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ABSTRACT 
 
Background: Polymorphic variations in enzyme genes involved in the detoxification of 
oxidative stress products such as glutatations have been associated with cervical 
carcinogenesis. However, little is known about how to affect human papillomavirus (HPV) 
infection, a key factor in neoplasia. Objective: This study aimed to investigate the possible 
association between the GSTP1 (rs1695) polymorphism and susceptibility to HPV infection 
in women treated by the public health system in Southwest Paraná, Brazil. Methodology: 
We conducted a case-control study involving 140 women, of which 39 were infected with 
HPV and 101 were not. Cases and controls were selected based on specific inclusion and 
exclusion criteria, all participants had the inclusion criteria of having had their first sexual 
intercourse, excluding pregnant women. The GSTP1 (rs1695) polymorphism was detected 
using the Tetra Amplification Refractory Mutation System (T-ARMS), a method that allows 
for precise identification of genetic variations. This study is the first in Southern Brazil to 
explore the association between rs1695 and susceptibility to HPV infection. Results: The 
analysis revealed a significant difference between the variants. The A allele (Ile) was 
protective against HPV infection, both alone (OR: 0.175; 95% CI 0.071-0.434; P < 0.001) 
and in homozygosity (OR: 0.237; 95% CI 0.091-0.616; P < 0.003). Conversely, the G (Val) 
allele was identified as a risk factor for HPV infection (OR: 4.22; 95% CI 1.623-10.989; P < 
0.003), increasing the risk by approximately four times. In heterozygosity (AG), the risk of 
viral infection was even higher (OR: 5.714; 95% CI 2.303-14.180; P < 0.001). The total 
number of participants analyzed for each allele was 138, adding robustness to these 
findings. Conclusion: Our findings showed that the G allele and the AG genotype are 
specific for the risk of HPV infection in the study population. 
 

Keywords: Human papillomavirus; Genetic polymorphism; Glutathione S-
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1. INTRODUCTION  
 
Sexually transmitted infections (STI) caused by human papillomavirus (HPV) are the most 
prevalent worldwide [1]. HPV is a virus with strong epithelial tropism, which leads to 
condylomas and lesions. While many of the HPV manifestations tend to disappear within six 
months to a year, high-risk oncogenic strains of HPV (HR-HPV) can persist and cause 



 

  

cervical cancer [2, 5]. The virus accounts for 5% of all human cancers, particularly 
anogenital (e.g., cervical, vaginal, vulvar, penile, and anal) and oropharyngeal cancers [1]. 
 
The major HR-HPV strains found in cervical tumors are 16, 18, 31, 51, and 52 [6, 7], with 
viral genetic material present in almost all cases [6, 8-10]. The current consensus is that the 
presence of HPV is an important, but not the only, factor in cancer progression [11]. Host-
related genetic factors (e.g., single nucleotide polymorphisms [SNPs], which are variations in 
DNA sequence detected at relevant sites in the genome) have been studied in relation to 
cancer susceptibility and risk for STIs [12-14]. 
 
Glutathione S-transferases (GSTs) are a group of mitochondrial, microsomal, and cytosolic 
enzymes encoded by genes that detoxify metabolites and toxic compounds and protect 
tissues from oxidative damage, especially from xenobiotics [15-18]. Eight classes of GSTs 
have been identified: alpha (α), mu (μ), pi (π), theta (θ), sigma (σ), kappa (κ), omega (ω), 
and zeta (ζ) [17]. 
 
The GSTP (pi) gene is located on chromosome 11q13.2 and encodes the P1 isoenzyme, 
which plays a role in cellular protection during apoptosis by metabolizing low molecular 
weight halogenated compounds [19]. The gene has nine exons. One of the most studied 
SNPs is the A (adenine) to G (guanine) transition at nucleotide 313, codon 105 of exon 5 
(rs1695), which results in substituting the amino acid isoleucine by valine (Ile → Val) [20]. 
This nonsynonymous substitution alters the catalytic activity of GSTP1, where the allelic 
variation leads to reduced enzymatic function in many tissues as well as the inability to 
inactivate mutagenic agents, allowing sensitization of cells to free radicals [20-22]. 
 
