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A B S T R A C T

Introduction and objectives: Hepatitis C virus infection (HCV) is a major cause of co-morbidity in people living

with HIV (PLWHIV). The modes of HCV transmission in the local population of PLWHIV are still unclear. We

conducted this study to identify risk factors for HCV transmission amongst PLWHIV in central Mexico.

Material and methods: We enrolled HIV/HCV co-infected cases and HIV controls receiving care in two outpa-

tient clinics in Mexico City. Structured questionnaires were applied, covering demographics, history of percu-

taneous exposures, sexual behaviors, self-reported STD and recreational drug use. The statistical analysis for

between-group comparisons were multivariate logistic regression models to assess the risk factors associ-

ated with HCV co-infection. We limited the final analysis to men who have sex with men (MSM) to avoid

confounders potentially related to HCV acquisition in other populations.

Results: Three hundred and thirty-four MSM with HIV (175 with HCV co-infection and 159 without) were

analysed. We did not identify percutaneous exposures as risk factors for HCV. Intravenous drug use (IVDU)

occurred in two cases and one control case. Risk factors independently associated with acquiring HCV co-

infection were: history of an ulcerative STD (aOR=2.65, 95%CI=1.44-4.88), a HCV positive partner (aOR=5.25,

95%CI=2.78-9.91), having practiced insertive fisting (aOR=2.62, 95%CI=1.01-6.90), and rectal administration

of drugs during sex (aOR=2.46, 95%CI=1.25-4.84).

Conclusions: Risky sexual behaviors and chemsex seem to be the main drivers of HIV/HCV co-infection

amongst PLWHIV in Central Mexico. IVDU and percutaneous exposures have a minor role in the local HCV

epidemic. These findings highlight the importance of testing for HCV in sexually active MSMs.

© 2022 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Hepatitis C virus (HCV) infection remains one of the leading

causes of liver disease globally [1]. HCV prevalence shows consider-

able variation across different populations, with multiple factors

influencing local epidemics [2]. For example, HCV infection has a

bimodal distribution globally, affecting older individuals (>50 years)

and younger (20-40 years). Older individuals are mostly infected due

to a recent or past history of bloodborne exposures (mainly related to

iatrogenic procedures), while infection in younger individuals is
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mainly driven by intravenous drug use (IVDU) [ 3, 4]. Unprotected sex

(particularly when coupled with chemsex) is a known route of HCV

transmission amongst people living with human immunodeficiency

virus (PLWHIV) and men who have sex with men (MSM) [ 5, 6].

HCV/HIV co-infection increases the rate of progression to

advanced liver fibrosis as well as the risk of developing hepato-

cellular carcinoma [3]. The global prevalence of HIV/HCV co-infec-

tion is estimated in more than 2.3 million people [6, 7]. The

highest burden of co-infection is located in Eastern Europe and

Central Asia, mainly due to the high rate of transmission occur-

ring in people who inject drugs (PWID) [6−8]. The quality of the

epidemiological data varies across countries, with most develop-

ing nations lacking robust data. In Latin America, HIV/HCV co-

infection remains an understudied subject. Little information

exists regarding the incidence and risk factors associated with

HCV transmission and the existing information mainly focuses on

populations with a high prevalence of IVDU [9].

The incidence of HCV in Mexico increased between 2008 and

2019. During this period, HCV incidence increased predominantly

in the younger male population, with a male-to-female ratio of

1.73 to 1 [10]. In 2019, the majority of the new cases reported

(76.3%) occurred in two geographic areas of the country: the

north-western states (Baja California) and Mexico City and its

surrounding areas (Central Mexico) [10]. Epidemiological data

indicates that substantially different phenomena drive both epi-

demics. Cities on the northern Mexican border are known hot-

spots for drug trafficking, [11]. with high reported rates of IVDU

(1.7%-4.9%) [12− 14]. In contrast, in the country’s central region,

IVDU is uncommon (<0.1%) [15]. and thus an unlikely cause for

the increasing incidence of HCV infection. This, in turn, suggests

that other conditions may be associated with HCV transmission

in the growing epidemic occurring in younger people in Central

Mexico [10].

In developed countries, high-risk sexual behavior has been

described as a risk factor for HCV transmission in younger people,

predominantly in MSM and PLWHIV with no history of IVDU. In

this particular population, risk factors associated with HCV infec-

tion were the use of recreational drugs during sexual intercourse

(chemsex) and sexual practices related to anal trauma (for exam-

ple, during fisting) [16, 17]. In some regions of Mexico and Latin

America, high-risk sexual behaviors could potentially co-exist

with parenteral exposures and unsafe medical practices [18].

Identifying behaviors and exposures associated with the trans-

mission is essential to promote early testing and treatment in the

population at risk of infection. In this case-control study, we

decided to apply a structured questionnaire to identify risk fac-

tors associated with HCV transmission in PLWHIV, focusing on

demographic characteristics, history of percutaneous exposure to

blood, sexual behaviors, and drug use.

2. Materials and methods

2.1. Study settings

We conducted the study in two large HIV outpatient clinics in

Mexico City: the Clinica Especializada Condesa (CEC) and the Instituto

Nacional de Ciencias M�edicas y Nutrici�on Salvador Zubir�an (INCMNSZ).

