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High risk human Papillomavirus (HPV) infections ultimately cause cervical cancer. Human Immunodeficiency Virus (HIV)
infected women often present with multiple high-risk HPV infections and are thus at a higher risk of developing cervical cancer.
However, information on the circulating high-risk HPV genotypes in Kenya in both HIV-infected and HIV-uninfected women
is still scanty. This study is aimed at determining the phylogeny and the HPV genotypes in women with respect to their HIV
status and at correlating this with cytology results. This study was carried out among women attending the Reproductive Health
Clinic at Kenyatta National Hospital, a referral hospital in Nairobi, Kenya. A cross-sectional study recruited a total of 217
women aged 18 to 50 years. Paired blood and cervical samples were obtained from consenting participants. Blood was used for
serological HIV screening while cervical smears were used for cytology followed by HPV DNA extraction, HPV DNA PCR
amplification, and phylogenetic analysis. Out of 217 participants, 29 (13.4%) were HIV seropositive, while 68 (31.3%) were
positive for HPV DNA. Eight (3.7%) of the participants had abnormal cervical cytology. High-risk HPV 16 was the most
prevalent followed by HPV 81, 73, 35, and 52. One participant had cervical cancer, was HIV infected, and had multiple high-
risk infections with HPV 26, 35, and 58. HPV 16, 6, and 81 had two variants each. HPV 16 in this study clustered with HPV
from Iran and Africa. This study shows the circulation of other HPV 35, 52, 73, 81, 31, 51, 45, 58, and 26 in the Kenyan
population that play important roles in cancer etiology but are not included in the HPV vaccine. Data from this study could
inform vaccination strategies. Additionally, this data will be useful in future epidemiological studies of HPV in Nairobi as the
introduction or development of new variants can be detected.

1. Introduction

Human Papillomaviruses (HPVs) are divided into three
groups [1]. Group 1 HPV is known to be carcinogenic and
includes HPV 16, 18, 31, 33, 35, 45, 52, and 58. Group 2
includes those that are probably carcinogenic and includes
HPV 68, 53, 66, 67, 70, 73, and 82 while group 3 includes
those with no carcinogenic ability (HPV 6 and 11). The most
prevalent HPV genotypes globally in a decreasing order are
HPV 16, 18, 33, 45, 31, 58, 52, 35, 59, 56, 51, 39, 6, 68, 73,

66, and 70 [2]. HPV infection is the main risk factor for
cervical cancer which is the leading cause of mortality in
Africa [3, 4].

Compared to HIV-uninfected women, HIV-infected
women are at an increased risk for HPV infection and tend
to be infected with multiple genotypes of HPV [5–7]. HIV-
infected women are also more likely to be infected with
high-risk HPV genotypes that are not in the HPV vaccines
[8]. The most oncogenic HPV is the alpha 9 (16, 31, 35, 58,
67, and 52) and alpha 7 (59, 18, 45, 70, 39, 68, and 85)
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papillomaviruses [9]. Of these, HPV 16 and 18 are the most
prevalent oncogenic types in cervical malignancies causing
up to 70% of all malignancies [2, 10]. It is for these reasons
that they are included in the HPV vaccines. There are three
main vaccines for cervical cancer: a bivalent vaccine (Cer-
varix) that contains HPV 16 and 18 only, a quadrivalent vac-
cine (Gardasil) that has HPV 6, 11, 16, and 18, and a 9 valent
vaccine with HPV 16, 18, 11, 6, 31, 33, 45, 52, and 58 [11, 12].
These vaccines are a breakthrough for cancer prevention
since they have the HPV genotypes that are most oncogenic
[13, 14]. However, other high-risk types seem to be playing
important roles in cervical cancer etiology. In addition, the
distribution of high-risk HPV has been shown to vary geo-
graphically [15].

