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A B S T R A C T

Objectives: Several studies have documented the HPV genotypes in the Senegalese general population. The
objective was to explore the HPV genotype distribution in Senegalese FSWs in order to assess the potential
relevance of currently-available vaccines.
Methods: Vaginal swabs samples collected as part of the National Integrated Biological and Behavioral Survey in
14 regions throughout the country were randomly selected for HPV testing using bead-based multiplex geno-
typing (TS-MPG).
Results: Among the 436 FSW samples analyzed, the overall HPV prevalence was 79.8% (N=348), with 70.1%
(N=244) cases presenting as multiple infections. High Risk HPV genotypes affecting at least 10% of FSWs
included in order of decreasing frequency: 52, 16, 35, 51, 33, 31, 18, and 45. Sixty-seven (15.4%) FSWs were
HIV positive and they were significantly more affected by HPV (94% vs 77%; p < 0.01) than seronegative FSWs
as well as infections with multiple genotype.
Conclusion: The present study indicates that FSW in Senegal experience a high burden of HPV infection with a
high frequency of coinfection with HIV and multiple HPV genotypes. Public health interventions for this key
population should include an earlier cervical dysplasia/cancer detection and preventative measures such as
vaccination programs that must consider the HPV genotype distribution.

1. Introduction

Cervical cancer is the second most common cancer for women living
in developing regions, and it is the second leading cause of cancer-re-
lated deaths in sub-Saharan Africa [1]. The link between cervical cancer
and Human Papillomavirus (HPV) has been well established, with HPV
being documented as the cause of almost all cases of cervical epithelial
cell dysplasia and cervical cancer [2,3] HPV is the most common
sexually transmitted virus worldwide, and HPV infection among all
women is highest in sub-Saharan Africa [4,5]. This is most notable in
Eastern and Western Africa, specifically [6].

Many genotypes of HPV exist and they have been classified based
upon their relationship with cervical cancer into High Risk (HR) (HPV
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59), possible or probable
high-risk high-risk (pHR) (26, 53, 66, 67, 68, 70, 73, and 82), and low-
risk (LR) (6, 11, 42, 43, and 44) genotype groups [7]. However, it is
well recognized that HPV 16 and 18 are associated with approximately

two thirds of all invasive cervical carcinomas [2,7,8]. A major clinical
risk factor contributing to infection with any HPV genotype is a higher
number of lifetime sexual partners [5,9]. It has been established as well
that this risk factor facilitates co-infection with multiple types of HPV,
other sexual transmitted infection (STI) agents [9–11] including co-
infection with Human Immunodeficiency Virus (HIV) [12].

In Senegal, a country located in West Africa, cervical cancer is the
most frequently occurring form of cancer, with estimated incidence and
mortality rates of 37.8 and 29 per 100,000 women-year, respectively
[13]. Several studies in Senegalese women have shown that HIV in-
fection decreased HPV clearance [14] was associated with an increased
risk of high grade or invasive cervical cancer ([15] and was associated
with harboring multiple infections of HPV-16 [16]. However, no data
has yet been published describing HPV status in Female Sex Workers
(FSW) Laboratoire of Bacteriolog for women older than 21 years named
registered FSW. The registration status refers to whether or not the
individual has gone through the processes of legally noting their work
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as a seller of sex, including all governmentally-required sexual health
screenings. This process is legally required by all FSWs in Senegal,
though not all women choose to register [17,18]. This key population is
highly affected by HIV at rates nearly 10 times higher than that re-
ported among women in the general population [19–21], and is
therefore likely to be disproportionately affected by HPV as well. The
goal of this study was to document the epidemiology of HPV in FSW, to
describe the HPV genotypes, and to clarify the association of HIV and
HPV in Senegalese FSW.

2. Methods

2.1. Sampling approach for target population

FSW were recruited during the 2010 National Integrated Biological
and Behavioral Survey conducted in all 14 regions of Senegal.
Recruitment sites were selected based on the target population's at-
tendance frequency (e.g. bars, brothels, and certain streets) and popu-
lation sizes were estimated via cluster sampling. First of all, an ex-
haustive identification of all the sites by region where FSW can be
found was done. After that identification and based on the total number
of FSWs needed to be recruited by region, a random site selection was
made to identify the primary units (or cluster). Within each cluster, the
secondary units (targets or FSWs) were randomly selected from the
eligible persons present at the time of the survey. Recruitment is
stopped as soon as the cluster target is reached or when there are no
targets (FSW) eligible to investigate in the dedicated time. All women
over the age of 15 who acknowledged ever having commercial sex
experience were invited to participate. Consent was first obtained prior
to the collection of behavioral data and then again before the collection
of biological samples. Biological samples were later randomly selected
for further HPV testing.