Polymorphic variations in genes encoding enzymes involved in detoxifying exogenous and 
endogenous oxidative stress products belonging to the GST family have been studied to 
understand their association with cervical carcinogenesis [23, 24]. However, few studies 
have associated GST SNPs with HPV infection [14, 19, 25, 26], although these SNPs are 
targets for understanding the detoxification of harmful compounds in other viral infections 
[27, 28]. 
 
Researchers, including us, conducted a systematic review of polymorphisms in other 
glutathione genes (i.e., GSTM1 and GSTT1) and STIs and showed that the null GSTT1 
allele is more common than the null GSTM1 allele in women infected with HR-HPV [14]. 
Following the same line of investigation, our group showed that in women from Southwest 
Paraná, Brazil, the deleted GSTT1 allele reduced their odds of viral infection (ORadj 0.219; 
95% CI 0.078-0.618; P=0.004) compared to those with the ancestral allele [14]. This study 
was important for advancing the understanding of GST polymorphisms in HPV-caused STIs; 
other SNPs in this family may have important virus-related implications that have not yet 
been explored. Therefore, the aim of the study was to investigate whether the GSTP1 
polymorphism (rs1695) is associated with HPV infection in women served by the public 
health system in Southwest Paraná, Brazil. 
 
2. METHODOLOGY  
 
2.1 Characteristics of the study participants and sampling 
 
A case-control study was designed with 138 women from a population of 423 who use the 
Brazilian Unified Health System (Sistema Único de Saúde [SUS]) for routine gynecological 
consultations in the city of Francisco Beltrão, state of Paraná, Brazil. Data were collected 
between September and October 2017. Collection sites included four Basic Health Units of 
the Family Health Strategy (Antonio de Paiva Cantelmo, Cristo Rei, Industrial, and 



 

  

Pinheirinho), a reference unit for outpatient gynecological and obstetric care, the Women’s 
Institute, and the oncology center of the city. All participants had the inclusion criteria of 
having had their first sexual intercourse, excluding pregnant women. The case and control 
groups were age-matched (± 3 years) and included 39 women with positive HPV detection 
and 101 women without viral infection. Individual interviews were conducted using a lit 
erature-based structured questionnaire to characterize the profile of the participants [29, 30]. 
 
During the gynecological visit, women underwent collection of material for Papanicolaou 
cytology, and the endocervical brush used for the collection was placed in a microtube with 2 
mL of saline solution and kept at a temperature of -20ºC for subseq uent analyses [14, 28, 
31]. Biological material storage, extraction, virus detection, and GSTP1 polymorphism 
(rs1695) analysis were performed at the Laboratory of Molecular Biology and Human 
Cytogenetics of the State University of Western Paraná, in the city of Francisco Beltrão, 
state Paraná. 
 
 
2.2 DNA Isolation and HPV Detection 
 
From the stored initial sample, a 200 µl aliquot was taken for isolation of total genomic DNA 
according to the manufacturer’s extraction protocol “Silica Columns DNA Extraction and 
Purification Kit” (Nova Biotecnologia, São Paulo, Brazil). The quality of the extraction was 
determined by amplification of a 268 bp segment of the human β-globin gene by polymerase 
chain reaction (PCR), synthesized with the primers GH20 (5’-
GAAGAGCCAAGGACAGGTAC-3’) e PC04 (5’- CAACTTCATCCACGTTCACC-3’) [32, 33].  
 