The CEC is a primary-care center for PLWHIV and the largest provider

of antiretroviral treatment (ART) in Mexico. It offers screening for

sexually transmitted diseases (STD) screening services and general

HIV care in Mexico City and currently follows up over 14,000 adults

across two different campuses. The INCMNSZ is a tertiary-care cen-

ter; it provides hospitalization services and outpatient care for adults

and currently follows up approximately 2,100 adults with HIV infec-

tion.

2.2. Study design

We conducted a prospective case-control study between January

2016 and October 2018. Participants were recruited from the patient

population of both centers and were selected by convenience sam-

pling, stratifying by study site. We used a case-cohort strategy for the

selection of controls. We confirmed the negative HCV status of con-

trols with either the presence of a non-reactive anti-HCV test in the

past six months or a negative HCV recombinant immunoblot assay in

case the patients had a positive HCV ELISA and a negative HCV RNA

viral load. Exclusion criteria for both groups included refusing to sign

an informed consent or being younger than 18 years old at the

moment of Hepatitis C diagnosis. We originally planned for our study

to include all men and women with HCV/HIV co-infection, but after

we identified that a significant majority of participants were MSM

(>90%), we decided to limit the study groups to the MSM population

and transgender women to avoid confounders potentially related to

HCV acquisition in other populations. Thus, persons who did not

identify themselves as MSM or transgender women were excluded

from the analysis. Also, due to the low numbers of transgender

women in the study and the similarities that this population shares

on HCV and HIV risk factors with MSM, we decided to analyze

the data from this population in conjunction with the main database

of MSM. All patients were linked to HCV care services after their

recruitment.

2.3. Laboratory procedures

According to local guidelines, HIV-infected patients are routinely

screened for anti-HCV antibodies (Architect i2000 system, Abbott

Diagnostics, Wiesbaden, Germany) at their first visit after HIV diag-

nosis, whenever clinical suspicion suggests a possible infection, and

ideally as part of routine care every year after that [19]. We invited

patients with a positive anti-HCV assay to participate in the study.

We confirmed HCV infection by quantitative RNA test (COBAS Taq-

Man HCV Test, v2.0, Roche Diagnostics, Pleasanton, CA). HCV geno-

typing was performed in all patients with an HCV viral load

>5,000 IU/ml. HCV genotype determination methods were processed

by a hybridization-based line probe assay (VERSANT LiPA; Healthcare

SIEMENS, Munich, Germany). Stored serum samples were tested by a

recombinant immunoblot assay (RIBA) [INNO-LIA HCV Ab III, Zwijn-

drecht, Belgium] if the patient had a reactive anti-HCV test and unde-

tectable HCV RNA. We considered RIBA-positive cases as true-

positive HCV co-infection and RIBA negative cases as false positives

(we further reclassified and included these patients in the HIV mono-

infection control group) ( Fig. 1).

2.4. Study questionnaire

A standardized questionnaire was applied to all subjects after

written informed consent was given. The questionnaire covered soci-

odemographic information, previous percutaneous exposures, sexual

behavior and history of STDs. Additionally, we evaluated the history

of substance abuse using the World Health Organization’s Alcohol,

Smoking, and Substance Involvement Screening Test (ASSIST) Ver-

sion (V) 3.0 questionnaire [20].

2.5. Sample size calculation

According to the literature on the prevalence of risky sexual

behaviors (specifically fisting, history of group sex participation, sex

in public venues, recent STD and use of recreative drugs during sex-

ual activities) among HIV-positive men in similar study settings, we

assumed a prevalence of suspected exposures of among controls

≥10% [15]. To detect an Odds Ratio of ≥ 2.5 with a power of 80% and a
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type-I error of 5% (two-sided), we calculated a sample size of 292 par-

ticipants (146 per group).

2.6. Statistical analysis

We used mean and standard deviation, or median and interquar-

tile range (IQR), as appropriate to summarize continuous variables.

We used frequencies and simple proportions to summarize categori-

cal variables. We performed a bivariate analysis to evaluate the asso-

ciated odds ratio of the different variables with HIV/HCV co-infection.

Afterward, we carried out a multivariate logistic regression to evalu-

ate the adjusted odds ratio (aOR) of all demographic variables and all

variables that returned a p-value ≤0.1 in the bivariate analysis,

removing variables with a variable inflation factor >5. Due to the fact

that most variables relating to sexual behaviors and substance use

are intimately correlated (making co-linearity and over adjustment a

bigger issue than normal), we made the decision to lower the normal

thresholds of P-value <0.2 and of VIF <10 in order to reduce the pos-

sibility of collinearity in the multivariate analysis [21, 22]. For the

multivariate analysis, we handled missing data using multiple

chained equations to impute missing data with 10 imputations. All

analyzes were performed using STATA v14.0 (StataCorp, Texas).

2.7. Ethical statement

This study was approved by the Institutional Review Board of the

National Institute of Medical Science and Nutrition Salvador Zubiran

(registry: 1870) in Mexico City and was conducted according to the

principles of the Declaration of Helsinki. All participants gave written

informed consent before blood sample donation.

3. Results

3.1. Study participants

We identified 186 patients with a confirmed diagnosis of HIV/HCV

(cases) and 181 patients with a confirmed HIV mono-infection (con-

trols). We formed the case group with 128 patients (68.82%) from

CEC and 58 (31.18%) from INCMNSZ, and the control group with 101

(55.80%) from CEC and 80 (44.20%) from INCMNSZ. We excluded 11

patients from the case group (10 cisgender men and 1 cisgender

woman) and 22 patients from the control group (16 cisgender men

and 6 cisgender women). The number of excluded patients was simi-

lar in both groups (10.71% vs. 14.97%, p=0.212). We describe the

patient inclusion process in Fig. 1.

