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Abstract 
Background: Different studies have demonstrated high prevalence of HPV 
infection and dysplastic lesions of the cervix in immunocompromised patient 
such as women living with HIV. Is this high prevalence due to a greater sus-
ceptibility to HPV infection, which is known to be frequent in its latent form 
in women? Objective: This study aims to identify HPV genotypes in HIV+ 
and HIV− women to understand HPV molecular epidemiology in Senegal. 
Material and Method: Endocervical samples from 331 HIV+ and HIV− 
women, sexually active, were collected. The molecular identification of the 28 
genotypes studied (19 HPV-HR and 9 HPV-LR) was carried out after DNA 
extraction, by multiplex PCR with the Anyplex™ II HPV28 detection kit from 
Seegene on CFX96™ Bio-Rad machine. The comparisons were made by calcu-
lating the p-value and odds ratio with R Studio software (version 4.1.0). The 
results were considered significant if p < 0.05. Results: The general preva-
lence of HPV was significantly higher in HIV+ women with 78.95% vs 
64.65% for HPV; 72.18% vs 57.07% for HPV-HR; 57.14% vs 34.34% for 
HPV-BR (p < 0.05). Among the 28 genotypes studied, all were more frequent 
in HIV+ patients except HPV59, HPV66, HPV68, HPV69, HPV11 and 
HPV26. The most frequently found genotype was HPV56 and non-vaccine 
genotypes were among the most frequent. Co-infection was also more fre-
quent in HIV+ women (p < 0.001). The study of socio-demographic factors 
revealed that HIV+ women aged between 35 and 50, married and using con-
traception were significantly more infected with HPV than the same strata of 
HIV− women. Conclusion: Our results showed that the prevalence of HPV, 
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HPV-HR and HPV-BR was significantly higher in HIV+ women. Non- 
vaccine genotypes were among the most found genotypes. Groups of HIV+ 
women aged between 35 and 50, married and using contraception were sig-
nificantly more infected with HPV than the same groups of HIV-women. 
 

Keywords 
HPV, Prevalence, Genotypes, HIV, PCR 

 

1. Introduction 

Human papillomavirus (HPV) infections are caused by a small, non-enveloped, 
circular DNA virus. Worldwide, HPV is known to be one of the most common 
sexually transmitted infections (STIs) [1]. Today, more than 200 HPV genotypes 
are identified based on the nucleotide sequence of the L1 gene, coding for the 
major capsid protein [2]. These genotypes can be classified according to their 
cutaneous or mucosal tropism. Mucosotropic HPVs that infect the genital tract 
are divided into 2 groups, high-risk HPVs (HR-HPVs) including HPV16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58, 59 and Low-risk HPV (HPV-BR) including HPV6, 
11, 13, 40, 42, 43, 44, 54, 61, 70, 72, 81, 89, depending on their association with 
the development of cervical cancer [3]. Most sexually active women will be in-
fected at some point in their lives, and some are at risk of infection multiple 
times. The critical contamination period for women is at the very beginning of 
sexual activity [4]. 

For about three decades, HPVs have been shown to be the most important 
agents for the development of cervical intraepithelial neoplasia (CIN) and inva-
sive cervical cancer (ICC) [5] [6]. Cervical cancer is the fourth most common 
cancer in women worldwide, with approximately 570,000 cases and 311,000 
deaths reported in 2018 [7]. Indeed, it is the second cancer on the African con-
tinent, and it is on this continent that we find 19 of the 20 countries most af-
fected by the disease in the world [8]. In Senegal, cancer of the cervix is the 
leading gynecological cancer and accounts for 34% of cancer cases that occur 
and 30% of cancer-related death cases [9]. 

HIV-induced immunosuppression may limit the ability of the immune system 
to effectively clear or control the HPV infection, increasing the risk of develop-
ing CIN or cancer in a woman co-infected with HIV and HPV [10]. However, 
the exact mechanism between HIV-induced immunosuppression, HPV infection 
and its clinical sequelae has not yet been clearly established. 

Many studies suggest that women infected with the human immunodeficiency 
virus (HIV) have higher rates of HPV infection than non-HIV-infected women 
and are also at greater risk for persistent infection and progression to malignan-
cy [11] [12].  

Approximately 70% of HPV infections clear spontaneously within 1 year and 
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90% within 2 years; the infection persists in the remaining cases [13]. Although 
persistent infection with HPV-HR genotypes is not sufficient to cause cancer, it 
does increase the risk of progression to cancer. Elimination of HPV requires an 
effective cell-mediated immune response [14]. Therefore, HIV/HPV co-infected 
individuals may be less likely to clear HPV infections compared to HIV-negative 
women with HPV and, therefore, will have an increased risk of developing be-
nign warts and malignant tumors. 

HPV genotypes, however, differ considerably in their geographical distribu-
tion. In sub-Saharan Africa, for example, where two-thirds of the world’s HIV- 
infected population live, HPV genotypes vary by country and HIV status and 
differ significantly from HPV genotypes seen in other regions of the world [15]. 

