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Abstract 
Objectives: This work was carried out in order to determine the profile of 
different HPV genotypes in a population of women attending radiotherapy 
(RT). Material and Methods: This is a retrospective study. Sixty paraffin 
blocks were chosen by simple random method upon 1015 blocks of cervix 
cancer diagnosed in Senegal’s public hospitals laboratories of anatomopa-
thology. The strains of HPV genotyping were done with polymerase chain 
reaction (PCR) multiplex using primers MY09-MY11, GP5+ and GP6+. Re-
sults: Among the sixty examined blocks, DNA extraction was unsatisfactory 
in three cases. All women were infected with HPV high risk (HR). The differ-
ent HPV genotypes isolated were HPV 16 (49/96%), 18 (8/16%), 35 (7/14%), 
45 (4/8%), and 58 (2/4%). It was a single infection in 36 cases (70, 60%), 
co-infection in 11 cases (21, 60%) and a multi-infection in 4 cases (7, 80%). 
Conclusion: The prevalence of HPV found in our series is comparable to that 
found in the world. To complete this study, a large population of Senegalese 
patients with uterine cervix cancer (CC) and HPV genotype, is needed to de-
termine if HPV genotypes could be considered as a prognostic marker in pa-
tients with uterine CC after RT. 
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1. Introduction 

Human papillomavirus (HPV) is responsible for more than 493,000 cases of cer-
vical cancer worldwide each year and about 274,000 deaths worldwide [1].  

Highly oncogenic human papillomavirus (HPV) infections are responsible for 
7.7% of cancers in developing countries, mainly cervical cancer. The incidence of 
this cancer is emerging steadily increasing in sub-Saharan Africa, with more 
than 75,000 new cases and close to 50,000 deaths a year, a toll further increased 
by HIV infection. According to the World Health Organization, cervical cancer 
will kill more than 443,000 women per year worldwide by 2030, nearly 90% of 
them in sub-Saharan Africa [2]. 

Persistent high-risk HPV (HR-HPV) infection is involved in more than 90% 
of cervical cancer cases and has been identified as a causal factor in development 
of cancer [3]. Generally, HPV16 and HPV18 cause about 70% of cervical cancer 
cases [4]. 

In Senegal, cervical cancer (CC) is the first cancer in terms of frequency and 
mortality among women [5]. This is a public health problem hence the urgency 
of preventive measures, including vaccination [6]. A preliminary study in four 
regions of Senegal in 936 asymptomatic women showed a prevalence of 18.1% of 
high-risk HPV infection (HPV-HR). HPVs-HR types found in order of fre-
quency were HPV31 (25.9%), HPV52 (19.4%), HPV45 (13.5%), HPV16 (13%) 
and HPV51 (10.6%) [5]. 

The strong correlation between the presence of HPV and the development of 
cervical cancer has enabled the research lead to the development of two vaccines. 
However, these vaccines only cover a few HPV genotypes, others have not been 
the subject of vaccine development, but seem to be a problem, demonstrated by 
various studies in Africa [7].  

The primary treatment strategy for uterine CC consists of surgery or radio-
therapy (RT). Surgery is usually reserved for early-stage disease and small lesions 
including stage IA, IB1, and selected IIA1 diseases [8]. Based on the results of 
randomized clinical trials, chemoradiotherapy (CCRT) has become the main 
treatment for stage IB2 to IVA disease [9]. YOKO et al. study suggests that HPV 
negative patients with cervical cancer have a significantly poorer prognosis after 
radiotherapy, and HPV status may be used as a marker to optimize the treat-
ment of patients with this type of cancer [10]. 

Senegal is a developing country that has difficulty in getting his medical plat-
form with radiotherapy and molecular biology. 

This work was carried out in order to determine the profile of different HPV 
genotypes in a population of women attending radiotherapy (RT), in order to 
integrate them after into understanding the response to radiotherapy.  

2. Materials and Methods 

Study samples 
A retrospective series of 60 FFPE primary cervix cancer cases, diagnosed be-
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tween 2015 and 2016, were retrieved from the archives of the Pathology depart-
ment of the National Cancer Institute of Dakar, Senegal. All the cases had been 
characterized for the presence of HPV-DNA by MPG. 