3.2. Demographic data

The demographic characteristics of included participants are sum-

marized in Table 1. There were no significant differences amongst

groups when comparing demographic data between both recruit-

ment sites. The totality of participants identifies themselves as His-

panic/Latino.

3.3. HCV genotype distribution

Of the 175 patients with active HCV infection, 154 (88%) had their

HCV virus genotype characterized. We did not perform an HCV geno-

type in 21 patients (12%) due to low HCV viral loads (<5000 copies/

ml). The most common genotype was 1a (65.61%), followed by geno-

type 4 (13.64%) and genotype 1b (8.44%).

Fig. 1. Group classification algorithm.

Here we show the classification algorithm for the study. Patients in the case group were included if they had a positive HCV ELISA and either a positive HCV RNA viral load or a

positive HCV RIBA in case the viral load was negative. We confirmed the negative HCV status of controls with either a non-reactive anti-HCV ELISA or a negative HCV RIBA (in

patients with a positive HCV ELISA and negative HCV RNA negative, this way, we classified the original HCV ELISA as false positive). HCV: Hepatitis C virus. ELISA: Enzyme-linked

immunosorbent assay. RNA PCR: Ribonucleic acid polymerase chain reaction. RIBA: Recombinant immunoblot assay.
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3.4. Bivariate analysis: risk factors for HIV/HCV co-infection

We show the results of the bivariate analysis in Table 2. We found

no correlations with HIV/HCV co-infection when analyzing percuta-

neous exposures (aside from a history of body piercing). As part of

the questionnaire, we asked the patients if they remembered if the

tattoo or piercing was performed using sterile equipment and with

new, disposable needles. There were no reports of any tattoo or

piercing occurring under unsafe circumstances. IVDU was not corre-

lated with HIV/HCV co-infection, and was generally uncommon

amongst cases (n=2, 1.14%) and controls (n=1, 0.63%). A self-reported

history of ulcerative STD (mainly syphilis, reported by 92.66% of

patients in the case group with an STD and 96.43% of controls with an

STD) was positively correlated to having HIV/HCV co-infection.

In terms of sexual risk behaviors, all of the following were not cor-

related with HIV/HCV co-infection: age of sexual initiation, predomi-

nant sexual role, or behaviors related to oral sex. The vast majority of

sexual behaviors related to unprotected anal intercourse and anorec-

tal trauma were associated with HIV/HCV co-infection, with the fol-

lowing variables having significant correlations in the bivariate

regression analysis: Bleeding after anal intercourse, history of sexual

partner ejaculating in the anal cavity, use of sex toys before or during

sexual intercourse, attending sex-on-premise venues, use of mobile

electronic applications to meet sexual partners, group sex and, inser-

tive and receptive fisting. None of the participants that reported prac-

ticing fisting (either insertive or receptive) referred to using gloves

during the act. We found significant correlations between the con-

sumption of all interrogated substances and HIV/HCV co-infection.

Accordingly, cases scored higher in the ASSIST evaluation. Also, we

found that the use of recreational drugs during sexual intercourse

and the anal administration of drugs were both strongly correlated

with HIV/HCV co-infection. A complete list of all the analyzed varia-

bles can be found in supplementary table 1.

3.5. Multivariate analysis: risk factors for HIV/HCV co-infection

The resulting adjusted odds ratios (aOR) of the multivariate logis-

tic regression are shown in Fig. 2. The following variables were inde-

pendently associated with HIV/HCV co-infection: self-reported

history of an ulcerative STD (aOR=2.65, 95%CI=1.44-4.89), having

practiced insertive fisting (aOR=2.63, 95%CI=1.01-6.91), and the rectal

administration of drugs during sex (aOR=2.47, 95%CI=1.26-4.85). His-

tory of a possible or confirmed HCV+ partner (aOR=5.26, 95%CI=2.79-

9.91) was also an associated factor. The following variables had a

variable inflation factor (VIF) >5 and thus were removed from the

multivariate analysis: age (VIF=19.79) and alcohol consumption dur-

ing the past three months (VIF=52.90).

4. Discussion

We conducted a case-control study that evaluated factors associ-

ated with HIV/HCV co-infection in PLWHIV in Mexico City in MSM

and the transgender population. We found that the history of an

ulcerative STD, specific sexual practices related to anorectal trauma

(insertive fisting and anal administration of recreational drugs), and

the history of having an HCV-infected partner, were all indepen-

dently associated with HIV/HCV co-infection. All these are well-

Table 1

Patients demographic characteristics

Variable HIV/HCV co-infection

(N=175)

HIV mono-infection

(N=159)

Age (years) −mean (SD) 38.33 (8.86) 37.21 (11.13)

Transgender women 3 (1.89) 5 (2.86)

Education level (years) 15 (12-16) 15 (12-16)

State of residence

Mexico City 150 (85.71) 131 (82.83)

State of Mexico 19 (10.85) 21 (13.20)

Other 6 (0.34) 7 (0.44)

Stable partner 74 (42.28) 53 (33.33)

Currently on HAART 144 (82.29) 128 (80.5)

Occupation

Employee 86 (49.14) 66 (41.51)

Self-employed 41 (23.42) 40 (25.16)

Student 10 (5.71) 14 (8.81)

Healthcare worker 5 (2.85) 5 (3.14)

Sex work 1 (0.57) 3 (1.89)

Unemployed 32 (18.29) 31 (19.50)

All values are n(%), unless otherwise noted.

