 (2.5-6.6) <0.001 

Previously homosexual 

intercourse 
    

No   1  

Yes 69 (7.9) 25 (2.8)  1.9 (1.1-3.3) 0.01 

HIV status     

Negative   1  

Positive 9 (1)  6 (0.6) 5.4 (3.1–9.8) 0.01 

Condom use     

Always   1  

Sometimes/never 242 (27.7)  117 (13.4)  1.9 (1.2-2.9) 0.001 

*presence of anti-HSV-2 IgG 

 We further analyzed patients with active HSV-2 infections, based on anti-HSV-2 127 

IgM positivity (Table 3). The results of this multivariable analysis which adjusted for the 128 

same factors in Table 2 indicated that non-married status (aOR=2.6, 95% CI = 1.03 to 129 
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6.5) and the presence of 26 or more prisoners in the same cell (aOR = 2.9, 95% CI = 1.2 130 

to 7.2) were significantly associated with active HSV-2 infection.  131 

Table 3: Multivariable analysis of factors associated with the presence of active HSV-2 

infection* (n = 85) among those who were positive for anti-HSV-2 IgG (n = 184).  

Variable aOR (95% CI) p-value 

Marital status   

Married  1  

Not married 2.6 (1.03-6.5) 0.01 

Number of individuals in lockup   

<26   1  

26-50 2.9 (1.2-7.2) 0.01 

*presence of anti-HSV-2 IgM. 

 

Discussion 132 

 The present study is the first epidemiological study of the seroprevalence of 133 

HSV-2 in prisoners at penal establishments of Brazil.  134 

 Our results have several important implications for public health. First, the 135 

overall prevalence of HSV-2 infection was 43.1%, almost four-times higher than the 136 

global prevalence (11.3%;[16, 18], and also higher than the prevalence in the general 137 

population of Brazil (about 30%; [19]. The prevalence of HSV-2 infection in this study 138 

was also higher than reported in previous studies of prisoners elsewhere in the world. For 139 

example, the seroprevalence was 20.5% at prisons in northern Italy, 21.3% at prisons in 140 

southern Italy [20], 19.9% in a cross-sectional regional level study of prisons in Portugal 141 

[21], and 14.5% at prisons in Nigeria [22]. 142 

 The higher prevalence of HSV-2 infection in Brazil may be due to the 143 

ineffectiveness of its prison organization, in which incarceration can directly and 144 

indirectly cause adverse health effects [3].  145 

 We also found that the estimated prevalence of HSV-2 infection was greater in 146 

female (68%) than male (37%) prisoners. Statistical analysis indicated the prevalence was 147 
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3.4-fold greater in women (95% CI = 2.3 to 5.0). A similar study in Australia [23] also 148 

reported that women had a higher seroprevalence rate for HSV-2 than men. This may be 149 

because the signs and symptoms in women occur in the vaginal mucosa, and therefore 150 

tend to be less visible [24, 25]; [26]. In addition, the sexual transmission of herpes from 151 

men to women is much more efficient than the transmission from women to men [12, 27, 152 

28]. Furthermore, HSV-2 can be transmitted to the fetus during pregnancy and delivery 153 

[24, 25].   154 

Our results indicated that the risk for HSV-2 increased with age (age 29 to 39 155 

years: aOR = 1.8, 95% CI = 1.2 to 2.8; age 40 to 50 years: aOR = 2.7, 95% CI = 1.6 to 156 

4.6; age 51 to 61 years: aOR = 2.6, 95% CI = 1.1 to 6.0). This may be because those who 157 

are older simply have more years during which they could possibly be exposed.  158 

Our results indicated that prisoners who already had another STI had a nearly 5-159 

fold increased risk of HSV-2 positivity (95% CI = 1.7 to 13.5). A cohort study of prisoners 160 

in Nigeria reported the risk of HSV-2 positivity was 30-fold higher for those with another 161 