DNA extraction 
Depending on the size of the lesion, 1-3 µm FFPE sections were obtained. The 

utmost care was taken during the cutting protocol in order to avoid contamina-
tion [11]. Sections were deparaffinized with 1 ml of xylene at 56˚C for 5 min. The 
xylene was removed by washing with 1 ml of absolute ethanol. Tissue lysis was 
obtained by overnight incubation at 56˚C in 180 ml of buffer with 20 ml of protei-
nase K (Qiagen), followed by 1 h incubation at 90˚C. Details on the extraction and 
amplification of HPV DNA and HPV genotyping by MPG are provided in. 

Multiplex HPV Genotyping (MPG) 
Multiplex BSGP5+/GP6+ PCR-MPG was carried out with primers reported 

previously by Schmitt et al., 2008 [12]. The assay used nine sense primers 
BSGP5+ at 200 nM and 3 antisense primers 5’-biotinylated-BSGP6+ at 400 nM 
to amplify a ~150 bp fragment of the viral L1 ORF, as well as two additional 
primers (MS3/MS10) at 300 nM to amplify the ß-globin gene, which was used as 
DNA integrity control [13]. The multiplex Luminex hybridization assay enabled 
the detection of 27 mucosal HPV-genotypes: 1) high risk (HR)-HPV types: 16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68; 2) possibly HR-HPV types: 26, 53, 
67, 70, 73, 82; low risk (LR)-HPV types: 6, 11, 30, 43, 44 and 69. In addition, the 
β-globin product was amplified in each sample.  

Oligonucleotide probes with an amino group at the 5’ end for each of the 27 
HPV types were coupled to carboxylated beads using the carbodiimide proce-
dure described by Schmitt et al., 2006 [14]. For each combination of probes and 
beads we used 2.5 million carboxylated beads in 25 μL of 0.1 M2-(N-morpholino) 
ethanesulfonic acid (MES), pH 4.5, with 200 μg of  
N-(3-dimethylaminopropyl)-N-ethylcarbodiimide (EDC) and 400 pmol of 
probe, the mixture was incubated in the dark under stirring for 30 minutes, the 
addition of EDC and incubation was repeated once, then the beads were washed 
with 0.5 ml of 0.2 g/L of Tween 20 and once with 0.5 ml of 1.0 g/L SDS. Finally, 
they were stored at 4˚C in TE solution. Hybridization was performed in 96 well 
plates with 10 μL of PCR product in 33 μL of hybridization solution (0.15 M of 
tetramethylammonium chloride (TMAC), 75 mM Tris-HCl, 6 mM EDTA, 1.5 
g/L Sarkosyl, pH 8.0) to which 2000 bead-coupled probes were added. This 
mixture was incubated at 95˚C for 10 minutes and immediately placed on ice for 
2 minutes, then it was placed at 41˚C for 30 minutes under stirring, then the 
samples were transferred to a wash plate with filter bottom (Millipore, Bedford, 
MA) pre-equilibrated with blocking solution (PBS with 0.2 g/L Tween-20 and 
2.0 M TMAC), and washed with blocking solution to eliminate non-hybridized 
DNA in a vacuum wash station (Millipore). Subsequently, biotinylated PCR 
products were stained with streptavidin-R-phycoerythrin conjugate (Molecular 
Probes) diluted 1:1600 in 2.0 M TMAC, 75 mM Tris-HCl, 6 mM EDTA, 1.5 g/L 
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Sarkosyl, 1.0 g/L casein, pH 8.0 and incubated 20 minutes at room temperature 
with shaking. After washing three times with blocking solution, the beads were 
analyzed in a Luminex 100 reader (Luminex Corp.), which uses two lasers, one 
that recognizes the bead set by the internal bead color and another to quantify 
the reporter fluorescence on the bead. The results were expressed in median flu-
orescence intensities (MIF) of 100 beads per sample [12] [13] [14]. 

Statistical analysis 
SPSS 20.0 software was used for data analysis. Only a descriptive analysis was 

performed. The genotyping results were analyzed using Excel®. For each probe, 
MFI values in reactions with no PCR product added to the hybridization mix-
ture were considered background values. Reactions with net MFI values above 5 
were defined as positive reactions. 