HPV detection and genotyping techniques are essentially based on molecular 
biology given the difficulty of cultivating HPV routinely. There are many varia-
tions on HPV detection formats. Thus, HPVs can be detected in combination 
without specifying the high-risk genotypes present using generic tests; other par-
tial genotyping techniques detect HPVs in a combined way for the main 
HR-HPVs with specific identification of HPV16, 18 and sometimes 45. The lat-
est techniques developed are specific, we then speak of complete genotyping. In 
the latter case, the number of genotypes identified varies from one kit to anoth-
er. These different detection and genotyping techniques can lead to variations in 
the predominance of revealed HPV genotypes [16]. 

To date, there is limited data on the epidemiology of HPV genotypes circulat-
ing in Senegal. In the current context of type-specific HPV vaccination and mass 
screening for cervical cancer, information on prevalence, HPV genotypes, the 
relationship between HIV and HPV, and their relative contribution to devel-
opment of the CIN and ICC are of great importance in assisting in the plan-
ning of vaccines, the implementation of cervical cancer screening and an effec-
tive eradication policy. It is in this context that we proposed to carry out this 
work with the general objective of participating in the molecular epidemiology 
of HPV in Senegal by identifying the genotypes in circulation in HIV+ and 
HIV− women. 

2. Material and Method 
2.1. Study Type and Population 

This prospective, descriptive and comparative study was carried out at the Mo-
lecular Biology Laboratory of the Armed Forces AIDS Program at the Ouakam 
Military Hospital (HMO) Dakar, Senegal from February 2019 to May 2021. The 
target population consisted of 198 HIV-negative women came to be screened for 
cervical cancer on the basis of a medical prescription in various health estab-
lishments and 133 HIV-positive women followed in the armed forces’ program 
to fight HIV/AIDS. Each woman responded to a survey sheet collecting infor-
mation on her identity, socio-demographic parameters such as age, marital sta-
tus, contraception and abortion. To be eligible, women had to be sexually active 
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and able to undergo a vaginal speculum examination. 

2.2. Samples 

Endocervical samples were taken using a cytobrush, swabbing the endocervix of 
331 women (133 HIV+ and 198 HIV−). 

The cytobrush is then introduced into a transport tube of the Abbott mul-
ti-sample collection kit (Abbott GmbH Co. KG Max Plank, Germany) and the 
sample is stored at −80˚C until testing. 

2.3. DNA Extraction and Nanodrop Lite Assay 

The extraction of viral DNA was done using the Zymo DNA kitTM Research, 
USA, (https://www.zymoresearch.com) according to the manufacturer’s proto-
col. 200 μl of endocervical sample was used for the extraction. Viral DNA ex-
tracts were analyzed using NanoDrop™ Lite [17] to assess its quality and quantity 
and then stored at −20˚C until the PCR was performed. 

2.4. Molecular Genotyping 

The molecular analysis was carried out by multiplex PCR with the Seegene Any-
plex II HPV28 Detection kit on the CFX96 real-time Biorad machine according 
to the manufacturer’s protocol. The Anyplex II HPV28 Detection method makes 
it possible to detect 28 HPV genotypes in vitro in cytological fluids or cervical 
samples. This technique makes it possible to detect genotyping and quantify in-
dividually 19 HPV-HR (16, 18, 26, 31, 33, 35, 39, 45, 51, 52,53, 56, 58, 59, 66, 68, 
69, 73, 82) and 9 HPV-LR (6, 11, 40, 42, 43,44, 54, 61, 70) by using DPO (double 
priming oligonucleotide) and TOCETM (Tagging Oligonucleotide Cleavage and 
Extension) technology [18], a fragment of the β-globin gene was co-amplified as 
an internal control. 

2.5. Statistical Analysis 

Data analysis was performed using the R studio software (version 4.1.0). 
The qualitative variables were described with an absolute frequency and a rel-

ative frequency in percentage. For the quantitative variables, the means and their 
standard deviations were calculated. 

The chi-square test was used to compare statistical differences with a signific-
ance level set at p < 0.05. Stratified analyzes made it possible to search for possi-
ble confounding factors. 

The odds ratios with their 95% confidence intervals made it possible to meas-
ure the associated risks.  

3. Results 
3.1. HPV, HPV-HR, HPV-BR Infection Prevalence and HIV Status 

Our study population consisted of 331 women including 133 HIV+ and 198 
HIV−. 
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The HPV infection rate was significantly higher among WLHIV (women liv-
ing with HIV) compared to HIV− women with 78.95% vs. 64.65% (p = 0.005; 
OR = 2.05). 

HPV-HR prevalence was higher in WLHIV with 72.18% vs. 57.07% in HIV- 
negative patients. This difference is statistically significant (p = 0.005; OR = 1.95; 
Table 1). 

HPV-BR prevalence among WLHIV was 57.14% versus 34.34% among HIV- 
negative women. This difference is statistically significant (p < 0.001; OR = 2.54; 
Table 1). 

68.42% of WLHIV against 37.37% of HIV-negative women had multiple in-
fections, i.e. harbored at least two HPV genotypes. Multiple infection was corre-
lated with HIV in our study (p < 0.001; OR = 3.63; (Table 1).  

3.2. HPV Infection by Age Group and HIV Status 

HPV infection was more frequent in WLHIV in all age groups compared to 
HIV− women. But it is only in the age group [35 - 50 years], that the difference 
is significant; 75% in WLHIV versus 51.8% in the group of HIV− women (p = 
0.003; OR = 2.79; Table 2). 