STI (95% CI = 11.3 to 82.3) [22]. A study of prisoners in the United States reported that 162 

those with HSV-2 infections had an up to 3-fold increased risk of other transmissible 163 

STIs, including HIV [29]; this study also found that HIV seropositivity was associated 164 

with a 5-fold increased risk for HSV-2 infection (95% CI = 3.1 to 9.8). A 2017 study by 165 

our group found that the prevalence of HSV-2 in HIV-positive pregnant women was 3-166 

fold greater than the prevalence of HIV-negative pregnant women [30].  167 

The present study also showed that prisoners who were not previously 168 

incarcerated had an increased risk of HSV-2 positivity relative to those who were 169 

previously incarcerated (aOR = 1.5, 95% CI = 1.1 to 2.1) and that the presence of 26 or 170 

more other prisoners in the same cell increased the risk of HSV-2 positivity (aOR = 1.8, 171 

95% CI = 1.2 to 2.7). None of our study participants reported apparent lesions from HSV-172 



14 
 

2 infections, however the presence of genital discharge in the last month increased the 173 

risk for HSV-2 positivity, even though HSV-2 infection is typically characterized by no 174 

apparent signs or symptoms. The most common symptoms of infection are vaginal 175 

discharge and/or discomfort during sexual relations [31]. 176 

Although our prisoners reported a low frequency of homosexual intercourse 177 

(7.9%), individuals who did have homosexual intercourse had an increased risk of HSV-178 

2 positivity (aOR = 1.9, 95% CI = 1.1 to 3.3). Many previous studies have examined 179 

HSV-2 in populations of men who have sex with men. The results indicated a high 180 

prevalence in this population, thus demonstrating the importance of implementing 181 

prevention programs that target these high-risk groups [32]; [33]; [34]; [35]. 182 

  The presence of anti-HSV-2 IgM was detected in 46% of prisoners who were 183 

anti-HSV-2 IgG-positive. However, the presence of this IgM does not necessarily suggest 184 

a primary infection, because reactivation of a latent infection may lead to anti-HSV-2 185 

IgM  positivity [36]. We also found that the presence of more prisoners in the same cell 186 

(<26 vs. 26 to 50) is associated with an increased risk of active HSV-2 infection (aOR = 187 

2.9, 95% CI = 1.2 to 7.2). This is likely because overcrowding increases contact among 188 

prisoners, and is also associated with more intimate contact and worse hygiene. 189 

 Conflict in the prison environment can adversely impact the health of prisoners, 190 

and ultimately impact society at large by contributing to the spread of multiple STIs. This 191 

is because there is significant mobility into and out of prisons, with about 30 million 192 

people transiting each year worldwide there is also great mobility within individual 193 

prisons, due to transfers among different units, and the return of former prisoners who 194 

committed subsequent crimes [37]. Thus, the high rate of HSV-2 infection at prisons in 195 

Brazil may have a significant economic impact on Brazilian society at large. Appropriate 196 
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interventions are necessary because the cost of prevention is much lower than the cost of 197 

treatment [38, 39]. 198 

 This study had some limitations. First, the reported associations rely upon the 199 

veracity and memory of the study participants', especially regarding risky behaviors.  200 

 201 

Conclusions 202 

 This could lead to biases in the relationships of different study variables with 203 

HSV-2 infection. Moreover, the rarity of previous studies on this topic and of data on 204 

HSV-2 in prison populations worldwide make it difficult to compare our results with 205 

those of prisoners in other geographic areas. This emphasizes the urgent need for more 206 

studies of STIs in prison populations. 207 

 The results of our study indicate there is an urgent need to implement effective 208 

health education strategies in Brazilian prisons. In particular, there is a need to improve 209 

preventive measures, provide appropriate care for individuals with STIs, and reduce the 210 

conditions of overcrowding, high stress, and exposure to illicit drugs. Serological 211 

screening at the time of confinement may be a simple but effective intervention. 212 
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