A sequence of the L1 region of HPV is used for taxo-
nomic analysis where more than 10%, 2-10% and less than
2% in sequence difference would represent different types,
subtypes, and variants, respectively [16]. Phylogenetic analy-
sis is important for the analysis of viral genes with high rates
of mutation and for determining the patterns of viral emer-
gence [17]. HPV variant analysis is important for precise
diagnosis and vaccine design [18]. This study is therefore
aimed at determining the HPV genotypes found in women
with respect to their HIV status and their phylogenetic rela-
tionship and at correlating the genotypes with cytological
endpoints which reflect cervical cancer or the progression
towards cervical cancer.

2. Materials and Methods

2.1. Study Site and Ethical Approval. A cross-sectional study
was done at the National Reproductive Health Clinic at
Kenyatta National Hospital, a referral hospital in Nairobi,
Kenya. This was after study approval by the National
Ethical Review Committees at the Kenya Medical Research
Institute and Kenyatta National Hospital. The Reproductive
Health Clinic at Kenyatta National Hospital is a referral
center for cervical cancer screening, family planning
services, and fistula care.

2.2. Study Participants. Recruitment of participants was done
as they walked into the KNH Reproductive Health Clinic
between August 2013 and April 2014. A minimum sample
size was arrived at by using a HPV prevalence of 27% [7].
The minimum sample size was calculated as 215 [19]. How-
ever, 217 individuals were recruited in the study. Participants
were women between the ages of 18 and 50 years who con-
sented to the study. Those who did not consent and those
of ages below 18 years or above 50 years were excluded from
the study. This is because above 50 years, it is not possible to
reach the squamocolumnar junction since it is taken up into
the endocervical canal in postmenopausal women [20]. This
cut off of 50 years was arrived at based on a study done on
Kenyan women that reported the age of menopause to be
48.28 years [21]. Pregnant women were also excluded
because of fear of loss of the pregnancy and because many
women experience some bleeding after a vaginal swab that
could cause anxiety.

2.3. Demographic Information. A questionnaire was used to
collect demographic information including age of the partic-
ipants, marital status, level of education, and parity.

2.4. Biological Specimen Collection for HIV Testing. All con-
senting participants were given pre- and post-HIV counsel-
ing and tested for HIV infection using the Kenya National
HIV Testing Algorithm [22]. Determine™ HIV rapid test
was used as the first rapid test for all participants; all cases
reactive to Determine™were screened again using the second
rapid test UniGold™. In case of indeterminate results, 3ml of
blood was collected for an ELISA test to confirm the HIV sta-
tus at the Kenya Medical Research Institute [23].

2.5. Cervical Swab Collection for HPV Testing. The patient
was requested to get on the couch and lie on their back in a
lithotomy position. A speculum examination was done, and
the cervical os (opening of the cervix) was visualized. Cervical
smears were then collected by a nurse by inserting a cytology
brush into the endocervical canal making sure ectocervical
and endocervical cells are taken. The brush was rotated one
full turn and then removed gently. The cervical epithelial
cells obtained were spread on a microscopic slide for cytol-
ogy, after which the brush was immediately rinsed in vials
containing virus transport media and the brush detached
into the media. The vials were tightly closed and stored
at -20°C awaiting viral DNA extraction, PCR amplification,
and phylogenetic studies.

2.6. Cytology. The cervical smears were analyzed under the
strict supervision of a cytotechnologist who was supervised
by a resident pathologist at the Kenya Medical Research
Institute. An independent pathologist and a second cytotech-
nologist were involved to ensure the quality of cytology
results. The patients were called back for repeat pap smear
if the sample was unsatisfactory due to blurring by blood,
presence of a lot of pus cells, or insufficient cells to allow ade-
quate assessment [20]. Fixed smears were stained to enable
visualization of the cell nucleus and cytoplasm. Changes in
the size of the nucleus, presence of koilocytosis, or changes
in the nuclear to cytoplasm ratio were sought after the stain-
ing. Cervical cytology results were reported according to the
Bethesda system as negative for intraepithelial lesion or
malignancy, Atypical Squamous Cells of Undetermined Sig-
nificance (ASCUS), atypical squamous cells-cannot exclude
high-grade squamous intraepithelial lesion (ASC-H), Low-
grade Squamous Intraepithelial Lesions (LSIL), High-grade
Squamous Intraepithelial Lesions (HSIL), squamous cell car-
cinoma, endocervical adenocarcinoma in situ, and adenocar-
cinoma [24].