3.3. HPV Infection by Marital Status and HIV Status 

HPV carriage was higher among unmarried than married. 
However, it is at the level of the married group that HIV+ infection is linked 

to the level of HPV infection, with a prevalence of 75% among married WLHIV 
against 60.1% among HIV-married women (p = 0.026; OR = 1.98). 

In unmarried women, HPV carriage was higher in HIV+ patients, but there 
was no correlation with HIV (Table 2). 

3.4. HPV Infection According to Contraception and HIV Status 

Overall, the frequency of HPV infection was higher in women not using contra-
ception than in women using contraception. 

In the group of women under contraception, HIV infection favored HPV car-
riage, 73.08% of WVVIH against 47.06% in HIV− women carried HPV infection 
(p = 0.023; OR = 3.05; Table 2). 

In the group of women who did not use contraception, HPV infection was 
slightly higher in HIV+ patients with no correlation with HIV (Table 2). 

3.5. HPV Infection According to Abortion and HIV Status 

The frequency of HPV infection was substantially identical in the two groups of 
women who had not had or had undergone at least an abortion. 

HIV infection had no influence on HPV carriage regardless of the group. (p > 
0.05; Table 2). 

3.6. Distribution of HPV Genotypes in the Study Population 

The multiplex PCR used is a technique using DPO (double priming oligonucleo-
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tide) and TOCETM (Tagging Oligonucleotide Cleavage and Extension) tech-
nology which makes it possible to individually detect 28 HPV genotypes. Among 
the 28 genotypes studied, all were more frequent in WLHIV except HPV59, 
HPV66, HPV68, HPV69, HPV11 and HPV26. HPV56 was the most common 
genotype in both groups with 46.62% in FVVIH versus 27.78% in HIV− women.  
 

Table 1. Prevalence and distribution of HPV genotypes according to HIV status. 

HPV prevalence 
HIV+ patients 
N = 133 n (%) 

HIV− patients  
N = 198 n (%) 

P-value Odds Ratio 

HPV 105 (78.95) 128 (64.65) 0.005 2.05 [1.23 - 3.41] 

HPV-HR 96 (72.18) 113 (57.07) 0.005 1.95 [1.21 - 3.12] 

HPV-BR 76 (57.14) 68 (34.34) <0.001 2.54 [1.62 - 4.00] 

IM-HPV 91(68.42) 74 (37.37) <0.001 3.63 [2.27 - 5.78] 

HPV-HR genotypes 

HPV16 27 (20.30) 14 (7.07)   

HPV18 11 (8.27) 10 (5.05)   

HPV26 0 (0.00) 0 (0.00)   

HPV31 11 (8.27) 16 (8.08)   

HPV33 19 (14.29) 10 (5.05)   

HPV35 8 (6.02) 3 (1.52)   

HPV39 9 (6.77) 2 (1.01)   

HPV45 5 (3.76) 4 (2.02)   

HPV51 21 (15.79) 4 (2.02)   

HPV52 12 (9.02) 17 (8.59)   

HPV53 20 (15.04) 8 (4.04)   

HPV56 62 (46.62) 55 (27.78)   

HPV58 17 (12.78) 14 (7.07)   

HPV59 2 (1.50) 4 (2.02)   

HPV66 9 (6.77) 24 (12.12)   

HPV68 15 (11.28) 24 (12.12)   

HPV69 0 (0.00) 7 (3.54)   

HPV73 13 (9.77) 9 (4.55)   

HPV82 24 (18.05) 14 (7.07)   

HPV-BR genotypes 

HPV6 15 (11.28) 9 (4.54)   

HPV11 0 (0.00) 1 (0.50)   

HPV40 4 (3.01) 2 (1.01)   

HPV42 42 (31.58) 28 (14.14)   

HPV43 21 (15.79) 10 (5.05)   

HPV44 11 (8.27) 10 (5.05)   

HPV54 15 (11.28) 16 (8.08)   

HPV61 6 (4.51) 5 (2.53)   

HPV70 13 (9.77) 7 (3.54)   
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Table 2. Prevalence of HPV infection according to socio-demographic characteristics and HIV status. 

Socio-demographic characteristics 
HIV+ patients 

n (%) 
HIV− patients 

n (%) 
P-value Odds Ratio 

Age 

[20 - 35[ 24/31 (77.42) 38/56 (67.86) 0.345 - 

[35 - 50] 51/68 (75.00) 43/83 (51.8) 0.003 2.79 [1.38 - 5.60] 

≥50 30/34 (88.24) 47/59 (79.7) 0.291 - 

Marital status 

Not married 47/56 (83.93) 36/45 (80) 0.608 - 

Married 57/76 (75.00) 92/153 (60.1) 0.026 1.98 [1.07 - 3.66] 

Missing data 1 - - - 

Contraception 

Yes 19/26 (73.08) 32/68 (47.06) 0.023 3.05 [1.13 - 8.20] 

No 83/104 (79.81) 96/130 (73.8) 0.285 - 

Missing data 3 - - - 

Abortion 

Yes 49/63 (77.78) 61/96 (63.5) 0.057 - 

No 54/69 (78.26) 67/102 (65.7) 0.076 - 

Missing data 1 - - - 

 
HPV26 was not found and HPV69 and HPV11 were only present in HIV-sero- 
negative women (Table 1). 