For molecular detection of HPV, specific primers were used for in vitro synthesis of the 
coding region of the virus L1 gene, using primers MY09 (5’-CGTCCMAARGGAWACTGATC-
3’) e MY11 (5’-GCMCAGGGWCATAAYAATGG-3’), which amplify a 450 bp fragment; both 
procedures followed the same PCR conditions proposed previously [14, 33]. A HeLa cell 
DNA sample containing the HPV 18 genome was used as a positive control for virus 
detection. All amplicons were analyzed by 2% agarose gel electrophoresis under a potential 
difference of 150 volts for half an hour, visualized under ultraviolet (UV) light, and 
photodocumented. 
 
2.3 GSTP1 Single Nucleotide Polymorphism (rs1695) 
 
 The GSTP1 (rs1695) polymorphism was detected using the Tetra Amplification Refractory 
Mutation System (T-ARMS), a method that allows for precise identification of genetic 
variations, was based on another study [34], with some adaptations. The primer pairs used 
were: 
 
Forward outer 5’-CAGGTGTCAGGTGAGCTCTGAGCACC-3’ and reverse outer 5’-
ATAAGGGTGCAGGTTGTGTCTTGTCCCA-3’ for the A allele (Ile) and; 
 
Forward inner A/Ile 5’-CGTGGACCTCCTCCGCTGCAAATCCA-3’ and reverse Inner 5’-
GCTCACATAGTTGGTGTAGATGAGGGATAC-3’ for the G allele (Val). 
 
The final volume of each PCR reaction was 25 µl, with 10 mM Tris-HCl, 2 mM MgCl2, 0.1 
mM dNTPs, 0.5 µM of each primer, 1.25 U Taq DNA Polymerase (Ludwig Biotecnologia Taq 
DNA Polymerase, Brazil), and total DNA added at the end (50 ng/µl). Cycling steps included: 
initial denaturation at 95°C for 5 minutes, followed by 30 cycles of 95°C for 35 seconds, 
62°C for 35 seconds, 72°C for 50 seconds, and a final extension at 72°C for 10 minutes. The 
amplicons generated were 233 bp for the A allele, 290 bp for the G allele, and 467 bp for the 



 

  

external primers or control band (Figure 1). Of the total number of participants (140), two 
controls did not amplify fragments of the gene studied, being excluded from the description 
for the polymorphism, possibly due to loss of quality of the sample collected (but which were 
maintained in the characterization of the participants) 

 

 
Figure 1 – Polymorphic profile of fragments generated for GSTP1. The A Allele (233 bp), the G Allele (290 bp), and 
control band (467 bp). The figure represents the molecular weight marker ladder, the negative control of the 
reaction represented by Br followed by samples from A1 to A8, with the amplicons amplified. in samples A5 and A7, 
no fragments were amplified, and both samples were excluded from the study. 
 
2.4 Statistical analysis 
 
Data were tabulated and analyzed using the Statistical Package for the Social Sciences 
(SPSS), version 24.0. Absolute and relative frequencies of variables were determined to 
characterize cases and controls. Allelic and genotypic frequencies were determined, and 
Hardy-Weinberg equilibrium (HWE) was tested using the chi-squared test (χ2) for the rs1695 
polymorphism, having two controls not ampliified in a previous step, thus the results of 39 
cases and 99 controls. Yates’ correction for continuity and Fisher’s exact test were used to 
test the association between SNP and HPV infection (P < 0.20). Logistic regression analysis 
was performed, and the odds ratio (OR) was determined considering α less than 5% (P < 
0.05) and 95% confidence interval (CI). In the logistic regression, marital status, smoking 
habits, contraceptive use, and current cytology results were included as confounders. 
 
 
3. RESULTS 
 
The sociodemographic, behavioral, and gynecologic characteristics of the study participants 
are shown in Table 1. Most of the cases (59%, median = 33) and controls (61.4%, median = 
42) were younger than 40 years, which represents a population of young women. White race 
was predominant in both groups, which is typical for the Southwest Paraná. Marital status 
showed that the majority were in a stable relationship or married and had more than eight 
years of education. Lifestyle habits showed low alcohol consumption and low frequency of 
female smokers in both groups. 
 
