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Objectives: HIV infection is known to worsen the outcome of
cervical human papillomavirus (HPV) infection and may do so
differentially by HPV type.

Design: Twenty-one studies were included in a meta-analysis of
invasive cervical cancers (ICC) among women infected with HIV
in Africa.

Method: Type-specific HPV DNA prevalence was compared with
data from a similar meta-analysis of HIV-negative ICC using
prevalence ratios (PR).

Results: HPV detection was similar in 770 HIV-positive (91.2%) and
3846 HIV-negative (89.6%) ICC, but HIV-positive ICC harbored
significantly more multiple HPV infections (PR = 1.75, 95% confidence
intervals: 1.18 to 2.58), which were significantly more prevalent in ICC
tested from cells than from biopsies. HPV16 was the most frequently
detected type in HIV-positive ICC (42.5%), followed by HPV18
(22.2%), HPV45 (14.4%), and HPV35 (7.1%). Nevertheless, HIV-
positive ICC were significantly less frequently infected with HPV16 than
HIV-negative ICC (PR = 0.88, 95% confidence intervals: 0.79 to 0.99).
Other high-risk types were significantly more prevalent in HIV-positive
ICC, but only for HPV18 was there a significantly higher prevalence of
both single and multiple infections in HIV-positive ICC. Increases for
other high-risk types were primarily accounted for by multiple infections.
The proportion of HPV-positive ICC estimated attributable to HPV16/18
(71.8% in HIV positive, 73.4% in HIV negative) or HPV16/18/31/33/
45/52/58 (88.8%, 89.5%) was not affected by HIV.

Conclusions: HIV alters the relative carcinogenicity of HPV types,
but prophylactic HPV16/18 vaccines may nevertheless prevent
a similar proportion of ICC, irrespective of HIV infection.
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INTRODUCTION
The 13 human papillomavirus (HPV) types classified as

carcinogenic, or probably carcinogenic to humans (group 1/2A
carcinogens),1 hereafter referred to as high-risk (HR) types,
differ greatly in their carcinogenic potential.2 HPV16 is the most
potent,1 causing more than half of all invasive cervical cancers
(ICC) worldwide,3 followed by HPV18 and 45,2 accounting for
about 15% and 5%, respectively.3 In Africa, a region of high
burden of HPV infection4 and ICC,5 the attributable fraction for
HPV16 seems slightly lower, and that of HPV45 slightly
higher, compared with other regions.3

HIV is an important enhancer of HPV carcinogenesis,
particularly in Africa where most women infected with HIV
(WHIV) live. HIV-related immunodeficiency (as measured by
CD4+ counts) is associated with increased prevalence,6 cumu-
lative incidence,7 and persistence8 of HPV infection, cytological
abnormalities,9 cervical intraepithelial neoplasia (CIN) 2 and 3,10

and ICC.11 Indeed, WHIV have an important excess risk of ICC
in comparison with the general female population.12

There is also evidence that the unfavorable impact of
HIV-related immunodeficiency on HPV natural history is
different by HR HPV type. First, in 2003, it was shown that
the detection of HPV16 in WHIV was less affected by
changes in immunodeficiency levels than other HR HPV
types.6 In 2006, a meta-analysis confirmed that HPV16 was
underrepresented relative to other HR HPV types among
HIV-positive women, in all grades of cervical diagnoses up to
high-grade precancerous lesions.13 However, it is not known
if this increased attributable fraction for non-HPV16 types in
precancerous lesions is also relevant to HIV-infected ICC,
because of the very limited information at that time.13

Since then, in the era of improved survival of WHIV,
thanks to widespread access to combination antiretroviral
therapy, our group and others have generated much
relevant data on HIV-infected ICC in Africa. We aimed,
therefore, to collate all data on HPV-type distribution in
ICC diagnosed in WHIV and to compare it with similar
meta-analytical data in the absence of HIV infection. These
data are relevant to understanding the HPV type–specific
impact of immunodeficiency and to estimate the fraction of
ICC in this HR group that may be preventable by vaccines
targeting different HPV types. We also tried to overcome
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the difficulty in estimating the attributable fraction of HR
HPV types for ICC in WHIV that derives from the higher
frequency of multiple infections in comparison with the
general population.13,14