Among HR-HPV, apart from HPV56, HPV16, HPV82, HPV51, HPV53 and 
HPV33 were the most frequent in WLHIV. In HIV-negative patients, HPV66, 
HPV68, HPV52, and HPV31 were more common (Table 1). 

Among HPV-BR, HPV42, HPV43, HPV6, and HPV54 were more common 
among WLHIV and among HIV-negative women, HPV42, HPV54, HPV43, and 
HPV44. 

HPV16 and HPV18 had respective prevalence of 20.30% and 8.27% among 
WLHIV and 7.07% and 5.05% among HIV-women (Table 1). 

4. Discussion 

The frequency of HPV as well as high-risk genotypes (HPV-HR) and low-risk 
genotypes (HPV-BR) were significantly higher among HIV-positive women in 
our study population (p = 0.005 for HPV, p = 0.005 for HPV-HR and p < 0.001 
for HPV-BR). Our results are consistent with many previous studies reported in 
the literature. Indeed, a study conducted in Senegal in 2013 by Hanisch et al. de-
scribed similar results [19]. The same trends were found in a study conducted 
among 630 Nigerian women in 2018 [20]. Similarly, in the meta-analysis con-
ducted by Gui Liu et al., HIV was also associated with a HPV infection [21]. 

This higher frequency of HPV infection in HIV-positive women is thought to 
be due to HIV-induced immunosuppression and the potential for latent virus 
reactivation due to HIV-associated immunosuppression. HIV+ women carrying 
HPV would be more susceptible to the persistence of HPV and to a risk of ad-
verse cervical events, in particular those who are immunocompromised. Indeed, 
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HIV-positive women have been shown to have both higher rates of CIN fre-
quency and persistence of low-grade lesions [22] [23]. 

Regarding multiple HPV infections, we found an association between multiple 
infections and HIV (p < 0.001). In our study population, HIV+ women had a 
3.63 risk of being infected with multiple HPV genotypes compared to HIV- 
negative women. Another conducted in Senegal in 2019, among sex workers had 
described similar results [24]. Moreover, Rousseau et al., in their study con-
ducted among women in Burkina Faso, also found multiple infections more 
frequent in HIV-positive women with a risk of 2.45 [25]. Also, in a systematic 
review conducted in sub-Saharan Africa, multiple infections were also more 
frequent in HIV-positive women (p < 0.001) [26]. 

These multiple HPV infections, which are more frequent in HIV-positive 
women, are thought to be caused by the reduction in HPV clearance following 
HIV-induced immunosuppression. This decrease in the elimination of HPV vi-
ruses would favor the accumulation of different HPV genotypes, hence a more 
frequent multiplicity of infections in HIV-seropositive women.  

Of all the genotypes studied, HPV56 was the most common genotype in both 
groups. Among HR-HPV, this genotype was followed in decreasing order of 
frequency by HPV16, HPV82, HPV51, HPV53, and HPV33 in HIV-infected 
women and by HPV66, HPV68, HPV52, HPV31, and HPV16 in HIV-negative 
women.  

Consistent with our findings, HPV56 was also the most prevalent genotype 
among HIV-positive and HIV-negative Kenyan women in the study by Maranga 
et al. in 2013 [27]. In 2 other studies in HIV-positive women, conducted in Bra-
zil by Badial et al. and in New York by Luque et al., HPV56 was also the most 
common genotype [28] [29]. However, our results differ from those of other 
studies conducted in Senegal. Indeed, Diop et al., found HPV52 as the most 
prevalent genotype in a study conducted on Senegalese sex workers [24]. More-
over, in another study conducted in Senegal, HPV58 was the most common [19]. 

In our study population, we found that HPV16 and HPV18 vaccine genotypes 
had a high prevalence; these two genotypes hold the attention of because of their 
strong implication in cervical cancers. Hanisch et al. in Senegal found relatively 
lower prevalence for HPV16 (sixth position) and HPV18 (ninth position) [19]. 
This observation is also found by another study conducted in Senegal [30]. Our 
results are not different from those of other studies in Africa which note that 
HPV-HR non-16 and non-18 genotypes were the most frequent in HIV-infected 
women [31] [32]. However, they contrast with results from other studies of 
HIV-infected women and HIV-negative women, in whom HPV16 and HPV18 
generally predominate [33] [34]. 

Regarding HPV-BR, HPV42 was most prevalent in both groups followed by 
HPV43, HPV54, HPV6 and HPV70 in HIV positive women and HPV54, 
HPV43, HPV44 and HPV6 in HIV negative women. In another study conducted 
in Senegal, the most common HPV-BRs in HIV-positive women were HPV61, 
HPV62, and HPV54, and in HIV-negative women, the most common were 
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HPV54, HPV61, and HPV62 [19]. Another study conducted in Kenya among 
HIV-positive and HIV-negative women showed HPV44, HPV43, and HPV42 
to be most prevalent among HIV-positive women and HPV42, HPV11, and 
HPV40 were most common among HIV-negative women [27]. These data are 
consistent with the results obtained in our study. Like HPV-HR, we also found 
that the most frequent HPV-BR were different genotypes from HPV6 and 
HPV11. 