Table 2

Bivariate analysis for factors associated with HIV/HCV co-infection: significantly asso-

ciated variables

Variable OR P value 95%CI

Demographic variables

History of HIV+ partner 1.91 0.012 (1.15-3.14)

History of a possible or confirmed HCV+

partner

4.32 <0.001 (2.63-7.10)

Medical and non-medical history

Tattoos 1.60 0.052 (0.99-2.57)

Piercings 1.58 0.049 (1.01-2.50)

Ulcerative STI 3.56 <0.001 (2.22-5.70)

Non-ulcerative STD 1.97 0.004 (1.24-3.12)

Sexual behavior history

Frequency of unprotected anal intercourse

Never 1 - -

On less than half of all encounters 2.49 0.129 (0.76-8.10)

Approximately on half of all encounters 4.17 0.026 (1.19-14.59)

On more than half of all encounters 6.99 0.004 (1.86-26.36)

Always 9.79 0.001 (2.60-36.87)

Ejaculation inside anal cavity during

insertive anal intercourse

1.77 0.029 (1.06-2.94)

Bleeding after anal intercourse 2.06 0.006 (1.23-3.47)

Active fisting 10.38 <0.001 (5.74-18.78)

Receptive fisting 16.50 <0.001 (8.06-33.78)

Use of sexual toys 5.64 <0.001 (3.57-8.89)

Lifetime amount of sexual partners

1-15 1 - -

16-50 0.92 0.589 (0.66-1.26)

51-100 3.34 <0.001 (2.36-4.73)

>100 6.04 <0.001 (4.15-8.80)

Participation in group sex 2.278 <0.001 (1.61-3.22)

Participation in partner swapping 18.61 <0.001 (8.58-40.35)

Using dating apps to find sexual partners 2.16 0.003 (1.30-3.58)

Attending Sex-on-premise venues 3.21 <0.001 (1.94-5.33)

Active meeting of new sexual partners 4.35 <0.001 (2.40-7.89)

Using recreational drugs during a sexual

encounter (chemsex)

5.03 <0.001 (3.05-8.29)

Rectal administration of recreational

drugs for chemsex

7.25 <0.001 (2.45-21.49)

History of substance use

Tobacco consumption during the past

3 months

1.45 0.022 (1.05-1.98)

Cannabis consumption during the past

3 months

4.58 <0.001 (3.21-6.54)

Cocaine consumption during the past

3 months

12.27 <0.001 (7.91-19.05)

Amphetamine type stimulantsx con-

sumption during the past 3 months

34.77 <0.001 (18.79-64.31)

Poppers consumption during the past

3 months

12.05 <0.001 (7.83-18.54)

Moderate to high risk* poppers

consumption

5.79 0.002 (1.95-17.15)

Sedativey consumption during the past

3 months

97.34 <0.001 (37.74-251.03)

IV drug use 1.25 0.485 (0.66-2.39)

* Risk obtained from ASSIST questionnaire.
y Amphetamine-type stimulants include amphetamine, dexamphetamine, meth-

amphetamine and ecstasy (NDMA).
x Sedatives include benzodiazepines and related compounds but not neuroleptics.
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described risk factors for the sexual transmission of HCV amongst

MSM [4, 6, 17]. We also found an almost negligible prevalence of

IVDU in our study, which is consistent with studies on the prevalence

of drug use in Central Mexico, in which IVDU is infrequent [15]. Both

of these findings suggest that in this population, high-risk sex behav-

iors represent the major route for HIV/HCV co-infection, which is in

line with results reported in other regions by other authors [4, 16,

17]. Additionally, not reported in other studies, our study found that

the use of rectally administered recreational drugs (mainly cocaine)

for chemsex was an important factor associated with HIV/HCV co-

infection.

Even though a great amount of unprotected sexual practices

related to anorectal trauma that are traditionally identified as risk

factors for HCV acquisition in this population (like receptive fisting)

[17]. were not found to be independently associated with HCV trans-

mission in our study, that does not mean that we think that they are

not important factors in increasing the risk for HCV infection in MSM

or transgender women. Due to the nature of our multivariate analysis

and the high amounts of interactions between the different variables,

we think that the variables that were found to be independent risk

factors either simply represent the riskiest behaviors or just reliably

identifies patients that perform multiple high-risk sexual behaviors.

The prevalence of non-injecting recreational drug use (cocaine,

cannabis, amphetamines, and inhaled nitrites) in the HIV/HCV co-

infected population (especially in the context of chemsex) was high.

In contrast to reports from developed countries, where drugs such as

methamphetamines and Gamma-hydroxybutyrate (GHB) are the

most frequently used substances for chemsex [4, 17], in our context,

cannabis, cocaine, and inhaled nitrites were the most frequently

reported [15]. We consider this relates to the more widespread access

and lower prices of those substances. Also, we found a significant

association in the bivariate analysis with the use of inhaled nitrites

and HIV/HCV co-infection. Inhaled nitrites have been associated with

STD, such as Neisseria gonorrhoeae, Chlamydia trachomatis, and HIV.