Age at first sexual intercourse showed that 69.2% of cases and 75.2% of controls started 
their sexual life at age 18 or younger. Two or more lifetime sexual partners were reported for 
69.2% of cases, but most women did not have a new partner in the last year. Contraceptive 
use was most commonly reported, but condom use was less commonly reported by the 
participants, a condition that exposed them to various STIs. Although most participants did 
not have a history of STIs, HPV infection was the most common (10%) among those who 



 

  

did. This means that 7.7% of the case group were already infected with the virus, as were 
10.9% of the women in the control group. With regard to cervical abnormalities, these were 
found mainly in the cases but without statistical significance. Low-grade squamous 
intraepithelial lesion (LSIL) had the highest prevalence (7.7%), followed by high-grade 
squamous intraepithelial lesion (HSIL) and atypical squamous cells of undetermined 
significance (ASC-US), both present in 5.1% of cases. In terms of cervical microbiota, 
Gardnerella vaginalis was the most common in the population studied. 
 
Table 1. Sociodemographic, behavioral, and gynecological characteristics of women treated 
in the city of Francisco Beltrão, state of Paraná. 

Variables 
Sociodemographic characteristics 

Cases (n = 39) Controls (n = 101) Total P* 

Age (mean ± SD) 39.64 (± 15.19). range: 
19 to 68 years 

40.34 (± 13.81). range: 
19 to 74 years 

  
  

≤ 40 years 23 (59%) 62 (61.4%) 85 (60.7%) 0.945 
> 40 years 16 (41%) 39 (38.6%) 55 (39.3%)  
Race  
White 30 (76.9%) 79 (78.2%) 109 (77.9%) 1  
Others 9 (23.1%) 22 (21.8%) 31 (22.1%)  
Marital status 0.073 
Married or in a stable 
relationship 

24 (61.5%) 79 (78.2%) 103 (73.6%)  

Single, divorced, or 
widowed 

15 (38.5%) 22 (21.8%) 37 (26.4%)  

Schooling 0.841 
≤ 8 years 14 (35.9%) 33 (32.7%) 47 (33.6%)  
> 8 years 25 (64.1%) 68 (67.3%) 93 (66.4%)  

Compartmental patterns 
Alcohol intake 0.799 
Yes (up to twice in a 
week) 

19 (48.7%) 45 (44.6%) 64 (45.7%)  

No 20 (51.3%) 56 (55.4%) 76 (54.3%)  
Smoking habit 0.141 
Never smoked 26 (66.7%) 81 (80.2%) 107 (76.4%)  
Yes/ex-smoker 13 (33.3%) 20 (19.8%) 33 (23.6%)  

Sexual and gynecological patterns 
Age at first intercourse 0.61 
≤ 18 years 27 (69.2%) 76 (75.2%) 103 (73.6%)  
> 18 years 12 (30.8%) 25 (24.8%) 37 (26.4%)  
Number of sexual partners in lifetime 0.504 
Only 1 12 (30.8%) 39 (38.6%) 51 (36.4%)  
Two or more 27 (69.2%) 62 (61.4%) 89 (63.3%)  
Number of sexual partners in the last year 0.477 
None 28 (71.8%) 80 (79.2%) 108 (77.1%)  
One or more 11 (28.2%) 21 (20.8%) 32 (22.9%)  
Parity  0.948 
No children 9 (23.1%) 21 (20.8%) 30 (21.4%)  
At least one child 30 (76.9%) 80 (79.2%) 110 (78.6%)  
Contraceptives 0.191 
No/never used 7 (17.9%) 31 (30.7%) 38 (27.1%)  



 

  