2.7. HPV DNA Extraction and Amplification. Vials contain-
ing the cytology brush were thawed and vortexed to release
the material from the brush into the medium. HPV DNA
extraction was done for all the samples using the QIAamp
DNA kit (Qiagen, Germany) following the blood and body
fluid spin protocol. The DNA was eluted in 50μl of RNAse
and DNAse free water. PCR amplification of the HPV LI
region was done using HPV consensus primers that target a
450 base pair region in the L1 open reading frame of HPV
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using the MY09/MY11 primers and then reamplified using
the nested GP5+/GP6+ primers that amplify a 150 bp region
[23]. L1 genome is highly conserved between HPV genotypes
and hence used for taxonomic analysis. In the primary PCR,
5μl of the extracted product, 2.0mM MgCl2, 500 nM MY09,
500nM MY11, and 400μM of dNTPs were used. The ther-
mocycler programming was set as follows: initial activation
at 95°C for 10 minutes followed by 40 cycles of denaturation
at 95°C for 30 seconds, annealing at 48°C for 30 seconds, and
extension at 72°C for 30 seconds [23]. The final extension was
at 72°C for 10 minutes. In the nested PCR, 5μl of the primary
PCR product, 2.0mM MgCl2, 500 nM of GP5+, 500 nM of
GP6+, and 400μM of dNTPs were used. The thermocycler
programming was set as follows: initial activation at 94°C
for 10 minutes followed by 40 cycles of denaturation at
94°C for 30 seconds, annealing at 43°C for 30 seconds, and
extension at 72°C for 30 seconds. The final extension was at
72°C for 10 minutes. Amplitaq Gold Applied Biosystems

was used in each PCR run. DNAse free RNAse free water
was used as the negative control in each PCR run.

Electrophoresis was done using a 2% agarose gel with 5μl
aliquot of the PCR product. Samples showing a band of
approximately 140 bp were confirmed as positive for HPV
[7, 23]. The HPV-positive samples after nested PCR were
then purified and sequenced. Purification of the PCR-
positive products was done using the QIAquick DNA purifi-
cation kit (Qiagen, Germany) and sequenced using the Big-
Dye Terminator (Life Technologies).

2.8. Data Analysis. Demographic data was analyzed using
SPSS software version 18.0. A Chi-square test was used for
comparison of categorical data. Fisher’s exact test was
used for data with a frequency of less than 5. Continuous
data was represented in terms of means and standard
deviation. Statistical significance was set when p value
was less than 0.05.

Table 1: Demographic characteristics, HPV, and HIV Infections among women attending the Reproductive Health Clinic at a referral
hospital in Nairobi, Kenya, in 2013 and 2014.

Number
N = 217

HPV HIV
HPV positive HPV negative p value HIV infected HIV uninfected p value

Age

<25 14 (6.5) 7 (50.0) 7 (50.0) 0.123 1 (7.1) 13 (92.9) 0.022∗

25-39 132 (60.8) 44 (33.3) 88 (66.7) 12 (9.1) 120 (90.9)

Over 40 71 (32.7) 17 (23.9) 54 (76.1) 16 (22.5) 55 (77.5)

Marital status

Singles 40 (18.4) 21 (52.5) 19 (47.5) 0.004∗ 8 (20.0) 32 (80.0) 0.001∗

Married 171 (78.8) 45 (26.3) 126 (73.7) 15 (8.8) 156 (91.2)

Divorced or widowed 6 (2.8) 2 (33.3) 4 (66.7) 6 (100) 0 (0.0)

Level of education

None 2 (9) 1 (1.5) 1 (0.7) 0.714 1 (50) 1 (50.0) 0.073

Primary 54 (29.9) 15 (22.1) 39 (26.2) 10 (18.5) 44 (81.5)

Secondary 97 (44.7) 33 (48.5) 64 (43.0) 14 (14.4) 83 (85.6)

Tertiary 64 (29.5) 19 (27.9) 45 (30.2) 4 (6.3) 60 (93.8)

