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Méditerranée Infection, Marseille, France

Abstract. Vaginal self-sampling and human papillomavirus (HPV) DNA testing can be useful tools for women with
limited access to health care living in sub-Saharan Africa. To assess the feasibility and acceptability of vaginal self-
sampling and high-risk HPV prevalence in two villages of central Senegal, women were asked to self-sample vaginal
swabs for HPV detection in May, 2016. Vaginal swabs were collected from 133 women and were tested for HPV
genotyping. The acceptability rate of vaginal self-sampling was 98.5%, and 99.2% of the women (133/134) used the
device correctly. The quality of self-sampling was satisfactory in 100% of the samples; 10.5% of the samples were
positive for HPV, including 6%with high-risk HPV types and 4%with low-risk HPV types. This preliminary study indicates
that vaginal self-sampling is a valuable strategy for high-risk HPV detection and cervical cancer screening in a population
of women not attending gynecologic screening in rural areas of Senegal.

In sub-Saharan Africa, cervical cancer (CC) is the most
common cancer in women.1 In Senegal, 1,197 Senegalese
women are diagnosed with CC every year,1 with a standard-
ized incidence rate of CC of 34.7 per 100,000 women-years
and 795 deaths.1 In this country, 3.2 million females aged 15
and older are at risk of developing CC. A total of 70.9% of
invasive CC are related to human papillomavirus (HPV) 16 and
18, whereas other high-risk (HPV 31, 33, 35, 39, 45, 51, 52, 56,
58, and 59)—or probably high-risk HPV types (HPV 26, 53, 66,
67, 68, 70, 73, and 82) (International Agency for Research on
Cancer 2011) are carcinogenic or probably carcinogenic. Few
data are available regarding the prevalence and distribution of
HPV types in Senegal.2 These epidemiological studies have
potential implications for vaccine development.3 However,
HPV vaccines are not yet available in Africa, and, therefore, an
easy and feasible CC screening is mandatory. Among the
screening tools, HPV DNA testing is useful for primary CC
screeningamongwomenaged30years andolder, andvaginal
self-sampling is considered valuable for detecting oncogenic
high-risk HPV infection,4 especially in women with limited
access to health care living in low-resource countries.5 The
two villages of Dielmo and Ndiop are located 280 km south-
east of Dakar (capital of Senegal).6 Since 1990, these villages
are part of the Dielmo project recruiting the whole population
in a long-term survey of host–parasite associations.6 In 2010,
a point-of-care (POC) laboratory was implemented in Dielmo
for diagnosing pathogens causing misunderstood fevers.7

Point-of-care laboratory could be extended to HPV detection.
With this setting, the feasibility of HPV vaginal self-sampling
and high-risk HPV prevalence among Senegalese women in
the two villages of central Senegal, Dielmo and Ndiop, were
assessed in this preliminary study. A meeting was organized
to explain the protocol, and all the women who are enrolled in
the Dielmo–Ndiop health-care protocol who agreed to par-
ticipate in this specific study were included.6

Vaginal swabs were collected from 133 nonvirgin women.
The ethical agreement was obtained from the national Ethics
Committee of Senegal (n�83/MSAS/DPRS/CNFRS). The women
were explained the technique of vaginal self-sampling. Briefly,
it consists of thewomen introducing the swab into their vagina
without medical or paramedical presence.
The samples were collected with the Abbott Cervi-Collect

SpecimenCollectionKit and then stored at 4�C, transported in
a cool box to Dakar laboratory where they were stored
at −20�C, and then sent to Marseille University Hospital by
DHL at −20�C for molecular analysis. Human papillomavirus
genotyping was assessed by polymerase chain reaction (PCR)
(MY09/MY11 primers), sequencing, phylogenetic analysis, and
cloning if necessary as described.8 Human papillomavirus
types were classified as high risk, probably high risk, and low
risk according to the classification by de Villiers et al.9 Quanti-
tation of HPV 16 and 18 viral load DNA was performed using a
quantitative duplex real-time PCR method as reported pre-
viously.10 A plasmid that contained the three target sequences
of interestwas used:HPV16 (onE6gene),HPV18 (onE7gene),
andhuman albumin (on exon 12). Thismethod allowed theHPV
16, 18, and albumin gene copy number to be quantified in the
sameassay.Humanpapillomavirus viral loadwasexpressedas
HPV copies per million cells.
The location of the two villages of Dielmo and Ndiop is

shown in Figure 1. One hundred thirty-six women responded
to the invitation to go to the dispensary. One hundred thirty-
four (98.5%) accepted to perform vaginal self-sampling. One
hundred thirty-three of the 134 women performed it ade-
quately. The quality of the collected vaginal samples was
satisfactory in 100% of the samples (positive for human al-
bumin). The frequency of HPV infection was 10.5% (14/133).
Among them, 8/133 individuals had high-risk HPV types (6%),
including two with HPV 18 and one with HPV 16 (Table 1).
Among these high-risk HPV types, according to de Villiers
classification,9 HPV 16, 18, 31, and 58 belong to group 1 of
HPV types found most frequently in CC, whereas HPV type
66 belongs to group 2B classified as possibly carcinogenic
according to the Bouvard classification.11 The frequency of
low-risk HPV types was 4%, including HPV types 62 (1.5%),
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22, 70, and 81 (0.7%). It is worth noting that according to
the Bouvard classification,11 HPV type 70 should be included
in the Group 2B and reclassified as possibly carcinogenic
to humans. No multiple infections were observed (Table 1,
Figure 2).
This preliminary study is the first in Senegal, to our knowl-