These differences described in the distribution of HPV genotypes can be ex-
plained by a geographical variation of genotypes according to the zones. In the 
same area, these differences can be explained by the diversity of the population 
subgroups targeted in the studies [15] [16]. Finally, and above all, they can be 
explained by the difference in the molecular genotyping techniques (panels of 
genotypes sought, sensitivity, specificity) used in the studies. Indeed, our detec-
tion technique with the Seegene Anyplex II HPV28 kit is highly sensitive and al-
lows the detection and identification of 28 HPV genotypes. 

Since current vaccines primarily target HPV16, HPV18, HPV6, and HPV11, a 
high frequency of other high-risk and low-risk genotypes could infer additional 
risk of non-16 and non-18 cervical carcinogenesis and benign lesions due to dif-
ferent genotypes of HPV6 and HPV11. Therefore, the results of our study could 
provide additional information on HPV molecular epidemiology for the devel-
opment of HPV vaccines targeting circulating genotypes. 

The study of socio-demographic factors allowed us to find that HIV-positive 
women with an age between 35 and 50 years old, married HIV-positive women 
and HIV-positive women using contraception were significantly more infected 
with HPV compared to the same strata of HIV-negative women. Abortion was 
not associated with a higher frequency of HPV infection among HIV-positive 
women in our study. 

Our results are similar to those found by Dols et al. with an average age of 
HIV-positive women infected with HPV of 35.4 years in South Africa and 40.5 
years in Tanzania [35]. In another study involving 282 HIV-positive women in 
Cameroon, those aged 26 - 59 tended to have a higher prevalence of precancer-
ous lesions than other women [36]. However, in another study conducted in Se-
negal, HPV infection was more common in HIV-positive women under 35 years 
of age [19]. 

According to Delfraissy, the passage from primary HIV infection to the stage 
of AIDS, corresponding to the most profound state of immunosuppression, can 
last between 10 and 15 years [37]. This could explain the significant exposure to 
HPV infections found in this advanced age group, which would correspond to a 
more in-depth immunosuppression of these HIV-positive women. The level of 
HPV infection is higher in unmarried women (single, widowed and divorced) 
than in married women. The hypothesis would be that the higher multipartner-
ship in the group of women living alone would favor sexually transmitted infec-
tions. 
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With regard to contraception, other studies found confirm our results. A 
study in Brazilian women infected with HIV associated the use of oral contra-
ceptives with HPV infection [38]. Jamieson et al. have also associated contracep-
tive use with HPV infection among HIV-positive women in the United States 
[31]. Contraceptives can cause changes in the genital area. These modifications 
could lead to a facilitation of HPV infections or a reactivation of latent infec-
tions, especially in immunocompromised women. This could explain the high 
frequency of HPV infections in this group of women. 

In our study, HIV-positive women with a history of abortion were not signif-
icantly more infected. The same observation is found with the study by Musa et 
al. in HIV-infected women in Nigeria [39]. 

An increase in our sampling would strengthen our results in both groups and 
epidemiological surveillance of HPV would take this aspect into account.  

5. Conclusion 

Our results showed that seropositive women were more infected by total HPV, 
high-risk HPV and low-risk HPV. HIV-positive women aged between 35 and 50 
years old, married and using contraception were significantly more infected with 
HPV than the same strata of HIV-negative women. They were also more likely 
to harbor multiple HPV genotypes. High-risk, non-16 and non-18 HPV geno-
types have been detected in HIV-infected women and even in HIV-negative 
women. 

Acknowledgements 

The authors are grateful to the department of Defense HIV/AIDS Prevention 
Program (DHAPP) and Alliance Nationale des Communautés pour la Santé 
(ANCS) for their support of molecular biology equipment. We would like to ex-
tend our acknowledgement to Rémi Charlebois for his revision of the manu-
script. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] International Agency for Research on Cancer, IARC Working Group on the Evalu-

ation of Carcinogenic Risks to Humans/WHO (2012) Biological Agents. Volume 
100 B. A Review of Human Carcinogens. IARC, Lyon-France. 

[2] De Villiers, E.M., Fauquet, C., Broker, T., Bernard, H.U. and Zur Hausen, H. (2004) 
Classification of Papillomaviruses. Virology, 324, 17-27.  
https://doi.org/10.1016/j.virol.2004.03.033 

[3] Alemi, M., Mohabatkar, H. and Behbahani, M. (2014) In Silico Comparison of Low 
and High Risk Human Papillomavirus Proteins. Applied Biochemistry and Bio-
technology, 172, 188-195. https://doi.org/10.1007/s12010-013-0479-5 

https://doi.org/10.4236/ajmb.2022.122006
https://doi.org/10.1016/j.virol.2004.03.033
https://doi.org/10.1007/s12010-013-0479-5


B. Faye et al. 
 

 

DOI: 10.4236/ajmb.2022.122006 64 American Journal of Molecular Biology 
 

[4] WHO. Human Papillomavirus and Cervical Cancer.  
https://www.who.int/fr/news-room/fact-sheets/detail/human-papillomavirus-(hpv)
-and-cervical-cancer  

[5] Munoz, N., Bosch, F.X., Sanjose, S., Tafur, L., Izarzugaza, I., Gili, M., et al. (1992) 
The Causal Link between Human Papillomavirus and Invasive Cervical Cancer: A 
Population-Based Case-Control Study in Colombia and Spain. International Journal 
of Cancer, 52, 743-749. https://doi.org/10.1002/ijc.2910520513 