METHODS
In 2006, our group published a systematic review of

HPV type–specific prevalence in WHIV across the full
spectrum of cervical diagnoses (but which included only 14
ICC cases) published between January 1, 1989, and October
31, 2005.13 For the present report, we extended and updated
the initial MEDLINE search up to June 2015, using the terms
“human immunodeficiency virus” and “human papillomavi-
rus.” Additional relevant studies were identified in the
reference lists of selected articles and in abstract books of
relevant conferences. Eligible studies had to report HPV
type–specific prevalence among HIV-positive ICC, detected
using polymerase chain reaction (PCR)–based assays. If
publications did not present type-specific HPV prevalence
in the required format, data requests were made to authors.

Given the final geographical representation of the
eligible studies, analyses were restricted to the 770 ICC cases
identified in 21 studies from 12 countries in Africa (Kenya,
South Africa, Ghana, Nigeria, Uganda, Botswana, Senegal,
Mozambique, Zambia, Ivory Coast, Tanzania, and Guinea;
see study details in Table 1). The sparse data from ICC cases
reported from outside Africa (14 cases in Spain,36 5 in India,37

and 5 in the United States6,20,38) are not reported here.
Data were extracted for 25 HPV types judged to be HR

(group 1/2A) or possibly HR (group 2B) by a working group
on the evaluation of carcinogenic risks to humans.1 Preva-
lence was estimated only among those studies that both
genotyped and reported the HPV type in question, and thus,
denominators can vary by type.

Type-specific HPV prevalence in HIV-positive ICC
from Africa was compared with that in ICC from Africa
reported in a previous meta-analysis,2 updated with recently
published studies. Of note, none of the ICC cases included in
this comparison group were known to be HIV-positive (72%
were ICC diagnosed from the general population and were of
unknown HIV status, whereas 28% were known HIV-
negative ICC) and are hereafter referred to as HIV-negative
ICC, for brevity sake.

Prevalence of HPV types in ICC were compared
[between HIV-positive versus HIV-negative ICC and in
HIV-positive ICC by type of sample (cervical cytology
samples, hereafter referred to as “cells”, versus tumor biop-
sies)], using prevalence ratios (PR) calculated using general-
ized linear models, with 95% confidence intervals (CI)
calculated assuming the nonindependence of cases within the
same study using cluster-correlated robust variance estimates.39

For a subset of 8 studies (Table 1), which tested for all
13 HR HPV types from tumor biopsies and for which relevant
data on HR HPV infection at an individual level were
obtained, it was possible to describe the prevalence of HR
HPV types in single (absence of any other HR HPV type)
versus multiple (presence of another HR HPV type) infec-
tions. These studies were used to compare the prevalence of

single and multiple infections between HIV-positive and
known HIV-negative ICC cases by the use of study-
adjusted PR and to estimate the attributable fraction of ICC
due to HPV16/18 and HPV16/18/31/33/45/52/58. Of note,
analyses of single/multiple infections were restricted to HPV-
positive ICC, under the assumption that most HPV-negative
ICC are false negative, and have the same underlying HPV-
type distribution as HPV-positive ICC.