Yes, and have used 32 (82.1%) 70 (69.3%) 102 (72.9%)  
Time of use 0.405 
Does not use 9 (23.1%) 33 (32.7%) 42 (30%)  
≤ 1 year 3 (7.7%) 3 (3%) 6 (4.3%)  
≤ 5 years 11 (28.2%) 21 (43.6%) 32 (22.9%)  
> 5 years 16 (41.0%) 44 (43.6) 60 (42.9%)  
Use of preservative 0.288 
Yes/sometimes 18 (46.2%) 35 (34.7%) 53 (37.9%)  
No 21 (53.8%) 66 (65.3%) 87 (62.1%)  
Oral sex practice 0.909 
Yes 15 (38.5%) 36 (35.6%) 51 (36.4%)  
No 24 (61.5%) 65 (64.4%) 89 (63.6%)  
History of sexually transmitted infections 0.663 
Yes 4 (10.3%) 15 (14.9%) 19 (13.6%)  
No 35 (89.7%) 86 (85.1%) 121 (86.4%)  
Recent history of vaginitis 0.5 
Yes 17 (43.6%) 36 (35.6%) 53 (37.9%)  
No 22 (56.4%) 65 (64.4%) 87 (62.1%)  
Cytopathology report 0.003 
Negative for 
neoplasm  

31 (79.5%) 99 (98.0%) 130 (92.9%)  

LSIL 3 (7.7%) 1 (1.0%) 4 (2.9%)  
HSIL 2 (5.1%) — 2 (1.4%)  
ASC/AGC 1 (2.6%) — 1 (0.7%)  
ASC-US 2 (5.1%) — 2 (1.4%)  
Microbiological analysis 0.256 
Normal 30 (77%) 76 (75.2%) 106 (75.7%)  
Gardnerella vaginalis   6 (15.4%) 15 (14.9%) 21 (15%)  
Candida albicans  — 5 (5.0%) 5 (3.6%)  
Unsatisfactory 3 (7.7%) 5 (5.0%) 8 (5.7%)   

LSIL – Low-Grade Squamous Intraepithelial Lesion; HSIL – High-Grade Squamous Intraepithelial Lesion; ASC/AGC 
– Atypical Squamous or Glandular Cells; ASC-US – Atypical Squamous Cells of Undetermined Significance. P* = 
Significance of the χ2 test, considered to be less than 0.20 (P < 0.20). 
 
Regarding the GSTP1 polymorphism (rs1695), the distribution of allelic and genotypic 
frequencies in HPV-infected participants and controls is described in Table 2. Genotypic 
frequencies are presented in HWE. In the study population, the A allele was more common 
than the G allele, with frequencies of 63.04% and 36.96%, respectively. Among the 
homozygous genotypes, AA had a frequency of 35.5% and GG 9.4%, and the heterozygous 
combination AG was the most frequent with 55.1%. In two controls, there was no 
amplification of GSTP1, so the final number for the group was 138 women. 
 
Table 2. Observed allele and genotype frequencies and Hardy-Weinberg Equilibrium in the 
population. 

SNPs Genotypes Alleles 
GSTP1 (rs1695) AA GG AG 0.156 A (Ile/ancestral) G (Val/variant) 
Observed number 49 13 76  174 102 
Observed frequency  35.50% 9.40% 55.10%  63% 37% 
Expected frequency (HWE) 39.70% 13.70% 46.60%  NA NA 

GSTP1 - Glutathione S-Transferase P1. χ2 test with 95% significance for HWE. NA (not applicable). 
 



 

  

The results showed a significant difference in GSTP1 (rs1695) polymorphic variants between 
women with and without STI. The A allele (OR: 0.175; 95% CI 0.071-0.434; P < 0.001), 
either in isolation or in homozygosity (OR: 0.237; 95% CI 0.091-0.616; P < 0.003), showed 
protective effects against viral infection. In contrast, the G allele was shown to be a risk 
factor for STI (OR: 4.22; 95% CI 1.623-10.989; P < 0.003), increasing the odds of infection 
more than fourfold compared to those with the A allele. For the allelic combinations, a similar 
result was obtained for the heterozygous genotype (AG), which increased the susceptibility 
of women to infection by almost six times (OR: 5.714; 95% CI 2.303-14.180; P < 0.001) 
compared to homozygous genotypes (Table 3). 
 