[6] Munoz, N., Bosch, F.X., de Sanjose, S. and Shah, K.V. (1994) The Role of HPV in 
the Etiology of Cervical Cancer. Mutation Research, 305, 293-301.  
https://doi.org/10.1016/0027-5107(94)90249-6 

[7] Balasubramaniam, S., Balakrishnan, V., Oon, C.E. and Kaur, G. (2019) Key Mole-
cular Events in the Development of Cervical Cancer. Medicina, 55, 384.  
https://doi.org/10.3390/medicina55070384 

[8] WHO (2019, May 15) Africa Advances on Goal of Cervical Cancer Elimination 
across the Continent.  
https://www.afro.who.int/news/africa-advances-goal-cervical-cancer-elimination-ac
ross-continent  

[9] Ministère de la Santé et de l’action sociale. Le vaccin contre le cancer du col de 
l’utérus officiellement dans le PEV, ce 31 octobre.  
https://www.sante.gouv.sn/activites/le-vaccin-contre-le-cancer-du-col-de-l%E2%80
%99ut%C3%A9rus-officiellement-dans-le-pev-ce-31-octobre  

[10] Ahdieh, L., Muñoz, A., Vlahov, D., Trimble, C., Timpson, L. and Shah, K. (2000) 
Cervical Neoplasia and Repeated Human Papillomavirus Infection Positivity in 
Human Immunodeficiency Virus-Positive and -Negative Women. American Jour-
nal of Epidemiology, 151, 1148-1157.  
https://doi.org/10.1093/oxfordjournals.aje.a010165 

[11] Ellerbrock, T.V., Chiasson, M.A., Bush, T.J., Sun, X.W., Sawo, D., Brudney, K., et al. 
(2000) Incidence of Cervical Squamous Intraepithelial Lesions in HIV-Infected 
Women. JAMA, 283, 1031-1037. https://doi.org/10.1001/jama.283.8.1031 

[12] Abraham, A.G., D’Souza, G., Jing, Y., Gange, S.J., Sterling, T.R., Silverberg, M.J., et 
al. (2013) Invasive Cervical Cancer Risk among HIV-Infected Women: A North 
American Multicohort Collaboration Prospective Study. JAIDS Journal of Acquired 
Immune Deficiency Syndromes, 62, 405-413.  
https://doi.org/10.1097/QAI.0b013e31828177d7 

[13] Veldhuijzen, N.J., Snijders, P.J. and Reiss, P. (2010) Factors Affecting Transmission 
of Mucosal Human Papillomavirus. The Lancet Infectious Diseases, 10, 862-874.  
https://doi.org/10.1016/S1473-3099(10)70190-0 

[14] Stanley, M. (2010) HPV and Immune Response to Infection and Vaccination. Infec-
tious Agents and Cancer, 5, 19. https://doi.org/10.1186/1750-9378-5-19 

[15] Stanczuk, G.A., Kay, P. and Sibanda, E. (2003) Typing of Human Papillomavirus in 
Zimbabwean Patients with Invasive Cancer of the Uterine Cervix. Acta Obstetricia 
et Gynecologica Scandinavica, 82, 762-766.  
https://doi.org/10.1034/j.1600-0412.2003.00245.x 

[16] Haute Autorité de Santé (2021) Détection de l’ARN des papillomavirus humain 
(HPV) à haut risque dans le cadre du dépistage primaire du cancer du col utérin. 
HAS, Saint-Denis La Plaine. 

[17] ThermoFisherScientificTM. NanoDrop LITE (2012) Baseline Correction of Nucleic 
Acid & Protein A280 Measurements.  
https://www.thermofisher.com/document-connect/document-connect.html?url=htt

https://doi.org/10.4236/ajmb.2022.122006
https://www.who.int/fr/news-room/fact-sheets/detail/human-papillomavirus-(hpv)-and-cervical-cancer
https://www.who.int/fr/news-room/fact-sheets/detail/human-papillomavirus-(hpv)-and-cervical-cancer
https://doi.org/10.1002/ijc.2910520513
https://doi.org/10.1016/0027-5107(94)90249-6
https://doi.org/10.3390/medicina55070384
https://www.afro.who.int/news/africa-advances-goal-cervical-cancer-elimination-across-continent
https://www.afro.who.int/news/africa-advances-goal-cervical-cancer-elimination-across-continent
https://www.sante.gouv.sn/activites/le-vaccin-contre-le-cancer-du-col-de-l%E2%80%99ut%C3%A9rus-officiellement-dans-le-pev-ce-31-octobre
https://www.sante.gouv.sn/activites/le-vaccin-contre-le-cancer-du-col-de-l%E2%80%99ut%C3%A9rus-officiellement-dans-le-pev-ce-31-octobre
https://doi.org/10.1093/oxfordjournals.aje.a010165
https://doi.org/10.1001/jama.283.8.1031
https://doi.org/10.1097/QAI.0b013e31828177d7
https://doi.org/10.1016/S1473-3099(10)70190-0
https://doi.org/10.1186/1750-9378-5-19
https://doi.org/10.1034/j.1600-0412.2003.00245.x
https://www.thermofisher.com/document-connect/document-connect.html?url=https%3A%2F%2Fassets.thermofisher.com%2FTFS-Assets%2FCAD%2FWarranties%2FT037-NanoDrop-Spectrophotometers-Baseline-Correction-EN.pdf