RESULTS
Twenty-one studies from Africa met the inclusion

criteria, including a total of 770 HIV-positive ICC. Details
on each of the included studies are presented in Table 1. Ten
studies, including 512 ICC, tested for HPV DNA from
biopsies; 10 studies, including 237 ICC, tested for HPV
DNA from cervical cells; and 1 study, including 21 ICC,
tested from cervical cells and/or tumor biopsies. HPV type–
specific prevalence for HR and possibly HR types among all
HIV-positive ICC is shown in Table 2 and compared with
corresponding prevalence among 3846 HIV-negative African
ICC, in decreasing order of prevalence in HIV-positive ICC.
Detection of any HPV type was similar in HIV-positive
(91.2%) and HIV-negative (89.6%) ICC, but HIV-positive
ICC were more likely to be infected with multiple HPV types
(27.8%) than HIV-negative ICC (15.9%) (PR = 1.75, 95% CI:
1.18 to 2.58). HPV16 was the most frequently detected HPV
type in HIV-positive ICC (42.5%), followed by HPV18
(22.2%) and HPV45 (14.4%). Nevertheless, HIV-positive
ICC were significantly less likely to be infected with HPV16
than HIV-negative ICC (PR = 0.88, 95% CI: 0.79 to 0.99). In
contrast, all other HR types were more frequently detected in
HIV-positive than HIV-negative ICC (Table 2), most signif-
icantly so, with the largest difference seen for HPV58 (PR =
4.96, 95% CI: 2.33 to 10.5). Almost all possibly HR HPV
types were also more frequently detected in HIV-positive
compared with HIV-negative ICC (Table 2).

Comparisons of HPV prevalence in ICC tested from
cells versus biopsies are shown in Table 3, in decreasing order
of detection in biopsies, for HR and possibly HR types. The
difference in detection of any HPV infection in HIV-positive
ICC tested from biopsies (89.3%) compared with cells (94.5%)
was of borderline statistical significance (PR = 0.94, 95% CI:
0.89 to 1.00), but the detection of multiple infections was
significantly lower in biopsies (19.8% versus 46.5%) (PR =
0.43, 95% CI: 0.29 to 0.63). Detection of HPV16, 18, and 45
were similar in cells and biopsies, but most other HR types
were significantly less frequently detected in biopsies than
cells, with the greatest decrease seen for HPV51, HPV52, and
HPV68. Large decreases in detection in biopsies versus
cells were also seen for the possibly HR types HPV53,
HPV73, and HPV82.

In a subset of 8 studies testing HPV from biopsies of
469 HIV-positive and 1076 known HIV-negative ICC, it was
possible to distinguish whether individual HR HPV types
were found in the absence (single) or presence (multiple) of
another HR type. After restriction to HPV-positive ICC (424
HIV positive and 946 HIV-negative), data are shown by HR
type in Table 4, in decreasing order of prevalence of single
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infection in HIV-positive ICC. Detection of HPV16 single
infection was significantly lower (PR = 0.84, 95% CI: 0.73 to
0.95) and HPV16 multiple infections higher (1.32, 95% CI:
0.90 to 1.93) in HIV-positive versus HIV-negative ICC. For
HPV18, detection of both single (1.32, 95% CI: 1.03 to 1.71)
and multiple (1.83, 95% CI: 1.12 to 2.99) infections were
significantly higher in HIV-positive than HIV-negative ICC.
Conversely, for most other HR types (also for possibly HR
types—data not shown), multiple infections were more
frequent in HIV-positive than HIV-negative ICC, but there
were no significant differences in single infections. The most
extreme case was HPV33 for which there was a strong lack of
single infection (PR = 0.06, 95% CI: 0.01 to 0.42) and
a strong excess of multiple infections (PR = 8.29, 95% CI:
2.77 to 24.81).

Table 5 presents prevalence of HR HPV types in
different combinations, with the aim to estimate the fraction
of ICC attributable to HPV16/18 and HPV16/18/31/33/45/52/
58 in Africa, by HIV status. Overall detection of HPV16/18 in
HPV-positive ICC was not significantly different between
HIV-positive (71.8%) and HIV-negative (73.4%) ICC (PR =
0.99, 95% CI: 0.92 to 1.07). However, HPV16/18 infection
alone was lower (61.7% versus 67.3%) and that of HPV16/18
infection in combination with another HR was higher (10.1%
versus 6.1%, respectively). Table 5 also shows that the
frequency of detection of HPV16/18/31/33/45/52/58 was

not different between HIV-positive (88.8%) and HIV-
negative (89.5%) ICC (PR = 1.00, 95% CI: 0.95 to 1.04),
with a similar shift toward detection of HPV16/18/31/33/45/
52/58 in combination with other HR types in HIV-positive
ICC (5.9% versus 2.5%).