2.2. Biological samples collection

Blood samples (10mL from each consenting individual) were col-
lected in EDTA tubes and were tested for HIV using a 4th generation
ELISA (Murex HIV-1.2, Abbott laboratoires), ImmunoComb® II HIV 1 &
2 (Orgenics Ltd, Inverness). HIV BLOT 2.2 (MP Diagnostics) testing
served as the ultimate determinant in discordant serological analyses.

Vaginal discharges were collected with 2 swabs in Cobas PCR media
tubes (Roche Diagnostics) by auto vaginal swab sampling.

2.3. DNA extraction

HPV DNA extraction was performed using the QIAamp blood mini
kit (Qiagen, Hilden, Germany) according to manufacturer's instructions.
Extraction was carried out at the Bacteriology-Virology laboratory of
Aristide le Dantec University Teaching Hospital (Dakar, Senegal).

2.4. HPV DNA genotyping

HPV genotyping was perform at the International Agency of
Research Cancer (IARC) at Lyon (France) using type-specific PCR bead-
based multiplex genotyping (E7-MPG) assays that combine multiplex
polymerase chain reaction (PCR) and bead-based Luminex technology
(Luminex Corp., Austin, TX, USA), as described elsewhere [22,23]. The
multiplex type-specific PCR method uses specific primers for the de-
tection of 12 HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59), 7 pHR HPV types (HPV 26, 53, 66, 68 a and b, 70, 73, 82), and two
low-risk (LR)-HPV types (HPV 6 and 11). Two primers for the ampli-
fication of the β-globin gene were included to provide a positive control
for the quality of the DNA in the sample.

Following multiplex PCR amplification, 10 μl of each reaction
mixture was analyzed by multiplex HPV genotyping (MPG) using
Luminex technology (Luminex Corporation, Austin, TX) as described
previously [22,23]. Briefly, PCR products were denatured and hy-
bridized to the bead-coupled probes in 96-well plates. Unhybridized
DNA was removed after transfer into wash plates with filter bottoms.
Subsequently, biotinylated PCR products were stained by Strep-PE
conjugate. After further washing steps, the beads were analyzed in the
Luminex reader, which contains two lasers to identify the bead set by
the internal bead color and to quantify the reporter fluorescence on the
bead. The results are expressed as the median fluorescence intensity
(MFI) of at least 100 beads per bead set. For each probe, the MFI values
obtained when no PCR product was added to the hybridization mixture
were considered as background values. The cutoff was computed by
adding 5 MFI to 1.1× the median background value as described by
Schmitt et al. [23] This multiplex PCR protocol is highly sensitive, with
the ability to detect only 10 copies of the viral genome [24]. All of the
Luminex bead probes were designed within the region of no conserved
sequences amplified by the type-specific E7 primers to decrease the risk
of cross-reactivity. The specificity of the assay has been evaluated using
picked bacterial colonies harboring the genome of the respective virus.
No cross-reactivity has been observed [22,23].

2.5. Statistical analysis

Statistical analyses were performed using SPSS version 16.0 (SPSS
Inc. Chicaco, Illinois, USA) and Epi Info 7 (Centers for Disease Control
and Prevention, Atlanta, Georgia USA). An alpha of 0.05 was used.
Pearson's Exact Test (Asymptomatic 2-sided P value), the Kruskal-
Wallis H Test, and Regression Modeling were used during analyses
[25].

3. Results

Socio demographic characteristics of FSW tested for HPV are pre-
sented in Table 1. Among a total of 436 FSW, 94.5% (410/434) were

Table 1
FSW socio-demographic characteristics.

All HIV+ HIV- p

*Age 35 (26–42) 36 (30–45) 34 (26–42) 0.0586
Education Level
None 40.1% (175/436) 43.3% (29/67) 39.6% (146/369) 0.5896
Primary 40.4% (176/436) 43.3% (29/67) 39.8% (147/369) 0.5917
Secondary/Above 19.5% (85/436) 13.4% (9/67) 20.6% (76/369) 0.2396
Marital Status
Single 27.2% (118/434) 17.9% (12/67) 28.9% (106/367) 0.0731
Married 5.5% (24/434) 4.5% (3/67) 5.7% (21/367) 0.3650
Divorced/Widowed 67.3% (292/434) 77.6% (52/67) 65.4% (240/367) 0.0649
Sex Work Specific
Legal Registration Status 57.8% (252/436) 0% (0/67) 68.3% (252/369) < 0.01
*Years of Sex Work 3(0–6) 6(3–11) 6(2–10) 0.3915

* Median (IQR).
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non-married and 40% were not educated. The mean age was 34 years
old ranged from 15 to 62, and regarding the HIV status, there was
statistically no difference in socio demographic characteristic, except
for legal registration status due to that all seropositive FSW were no
registered.