Table 3. Distribution of allele and genotype frequencies of the GSTP1 SNP (rs1695) in the 
study population. 

Polymorphism Women in 
the study  
(n = 138) 

Cases  
(n = 39) 

Control  
(n = 99) 

P -
value*

OR (95% CI) P -
value** 

Alleles rs1695 
A (ancestral) 174 (63.04%) 44 (56.41%) 130 (65.66%) < 0.001  0.175 (0.071-0.434) < 0.001 
G 102 (36.96%) 34 (43.59%) 68 (34.34%) 0.004  4.22 (1.623-10.989)  0.003 
Genotypes (rs1695) 
AA 49 (35.5%) 6 (12.2%) 43 (87.8%) < 0.001 1 (Reference)   
GG 13 (9.4%) 1 (7.7%) 12 (93.3%)   0.191 (0.024-1.520)  0.118 
AG 76 (55.1%) 32 (42.1%) 44 (57.9%)   5.714 (2.303-14.180) < 0.001 

P *: Significance of the chi-squared test (P < 0.20). Consider the line for the sum of cases and controls in the X2 
distribution; P **: Significance of logistic regression (P < 0.05). 
 
 
4. DISCUSSION 
 
To date, this is the first Brazilian study conducted in the Southern Brazil to investigate the 
association between the SNP rs1695 of the GSTP1 gene and susceptibility to HPV infection. 
The persistent state of viral infection and the factors that contribute to the entry of the virus 
into the body strengthen the assumption that evasion of host defense and detoxification 
mechanisms is an important step in HPV-related tumor progression [5], supporting the aim of 
the study. 
 
The results of the study suggest that susceptibility to HPV infection may be associated with 
the G allele and its heterozygous state for the rs1695 polymorphism of the GSTP1 gene. 
Conversely, the A allele, when isolated and in its homozygous form, may be considered a 
protective factor against viral infection in the participants. 
 
Previous studies by the research group showed that the theta class (GSTT) of GSTs showed 
a protective association against HPV infection in women with nullity for the GSTT1 gene 
(ORadj 0.219; 95% CI; 0.078-0.618; P = 0.004) [14]. In the same study, no association was 
found for GSTM1 variations. The results of the GSTP1 rs1695 SNP, analyzed in the same 
geographical area, indicate a higher risk of infection in women with the G allele alone (ORadj 
4.22; 95% CI 1.623-10.989; P = 0.003) or in heterozygosity (AG) (ORadj 5.714 95% CI 2.303-
14.180; P < 0.001). The A allele (ancestral) was characterized as a protective factor against 
STIs, as was the AA genotype (ORadj 0.237 95% CI 0.091-0.616; P < 0.001). Interestingly, 
patients with the homozygous genotype (GG) showed no significant association, suggesting 
that only one copy of the G allele influences viral infection. 
 
A study conducted in the state of Pernambuco, Brazil [19] found no independent association 
between rs1695 and infection risk; however, it highlighted a synergy between oral 



 

  

contraceptive use and viral infection with the SNP, the combination of which may lead to the 
emergence of cervical lesions because of the persistence of viral infection. Similarly, other 
studies found no association between the rs1695 polymorphism and cervical cancer or 
susceptibility to HPV infection [16, 26, 35]. 
 
An important finding has highlighted that Brazilian women with the AG and GG genotypes 
for the rs1695 SNP and infected with HPV have a 29-fold increased risk of developing 
cervical lesions when associated with smoking [26]. A meta-analysis found that the AA 
genotypic variant of GSTP1 was not associated with the risk of developing cervical lesions 
[27], similar to our findings, where the allelic and homozygous presence of A was not 
associated with susceptibility to STIs. The GSTP1 gene is involved in the metabolism of 
various carcinogenic substances, such as those found in cigarettes (polycyclic aromatic 
hydrocarbons), and the impairment of GSTP1 enzymatic activity in the respective genotypes 
affects the detoxification of harmful substances in the body [36]. 
 
