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Annotation: Introduction: Human papillomavirus (HPV) and herpes simplex virus type 2
(HSV-2) infections among young female students have become a significant public health concern
primarily due to their association with the development of certain cancers, such as cervical, anal, and
oropharyngeal cancers.

Objective: This study aimed to determine the prevalence of HPV and HSV-2 infection and explore
potential risk factors among this population.

Method of Analysis: A cross-sectional study was conducted among a sample of young female students
aged 16 to 25 years residing at Queen Idia Hall, University of Ibadan. The study was approved by the
University of Ibadan/University College Hospital Institutional Review Committee (UI/UCH IRC).
Data were collected through structured interviews. Vaginal swab sample was collected from 232 study
participants. The study was carried out at the department of Virology, UCH, Ibadan. HPV and HSV-2
DNA were detected using polymerase chain reaction (PCR).

Results: HPV DNA was not detected while a low prevalence (6%) of HSV-2 infection was observed
among the young female students. Several risk factors were associated with the acquisition of HPV
and HSV-2 infections. These included early sexual debut, multiple sexual partners and unprotected
sexual intercourse.

Conclusion: The findings of this study indicate absence of HPV infection among the young female
students. These results underscore the importance of implementing preventive measures, specifically
HPYV vaccination, among this particular age group. Given the limited exposure to the virus observed in
this study, extending the age range for HPV vaccination is warranted to provide protection against
future HPV infection. Efforts should also be directed towards increasing access to screening and early
detection of HPV and HSV-2 infections among this population. There is need for comprehensive
sexual health education programs targeting young female students, promoting safe sexual practices,
and increasing awareness about HPV vaccination.

Keywords: HPV, HSV-2, Infection, Cervical cancer, Vaccination, young female students,
University of Ibadan.

Introduction

Human papillomavirus (HPV) is a non-enveloped double-stranded DNA virus that infects squamous
epithelia of the skin and mucosae, with over 200 types identified [1]. Certain high-risk types of genital
HPV, such as HPV-16 and HPV-18, have been found to promote the disruption of normal cell-cycle
control, targeting the retinoblastoma (Rb) family of proteins, and p53 and inducing telomerase, leading
to the development of malignancy [2]. High-risk HPV types such as HPV-16, -18, -31, -33, and -35
have been linked to various precancerous lesions and malignant tumors, especially cervical cancers,
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with one or more of these types found in over 90% of women diagnosed with cervical cancer [3].
Genital warts with low malignant potential are associated with HPV-6 and HPV-11.

When HPV infects a cell, its DNA integrates into the host cell genome, producing proteins necessary
to commandeer the DNA synthesis machinery of the host cell. Two viral genes, E6 and E7, act as
oncogenes by binding to the protein products of important tumor suppressor genes, p53 and RB,
respectively, blocking their actions, and allowing the cell to grow and divide [4]. HPV infection is
widespread, with an estimated incidence of 1% in sexually active adults and 3% in sexually active
adolescents in the US [5]. Globally, the prevalence of cervical HPV infection in women with non-
cancerous cytology was estimated to be 11.7% in 2016, with HPV-16, HPV-18, HPV-31, and HPV-58
being the most frequent types [6]. Cervical cancer is the fourth most common cancer in women
worldwide, with HPV type 16 being responsible for 50% of cervical cancer cases and types 16 and 18
accounting for 70% of cases [6]. In addition to cervical cancer, HPV has also been linked to other
malignancies, including anal, vaginal, vulvar, and oropharyngeal cancers, with HPV being the cause of
99% of cervical cancers, 90% of anal cancer, 65% of vaginal cancers, 50% of vulvar cancers, and 45-
90% of oropharyngeal cancers [7] [8] [9]. According to the Center for Disease Control and Prevention,
approximately 80% of women and 90% of sexually active men will have been infected with at least
one HPV type at some point in their lives [10]. Anogenital verruca is the most common sexually
transmitted disease in the United States, affecting 1% of sexually active adults and 3% of sexually
active teenagers, with both genders being susceptible, with 67% of patients being women [5]. HPV
infection is highly prevalent in Africa, with Nigeria being one of the countries burdened by a high
HPV prevalence rate. Studies have shown a high prevalence of HPV infection among women in
Nigeria, ranging from 20% to 47% depending on the region and population studied [11] [12]. Nigeria
has a population of approximately 60.9 million women aged 15 years and older who are at risk of
cervical cancer, the burden of the disease is substantial. Annual estimates indicate that 12,075 women
receive a cervical cancer diagnosis, and 7,968 lose their lives to this condition. Cervical cancer stands
as the second most prevalent cancer among Nigerian women and the second most common cancer
among females aged 15 to 44 years. Within the general population, an estimated 3.5% of women
harbor cervical HPV-16/18 infection at any given time, and an overwhelming 66.9% of invasive
cervical cancers are attributed to HPVs 16 or 18 [13].