The overall prevalence of HPV infection was 79.8% (348/436)
while HIV prevalence was 15.4% (67/436). According to HIV infection,
seropositive FSW were globally significantly more affected by HPV
(94% vs 77%; p < 0.01) and for any risk group (91% vs 69.1%, 56.7%
vs 41.5%, and 19.4% vs 9.4% for HR-HPV, pHR-HPV, and LR-HPV,
respectively). No differences in HPV infection prevalence existed across
age groups (p= 0.4032).

Among HPV infected FSW, 29.9% (104/348) were infected by a
single genotype and 70.1% (244/348) presented multiple HPV geno-
type infection, up to 13. Fig. 1 shows the difference in number (non-
infected, single and multiple) of infecting HPV genotypes for each age
group. HPV infection was more frequent between 21 and 40 years old.
In addition, infection with multiple HPV genotypes was more prevalent
than single infection for any age group but no difference was observed
in number of infecting genotypes between age groups (p=0.7567).

HPV genotype frequencies are displayed in Table 2. HR HPV types
accounted for the majority of HPV infections with 72.5% of all FSW
presented a HR HPV genotype. HPV-52 was the most prevalent HPV
genotype, detected in 32.6% of all FSW. HPV-16 was the second-most
common HPV type, affecting 19.7% of all FSW tested. HPV genotypes
affecting at least 10% of the study population included eight HR HPV
genotypes (HPV-16, -18, -31, -33, -35, -45, -51, -52, -66, and -68) and
one pHR-HPV genotypes (HPV-53). According to HIV infection, HPV
genotypes significantly more prevalent in seropositive FSW included
four HR HPV (HPV-16, 35, 45, and 52), 2 pHR-HPV (HPv-70 and -73),
and one LR HPV (HPV-6).

Fig. 2 shows the number of HPV genotypes present as a function of
HIV serostatus. The total number of infecting HPV genotypes ranged
from 0 to 11 for seronegative FSW and from 0 to 13 for seropositive
FSW. In addition, HIV serostatus was also associated with multiplicity
of HPV genotype infection: HIV negative FSW harbored a median (IQR)
of 2 (1−3) HPV genotypes vs 3 (2–5) in HIV positive FSW (p < 0.01).

4. Discussion

In this study, the current population of FSW had an extremely high
prevalence of HPV infection and is also highly affected by HIV as re-
ported worldwide in many other studies [27,28]. These results confirm
previous studies regarding HIV prevalence in FSW in Senegal [19,28]
and point out their extreme vulnerability to HPV comparing to general

population. Indeed, the HPV prevalence is almost four times higher
than that reported previously in Senegalese women in the general po-
pulation (79.8% vs 23%) [29]. Other studies have also noted the similar
disparities regarding HPV burden between the general female popula-
tion and FSW [30–32] and this discrepancy further predicts a dis-
proportionate burden of cervical cancer diseases among FSW.

For all age groups, a majority of FSW presented multiple HPV in-
fections (2 or more HPV types). Compared to a previous study, multiple
infections in FSW are more prevalent than in general senegalese female
population [29]. These multiple infections are certainly be due to a high
level of exposure with a significantly high number of sexual partners,
leading to multiple independent infections, and to a lower use of
condom during sexual practices as previously reported [9,26,30].

In addition, an association between HPV and HIV has been found
with a higher prevalence of HPV as well as a higher proportion of
multiple HPV genotypes in HIV seropositive FSW, compared to HIV
seronegative FSW. These results were a real concern for FSW health
care as similar studies shown that HIV decrease the clearance of HR-
HPV infections [14,33–35] and its association with multiple HR-HPV
genotypes increased risk of cervical abnormalities [15,36].

According to genotypes, it is well known that HPV-16 and HPV-18
are the two most frequently implicated in cervical cancer [37]. How-
ever, HPV-16 and 18 are not the most commonly occurring genotypes
in the present study population. HPV-52 was most prevalent in the
global FSW followed by HPV-16 and -35 as well as in the group of HIV
infected FSW. Eleven HPV genotypes infected at least 10% of FSW in-
cluding eight HR HPV types, which demonstrates the diversity of HPV
infections.

Previous study in Senegalese female population found similarly that
HPV-16 and 18 were only the sixth and tenth most prevalent in car-
riage, respectively after HPV-31 the most prevalent followed by 52, 53,
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Fig. 1. HPV Infection in Senegalese FSW according to age The proportion of
FSW within each age range was presented according to their status regarding
HPV infection. The proportion of FSW not infected, infected by a single HPV
genotype and infected by multiple HPV genotypes are presented in black (Non-
infected), in light grey (Single infected) and in hard grey (Multiple co-infec-
tions), respectively. Within each age range, the majority of FSWs harbored
multiple HPV genotypes.