The detection of other HR HPV types alone was not
significantly different between HIV-positive and HIV-
negative ICC, when estimated neither in the absence of
HPV16/18 (24.0% versus 23.9%; PR = 0.96, 95% CI: 0.77 to
1.20) nor in the absence of HPV16/18/31/33/45/52/58 (7.0%
versus 7.9%; PR = 0.87, 95% CI: 0.55 to 1.35). There was no
difference in the detection of HR HPV between HIV-positive
and HIV-negative ICC (95.8% versus 97.1%; PR = 0.99, 95%
CI: 0.97 to 1.01).

Among the 27 ICC in HIV-positive women that were
reported as adeno- or adenosquamous carcinomas, HPV16,
18, 45, and 35 were detected in 6, 10, 6, and 2 cases,
respectively. By comparison, among 75 HIV-negative adeno-
or adenosquamous carcinomas, HPV16, 18, 45, and 35 were
detected in 16, 29, 14, and 0 cases, respectively.

DISCUSSION
This meta-analysis of ICC from Africa is the first to

assess type-specific HPV prevalence in a large number of
ICC diagnosed among WHIV and to allow a comparison

TABLE 1. List of Key Characteristics for Included Studies

Study Reference Country HPV PCR Test HPV DNA Source
HIV-Positive
ICC Cases (n)

Single:Multiple
Biopsy Data

de Vuyst et al15 Kenya and South Africa GP5+/6+ Frozen and FFPE biopsy 116 Yes

van Aardt et al16 South Africa PGMY09/11 (Linear array)
and GP5+/6+

FFPE biopsy 77 Yes

Denny et al17 Ghana, Nigeria, and
South Africa

SPF10 (LIPA) FFPE biopsy 68 Yes*

Muwonge et al18 Uganda PGMY09/11 (Linear array) Cervical cells 62

Ermel et al19 Kenya PGMY09/11 (Linear array) FFPE biopsy 56 Yes

Ermel et al20 Botswana PGMY09/11 (Linear array) FFPE biopsy 52 Yes

Hawes et al21 Senegal MY09/11 cervical cells 52

de Vuyst et al22 Kenya SPF10 (LIPA) Cervical cells 51

Naucler et al23 Mozambique GP5+/6+ Frozen biopsy 49 Yes

Odida et al24 Uganda SPF10 (LIPA) Frozen biopsy 46 Yes

Maranga et al25 Kenya “Endpoint” Multiplex PCR FFPE biopsy 37 No

Hanisch et al26 Senegal MY09/11 Cervical cells 31

Sahasrabuddhe et al27 Zambia PGMY09/11 (Linear array) Cervical cells 28

Adjorlolo-Johnson et al28 Ivory Coast PGMY09/11 (Line Blot) Cervical cells and
FFPE biopsy

21

Vidal et al29 Tanzania PGMY09/11 (Linear array) Frozen biopsy 6 No

Keita et al30 Guinea GP5+/6+ FFPE biopsy 5 Yes

Hawes et al31 Senegal MY09/11 Cervical cells 5

la Ruche et al32 Ivory Coast MY09/11, GP5+/6+ Cervical cells 4

de Vuyst et al33 Kenya SPF10 (LIPA) Cervical cells 2

McDonald et al34 South Africa PGMY09/11 Cervical cells 1

Ramogola-Masire et al35 Botswana PGMY09/11 (Linear array) Cervical cells 1

Total 770

*Denny et al17 allowed HR HPV prevalence to be separated into single versus multiple infections but did not identify combinations of types at an individual level.
FFPE, formalin-fixed paraffin embedded.
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with similar data in the general population. Our main finding
is that the proportion of ICC attributable to HPV16 is
somewhat lower in HIV-positive than HIV-negative women.
This is a confirmation of the relative shift from HPV16 to
other HR types that has already been observed for WHIV
with normal cytology and cervical intraepithelial lesions,13