The Herpesviridae family is a large group of DNA viruses that can cause infections and various
diseases in animals, including humans [14]. It is estimated that around 491 million individuals are
infected with HSV-2 globally, with variations in prevalence rates across different populations and
geographic regions [15]. HSV-2 is primarily transmitted through sexual contact, including vaginal,
anal, and oral sex. The virus can be transmitted even in the absence of visible symptoms or lesions,
known as asymptomatic shedding, which contributes to its high transmission potential. Direct contact
with the mucosal surfaces or skin areas that are shedding the virus facilitates its transmission [16].
HSV-2 infection commonly leads to the development of genital herpes, characterized by painful
blisters or ulcers in the genital area. While genital herpes can cause significant discomfort and distress,
it is important to note that many individuals infected with HSV-2 may experience mild or no
symptoms at all [17].

In recent years, research has highlighted the interplay between HSV-2 and human papillomavirus
(HPV) infection, particularly in the context of cervical cancer. HPV is a highly prevalent STI and a
major cause of cervical cancer, which is one of the leading cancers affecting women worldwide [18].
When HSV-2 co-infection occurs with HPV, it can potentially exacerbate the progression of HPV
infection and increase the risk of cervical cancer [19]. The synergistic effect of HSV-2 on HPV
infection and cervical cancer progression is thought to be multifactorial. HSV-2 infection can
compromise the immune response, leading to a reduced ability to control HPV infection and increasing
the likelihood of persistent HPV infection. Persistent infection with high-risk HPV types is a necessary
factor for the development of cervical cancer [20].

Furthermore, HSV-2 infection can induce local inflammation and create a microenvironment that
facilitates HPV replication and persistence. This inflammatory response may also lead to the disruption
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of the cervical epithelial barrier, allowing HPV to enter deeper into the cervical tissue and promoting
the development of cervical cancer [21]. The co-infection of HSV-2 and HPV has been associated with
an increased risk of high-grade cervical intraepithelial neoplasia (CIN), a precancerous condition, and
cervical cancer. It is crucial to consider the potential synergistic effects of these two infections in
designing preventive strategies, early detection, and management of cervical cancer [22]. In this study,
we investigated the prevalence of Human Papillomavirus and Herpes Simplex Virus-2 infections
among young female students in Oyo State.

Materials and methods
Study Location

This is a cross sectional study aimed at the molecular detection and prevalence of Human
Papillomavirus and Herpes Simplex Virus-2 Infection among young female students attending
University of Ibadan. This study was approved by the University of Ibadan/University College
Hospital Institutional Review Committee (UI/UCH IRC) with research approval number
UI/EC/21/0589. The study was carried out at the Department of Virology, University College Hospital,
Ibadan. Socio-demographic data and samples were collected from 232 consenting young female
students attending University of Ibadan, Oyo State. Only consenting young female students in Oyo
State within the age range of 16-25years were recruited in the study. Vagina swab sample was
collected from consented individuals using self-sampling method into 500ul of virus transport medium
(VTM) and transported into the lab while maintaining cold chain. The transport medium containing the
swabs were vortexed rigorously in the lab, the medium was then aliquoted and stored at -20°C until
analysis.