Number of live children

None 18 (8.3) 10 (14.7) 8 (5.4) 0.096 3 (16.7) 15 (83.3) 0.959

One 35 (16.1) 12 (17.6) 23 (15.4) 4 (11.4) 31 (88.6)

Two 77 (35.5) 24 (35.3) 53 (35.6) 10 (13.0) 67 (87.0)

Three or more 87 (40.1) 22 (32.4) 65 (43.6) 12 (13.8) 75 (86.2)

Family planning method

Hormonal 50 (23.0) 11 (22.0) 39 (78.0) 0.120 2 (3.8) 51 (96.2) 0.031∗

Nonhormonal 167 (77.0) 57 (34.1) 110 (65.9) 27 (16.5) 137 (83.5)

Cytology results

Normal 102 (47.0) 32 (31.4) 70 (68.6) 0.028∗ 9 (31.0) 93 (49.5) 0.001∗

Abnormal 8 (3.7) 6 (75.0) 2 (25.0) 6 (20.7) 2 (1.1)

Inflammation 107 (49.3) 30 (28.0) 77 (72.0) 14 (48.3) 93 (49.5)

HIV status

Infected 29 (13.4) 14 (48.3) 15 (51.7) 0.031∗

Uninfected 188 (86.6) 54 (28.7) 134 (71.3)
∗p value is significant; percentages are in brackets.

3BioMed Research International



2.9. HPV Typing and Phylogenetic Analysis. The phylogenetic
tree was constructed using the sequences of the L1 region.
Partial sequences of the amplified HPV L1 region were edited
in Chromas software Version 2.4.3. The sequences were then
blasted on NCBI http://blast.ncbi.nlm.gov/blast.cgi. Repre-
sentative sequences of the same type with unique differences
were selected for phylogenetic analysis [18]. Reference
sequences were retrieved from Genbank. An input file was
then prepared with all the representative sequences and ref-
erence sequences. These sequences were used for multiple
sequence alignment with CLUSTAL W in MEGA X software
[25]. The evolutionary history was inferred by using the
Maximum Likelihood method and the Tamura-Nei model
[26]. Initial trees for the heuristic search were obtained auto-
matically by applying Neighbor-Join and BioNJ algorithms
to a matrix of pairwise distances estimated using the
Maximum Composite Likelihood (MCL) approach and
then selecting the topology with superior log likelihood
value. This analysis involved 61 nucleotide sequences.
Codon positions included were 1st+2nd+3rd+noncoding.
There was a total of 155 positions in the final dataset.
Branches with bootstrap replicates less than 50% were
collapsed. The tree was drawn to scale, with branch lengths
measured in the number of substitutions per site. TreeView
was used to visualize the tree [27].

3. Results

3.1. Demographic Information. A total of 217 women were
recruited into the study with a median age of 36 years, mean
age of 35.73 years, and standard deviation of 7.4. Over half of
the women (60.8%) were between 25 and 39 years while

78.8% (171/217) of the women sampled were married
(Table 1).

3.2. HPV Infection. Out of the 217 samples, 68 (31.3%) were
positive for HPV DNA by PCR (Table 1). The prevalence of
HPV infection was higher (50%) in women below 25 years
and lower (23.9%) in women above 40 years. However, this
difference was not statistically significant (p = 0:123). When
HPV infection was assessed by marital status, single women
had the highest rates of infection (p = 0:004). There was no
association between HPV infection and level of education
(p = 0:714), family planning (p = 0:072), and the number of
children (p = 0:089).

3.3. HPV-HIV Coinfection. Of the 217 women, 29 (13.36%)
were infected with HIV. The mean age for HIV-infected
women was 40.7 years with a standard deviation of 6.6 and
a median of 42 years. Of the 29 HIV-infected women, 16
(55.2%) were over 40 years. All the six women (100%) who
were widowed or divorced were infected with HIV while
15/171 (8.8%) of the married women were infected with
HIV. Age (p = 0:022) and marital status (p = 0:001) were seen
to significantly influence HIV infection (Table 1).