[23−25]. Inhaled nitrites are potent vasodilatory substances. Addi-

tionally, nitrites may decrease pain perception and favor microtears

in the rectum, which may be less recognized during anal intercourse

[26, 27]. The lack of IVDU in our study contrasts sharply with studies

from cities on the northern Mexican border, which report a high

prevalence of IVDU among the co-infected population, which is a

common pattern described in other regions with high IVDU preva-

lence [28, 29] These data suggest differences in the main drivers of

HCV transmission among HIV-infected populations: one pattern

being dominated by IVDU and the other by sexual behaviors. Both

patterns seem to be represented geographically in Mexico, with the

IVDU-dominant pattern located in the northern regions and sexual

transmission in the central region [28−31].

The majority of HCV infections in the assessed population were

due to genotype 1 subtype 1a, and genotype 4 emerged as the second

most prevalent subtype in typable samples. The genotype distribu-

tion in our study showed differences from previous studies in the

general population of the country in which there is a minimum pro-

portion of genotype 4 infections where the prevalence ranged from

0.3-0.5% [32, 33]. Local transmissions occurring in sexual networks of

MSM with high-risk sexual behaviors may explain the transmission

of this genotype, which has been described previously in the Nether-

lands, where the introduction of genotype 4 infections was related to

clustered transmission in HIV/HCV co-infected MSM [34].

Our study has several limitations. We consider the questionnaire

and its application to be the most important biases in our study for

several reasons. First, when the questionnaires were applied, partici-

pants were already chronically infected with HCV, which may have a

significant recall bias. Second, the interviewers were not blinded to

the HCV serostatus of the participants, and thus observer bias cannot

be ruled out. Finally, the information shared by the study participants

in their interviews contained sensitive and personal information,

potentially stigmatizing, which in turn could have derived from social

desirability bias. The social desirability bias was partially attenuated

by directly involving experienced personnel from the department of

mental health of CEC (A. Harumi Hirata-Hern�andez) in both the

design of the questionnaire and the training of the interviewers.

Another limitation of the study is the important selection bias of

the study population. The study was carried out in the mostly unin-

sured population, which receives care from the National Commission

of Social Health Protection (Seguro Popular) [35]. This limits the possi-

ble socioeconomic and epidemiological profiles of the interviewed

subjects. Even though both populations have very similar epidemio-

logical profiles, the fact that a more significant proportion of controls

Fig. 2. Multivariate analysis for factors associated with HIV/HCV co-infection.

Here we show the adjusted Odds ratios for the variables included in the multivariate analysis for HIV/HCV co-infection risk factors. HCV+: Hepatitis C virus positive. STD: Sexu-

ally transmitted disease.
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was recruited from the INCMNSZ than from the CEC could, in turn,

introduce further bias. Also, we used clinic-based controls, which

adds another layer of bias, as we are likely using patients with more

co-morbidities and with a better linkage-to-care ratio than the gen-

eral population.

The fact that we limited our study to MSM and transgender

women also limits our ability to draw wider conclusions relating to

HCV acquisition in cisgender patients. The associated risk factors for

HCV transmission for cis-gendered men and women were different

than those found in MSM and thus would have needed separate mul-

tivariate models in order to avoid interfering with the confidence

intervals of the associated risk factors for HCV transmission in MSM

and transgender women. The sample size of cis-gendered men and

women that we obtained in the study was <5% of the total sample.

This makes it extremely unlikely that we could have had a sufficiently

large sample size to find significant risk factors.

We do not know the exact time of HCV acquisition in most

patients, so drawing conclusions on which CD4 count or antiretrovi-

ral therapy was associated with the event of HCV acquisition would

be subject to major bias. Finally, the results of this study may not be

generalizable to other Latin-American settings with higher rates of

IVDU.

5. Conclusions

Our findings strongly support previous knowledge that sexual

transmission is the driver route for HIV/HCV co-infection in popula-

tions with low IVDU prevalence. We found that HCV/HIV co-infected

men and transgender women are more commonly engaged in chem-

sex and other high-risk sexual behaviors that increase the risk of

inadvertent blood exposure. This expands the knowledge of the

ongoing HCV epidemic amongst men and transgender women in cen-

tral Mexico, in which great preventive efforts targeting risky behav-

iors and effective linkage to care are urgently needed.

Author contributions

LERG, APM, JFSA and JGSM conceived and designed the study,

ACZ, LERG performed the statistical analysis. ACZ, KAMZ, APC, IZT,

ESA assisted with database construction and management, AHHH

Questionnaire design, Recruitment of participants: LERG, KAMZ, APC,

ACZ, IZT, ESA, Clinical supervision: JGSM, Wrote the paper: LERG,

ACZ, APM, JGSM.

Funding

The case-control study was funded with internal resources of the

Department of Infectious Diseases (INF/1870), National Institute of

Medical Science and Nutrition Salvador Zubir�an of Mexico City.

The determination of HCV viral load and genotype was supported by

the Centre for Research in Infectious Diseases, National Institute of

Respiratory Diseases of Mexico City. We thank the American Associa-

tion for the Study of Liver Diseases (AASLD) for The Maribel Rodri-

guez-Torres Memorial Travel Award provided.

Data availability statement

The study questionnaire may be available upon request by email-

ing the corresponding author.