3. Results 

Study Patient Characteristics 
Of the 60 enrolled patients (Mean age+/-S.D.: 48.63+/-10.77 years), 98.3% had 

squamous cell carcinoma and 1.7% had adenocarcinoma. Of the 60 blocks ex-
amined, DNA extraction was unsatisfactory in six cases. Fifty one patients were 
positive for the HPV high risk infection. By accumulating the genotypes of HPV 
found, we found in all five HPV high risks (Figure 1). 

 

 
Figure 1. Frequencies of HPV in study population. 

 
TYPE VIRUS Frequencies Total % 

HPV16 49 51 96% 

HPV18 8 51 16% 

HPV35 7 51 14% 

HPV45 4 51 8% 

HPV58 2 51 4% 
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HPV Genotype Distribution among HPV-Positive cervix cancer 
The analysis showed that among the 54 women, fifty one (94%) were infected 

with at least one type of oncogenic risk HPV of which 36 had a single HPV type 
infection, 11 had co-infection, and rest 4 had infection with more than two types 
of HPV (Table 1). 

In our study we isolated few cases of multiple infections: 30% of women had 
two or more types of HPV. In contrast, 70% of women had one type of HPV in-
fection. The most common type of infections found in this study was respective-
ly HPV-16 (67%) and HPV-35 (4%). Co-infection with HPV 16 and 18 was 
found (8%) (Table 2). 

HPV Prevalence by Age 
Analysis of the prevalence of HR-HPVs by age showed an overwhelming 

presence of these viruses in all age group, with greater positivity in patients over 
40 years old (73%). The hpv-16 showed much frequency rates, with a maximum 
in the group more than 40 years old (98%). The age does not predict significant-
ly about HPV type (Table 3). 

4. Discussion 

The present study is the first to show the distribution of human papillomavirus 
genotypes before RT in Senegalese patients with uterine Cervix Cancer (CC). 
The majority of patients in the study were HPV-positive, with a high proportion 
of HPV 16, 58, 18, 52. Although the number of patients in the present study was 
small, the results were consistent with previous reports regarding global inci-
dence of HPV genotypes in CC [15]. De Sanjose et al. found that HPV 16 and 18  

 
Table 1. Type of infection. 

TYPE INFECTION Frequencies Percent P-VALUE 

Single Infection 36 70% 

0,005 Multiple Infection 15 30% 

TOTAL 51 100% 

 
Table 2. Distribution of women according to the status HPV infection single or in mul-
tiple. 

HPV-HR type N Percent (%) 

16 34 67% 

35 2 4% 

16 + 18 4 8% 

16 + 35 3 6% 

16 + 45 4 8% 

16 + 18 + 35 2 4% 

16 + 18 + 58 2 4% 

TOTAL 51 100% 
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Table 3. Prevalence by age of HPV-HR. 

HPV-HR Positif 
Age < 40 Age > 40 

N % P-value 
n % n % 

16 10 29% 24 71% 34 67% 

0.48 

35 1 50% 1 50% 2 4% 

16 + 18 2 50% 2 50% 4 8% 

16 + 35 0 0% 3 100% 3 6% 

16 + 45 0 0% 4 100% 4 8% 

16 + 18 + 35 1 50% 1 50% 2 4% 

16 + 18 + 58 0 0% 2 100% 2 4% 

TOTAL 14 27% 37 73% 51 100% 

 
were the most common genotypes for uterine CC in the world [15]. However, 
Salehi-Vaziri et al. reported that the most common HPV genotypes in Iranian 
women were HPV 16 and 53 [16]. García Muentes et al. reported that the most 
common HPV genotypes in Ecuadorian women were HPV 16 and HPV 33 [17]. 

A fairly important patient rate (30%) in the study was positive for several 
HPV types (Table 1). A recent study in a Colombian population found 62.5% of 
multiple infections among HPV-infected women by conventional PCR [18]. The 
frequency of multiple infections found in our study as compared to this may re-
flect that multiple infections are a common phenomenon. 