even if the difference in HPV16 proportion in ICC is less
than that seen among normal cytology and cervical intra-
epithelial lesions.13 Indeed, the importance of HPV16
increases with severity of lesion,2 so that HPV16 remains
by far the most common HR HPV type, in both HIV-positive
and HIV-negative ICC.

The detection of all HR types, even HPV16, is higher in
WHIV in comparison with HIV-negative women. However,
the prevalence of HPV16 in WHIV is known to be less
affected by decreases in CD4+ cell counts than other HR HPV
types.6 One possible explanation of HPV16’s relative insen-
sitivity to immune status is that, through its evolution, it has
created better mechanisms to avoid host immune surveillance
relative to other HPV types. Hence, relatively speaking, other
HR types profit from HIV-related immunodeficiency to
a greater degree than does HPV16.

Underrepresentation in HIV-positive ICC was seen
uniquely for HPV16. All other HR HPV types were
significantly overrepresented. Nevertheless, type-specific
attribution of the non-HPV16 fraction of HIV-positive ICC
is difficult because of the large proportion of HIV-positive
ICC that are infected with multiple HR HPV types.

Testing HPV from biopsies instead of cells greatly
reduced the detection of multiple HPV infections in ICC cases
and helps to tackle the problem of HPV-type attribution. This
difference is consistent with our previous findings among 468
WHIV in Kenya, in which cells contained 2-fold more multiple
infections than biopsies among WHIV with biopsy-proven
CIN2/3,14 and studies of HIV-negative women with cervical
abnormalities.40,41 This is not surprising as exfoliated cells
come from a wide genital area, including the cervix, vagina,
and vulvar opening, whereas biopsies are concentrated at the
site of the tumor. Interestingly, the prevalence of HPV16 and
18 were unaffected by the type of sample in our meta-analysis,
suggesting a stronger causal relationship with ICC than most
other HR types, that were significantly more likely to be
present in cells than biopsies. This agrees, for HPV16 at least,
with a study that used laser capture microdissection to

TABLE 2. Comparison of HPV Prevalence in ICC in Africa by HIV Status

HIV-Positive ICC HIV-Negative ICC* HIV Positive Versus HIV Negative

n Tested HPV Positive† (%) n Tested HPV Positive† (%) PR 95% CI‡

Any HPV 770 91.2 3846 89.6 1.02 0.96 to 1.08

Multiple 670 27.8 2581 15.9 1.75 1.18 to 2.58

HR types (group 1/2A)