The prevalence of coinfections of HPV and HIV was
6.5%. Fourteen of the 217 (6.5%) women studied had both
HIV and HPV infection. HPV infections were significantly
more prevalent in HIV-infected women (p = 0:031).

3.4. Cervical Cytology. Eight of the 217 (3.7%) women had
abnormal smears (Table 1) with precancerous endpoints,
3/8 (37.5%) with HSIL (Figure 1(c)), 1/8 (12.5%) with LSIL
(Figure 1(d)), and 3/8 (37.5%) with ASCUS, while one
woman had adenocarcinoma cancer (Figure 1(b)). The

(a) (b)

(c) (d)

Figure 1: (a) Normal cells; (b) abnormal cytology results, a patient with adenocarcinoma; (c) abnormal cytology results, patient with HSIL;
(d) patient with low-grade squamous intraepithelial cells.
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highest rates of HPV infection was seen in women with
abnormal cytology (p = 0:028). Six out of the eight women
with abnormal cytology were HIV-HPV coinfected. There
was 100% HPV infection in women with HSIL and cancer
while only 1 out of 3 patients with ASCUS was HPV infected.
A total of 102 women had normal cytology (Figure 1(a)). A
further 107 (49.3%) had some form of inflammation due to
various causes including candidiasis, cervicitis, bacterial vag-
inosis, and inflammation of unknown cause (Table 1). Of the
102 women with normal cytology, 32 (31.4%) were positive
for HPV.

3.5. HPV Genotypes. Out of the 68 positive samples, only 60
were successfully identified as being HPV genotypes using
BLAST (Table 2). The other eight sequences were too short
(<100 bp) to cover the required LI region for genotyping of

HPV and thus could not produce any similarity to known
HPV. HPV 16 was the most prevalent (32.4%) with 22 sam-
ples being identified to have HPV 16 followed by HPV 6
(13.2%), HPV 81 (7.4%), HPV 73 (4.4%), HPV 52 (4.4%),
HPV 35 (4.4%), HPV 33 (2.9%), HPV 26 (2.9%), HPV 66
(2.9%), HPV 83 (2.9%), HPV 31 (2.9%), HPV 102 (1.5%),
HPV 11 (1.5%), HPV 51 (1.5%), HPV 58 (1.5%), and HPV
68 (1.5%).

3.6. HPV Genotypes and HIV Infection. A total of 7/29
(24.1%) HIV-infected women were infected with multiple
high-risk HPV genotypes compared to 7/188 (3.7%) HIV-
uninfected women (Table 3). Infections with multiple high-
risk HPV types were greater in HIV-infected women than
those in HIV-uninfected women with half of the coinfected
women having multiple high-risk HPV infections (Table 4).

3.7. HPV Genotypes and Cytology. The patient who had pre-
sented with adenocarcinoma had multiple high-risk infec-
tions. This patient had HPV 35, 58, and 26 which are all
high-risk types. HPV-infected women with normal cytology
results had all risk types of HPV. A woman with HSIL had
only low-risk HPV 81 (Table 5).

3.8. Phylogenetic Results. The sequences of samples with sin-
gle HPV infections were used for phylogenetic analysis.
These included HPV 6, 11, 16, 31, 33, 35, 51, 52, 58, 66, 81,
and 83. Among all the HPV 16 samples, two variants were
detected. HPV 81 and HPV 6 samples also had two variants
each. A representative of each of the variants was used for
the analysis.

Phylogenetic analysis was also able to cluster the HPV
genotypes into high-risk types and low-risk types based on
oncogenicity. Phylogeny clustered the sequences into two
major groups. One that had HPV 51, 66, 81, and 83 and the
second with the rest of the HPV types forming their own
clade. This second clade was further clustered into three with
HPV 6 and 11 forming a clade, HPV 16 variants forming
another clade, and HPV 31, 35, 33, 52, and 58 forming a
clade. Variant 1 of HPV 16 clustered with HPV 16 from Iran
(accession numbers AF548830, AF548834, and DQ448190)
while variant 2 clustered with HPV 16 from Africa specifi-
cally Mali and Congo (Figure 2).

