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To evaluate the fraction of invasive cervical carcinoma (ICC) that
could be prevented in HIV-infected women by vaccines currently
available against human papillomavirus (HPV)16 and 18, we con-
ducted a cross-sectional study in women with ICC in Nairobi,
Kenya. Fifty-one HIV-positive women were frequency-matched
by age to 153 HIV-negative women. Cervical cells were tested for
HPV DNA using polymerase chain reaction-based assays (SPF10-
INNO-LiPA). Comparisons were adjusted for multiplicity of HPV
types. As expected, multiple-type infections were much more fre-
quent in HIV-positive (37.2%) than in HIV-negative (13.7%)
women, but the distribution of HPV types was similar. HPV16
was detected in 41.2% versus 43.8% and HPV16 and/or 18 in
64.7% versus 60.1% of HIV-positive versus HIV-negative women,
respectively. The only differences of borderline statistical signifi-
cance were an excess of HPV52 (19.6% versus 5.2%) and a lack of
HPV45 (7.8% versus 17.0%) in HIV-positive women compared to
HIV-negative women, respectively. We have been able to assess an
unprecedented number of ICCs in HIV-positive women, but as we
did not know the age of HIV acquisition, we cannot exclude that it
had occurred too late in life to affect the type of HPV involved in
cervical carcinogenesis. However, if our findings were confirmed,
they would suggest that the efficacy of current vaccines against
HPV16 and 18 to prevent ICC is similar in HIV-positive and HIV-
negative women, provided vaccination is administered before sex-
ual debut, as recommended.
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The main cause of invasive cervical carcinoma (ICC) is infec-
tion with high-risk human papillomavirus (HPV), most notably
HPV16 and 18, which have been detected in approximately 70%
of ICC in all world regions.1 Newly developed vaccines have been
shown to be highly efficacious in preventing infection with these
HPV types and routine vaccination of adolescent women is now
being recommended.2 Women infected with HIV are at increased
risk of HPV infection3 and development of precancerous and can-
cerous lesions of the cervix.4 Furthermore, a large systematic
review of HIV-positive women with normal cytology, low-grade
and high-grade intraepithelial lesions has shown that HPV16 is
relatively under-represented when compared to HIV-negative
women.3 This difference has been attributed to the fact that clear-
ance of HPV16 is less dependent on an individual’s immune status
than clearance of other high-risk types, as shown in HIV-positive
women.5 Information on HPV types in ICC has been reported,
however, in only 14 HIV-positive women.3 We have therefore car-
ried out a comparison of the distribution of HPV types in ICC in
women with and without HIV in Kenya, a country hit hard by the
HIV epidemic (www.unaids.org/en/Regions_Countries/Countries/
kenya.asp).

Methods

Between January 2000 and March 2002, we identified and
obtained informed consent from 367 women with ICC (i.e., 96%
of those eligible) who presented themselves for treatment at the

Kenyatta National Hospital, Nairobi, Kenya.6 HIV testing was
performed using enzyme-linked immunosorbent assay (ELISA,
Biochem Immuno Systems Kit, Montreal, Canada) and double
ELISA (Biotech, Cambridge, Ireland) for confirmation. Exfoliated
tumor cells were collected using a Cervex brush (Rovers Medical
Devices, Oss, the Netherlands) and stored at 220�C in phosphate
buffered saline. Fifty-three women (14.4%) were HIV-positive, of
whom 51 (mean age: 40.1; standard deviation: 11.0) had an
adequate cell sample and were included in the present analysis.
CD4 count was available for 41 women, of whom 20 had a CD4
count <500/lL, and 7 a CD4 count <200/lL. HIV-positive
women were frequency-matched by age to 153 HIV-negative
women (mean age: 45.0; standard deviation: 12.4). Medical
records and histological diagnosis were revised by one of the
authors (Peter Gichangi). The vast majority of ICC was squamous
cell carcinoma (95.1% and 92.6%, respectively, in women with
and without HIV).

Samples were shipped to the Laboratory of Virology, Ghent
University Hospital, Belgium, where HPV DNA was isolated by
incubating the samples with proteinase K.7 Broad-spectrum HPV
DNA amplification was performed with a short polymerase chain
reaction (PCR) fragment (SPF10) primer set.8 The PCR product
was analyzed and genotyped directly on an HPV genotype Line
Probe Assay8 (INNO-LiPA Version 2, Innogenetics, Ghent,
Belgium), which detects 24 HPV types (6, 11, 16, 18, 31, 33, 35,
39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68, 70, and
74). A double-control line (generic probe) was present on the
LiPA strip for confirmation of any mucosal HPV type. HPV
amplimers which did not hybridize to any type-specific probe,
were assigned HPV genotype X (uncharacterized type). Each
experiment was also controlled with separate positive and nega-
tive PCR controls.

The ethics and research committee of the Kenyatta National
Hospital, the University of Nairobi, and the International Agency
for Research on Cancer approved the study.

Odds ratios (ORs) and corresponding 95% confidence intervals
(CIs) of being positive for specific HPV type(s) by HIV status
were computed separately among women positive for single-type
and multiple-type infections, and overall, after adjustment for
multiplicity of types, using the Mantel-Haenzel test.