Our results collaborate with those of Muñoz and colleagues who reported 
frequencies of 91.9% and 8.1% for single and multiple infections, respectively 
[19]. 

Radiotherapy induces high levels of DNA damage in tumor cells with the 
aim to promote apoptosis. The addition of cisplatin to radiotherapy in-
creased anti-tumor effects, and has been shown to improve therapy outcome in 
cervical cancer [20]. DNA DSBs, as induced by radiotherapy, can be repaired by 
two fundamentally distinct pathways: non-homologous end-joining (NHEJ) and 
homologous recombination (HR) [21]. 

HPV infection has been linked to altered DNA repair through various me-
chanisms. Importantly, expression of HPV oncogenes appears to negatively im-
pact the ability to repair DNA, pointing at an increased sensitivity of HPV-positive 
cells, such as most cervical cancer cells, for genotoxic agents [22]. 

Others studies results indicate that patients with high initial HPV titers could 
be favorably treated with radiotherapy alone. Chemotherapy in HPV positive 
tumors could be ineffective since in vitro studies have been reported these to be 
chemoresistant, while HPV negative cells were found to be chemosensitive [23] 
[24]. 

In our study, the positive HPV rate is above 80%. Given this HPV positivity 
rate in our series, it is important to discuss the association chemotherapy in the 
management of this cancer in our country. 
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Although the involvement of HPV in the development of cervical cancer has 
been firmly established, however, its prognostic significance in patients present-
ing with HPV positive and HPV negative cervical cancer has yielded conflicting 
results. A good correlation between presence of HPV and outcomes has been 
demonstrated by several workers [25] [26] [27] [28].  

Recently, Wang and al. have illustrated with a large population (1010 patients) 
and long-term follow-up (median, 78 months) that the presence of HPV alpha-7 
species or HPV negativity (high-risk group) was significantly associated with a 
poorer outcome of cervical cancer patients undergoing RT. Further, some au-
thors demonstrated that HPV16-related alpha-9 species significantly lowers the 
risk of cervical cancer-related death and recurrence/metastasis than the alpha-7 
species, which was consistent with a previous study in patients undergoing pri-
mary radiotherapy [29] [30]. 

Thus, the HPV genotypes should be considered as a biomolecular marker for 
cervical cancer. As a reminder, all HPV found in our study belong to these two 
groups alpha-9 (16, 52, 33, 31, and 58) and alpha-7 (18, 39, 59, 68, and 45) with 
predominance of HPV 16. So, we can consider that the rate of tumor recurrence 
observed after radiotherapy by the team of DEM et al. in the same center may be 
due to other mechanisms of radioresistance [31].  

Another study showed that HPV16 positivity was significantly associated with 
improved prognosis in the whole series of cervical cancer and also in subgroup 
receiving primary RT/CCRT [32]. Given the number of HPV 16 in our series, we 
can expect a very good response from our patients treated with exclusive radio-
therapy.  

In vitro studies have revealed significant differences in biological behaviors 
between HPV types. For example, HPV16 is associated with a higher level of 
tumor apoptosis than HPV18, affording one possible explanation for more radi-
osensitive cervical cancer with HPV16 [33]. 

Given the much lower prevalence of HPV18 in cervical cancer than HPV16, 
independent studies with large sample size are needed to assess the impact of 
HPV18 on patients’ prognosis.  

About the multiple infections, some considered that older women with different 
new sexual partners might be tended to infect with multiple HPV [34] [35].  

Furthermore, since HPV16, the most oncogenic HPV known, was detected in 
all CC cases, the presence of other HPV types in the same lesions may represent 
concomitant infections. It remains to be determined to which extent each virus 
contributes to the prognostic in radiotherapy. 

One of the limitations of our study was that we could not include the response 
after radiotherapy. Because the machine broke down for the duration of the 
study. In addition, there was a phenomenon of loss of sight of patients. 

5. Conclusion 

In conclusion, the results of the present study further evidence for the notion 
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that cervical HPV infection, also with multiple types, is widespread. However, 
further large population studies on the usefulness HPV genotype information in 
Senegalese patients with uterine CC are needed to determine if HPV genotypes 
could be considered as a prognostic marker in patients with uterine CC after RT. 
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