4. Discussion

This study has described the HPV DNA prevalence of both
HIV-infected and HIV-uninfected women attending the
Kenyatta National Hospital Reproductive Health Clinic in
Kenya. This clinic supports women for cervical cancer
screening through pap test, family planning, fistula care,
and STI clinic. Of these women, an overall HPV DNA prev-
alence of 31.3% is reported in this study. This is similar to the
results of other studies in Kenya. Studies in Nairobi with 488
women and Tigoni with 438 women assessed HPV infection
and cytology, and HIV infection revealed a HPV prevalence
of 27% and 32.7%, respectively [7, 28]. This clearly indicates
that HPV remains to be common in Kenya and the preva-
lence is still high. Eastern Africa has high incidence and mor-
tality rates of cervical cancer which is the main cancer

Table 2: HPV genotypes identified as single or multiple infections
in women attending a Reproductive Health Clinic in Kenya in
2013 and 2014.

Type of infection HPV genotypes Number N

Single high-risk infections

16 6

52 3

31 1

58 2

35 2

33 2

73 2

51 1

66 1

Single low-risk infections

81 2

6 8

11 1

Multiple infections with
high risk

16, 31 9

16, 31, 33 2

35, 58, 26 1

73, 68, 45 1

33, 35 1

Multiple infections with
high- and low-risk HPV

81, 51 2

26, 6, 16, 31, 35 1

81, 16 2

16, 11 1

11, 87, 45, 16 1

66, 11, 45 1

26, 51, 16, 35, 6 1

83, 16 1

83, 31, 16 1

102, 73 1

83, 73 2

Multiple low-risk infections 102, 83 1

Unidentified 8

Total 68
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affecting women in this region with a risk of 1.5% for women
below 65 years [29]. This high incidence and mortality as a
consequence of HPV infection are due to high HIV burden
and inadequate cervical cancer prevention services [3].

The prevalence of HPV was 28.7% in HIV-uninfected
women and 48.3% in HIV-infected women. The high preva-
lence particularly for the HIV-uninfected women in this
study may be due to high parity, increased number of sexual
partners, and STI infection which are risky behavior for HPV
acquisition [30]. This high prevalence of HPV in HIV-
uninfected women was also recorded in a previous study
done in Kenya and also in South African adolescent girls
[7, 30]. However, in Nigeria, the prevalence of HPV in
HIV-infected women was 54.1%. HIV-infected HPV-
infected women tend to have aggressive forms of HPV due
to their weakened immune system [6, 7]. A study in Uganda
detected a very high HPV prevalence of more than 90% for
any HPV genotype and 69% for high-risk HPV in women
coinfected with HIV and HSV-2 [31].

The prevalence of HPV in this study in women with nor-
mal cytology was 31.3% which is slightly higher than 20.7%
reported in other studies previously done in Kenya [28].
The prevalence of HPV in women with normal cytology is
higher in sub-Saharan Africa than the rest of the world [3].
In this study, women with normal cytology had single and
multiple high-risk HPV. A study in Morocco recorded a
HPV prevalence of 34.3% in women with normal cytology

[32] while HPV prevalence in the Kenyan population among
the women who have normal cytology is 39.6% [33]. Even
though cytology screening has dramatically reduced the mor-
talities associated with cervical cancer [34], it is prudent to
include HPV DNA testing during routine diagnosis to cater
to the women who have cytological normal results but may
have high-risk HPV. In the present study, HPV infection
was reported in 1/3 of the women with ASCUS cytology
and 100% in HSIL and adenocarcinoma. This demonstrates
the increasing prevalence of HPV with an increase in cervical
intraepithelial lesions [33, 35]. A prevalence of 20.7% was
noted for precancerous lesions in HIV-infected women
in this study which is comparable to 25% reported in
Nigeria [23].