Results

Figure 1 shows the distribution of HPV types in single- and
multiple-type infections found among HIV-positive and HIV-neg-
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ative women. As expected, multiple-type infections were much
more frequently detected in HIV-positive (37.2%) than in HIV-
negative women (13.7%). More than 2 HPV types were detected
in 7 HIV-positive and 5 HIV-negative women (data not shown).
HPV16 was the type detected most frequently in both groups
(41.2% of HIV-positive and 43.8% of HIV-negative women).
HPV16 and/or 18 was found in 64.7% versus 60.1%, respectively.
The next most frequent types were HPV52 (19.6%), 35, 45 and 56
(7.8% each) among HIV-positive women, and HPV45 (17.0%), 35
and 52 (5.2% each) among HIV-negative women. Type X was
detected in 1 HIV-positive and 5 HIV-negative women. Five
women were HPV-negative, all of whom were also HIV-negative.

Table I shows the ORs for the detection of the most common
HPV types among HIV-positive when compared to HIV-negative

women. No significant differences in HPV type distribution by
HIV status emerged in either single- or multiple-type infections or
overall. Differences of borderline statistical significance emerged
for HPV52 (excess) and HPV45 (lack) among HIV-positive
women. For HPV52, but not for HPV45, a difference clearly
emerged between HIV-positive and HIV-negative women with
single-type infections.

Discussion

Our present study, by far the largest comparison of HPV types
in ICCs in women with and without HIV carried out to date,3 sug-
gests that there is no substantial difference in the relative impor-
tance of HPV16 and 18 by HIV status. The slight excess of

FIGURE 1 – Prevalence of HPV types in single- and multiple-type infections. Nairobi, Kenya, 2000–2002.

TABLE I – ODDS RATIOS (ORS) OF INFECTION WITH SPECIFIC HUMAN PAPILLOMAVIRUS (HPV) TYPE(S) AMONG HIV-POSITIVE COMPARED TO
HIV-NEGATIVE WOMEN1 BY MULTIPLICITY OF INFECTION, AND OVERALL (NAIROBI, KENYA, 2000–2002)

HPV type(s)

Percent of women infected

Overall
OR (95% CI)

2Single-type infections Multiple-type infections

HIV1 (N 5 32) HIV2 (N 5 127) OR (95% CI) HIV1 (N5 19) HIV2 (N 5 21) OR (95% CI)

16 43.8 44.9 1.0 (0.4–2.1) 36.8 47.6 0.6 (0.2–2.3) 0.9 (0.4–1.7)
18 12.5 17.3 0.7 (0.2–2.2) 52.6 23.8 3.6 (0.9–14.9) 1.3 (0.6–3.0)
16 and/or 18 56.3 62.2 0.8 (0.4–1.7) 79.0 61.9 2.3 (0.5–9.9) 1.0 (0.5–2.0)
31 3.1 0.8 4.1 (0.2–68.1) 10.5 19.1 0.5 (0.1–3.2) 0.9 (0.2–3.6)
39 0.0 0.8 0 0.0 19.1 0 0
35 6.3 4.7 1.3 (0.3–7.0) 10.5 9.5 1.1 (0.1–9.1) 1.2 (0.3–4.6)
45 12.5 13.4 0.9 (0.3–3.0) 0.0 42.9 0 0.4 (0.1–1.0)
52 9.4 1.6 6.5 (1.0–42.0) 36.8 28.6 1.5 (0.4–5.6) 2.3 (0.8–6.5)
X 3.1 3.9 0.8 (0.1–7.0) – – – –

CI, confidence interval.
1Five HPV-negative women are not included.–2Adjusted by multiplicity of HPV infection.
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HPV52 among HIV-positive women with ICC is of some interest
as it is clearly present in single-type infections and had already
emerged in HIV-positive women with high-grade squamous intra-
epithelial lesions.3

The comparison of HPV type distribution by HIV status is sub-
stantially complicated by the greater frequency of multiple-type
infections in HIV-positive women. We have, however, carried out
our HPV testing using a validated assay that has been shown to be
very sensitive in detecting multiple-type infections,9 and we have
confirmed our findings after stratification and adjustment for multi-
ple infection. Nonetheless, half of HPV16 and/or 18 infections occur
concurrently with another HPV type in HIV-positive women (Fig.
1), and it is not known whether the remaining high-risk HPV types
would have caused invasive disease in the absence of HPV16 or 18.

A major weakness of our present study is the lack of informa-
tion on year of seroconversion among HIV-positive women. CD4
count, although not always available, suggested that half had a

CD4 count of �500/lL, which would suggest a relatively recent
HIV infection. As the pathogenesis of persistent HPV into ICC
takes at least a decade, we should ideally focus on women who
have acquired an oncogenic HPV type after HIV infection and
have survived long enough to develop ICC. It is thus possible that
HIV infection had occurred in our study women too late in life to
affect the HPV type involved in cervical carcinogenesis, and that,
as a result, our present findings are biased towards a lack of differ-
ence. Therefore, confirmation on larger series of ICC among
women who are known or likely to have been infected with HIV
at an early age is needed.
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