HPV16 770 42.5 3846 48.3 0.88 0.79 to 0.99

HPV18 770 22.2 3846 17.4 1.28 1.07 to 1.52

HPV45 765 14.4 3786 9.8 1.44 1.12 to 1.87

HPV35 765 7.1 3636 5.0 1.41 0.87 to 2.28

HPV58 721 7.4 3576 1.5 4.96 2.33 to 10.5

HPV31 728 4.7 3656 2.6 1.78 1.06 to 3.06

HPV33 682 4.4 3846 4.2 1.13 0.63 to 2.03

HPV52 765 4.7 3576 2.9 1.57 0.62 to 3.94

HPV51 695 4.6 3576 2.2 1.97 0.75 to 5.14

HPV39 686 3.1 3214 1.4 2.19 0.82 to 5.82

HPV68 612 2.8 2734 0.8 3.61 1.31 to 9.93

HPV56 702 2.7 3576 1.8 1.54 0.54 to 4.38

HPV59 684 2.8 3424 0.8 3.28 1.50 to 7.16

Possibly HR types (group 2B)§

HPV53 626 4.3 2663 0.9 4.59 1.41 to 14.9

HPV66 725 2.5 3280 0.5 4.52 2.16 to 9.48

HPV82 560 2.0 2278 0.3 6.39 1.10 to 37.2

HPV30 121 1.7 894 0.4 3.69 1.83 to 7.46

HPV26 490 1.8 2254 0.3 6.90 1.28 to 37.2

HPV70 582 1.4 2360 0.3 4.63 1.70 to 12.6

HPV73 560 1.6 2475 0.7 2.34 0.87 to 6.30

HPV67 404 0.5 1474 1.2 0.41 0.03 to 6.33

HPV69 410 0.5 1594 0.6 0.86 0.33 to 2.28

*African data reported in Guan et al2 updated with 6 new studies.
†Type-specific prevalence includes that in single or multiple infections.
‡95% CIs calculated assuming nonindependence of cases within the same study.
§HPV types 34, 85, and 97 were detected in zero ICC and are not shown.
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ultrarefine HPV-type attribution to a single lesion in HIV-
negative women.41 Among 257 CIN2/3, HPV16 was identified
as the causal type in almost all CIN2/3 cases with HPV16 in
cytology, whereas a large proportion of other HPV types found
in cervical smears were not detected at the tissue level.41

The second approach we used to address the attribution
problem was by characterizing each HR HPV in terms of
single and multiple infections, in a subset of studies that best
allowed such a distinction (and restricted to HPV-positive
ICC from studies in which HPV DNA was tested from
biopsies only). This approach suggested that the non-HPV16
fraction in HIV-positive ICC could in part be accounted for
by an increased fraction attributable to HPV18. A significant
excess of HPV18 detection in HIV-positive ICC was seen for
both single and multiple HPV18 infections. Some of the
individual studies included in this meta-analysis had already
reported significantly increased detection of HPV1815,17 in
HIV-positive ICC. For all other HR types and possibly HR
types, their increased detection in HIV-positive ICC was
mainly driven by multiple infections, so that current data are
insufficient to support their increased attributable fraction in
HIV-positive ICC.

With respect to the potential impact of HPV16/18
vaccines in WHIV, the decrease in the HPV16 attributable
fraction in HIV-positive ICC seemed to be compensated by
an increase in HPV18 fraction, so that the proportion of ICC

attributable to HPV16/18 was similar in HIV-positive and
HIV-negative ICC. However, this interpretation relies on the
assumption that ICC that are positive for HPV16/18 and other
HR types (ie, 10.1% in HIV-positive versus 6.1% in HIV-
negative ICC) are causally related to HPV16/18. This
assumption is supported by vast knowledge on the special
carcinogenic potency of HPV16 and 181 and has been
incorporated into “hierarchical” algorithms of attributing
HPV types to cervical disease in previous studies.42 Similarly,
the fraction theoretically preventable by an HPV16/18/31/33/
45/52/58 vaccine (;90%) seems unaffected by HIV status,
with a large part of the remaining fraction in African ICC
being attributable to HPV35, regardless of HIV status.

Restriction of the HIV-negative comparison to African
ICC only was supported by the finding that the fraction of
HIV-negative ICC infected with HPV16/18 in Africa remains
slightly lower than in other world regions3 and that of HPV45
and 35 higher.3 Although only PCR-based protocols were
accepted for inclusion in this meta-analysis, even they are
known to not amplify all individual types,43 most notably in
multiple-type infections, with the same sensitivity. We
attempted to attenuate this problem by accounting for
interstudy variation when calculating PR. Additional adjust-
ment for PCR primers and/or HPV DNA source (cells versus
biopsies) did not materially affect our findings (data
not shown).