Laboratory Analysis
Nucleic acid extraction

Genomic DNA was extracted from each of the samples using Da An Gene extraction kit according to
the manufacturer’s instructions.

Polymerase Chain Reaction (Amplification of Human Papillomavirus DNA)

The extracted DNA was subsequently used as a template for the detection of Human Papillomavirus
DNA by PCR. The consensus region of the HPV DNA was amplified by PCR using primers targeting
the conserved sequence in the HPV L1 gene [one forward primer MY09 (5'-
CGTCCMARRGGAWACTGATC-3") and one reversed primer MYl (5'-
GCMCAGGGWCATAAYAATGG-3")] as described by [23]. The cycling conditions for PCRs with
MY-09/11 consensus primers were preceded by an initial denaturation step at 95°C for 10 min,
followed by 40 amplification cycles of 95°C for 30 s, 55°C for 1 min, and 72°C for 1 min. The last
cycle was followed by a final elongation step at 72°C for 7 min. All PCRs were performed in a final
volume of 15uL reaction mix containing 3pL of the extracted DNA, 12uL of a premix of PCR buffer,
dNTPs, Magnesium chloride and Taq Polymerase enzyme in optimized concentration (Jena
Bioscience, Germany), and 1 pL of each primer. The amplified HPV DNA was detected by
electrophoresis on 2% agarose gel and visualised using Bio-Rad Gel Doc™ XR+System. The size of
the PCR products that should be generated with MY-09/11 consensus primers used is 450bp.

Another set of primers (GP-E6/E7) were used on the same DNA extracted product for further
investigation. The consensus region of the HPV DNA was amplified by PCR using primers targeting
the E6/E7 gene region [one forward primer GP-E6-3F (5°-GGGWGKKACTGAAATCGGT-3’) and
two back primers GP-E6-5B (5’-CTGAGCTGTCARNTAATTGCTCA-3’)and GP-E6-6B (5°-
TCCTCTGAGTYGYCTAATTGCTC -3°)] as previously described by [24]. The cycling conditions
for PCRs with GP-E6/E7 consensus primers were preceded by an initial denaturation step at 95°C for 5
min, followed by 45 amplification cycles of 95°C for 30 s, 45°C for 30 s, and 68°C for 45 s. The last
cycle was followed by a final elongation step at 72°C for 7 min. All PCRs were performed in a final
volume of 15uL reaction mix containing 3uL of the extracted DNA, 12uL of a premix of PCR buffer,
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dNTPs, Magnesium chloride and Taq Polymerase enzyme in optimized concentration (Jena
Bioscience, Germany), and 0.5 pL of each primer. The amplified HPV DNA was detected by
electrophoresis on 2% agarose gel and visualised using Bio-Rad Gel Doc™ XR+System. The size of
the PCR products that should be generated with GP-E6/E7 consensus primers used is 602-666bp.

Visualization of the amplified DNA using gel electrophoresis

The gel tray was placed accordingly into the gel tank and filled up with TBE running buffer. 4ul of
amplicon was loaded into each well alongside the appropriate molecular ladder, positive and negative
controls. The agarose gel was subjected to electrophoresis following manufacturer’s instruction for the
electrophoresis apparatus. The tank was covered up and the gel was allowed to run at 120volts for
30mins to allow the migration of the nucleic acids across the matrix of the agarose from the negative to
the positive and this forms distinct bands that can be read under the biorad transilluminator. Samples
were run until the pink dye (~25 bp) had migrated at least 2/3 of the way through the gel. A band at
450bp and 660bp was considered a positive depending on the primers used for amplification. The
negative processing control and no template control lacked amplification. Positive and negative results
were confirmed with repeated assays.