Conflicts of interest

None

Acknowledgments

We gratefully acknowledge all patients, caregivers, and laboratory

personnel involved in the Department of Infectious Diseases of the

National Institute of Medical Science and Nutrition Salvador Zubir�an

and both campuses of Specialized Clinic Condesa that make our work

possible. We further acknowledge the following physicians: Jeremy

Bernardo Cruz- Islas (Condesa Specialized Clinic, M�exico City) for

help in designing the questionnaire; Juan Jos�e Calva-Mercado

(National Institute of Medical Science and Nutrition Salvador Zubiran,

Mexico City) for his valuable assistance during the study design.

Supplementary materials

Supplementary material associated with this article can be found,

in the online version, at doi:10.1016/j.aohep.2022.100758.

References

[1] WHO. Global hepatitis report 2017 2017.
[2] Stanaway JD, Flaxman AD, Naghavi M, Fitzmaurice C, Vos T, Abubakar I, et al. The

global burden of viral hepatitis from 1990 to 2013: findings from the Global Bur-
den of Disease Study 2013. Lancet 2016;388:1081–8. https://doi.org/10.1016/
S0140-6736(16)30579-7.

[3] Manns MP, Buti M, Gane E, Pawlotsky JM, Razavi H. Hepatitis C virus infection.
Nat Rev Dis Prim 2017;3. https://doi.org/10.1038/nrdp.2017.

[4] Vanhommerig JW, Lambers FA, Schinkel J, Geskus RB, Arends JE, van de Laar T,
et al. Risk factors for sexual transmission of hepatitis C virus among human
immunodeficiency virus-infected men who have sex with men: a case-control
study. In Open Forum Infect Dis 2015;6(3):ofv115. 2. https://doi.org/10.1093/
ofid/ofv115.

[5] Hoornenborg E, Coyer L, Boyd A, Achterbergh RCA, Schim van der Loeff MF, Bruis-
ten S, et al. High incidence of HCV in HIV-negative men who have sex with men
using pre-exposure prophylaxis. J Hepatol 2020;72:855–64. https://doi.org/
10.1016/j.jhep.2019.11.022.

[6] Platt L, Easterbrook P, Gower E, McDonald B, Sabin K, McGowan C, et al. Preva-
lence and burden of HCV co-infection in people living with HIV: a global system-
atic review and metaanalysis. Lancet Infect Dis [Internet] 2016;16(7):797–808.
https://doi.org/10.1016/S1473-3099(15)00485-5.

[7] Bradshaw D, Matthews G, Danta M. Sexually transmitted hepatitis C infection:
The new epidemic in MSM? Curr Opin Infect Dis 2013;26(1):66–72. https://doi.
org/10.1002/jia2.25348.

[8] Pufall EL, Kall M, Shahmanesh M, Nardone A, Gilson R, Delpech V, et al. Sexualized
drug use (‘chemsex’) and high-risk sexual behaviours in HIV-positive men who
have sex with men. HIV Med 2018;19(4):261–70. https://doi.org/10.1111/
hiv.12574.

[9] Alonso M, Gutzman A, Mazin R, Pinzon CE, Reveiz L, Ghidinelli M. Hepatitis C in
key populations in Latin America and the Caribbean: systematic review and
meta-analysis. Int J Public Health 2015;60:789–98. https://doi.org/10.1007/
s00038-015-0708-5.

[10] Sede~no-Monge V, Laguna-Meraz S, Santos-L�opez G, Panduro A, Sosa-Jurado F,
Jose-Abrego A, et al. A comprehensive update of the status of hepatitis C virus
(HCV) infection in Mexico—a systematic review and meta-analysis (2008−2019).
Ann Hepatol 2021;20. https://doi.org/10.1016/j.aohep.2020.100292.

[11] Bucardo J, Brouwer KC, Magis-Rodríguez C, Ramos R, Fraga M, Perez SG, Patterson
TL, et al. Historical trends in the production and consumption of illicit drugs in
Mexico: implications for the prevention of blood borne infections. Drug Alcohol
Depend 2005;79:281–93. https://doi.org/10.1016/j.drugalcdep.2005.02.003.

[12] Rivas-Estilla AM, Ramírez-Valles E, Martinez-Hern�andez R, Charles-Ni~no C, Ram-
írez-Camacho E, Rositas-Noriega F, et al. Hepatitis C virus infection among HIV-1
infected individuals from northern Mexico. Hepatol Res 2007;37:311–6. https://
doi.org/10.1111/j.1872-034X.2007.00035.

[13] Belaunzar�an-Zamudio PF, Mosqueda-Gomez JL, Macias-Hernandez A, Sierra-
Madero JG, Ahmed S, Beyrer C. Risk factors for prevalent hepatitis C virus infec-
tion among inmates in a state prison system in Mexico. PLoS One 2017;12:1–12.
https://doi.org/10.1371/journal.pone.0179931.

[14] White EF, Garfein RS, Brouwer KC, Lozada R, Ramos R, Firestone-Cruz M, et al.
Prevalence of hepatitis C virus and HIV infection among injection drug users in
two Mexican cities bordering the U.S. Salud Publica Mex 2007;49:165–72.
https://doi.org/10.1590/S0036-36342007000300001.