B. Faye et al. 
 

 

DOI: 10.4236/ajmb.2022.122006 65 American Journal of Molecular Biology 
 

ps%3A%2F%2Fassets.thermofisher.com%2FTFS-Assets%2FCAD%2FWarranties%2
FT037-NanoDrop-Spectrophotometers-Baseline-Correction-EN.pdf  

[18] Agee, S. (2016) High-Multiplex Real-Time PCR Design. GEN Genetic Engineering 
and Biotechnology News, 36, 20-21. https://doi.org/10.1089/gen.36.07.12 
https://www.genengnews.com/magazine/269/high-multiplex-real-time-pcr-design  

[19] Hanisch, R.A., Sow, P.S., Toure, M., Dem, A., Dembele, B., Toure, P., et al. (2013) 
Influence of HIV-1 and/or HIV-2 Infection and CD4 Count on Cervical HPV DNA 
Detection in Women in Senegal, West Africa. Journal of Clinical Virology, 58, 
696-702. https://doi.org/10.1016/j.jcv.2013.10.012 

[20] Adebamowo, S.N., Famooto, A., Dareng, E.O., Olawande, O., Olaniyan, O., Offiong, 
R., et al. (2018) Clearance of Type-Specific, Low-Risk and High-Risk Cervical Hu-
man Papilloma Infections in HIV-Negative and HIV-Positive Women. Journal of 
Global Oncology, 4, 1-12. https://doi.org/10.1200/JGO.17.00129 

[21] Liu, G., Sharma, M., Tan, N. and Barnabas, R.V. (2018) HIV-Positive Women Have 
a Higher Risk of Human Papillomavirus Infection, Precancerous Lesions and Cer-
vical Cancer. Aids, 32, 795-808. https://doi.org/10.1097/QAD.0000000000001765 

[22] Massad, L., Riester, K., Anastos, K., et al. (1999) Prevalence and Predictors of 
Squamous Cell Abnormalities in Pap Smears from HIV-1 Infected Women. Intera-
gency Women’s HIV Study Group. JAIDS Journal of Acquired Immune Deficiency 
Syndromes, 21, 33-41. https://doi.org/10.1097/00126334-199905010-00005 

[23] La Ruche, G., Leroy, V. and Mensah-Ado, I. (1999) Short-Term Follow Up of Cer-
vical Squamous Intraepithelial Lesions Associated with HIV and Human Papillo-
mavirus Infections in Africa. International Journal of STD & AIDS, 10, 363-368.  
https://doi.org/10.1258/0956462991914276 

[24] Diop, H., Beiter, K., Gheit, T., Sow, A., Dramé, A., McKay-Chopin, S., et al. (2019) 
Human Papillomavirus Infection in Senegalese Sex Workers. Papillomavirus Re-
search, 7, 97-101. 

[25] Didelot-Rousseau, M.N., Nagot, N., Costes-Martineau, V., Vallès, X., Ouedraogo, 
A., Konate, I., et al. (2006) Human Papillomavirus Genotype Distribution and Cer-
vical Squamous Intraepithelial Lesions among High-Risk Women with and without 
HIV-1 Infection in Burkina Faso. British Journal of Cancer, 95, 355-362.  
https://doi.org/10.1038/sj.bjc.6603252 

[26] Okoye, J.O., Ofodile, C.A., Adeleke, O.K. and Obioma, O. (2021) Prevalence of 
High-Risk HPV Genotypes in Sub-Saharan Africa by HIV Status: A 20-Year Syste-
matic Review. Epidemiology and Health, 43, e2021039.  
https://doi.org/10.4178/epih.e2021039 

[27] Maranga, I.O., Hampson, L., Oliver, A.W., He, X., Gichangi, P., Rana, F., et al. 
(2013) HIV Infection Alters the Spectrum of HPV Subtypes Found in Cervical 
Smears and Carcinomas of Kenyan Women. The Open Virology Journal, 7, 19-27.  
https://doi.org/10.2174/1874357901307010019 

[28] Badial, R.M., Dias, M.C., Stuqui, B., Melli, P.P.D.S., Quintana, S.M., Bonfim, 
C.M.D., et al. (2018) Detection and Genotyping of Human Papillomavirus (HPV) in 
HIV-Infected Women and Its Relationship to HPV/HIV Co-Infection. Medicine 
(Baltimore), 97, e9545. https://doi.org/10.1097/MD.0000000000009545 

[29] Luque, A.E., Jabeen, M., Messing, S., Lane, C.A., Demeter, L.M., Rose, R., et al. 
(2006) Prevalence of Human Papillomavirus Genotypes and Associated Abnormali-
ties in Cervical Cytology Findings among HIV-1 Infected Women in Rochester, 
New York. The Journal of Infectious Diseases, 194, 428-434.  
https://doi.org/10.1086/505876 

https://doi.org/10.4236/ajmb.2022.122006
https://doi.org/10.1089/gen.36.07.12
https://www.genengnews.com/magazine/269/high-multiplex-real-time-pcr-design
https://doi.org/10.1016/j.jcv.2013.10.012
https://doi.org/10.1200/JGO.17.00129
https://doi.org/10.1097/QAD.0000000000001765
https://doi.org/10.1097/00126334-199905010-00005
https://doi.org/10.1258/0956462991914276
https://doi.org/10.1038/sj.bjc.6603252
https://doi.org/10.4178/epih.e2021039
https://doi.org/10.2174/1874357901307010019
https://doi.org/10.1097/MD.0000000000009545
https://doi.org/10.1086/505876