Polymerase Chain Reaction (Amplification of Herpes Simplex Virus-2 DNA)

The extracted DNA was subsequently used as a template for the detection of Herpes simplex virus-2
DNA by PCR. Detection of HSV-2 was performed using a sensitive PCR protocol targeting the UL28
gene region of the viral genome. The consensus region of the HSV-2 DNA was amplified by PCR
using primers targeting the conserved sequence in the HSV-2 UL28 gene [one forward primer H2M40
(5’-GTACAGACCTTCGGAGG-3’) and one reversed primer H2P4 (5’-CGCTTCATCATGGGC-3")]
as described by [25]. The cycling conditions for PCRs with the consensus primers were preceded by an
initial denaturation step at 95°C for 5 min, followed by 45 amplification cycles of 95°C for 30 s, 52°C
for 40 s, and 72°C for 50 s. The last cycle was followed by a final elongation step at 78°C for 15 min.
All PCRs were performed in a final volume of 25uL reaction mix containing SpL of the extracted
DNA, 18uL of a premix of PCR buffer, ANTPs, Magnesium chloride and Taq Polymerase enzyme in
optimized concentration (Jena Bioscience, Germany), and 1 pL of each primer. The amplified HSV-2
DNA was detected by electrophoresis on 2% agarose gel and visualised using Bio-Rad Gel Doc™
XR+System. The size of the PCR products that should be generated with H2M40 and H2P4 consensus
primers used is 227bp.

Statistical analysis

Data obtained were analyzed using the Statistical Package for Social Sciences (SPSS) program Version
20 (Chicago, IL, USA). Analyses were carried out using descriptive statistics with mean and standard
deviation (SD).

Results
Table 1. Sociodemographic characteristics of study group
Variables Number of participants Percentage(%o)
tested
Gender
Female 232 100.0
*Age-group (years)
16-20 147 63.4
21-25 85 36.6
Marital status
Single 232 100
Married 0 0
Educational level
Primary 0 0
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Secondary 0 0

Tertiary 232 100
Are you sexually active

Yes 44 19

No 188 81

Number of sexual life

partners 40 91

One 4 9

More than one
Use of condom during
sexual intercourse

Yes 33 75
No 11 25
Have you ever had STI?
Yes 0 0
No 232 100
Do you smoke
Yes 0 0
No 232 100
Result of the Analysis
Positive 0 0
Negative 232 100

*MeanzSD for age:
20.17+2.32

A total of 232 female students aged 16-25 were recruited in this study. This study investigated the
prevalence of HPV and HSV-2 infections among young female students in Oyo State. The
demographic characteristics of the study participants are presented in the table 4.1 below. The age
range of the enrolled population ranges from 16-25 years, with a mean age (+ SD) of 20.17 +
2.32years. Majority (63.4%) of the study participant were within age group 16-20 years. The study
participants were all females 232(100%). The table 1 shows the age group distribution of the
participant. Two hundred and thirty-two samples were tested for HPV, 232(100%) females. Of the 232
tested samples, 0(0%) were positive for Human Papillomavirus, giving low prevalence. The marital
status of all the study participants were single 232(100%) with educational level been tertiary level
232(100%). 44(19%) of the study population were sexually active while 188(81%) were not sexually
active. The table shows that among the sexually active group, 40(91%) has one sexual partner while
4(9%) has more than one sexual partner. The table also illustrates the responses on the use of condom
among the sexually active group of the study population, 33(75%) responded “Yes” to the use of
condom while 11(25%) responded “No” to the use of condom.

Table 2. Prevalence of HSV-2 among study groups

HSV-2 DNA
Variables (n=232) | Positive (%) | Negative (%) 1 p-value
Age-group (years)
16-20 2 (14.0) 145 (67.0) 32.479 <0.01
21-25 12 (86.0) 73 (33.0)
Are you sexually
active
Yes 14 (100.0) 30 (14.0) 63.385 <0.01
No 0 (0) 188 (86.0)
No of partner
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1 14(100.0) 26(87.0) 71.516 <0.01
>1 0(0) 4(13.0)
Use of condom
Yes 5(36.0) 28(93.0) 70.423 <0.01
No 9(64.0) 2(7.0)