HPV 16 was the most prevalent type in this study
(32.4%). The high prevalence of HPV 16 has also been dem-
onstrated in Kenya and worldwide [2, 3, 15, 36, 37]. A study
done in Kenya revealed that HPV 16 and 68 were more prev-
alent in HIV-infected women than those without HIV [38].
In contrast, the second most prevalent high-risk type was
HPV 81 (7.4%) followed by HPV 73, 35, and 52 each with a
prevalence of 4.4%. This is in agreement with a meta-
analysis indicating HPV 35 and 52 were the most prevalent
in women with abnormal cytology [36, 37]. In this study,
HPV 81 was the only genotype detected in a woman with
HSIL. High prevalence of HPV 81 was also detected in
women with abnormal cytology elsewhere [39, 40]. HPV 81
is recognized as a new type mostly found in patients with a
weak immune system [40]. This type is associated with
precancerous and cancerous lesions [39]. High HPV 35
prevalence was also recorded in Nigeria [23]. The high
HPV prevalence of HPV 31 was recorded in HSIL and
ASCUS in HIV-infected women in this study. This was also
established in a study in Belgium among the HIV-infected
women where HPV 31 has been found in a high number of
HSIL cases [36, 37].

In the present study, one patient presented with adeno-
carcinoma after cytology examination. A cervical sample
revealed multiple HPV infections of HPV 35, 58, and 26
which are all high-risk types. HPV 35 has been noted to be
common in Africa compared to the rest of the world in
women with adenocarcinoma [3]. Results elsewhere also
indicate HPV 35 is associated with malignancies even in
younger HIV-uninfected women [32]. In a study in Nigeria,
HPV 35 was the most prevalent in HIV-infected women
[23]. HPV 52 had a high prevalence in a study done in West-
ern Kenya in HIV-infected women [41]. This high HPV 52
prevalence has also been observed in Zambia and China
[42, 43]. A high prevalence of HPV 53 in a HIV-infected

Table 4: HPV genotype distribution among the fourteen HPV- and
HIV-coinfected women attending a Reproductive Health Clinic in
Kenya in 2013 and 2014.

Risk
Genotypes in HPV and

HIV coinfected

Single infections with high-risk types
16 (2)

51

Single low-risk infections 81

Multiple high-risk infections

35, 58, 26

16, 31

73, 68, 45

16, 31 (2)

33, 35

16, 31, 33

Multiple high- and low-risk infections

81, 16

83, 73

16, 11, 87, 45

Table 3: HPV genotype distribution and HIV infection in women attending a Reproductive Health Clinic in Kenya in 2013 and 2014.

HPV genotype
HIV infected
N = 29 (%)

HIV uninfected
N = 188 (%)

Single infections with high-risk types 3 (10.3) 16 (8.5)

Single low-risk infections 1 (3.4) 10 (5.3)

Multiple high-risk infections 7 (24.1) 7 (3.7)

Multiple high- and low-risk infections 3 (10.3) 8 (4.3)
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woman with invasive cancer in a study done in Mombasa
Kenya also confirms the potential role of other high-risk
genotypes in cervical cancer genesis especially in HIV-
infected women [13, 14]. This is an indication that other
HPV types are more prevalent in Kenya other than the two
high-risk types included in the HPV vaccine.

The prevalence of high-risk HPV types in Kenya that are
not included in the HPV vaccines available is a major con-
cern, especially for HIV-infected women. This emphasizes
the need for a regionally tailored vaccine in Kenya since other
high-risk HPV types circulating in Kenya seem to play
important roles in cervical cancer etiology. A meta-analysis
study in Kenya showed that in women with abnormal cytol-
ogy high-risk HPV 16, 35, and 52 are prominent and HPV
16/18 is common in women with invasive cervical cancer
[36, 37]. Another study on adolescent girls in South Africa
demonstrated a high prevalence of nonvaccine high-risk
HPV types in these girls and concluded that the bivalent
vaccine available would not be effective in preventing
infections due to the high-risk HPV in that region [8].
Zhang et al., [43] recommended that HPV 16, 58, 33, and
52 testing should be included during routine cytology
examination due to their prevalence in Shenzen, China.
This shows that HPV genotypes seem to vary by region. In
addition, vaccinated women will still need screening for
other high-risk types [36, 37]. Furthermore, cross-reactivity
of antibodies is within species and not across species. Thus,
antibodies against HPV 18 may cross-react with HPV 45
because they belong to the same species (Species 7) but not
with HPV 16, which is from a different species (Species 9)
[16]. Likewise, antibodies against HPV 16 will cross-react
with HPV 33, 35, 52, and 58 from the same species (species
9) but not with HPV 18 and 45. However, Menon et al.,