B. Faye et al. 
 

 

DOI: 10.4236/ajmb.2022.122006 66 American Journal of Molecular Biology 
 

[30] Xi, L., Touré, P. and Critchlow, C. (2003) Prevalence of Specific Types of Human 
Papillomavirus and Cervical Squamous Intraepithelial Lesions in Consecutive, Un-
deprived West African Women over 35 Years of Age. International Journal of Can-
cer, 103, 803-809. https://doi.org/10.1002/ijc.10876 

[31] Jamieson, D.J., Duerr, A. and Burk, R. (2002) Characterization of Genital Human 
Papillomavirus Infection in Women Who Have or Are at Risk for HIV Infection. 
The American Journal of Obstetrics and Gynecology, 186, 21-27.  
https://doi.org/10.1067/mob.2002.119776 

[32] Blossom, D.B., Beigi, R.H. and Farrell, J.J. (2007) Human Papillomavirus Genotypes 
Associated with Cervical Cytological Abnormalities and HIV Infection in Ugandan 
Women. Journal of Medical Virology, 79, 758-765.  
https://doi.org/10.1002/jmv.20817 

[33] Ndizeye, Z., Vanden, D., Lebelo, R.L., Bogers, J., Benoy, I. and Van Geertruyden, 
J.P. (2019) Prevalence and Genotype-Specific Distribution of Human Papillomavi-
rus in Burundi According to HIV Status and Urban/Rural Residence and Its Impli-
cations for Control. PLoS ONE, 14, e0209303.  
https://doi.org/10.1371/journal.pone.0209303 

[34] Mudini, W., Palefsky, J.M., Hale, M.J., Chirenje, M.Z., Makunike-Mutasa, R., et al. 
(2018) Human Papillomavirus Genotypes in Invasive Cervical Carcinoma in HIV- 
Seropositive and HIV-Seronegative Women in Zimbabwe. JAIDS Journal of Ac-
quired Immune Deficiency Syndromes, 79, e1-e6.  
https://doi.org/10.1097/QAI.0000000000001754 

[35] Dols, J.A., Reid, G., Brown, J.M., Tempelman, H., Bontekoe, T.R., Quint, W.G., et 
al. (2012) HPV Type Distribution and Cervical Cytology in HIV-Positive Tanzanian 
and South African Women. ISRN Obstetrics and Gynecology, 2012, Article ID: 
514146. https://doi.org/10.5402/2012/514146 

[36] Atashili, J., Miller, W.C., Smith, J.S., Ndumbe, P.M., Ikomey, G.M., Eron, J., et al. 
(2012) Age Trends in the Prevalence of Cervical Squamous Intraepithelial Lesions 
among HIV Positive Women in Cameroon: A Cross-Sectional Study. BMC Research 
Notes, 5, Article No. 590. https://doi.org/10.1186/1756-0500-5-590 

[37] Delfraissy, J.F. (1999) Immunological and Virological Mechanisms Involved in Hu-
man Immunodeficiency Virus Infection: Impact of Treatment. La Revue du Prati-
cien, 49, 1740-1745. 

[38] Travassos, A.G., Netto, E., Xavier-Souza, E., Nóbrega, I., Adami, K., et al. (2017) 
Predictors of HPV Incidence and Clearance in a Cohort of Brazilian HIV-Infected 
Women. PLoS ONE, 12, e0185423. https://doi.org/10.1371/journal.pone.0185423 

[39] Musa, J., Taiwo, B. and Achenbach, C. (2013) High-Risk Human Papillomavirus in 
HIV-Infected Women with Normal Cervical Cytology: A Pilot Study in Jos, Nigeria. 
Archives of Gynecology and Obstetrics, 288, 1365-1370.  
https://doi.org/10.1007/s00404-013-2885-x 

 
 

https://doi.org/10.4236/ajmb.2022.122006
https://doi.org/10.1002/ijc.10876
https://doi.org/10.1067/mob.2002.119776
https://doi.org/10.1002/jmv.20817
https://doi.org/10.1371/journal.pone.0209303
https://doi.org/10.1097/QAI.0000000000001754
https://doi.org/10.5402/2012/514146
https://doi.org/10.1186/1756-0500-5-590
https://doi.org/10.1371/journal.pone.0185423
https://doi.org/10.1007/s00404-013-2885-x

	Molecular Genotyping of Human Papillomaviruses (HPV) in HIV+ and HIV− Women in Senegal
	Abstract
	Keywords
	1. Introduction
	2. Material and Method
	2.1. Study Type and Population
	2.2. Samples
	2.3. DNA Extraction and Nanodrop Lite Assay
	2.4. Molecular Genotyping
	2.5. Statistical Analysis

	3. Results
	3.1. HPV, HPV-HR, HPV-BR Infection Prevalence and HIV Status
	3.2. HPV Infection by Age Group and HIV Status
	3.3. HPV Infection by Marital Status and HIV Status
	3.4. HPV Infection According to Contraception and HIV Status
	3.5. HPV Infection According to Abortion and HIV Status
	3.6. Distribution of HPV Genotypes in the Study Population

	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