*Statistically significant at p<0.05

Table 2 presents the prevalence of Herpes Simplex Virus Type 2 (HSV-2) DNA among the study
participants (n = 232) based on selected socio-demographic and behavioural variables. The distribution
of HSV-2 infection differed significantly across age groups, with a higher proportion of positive cases
observed among individuals aged 21-25 years (86.0%) compared to those aged 1620 years (14.0%)
(* = 32.479, p < 0.01). Sexual activity was strongly associated with HSV-2 positivity; all HSV-2
positive individuals (100.0%) reported being sexually active, while none of the sexually inactive
participants tested positive (y*> = 63.385, p < 0.01). Regarding the number of sexual partners, HSV-2
prevalence was higher among individuals with multiple partners (64.0%) than those with a single
partner (36.0%), and this association was statistically significant (}*> = 71.516, p < 0.01). Similarly,
condom use showed a significant relationship with HSV-2 infection; all individuals who tested
positive for HSV-2 (100.0%) reported not using condoms during sexual intercourse, whereas no
positive cases were recorded among condom users (¥* = 70.423, p < 0.01). These findings suggest that
younger age, sexual activity, multiple sexual partners, and non-use of condoms are significantly
associated with HSV-2 infection among the study population.

Fig. 1. Agarose Gel Electrophoresis Image Showing Amplified Products of the Human
Papillomavirus DNA

-’
-

Figure 1 shows the PCR amplification results of DNA extracted from the samples collected from study
participants, alongside appropriate controls. The expected amplicon size was 450 base pairs (bp).
Lanes 1-12 represent negative samples, Lane 13 contains the negative control, while Lane 14 contains

Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium 104
provided the original work is properly cited.



International Journal of Integrative and Modern Medicine

the positive control, which shows a distinct band at the expected 450 bp. A mid-range DNA ladder was
used as the molecular weight marker. All 232 samples tested were negative for Human Papillomavirus
(HPV) DNA by PCR, as indicated by the absence of bands at the target size, resulting in an overall
HPYV prevalence of 0% (0/232).

Fig. 2. Agarose Gel Electrophoresis Image Showing Amplified Products using beta micro globin
to confirm DNA extraction Internal Primer

Ladder

Figure 2 illustrates the PCR amplification of DNA extracted from study participants' samples using
internal control primers, with an expected amplicon size of 500 base pairs (bp). Lanes 2—16 confirm
the presence of the internal gene, as evidenced by distinct bands at the 500 bp position. A mid-range
DNA ladder was used as the molecular weight marker. The successful amplification in these lanes
indicates the presence and integrity of the extracted DNA in the tested samples, validating the quality
and suitability of the DNA for further molecular analysis.
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Fig. 3. Agarose Gel Electrophoresis Image Showing Amplified Products of the Herpes simplex
virus-2 DNA

Figure 3 shows the PCR amplification of Herpes Simplex Virus Type 2 (HSV-2) DNA from selected
positive samples, with an expected amplicon size of 227 base pairs (bp). Lanes 1-12 represent HSV-2
positive samples, Lane 13 contains the positive control, and Lane 14 contains the negative control. A
mid-range DNA ladder was used as the molecular weight marker. Distinct bands at 227 bp in the
positive samples and positive control confirm the presence of HSV-2 DNA.

Figure 4. Pie chart showing the prevalence of HSV-2 among study participant

= Percentage with HSV-2
infection
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Pie chart illustrating the prevalence of Herpes Simplex Virus Type 2 (HSV-2) among study
participants. Out of 232 samples tested, 14 (6.0%) were positive for HSV-2 by PCR.

Discussion

This study aimed to investigate the prevalence of human papillomavirus (HPV) and Herpes simplex
virus 2 (HSV-2) infection among young female students in a tertiary institution in Oyo State. Two sets
of HPV primers were used to test for the presence of HPV DNA in 232 samples, and no HPV was
detected. This finding indicates no prevalence of HPV infection among this population compared to
the adjusted global HPV prevalence of 10.4%, 11.7% and 18.6% reported in previous studies by [26]
[27]and [28] respectively. It is suggested that the absence of HPV DNA in this study is due to
increased knowledge about HPV infection among the female undergraduate students and the lack of
identified risk factors for HPV infection in this study population. The level of study of the students was
significantly associated with knowledge of HPV infections, with students in higher levels of study
having greater exposure to information about HPV. This finding is consistent with previous research
that has shown an association between higher education levels and greater knowledge of HPV [29].
Furthermore, the majority of the study population 188(81%) reported not being sexually active, and
among those who were sexually active 44(19%), condom use was reported by 33(75%) of the sexually
active participants. From this study only 4(9%) among the sexually active participants have more than
one sexual partner. These findings suggest that the absence of HPV infection in this population is due
to a lower frequency of sexual activity and the use of condom during sexual intercourse. This is
consistent with previous studies that have identified unprotected sexual intercourse and multiple sexual
partners as significant risk factors for HPV infection [30].