suggest that this cross-reactivity is not achieved with a
single-dose vaccination schedule [14]. Other studies seem
to differ on this showing that Cervarix vaccine offers cross-
protection to HPV 31, 33, and 45 [11]. A 9 valent vaccine
with HPV 16, 18, 11, 6, 31, 33, 45, 52, and 58 is estimated
to prevent up to 90% of all cancers [12–14]. However, this
vaccine is expensive and does not prevent infection beyond
the 9 HPV types in the vaccine but is still a better
alternative for sub-Saharan Africa [12]. It is also a preferred
alternative for China [43, 44]. In Kenya, HPV vaccination
was rolled out in 2019 where girls aged 9 years are given
the bivalent vaccine Gardasil. Of great concern is the lack
of data on HPV vaccination effectiveness in HIV-infected
women due to the lower immune responses in these
women [45].

The phylogenetic analysis was able to cluster the HPV
types in the current study based on the genotypes in addition
to their oncogenic potential and pathogenicity. Genotypes
that group together share common carcinogenicity and the
kind of host tissues they infect [46]. Cutaneous HPVs rarely
infect the mucosa [16]. The HPV 16 phylogenetic tree depicts
the origin of the isolates and groups them by their geography
as European, African 1, African 2, and Asian American [18].
In this study, HPV 16, 6, and 81 had two variants each. There
is a strong relationship between other HPV 16 types other
than the European isolates with the severity of cytological
lesions and even cancer [18]. This suggests that the majority
of African HPV 16 circulating in Kenya might be very viru-
lent. HPV variants are thought to have diverged through
genetic drift which is evidenced by the grouping of HPV 16
based on geography or human ethnic group [46]. HPV 31,
33, 35, 52, and 58 which formed a distinct cluster in this study
are HPV 16-related alpha 9 variants that are the most

Table 5: HPV genotypes with cytology results in women attending a Reproductive Health Clinic in Kenya in 2013 and 2014.

Risk
Genotypes

Normal Inflammation Cancer HSIL ASCUS

Single high-risk infections

51 16

16 52

35 31

73 33

58 73

Multiple high risk
16, 31 16, 31 35, 58, 26 16, 31 16, 33, 31

16, 31, 33 33, 35 73, 68, 45 16, 31

Multiple low and high

81, 51 16, 11

81, 16 16, 11, 87, 45

26, 6, 35, 16, 31 83, 16

66, 11, 45 83, 31, 16

26, 51, 16, 35 83, 73

102, 73

Single low risk

6 6 81

81

11

Multiple low risk 102, 83

7BioMed Research International



oncogenic causing 75% of cancers worldwide [47]. HPV 83
and 81 that clustered together are low-risk HPVs belonging
to alpha-3 species [9].

5. Conclusion

The present study established a HPV prevalence of 31.3%
and HPV-HIV coinfection of 6.5% among HIV-infected
and HIV-uninfected women attending the Kenyatta National
Hospital Reproductive Health Clinic in Kenya. This study

showed that HPV 16 is the most prevalent HPV genotype
in these women. This study also revealed the circulation of
other HPV types: HPV 81, 35, 31, 51, 45, 73, 58, and 26 in
the Kenyan population which play an important role in
cancer etiology but are not included in the HPV vaccine.
This study recommends fast-tracking HPV screening
especially of HIV-infected women and those women with
abnormal cytology. There is need to improve the current
vaccine by including the other high-risk types prevalent in
this region.
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JN617903.1 HPV type 16 strain Mali
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Figure 2: The evolutionary history was inferred by using the Maximum Likelihood method and the Tamura-Nei model [26]. The tree
with the highest log likelihood (-1706.27) is shown. The tree is drawn to scale, with branch lengths measured in the number of
substitutions per site.
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