[15] Instituto Nacional de Psiquiatría Ram�on de la Fuente Mu~niz, Instituto Nacional de
Salud P�ublica, Comisi�on Nacional Contra las Adicciones, Secretaría de Salud.
M�exico: INPRFM. Encuesta Nacional de Consumo de Drogas, Alcohol y Tabaco 2016-
2017: Reporte de Alcohol. https://encuestas.insp.mx/ena/encodat2017.php
(accessed 10 may 2020)

[16] Vaux S., Chevaliez S., Saboni L., Sauvage C., Sommen C., Barin F., et al. Prevalence
of hepatitis C infection, screening and associated factors among men who have
sex with men attending gay venues : a cross-sectional survey. 2019;1−14.
https://doi.org/10.1186/s12879-019-3945-z

6

L.E. Ramirez-Gonzalez, A. Camiro-Z�u~niga, A. Pi~neirua- Menendez et al. Annals of Hepatology 27 (2022) 100758

https://doi.org/10.1016/j.aohep.2022.100758
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0001
https://doi.org/10.1016/S0140-6736(16)30579-7
https://doi.org/10.1016/S0140-6736(16)30579-7
https://doi.org/10.1038/nrdp.2017
https://doi.org/10.1093/ofid/ofv115
https://doi.org/10.1093/ofid/ofv115
https://doi.org/10.1016/j.jhep.2019.11.022
https://doi.org/10.1016/j.jhep.2019.11.022
https://doi.org/10.1016/S1473-3099(15)00485-5
https://doi.org/10.1002/jia2.25348
https://doi.org/10.1002/jia2.25348
https://doi.org/10.1111/hiv.12574
https://doi.org/10.1111/hiv.12574
https://doi.org/10.1007/s00038-015-0708-5
https://doi.org/10.1007/s00038-015-0708-5
https://doi.org/10.1016/j.aohep.2020.100292
https://doi.org/10.1016/j.drugalcdep.2005.02.003
https://doi.org/10.1111/j.1872-034X.2007.00035
https://doi.org/10.1111/j.1872-034X.2007.00035
https://doi.org/10.1371/journal.pone.0179931
https://doi.org/10.1590/S0036-36342007000300001
https://encuestas.insp.mx/ena/encodat2017.php


[17] Schmidt AJ, Rockstroh JK, Vogel M, An der Heiden M, Baillot A, Krznaric I, et al.
Trouble with bleeding: Risk factors for acute hepatitis C among HIV-positive gay
men from Germany - a casecontrol study. PLoS One 2011;6(3):28–32. https://doi.
org/10.1371/journal.pone.0017781.

[18] Viola L, Marciano S, Colombato L, Coelho H, Cheinquer H, Bugarin G, et al. HEPLA:
a multicenter study on demographic and disease characteristics of patients with
hepatitis C in Latin America. Ann Hepatol 2020;19:161–5. https://doi.org/
10.1016/j.aohep.2019.09.006.

[19] Thio C. Guidelines for the Prevention and Treatment of Opportunistic Infections in
Adults and Adolescents with HIV: hepatitis B Virus Infection. DHHS Guidel 2019 L
−3 https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-opportunis-
tic-infection/hepatitisb-virus-infection?view=full.

[20] National Institute on Drug Abuse. Screening for Drug Use in General Medical Set-
tings. Adapted from the World Health Organization (WHO) Alcohol, Smoking and
Substance Involvement Screening Test (ASSIST) Version 3.0 2009. February 2,
2009. Available at: https://www.who.int/management-of-substance-use/assist
(accessed 10 May 2020).

[21] Akinwande MO, Dikko HG, Samson A. Variance inflation factor: as a condition for
the inclusion of suppressor variable(s) in regression analysis. Open J Stat
2015;5:754–67. https://doi.org/10.4236/ojs.2015.57075.

[22] Chowdhury MZI, Turin TC. Variable selection strategies and its importance in clin-
ical prediction modelling. Fam Med Com Health 2020;8:e000262. https://doi.org/
10.1136/fmch-2019-000262.

[23] Bourne A, Reid D, Hickson F, Torres-Rueda S, Weatherburn P. Illicit drug use in
sexual settings (“chemsex’) and HIV/STI transmission risk behaviour among gay
men in South London: findings from a qualitative study. Sex Transm Infect
2015;91(8):564–8. https://doi.org/10.1136/sextrans-2015-052052.

[24] Hambrick HR, Park SH, Palamar JJ, Estreet A, Schneider JA, Duncan DT. Use of pop-
pers and HIV risk behaviours among men who have sex with men in Paris,
France: an observational study. Sex Health 2018;15(4):370–3. https://doi.org/
10.1071/SH17217.

[25] Chu ZX, Xu JJ, Zhang YH, Zhang J, Hu QH, Yun K, et al. Poppers use and sexual part-
ner concurrency increase the HIV incidence of MSM: a 24-month prospective
cohort survey in Shenyang. China. Sci Rep [Internet]. 2018;8(1):1–10 Available
from:. https://doi.org/10.1038/s41598-017-18127-x.

[26] Swartz JA, McCarty-Caplan D. A study of the longitudinal patterns of stimulant
and amyl nitrite use and sexual behavior pre- and post-HIV seroconversion

among MSM. AIDS Behav [Internet] 2018;22(4):1395–409 Available from:.
https://doi.org/10.1007/s10461-017-2008-y.

[27] Romanelli F, Smith KM, Thornton AC, Pomeroy C. Poppers: epidemiology and clin-
ical management of inhaled nitrite abuse. Pharmacotherapy 2004;24(1):69–78.
https://doi.org/10.1592/phco.24.1.69.34801.