This study suggests that early education about HPV infection and cervical cancer should be provided
to female children in primary schools, culminating in the administration of the HPV vaccine before
entering secondary school. This strategy could potentially reduce the risk of HPV infection and
associated cervical cancer among young women in Nigeria. The study also tested for HSV-2 among
the study participants using PCR technique with HSV-2 specific primers. Among the 232 students
screened, 14 individuals (6%) tested positive for HSV-2, as depicted in Figure 9. The remaining 218
students (94%) were found to be negative for HSV-2 infection. Table 4.2 presents the distribution of
HSV-2 occurrence based on factors such as age group, sexual activity, condom use, and number of
sexual partners among the study participants. Significant differences (P<0.05) were observed in HSV-2
occurrence with respect to these variables. Notably, the findings of this study differ from previous
research. While the prevalence rate of HSV-2 infection in this study (6%) is higher than the rates
reported by [31] in women in Iraq (3.2%), it is considerably lower than the rates reported by [32]
among HIV co-infected patients in Gwagwalada, Nigeria (36.4%) and Naga et al,, 2015 in Eastern
India (61.5%). Furthermore, the prevalence of HSV-2 in this current study (6%) is significantly lower
than the rate of 31.5% reported by [34] among women attending routine cervix care clinics in Ghana.

Differences observed between the prevalence rates reported in this study and previous studies can be
attributed to differences in cultural and socio-economic backgrounds and geographic locations of the
study participants. The lower prevalence rate found in this study compared to previous research may
be attributed, in part, to the fact that a majority of the participants (81%) reported being virgins and
having no sexual partners or engaging in sexual intercourse. Since HSV-2 is primarily transmitted
through sexual contact, individuals who are not sexually active are less likely to have detectable HSV-
2 DNA. Abstinence has been well-established as a 100% effective measure for controlling and
preventing all types of sexually transmitted infections, including HSV-2. Regarding age distribution,
the study revealed a significantly higher prevalence of HSV-2 infection among participants aged 21-25
years compared to other age groups examined. This age range corresponds to a period of heightened
sexual activity, particularly among undergraduate female students who may engage in frequent sexual
intercourse in exchange for money or academic benefits, thus making them more vulnerable to
sexually transmitted diseases, including HSV-2 infection. In industrialized countries, approximately
15% to 30% of sexually active adults have HSV-2 infection, with the risk factors based on the number
of sexual partners. This study identified certain risk factors associated with the prevalence of HSV-2,
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including lack of knowledge or awareness about the infection, increasing numbers of sexual partners,
and engaging in unprotected sex. These findings align with previous research by [35], who reported
similar risk factors. In epidemiology, knowledge and information play a crucial role in disease
prevention and control. A significant proportion of participants in this study demonstrated a lack of
awareness regarding HSV-2 and its associated infection, highlighting the need for enhanced public
awareness initiatives targeting the study population.

Conclusion

This study has demonstrated the absence of Human papillomavirus (HPV) infection among young
female students. The low prevalence of HPV infection in this population suggests that there is a need
to promote adequate knowledge and understanding of the risk factors associated with HPV infection as
an approach to prevent the infection. To increase awareness of HPV infection and cervical cancer,
education on these topics should be integrated into the curriculum of all primary, secondary and
tertiary institutions in Nigeria. Parents and caregivers should be encouraged to ensure their children
receive HPV vaccination before they become sexually active.
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