The present study focused on verifying the association between the SNP and viral infection, 
and when a possible interaction with smoking was included, no association was 
demonstrated. On the other hand, a possible loss or impairment of enzymatic function in the 
presence of the G allele may favor HPV infection, according to the results presented. The 
altered activity of glutathione because of genetic variations increases the risk of cancer, 
possibly by reducing cellular protection against damage and DNA mutations generated by 
the restriction of enzymatic activity. Decreased activity of antioxidant enzymes, including 
GSTs, has been described in patients with cervical cancer. The deficiency of these enzymes 
favors the progression of HPV infection by activating the adaptor complex AP-1, a 
fundamental factor for the expression of the viral oncoproteins E6 and E7, which are 
involved in the proliferation of HPV [26]. 
 
The vast majority of studies sought to understand the interference of genetic polymorphisms 
with the development or evolution of various types of cancer, including cervical cancer [20-
23]. In addition to neoplasms, SNPs have also been studied in a number of clinical 
conditions, such as diabetes [37, 38], metabolic syndrome [39], and pre-eclampsia [40, 41]. 
However, the results are contradictory. In Thai women, the presence of the G allele in 
homozygosity or heterozygosity for rs1695 contributed to a reduction in the risk of 
developing cervical cancer [25]. A meta-analysis conducted by Indian researchers presented 
a different conclusion, confirming that the presence of the G allele contributes to a higher 
susceptibility to various types of cancer [42]. Our focus was to analyze GSTP1 (rs1695) in 
relation to susceptibility to HPV infection, which makes the results presented here important 
since the presence of the virus is the main factor for lesions and cervical carcinogenesis [4, 
5]. 
 
The high prevalence of HPV infection in women classified as young adults has been 
demonstrated in several studies [6, 7, 26]. In Brazil, the prevalence rate of HPV infection 
was 53.6% in 2020 [7]. Another study reported HR-HPV subtypes in Brazilian women at 
28.4% [43], while the estimated prevalence in North American women aged 20 to 40 years 
was 42.5% [44]. On the other hand, a Brazilian study found a low prevalence (6.8%) [45] in 
women from the same geographic region as the present study. The findings that the G allele 
was less frequent than the A allele and that it increases susceptibility to STIs allows us to 
conclude that the reduced prevalence of viral infection corresponds to the risk generated by 
the allelic form. Although there is still no molecular basis for this relationship, knowing the 
genetic profile of the population can characterize groups with greater susceptibility to viral 
infection and contribute to the prognosis and evolution of the infection. 
 



 

  

Although an association between the risk of HPV infection and the characteristics of our 
participants could not be demonstrated, other studies have shown that sexual behaviors 
(e.g., age at first intercourse, number of sexual partners, and lifetime parity) tend to increase 
susceptibility to HPV infection [46, 47]. Furthermore, it was not possible to establish 
associations between the presence or absence of viral infection and cervical lesions 
because only a small fraction of cases and controls had them. 
 
Although the study did not consist of a large sample of participants, care was taken to match 
cases and controls to minimize or eliminate research limitations. 
 
 
5. CONCLUSION 
 
Our results showed that the G allele and the heterozygous form of the rs1695 SNP of the 
GSTP1 gene are risk factors for HPV infection in women. Therefore, women from 
Southwestern Paraná with only the G allele and with the AG genotype, respectively, are four 
to six times more susceptible to HPV infection compared to the control group. Further 
studies regarding the association of the rs1695 polymorphism of the GSTP gene in larger 
samples would be important to understand results such as those found in this study. 
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