[28] Brouwer KC, Rusch ML, Weeks JR, Lozada R, Vera A, Magis-Rodríguez C, et al. Spa-
tial epidemiology of HIV among injection drug users in Tijuana, Mexico. Ann
Assoc Am Geogr 2012;102(5):1190–9. https://doi.org/10.1080/00045608.2012.
674896.

[29] White EF, Garfein RS, Brouwer KC, Lozada R, Ramos R, Firestone-Cruz M,
et al. Prevalence of hepatitis C virus and HIV infection among
injection drug users in two Mexican cities bordering the U.S. Salud Publica
Mex 2007;49(3):165–72. https://doi.org/10.1590/S0036-3634200700030
0001.

[30] Barr�on-Lim�on S, Semple SJ, Strathdee SA, Lozada R, Vargas-Ojeda A, Patterson TL.
Correlates of unprotected anal sex among men who have sex with men in
Tijuana, Mexico. BMC Public Health [Internet]. 2012;12(1):1. https://doi.org/
10.1186/1471-2458-12-433.

[31] Kutner BA, Nelson KM, Simoni JM, Sauceda JA, Wiebe JS. Factors associated with
sexual risk of HIV transmission among HIV-positive Latino men who have sex
with men on the U.S.-M�exico border. AIDS Behav 2017;21(3):923–34. https://doi.
org/10.1007/s10461-016-1449-z.

[32] Burguete-García AI, Conde-Gonz�alez CJ, Jim�enez-M�endez R, Ju�arez-Díaz Y, Meda-
Monz�on E, Torres-Poveda K, et al. Hepatitis C seroprevalence and correlation
between viral load and viral genotype among primary care clients in Mexico.
Salud Publica Mex 2011;53(1):7–12 SUPPL.

[33] Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS, Pybus OG, et al. Global
distribution and prevalence of hepatitis C virus genotypes. Hepatology 2015;61
(1):77–87. https://doi.org/10.1002/hep.27259.

[34] De Bruijne J, Schinkel J, Prins M, Koekkoek SM, Aronson SJ, Van Ballegooijen MW,
et al. Emergence of hepatitis C virus genotype 4: phylogenetic analysis reveals
three distinct epidemiological profiles. J Clin Microbiol 2009;47(12):3832–8.
https://doi.org/10.1128/JCM.01146-09.

[35] Sierra-Madero JG, Belaunzaran-Zamudio PF, Crabtree-Ramírez B, Magis-
Rodriguez C. Mexico’s fragmented health system as a barrier to HIV
care. Lancet HIV 2019;6:e74–5. https://doi.org/10.1016/S2352-3018(18)
30356-4.

7

L.E. Ramirez-Gonzalez, A. Camiro-Z�u~niga, A. Pi~neirua- Menendez et al. Annals of Hepatology 27 (2022) 100758

https://doi.org/10.1371/journal.pone.0017781
https://doi.org/10.1371/journal.pone.0017781
https://doi.org/10.1016/j.aohep.2019.09.006
https://doi.org/10.1016/j.aohep.2019.09.006
https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-opportunistic-infection/hepatitisb-virus-infection?view=full
https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-opportunistic-infection/hepatitisb-virus-infection?view=full
https://www.who.int/management-of-substance-use/assist
https://doi.org/10.4236/ojs.2015.57075
https://doi.org/10.1136/fmch-2019-000262
https://doi.org/10.1136/fmch-2019-000262
https://doi.org/10.1136/sextrans-2015-052052
https://doi.org/10.1071/SH17217
https://doi.org/10.1071/SH17217
https://doi.org/10.1038/s41598-017-18127-x
https://doi.org/10.1007/s10461-017-2008-y
https://doi.org/10.1592/phco.24.1.69.34801
https://doi.org/10.1080/00045608.2012.<?A3B2 re3j?>674896
https://doi.org/10.1080/00045608.2012.<?A3B2 re3j?>674896
https://doi.org/10.1590/S0036-3634200700030<?A3B2 re 3j?>0001
https://doi.org/10.1590/S0036-3634200700030<?A3B2 re 3j?>0001
https://doi.org/10.1186/1471-2458-12-433
https://doi.org/10.1186/1471-2458-12-433
https://doi.org/10.1007/s10461-016-1449-z
https://doi.org/10.1007/s10461-016-1449-z
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
http://refhub.elsevier.com/S1665-2681(22)00100-4/sbref0032
https://doi.org/10.1002/hep.27259
https://doi.org/10.1128/JCM.01146-09
https://doi.org/10.1016/S2352-3018(18)30356-4
https://doi.org/10.1016/S2352-3018(18)30356-4

	Risk factors associated with HCV co-infection amongst MSM and transgender women living with HIV in Mexico City: a case-control study
	1. Introduction
	2. Materials and methods
	2.1. Study settings
	2.2. Study design
	2.3. Laboratory procedures
	2.4. Study questionnaire
	2.5. Sample size calculation
	2.6. Statistical analysis
	2.7. Ethical statement

	3. Results
	3.1. Study participants
	3.2. Demographic data
	3.3. HCV genotype distribution
	3.4. Bivariate analysis: risk factors for HIV/HCV co-infection
	3.5. Multivariate analysis: risk factors for HIV/HCV co-infection

	4. Discussion
	5. Conclusions
	Author contributions
	Funding
	Data availability statement
	Conflicts of interest
	Acknowledgments
	Supplementary materials
	References