Table 2
Infection frequencies for HR-, pHR-, and LR-HPV types in Senegalese FSWs.

Genotype All N=436 HIV negative
(N=369)

HIV positive
(N=67)

P

HPV positive 348 (79.8%) 285 (77.2%) 63 (94%) < 0.01
HR 316 (72.5%) 255 (69.1%) 61 (91%) < 0.01
pHR 191 (43.8%) 153 (41.5%) 38 (56.7%) < 0.05
LR 41 (9.4%) 28 (7.6%) 13 (19.4%) < 0.01
HR-HPV
*16 86 (19.7%) 64 (17.3%) 22 (32.8%) < 0.01
*18 52 (11.9%) 42 (11.4%) 10 (14.9%) 0.4139
*31 54 (12.4%) 43 (11.7%) 11 (16.4%) 0.3120
*33 56 (12.8%) 43 (11.7%) 13 (19.4%) 0.1096
*35 70 (16.1%) 52 (14.1%) 18 (26.9%) < 0.05
39 28 (6.4%) 21 (5.7%) 7 (10.5%) 0.1712
*45 50 (11.5%) 35 (9.5%) 15 (22.4%) < 0.01
*51 68 (15.6%) 53 (14.4%) 15 (22.4%) 0.1015
*52 142 (32.6%) 105 (28.5%) 37 (55.2%) < 0.01
56 42 (9.6%) 32 (8.7%) 10 (14.9%) 0.1171
58 27 (6.2%) 20 (5.4%) 7 (10.5%) 0.1615
59 18 (4.1%) 13 (3.5%) 5 (7.5%) 0.1724
pHR-HPV
26 7 (1.6%) 7 (1.9%) 0 0.6017
*53 73 (16.7%) 58 (15.7%) 15 (22.4%) 0.2118
*66 74 (17.0%) 60 (16.3%) 14 (20.9%) 0.3767
*68 80 (18.4%) 64 (17.4%) 16 (23.9%) 0.17
70 19 (4.4%) 13 (3.5%) 6 (9%) 0.0552
73 36 (8.3%) 23 (6.2%) 13 (19.4%) < 0.01
82 3 (0.7%) 2 (0.5%) 1 (1.5%) 0.3946
LR-HPV
6 34 (7.8%) 23 (6.2%) 11 (16.4%) < 0.05
11 7 (1.6%) 5 (1.4%) 2 (3%) 0.2934

HPV: Human Papillomavirus.
HR: high-risk HPV types, pHR: possible or probable high-risk high-risk HPV
types, LR: low-risk HPV types.
In grey, HPV genotypes significantly associated with HIV seropositivity.
* Affects at least 10% of the entire study population.
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66, and 45 [29]. In another study regarding HIV and HPV in the capital
city, HPV 58, 52, and 16 were the most prevalent for all women in-
cluded in analyses, followed by 18, 35, and 45 for HIV positive women
and 33, 31, and 18 for HIV negative women [16].

In Senegal also, it has been demonstrated that HPV-16 and 18 ac-
count for approximately 70% in cervical cancer lesions [38,39]. How-
ever, the remaining 30% of cervical cancer is related to other HR or
pHR genotypes that are prevalent in Senegalese FSW, even if it is not
really known which particular HPV type will persist and develop into
cervical cancer. Therefore, it is important to mitigate cancer risk by
reducing the burden of all pHR and HR genotypes with prevention
measurements like vaccine. Six of these other genotypes are targeted by
the new 9vHPV (FDA), which indicates that this vaccine may be sui-
table for use in this population.

Vaccination programs have high potential efficacy if given prior to
infection and current recommendations support also vaccine efficacy if
given to patients 26 years old or younger [40,41]. Although FSW in this
study are typically older than the recommended vaccination age, recent
studies have shown vaccine efficacy for women up to age 55 [42,43].
However the impact of this vaccination for FSW could be mitigated due
to their high level of HPV infection. Furthermore, more than 40% of
FSW were not registered and consequently were not regularly followed
up for STI screening and some non-registered FSWs do not consider
themselves as sex workers in need of care if they only work occasionally
[44]. According to these findings, HPV vaccine prevention scale up in
young girls become an urgent need.

5. Conclusion

On the whole, this study confirm the high vulnerability of FSW for
HPV with multiple genotype infections. Therefore, public health in-
terventions should associated cervical cancer screening and young girl
vaccination program that need to take into account these genotypes
distribution. Furthermore, due to their high vulnerability to HIV and its
defect association with HPV, prevention should also continue to in-
corporate condom distribution, screening for STIs and treatment pro-
grams for HIV in order to reduce morbidity and mortality associated
with these two viruses.
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