edge, to show the excellent feasibility and acceptability
(98.5%) of self-sampling for HPV detection, as previously
recorded in studies from developed countries among women
not attending regular screening for cultural or religious rea-
sons or from low socioeconomic level4,8 or among women
from developing countries.5,12 Altogether, these studies
demonstrate that vaginal self-sampling is an acceptable op-
tion in low-income communities5,12,13 and is a reliable tool for
CC screening.4,8 Moreover, in the present study, the quality of
self-sampling was excellent, indicating that the self-sampling
was performed adequately. This technique could be a first
step for the management of women and then needing clinical
and financial resources for the treatment of these women
positively screened (triage test, colposcopy, surgery, etc.).

In this study, HPV prevalence was 10.5% in systematically
screened women, which was close to worldwide data
reporting that 11.4% of adult women are HPV infected.14

However, it was much lower than that found recently in other
African countries such as Malawi (19.9%),15 Cameroon
(18.5%),16 or Madagascar (31.6%).17 Of note, in the two vil-
lages of Dielmo and Ndiop, 100% of the women were Mus-
lims, which could, according to the religious and traditional
practices,17 explain the low HPV frequencies that were ob-
served. Worldwide variation in HPV type distribution was re-
ported18 with, for example, a higher frequency of HPV 45 in
invasive CC in Africa, and a higher frequency of HPV 58 in
eastern Asia. A wide variation in HPV prevalence through sub-
Saharan African was reported ranging from 20% in Uganda,
Kenya and Tanzania to 40–70% elsewhere.14 In Senegal, a
study conducted by Mbaye el et al.2 shows that in the Dakar
region, the prevalence of high-risk HPV infection was
17.4–23.2% according to the regions, and the most frequent
types were HPV 52, followed by HPV 31 and HPV 16, 45, and
53. In another study in Dakar, the prevalence of HPV infection

FIGURE 1. Location of Dielmo and Ndiop villages in central Senegal. This figure appears in color at www.ajtmh.org.

TABLE1
Frequency of HPV types in 133 women tested in Dielmo and Ndiop areas

n/Total Frequency (%) Detection methods

HPV infection 14/133 10.5 qPCR and PCR sequencing
High-risk HPV types 8/133 6 qPCR and PCR sequencing
16 1/133 0.7 qPCR and PCR sequencing
18 2/133 1.5 qPCR
31 1/133 0.7 PCR sequencing
58 2/133 1.5 PCR sequencing
66 2/133 1.5 PCR sequencing

Low-risk HPV types 6/133 4 PCR sequencing
22 1/133 0.7 PCR sequencing
62 2/133 1.5 PCR sequencing
70 1/133 0.7 PCR sequencing
81 1/133 0.7 PCR sequencing
HPV = human papillomavirus; pPCR = real-time polymerase chain reaction.
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was 18% in women aged ³ 35 years, whereas HPV 16 and 58
were the most frequent types detected in women with nega-
tive cytology (2.4% and 1.6%, respectively) and were also
found strongly associated with risk of high-grade squamous
intraepithelial lesions/CC.19 In the present study, the high-risk
HPV types found were HPV 16, 18, 31, 58, and 66, which is in
line with these previous studies in Dakar and also with
screening studies conducted in developed countries.20 Of
note, 4.5% of low-risk HPV types (HPV 22, 62, 70, and 81)
were identified. Of interest, HPV 22 is a scarce cutaneousHPV
type of the genusbeta not classified as carcinogenic so far.9 In
addition and contrasting with most of the previous studies
published on HPV prevalence in comparable populations of
women, no multiple HPV infection was found. This finding
could be related first, to the genotyping technique used in this
study, which may be problematic for detecting multiple HPV
genotypes.21 Indeed, direct sequence analysis detects fewer
multiple HPV types than methods such as reverse hybridizing
method by linear array or DNA chips. Second, it could be re-
lated again to the cultural and religious customs of these
women or rural areas of Senegal. Another limitation of our
study was the small sampling (133 women) number, and the
absence of cytological results, thus limiting our interpretation.
This preliminary study was undertaken to demonstrate the
good feasibility, acceptability, and accuracy of vaginal

self-sampling to detect HPV types in the setting of a POC
laboratory. In addition, HPV-based screening was recently
proved to be more sensitive than cytology-based screening
for CC screening.22

In conclusion, this preliminary study indicates that vaginal
self-sampling is a valuable strategy for high-risk HPV detection
and CC screening in a population of women not attending gy-
necologic screening in rural areas of Senegal. In the next future,
recent tests such as Xpert HPV point-of-care test, which is
more convenient, rapid, friendly to use, reliable, and appropri-
ate for low-income countries, will be implemented.23,24 This
warrantsadditional, larger, andmoresystematicstudies insuch
areas and in addition to the implemented POC laboratories that
help screen sexually transmitted diseases and vaginitis in-
fectious agents.
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FIGURE 2. Phylogenetic tree of 11 patients’HPV sequences based on L1 gene fragment. Phylogenetic treewas constructed using nucleotides of
the L1 gene. The tree was generated by nearest neighbor-joining analysis. Bootstrap values are shown at the branch nodes. The reference strains
are reported with accession number. This figure appears in color at www.ajtmh.org.
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