TABLE 3. HPV Prevalence in HIV-Positive ICC in Africa, by HPV DNA Source (Exfoliated Cells Versus Biopsies)

Biopsies Cells Biopsies Versus Cells

n Tested HPV Positive* (%) n Tested HPV Positive* (%) PR 95% CI†

Any HPV 512 89.3 237 94.5 0.94 0.89 to 1.01

Multiple 470 19.8 200 46.5 0.43 0.29 to 0.63

HR types (group 1/2A)

HPV16 512 43.8 237 39.7 1.10 0.95 to 1.29

HPV18 512 22.5 237 20.7 1.09 0.88 to 1.35

HPV45 512 13.7 232 15.1 0.91 0.53 to 1.54

HPV58 470 6.0 230 10.9 0.55 0.15 to 1.98

HPV35 512 4.9 232 12.1 0.41 0.18 to 0.93

HPV33 512 3.9 232 6.9 0.57 0.24 to 1.32

HPV31 475 2.7 232 9.1 0.30 0.17 to 0.53

HPV52 470 1.9 204 11.3 0.17 0.05 to 0.54

HPV51 429 1.6 232 9.5 0.17 0.08 to 0.35

HPV39 433 1.6 232 6.0 0.27 0.09 to 0.82

HPV56 470 1.1 232 6.0 0.18 0.04 to 0.78

HPV59 433 1.4 230 5.2 0.27 0.12 to 0.61

HPV68 361 0.8 230 6.1 0.14 0.02 to 0.81

Possibly HR types (group 2B)‡

HPV66 475 1.9 229 3.9 0.48 0.19 to 1.24

HPV70 433 1.4 149 1.3 1.03 0.14 to 7.38

HPV53 395 0.8 231 10.4 0.07 0.01 to 0.47

HPV82 361 0.8 178 4.5 0.18 0.03 to 1.36

HPV73 361 0.8 178 3.4 0.25 0.11 to 0.54

One study28 that tested from cervical cells and/or biopsies is excluded.
*Type-specific prevalence includes that in single or multiple infections.
†95% CIs calculated assuming nonindependence of cases within the same study.
‡HPV types 26, 30, 34, 67, 85, and 97 were detected in zero HIV-positive ICC and/or zero HIV-negative ICC and are not shown.
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Important limitations of our meta-analysis are the lack
of information on the time of acquisition of HIV infection
before ICC diagnosis and the history of immunodeficiency

(ie, CD4+ cell counts and eventual reconstitution with
antiretroviral therapy). Indeed, in some HIV-positive ICC
reported here, HIV-related immunodeficiency may have

TABLE 4. Prevalence of Single and Multiple Infections of HR HPV Types in HPV-Positive ICC in Africa, by HIV Status

HIV-Positive ICC* (n = 424) HIV-Negative ICC* (n = 946†) HIV Positive Versus HIV Negative

n (%) n (%) PR‡ 95% CI

HPV16 Single 172 (40.6) 463 (48.9) 0.84 0.73 to 0.95

Multiple 37 (8.7) 68 (7.2) 1.32 0.90 to 1.93

HPV18 Single 80 (18.9) 142 (15.0) 1.32 1.03 to 1.71

Multiple 28 (6.6) 35 (3.7) 1.83 1.12 to 2.99

HPV45 Single 40 (9.4) 76 (8.0) 1.15 0.79 to 1.67

Multiple 21 (5.0) 27 (2.9) 1.66 0.94 to 2.93

HPV35 Single 16 (3.8) 48 (5.1) 0.70 0.40 to 1.23

Multiple 7 (1.7) 10 (1.1) 1.41 0.53 to 3.72

HPV31 Single 8 (1.9) 10 (1.1) 1.60 0.63 to 4.03

Multiple 4 (0.9) 5 (0.5) 2.16 0.58 to 8.08

HPV51 Single 4 (0.9) 8 (0.8) 1.24 0.37 to 4.14

Multiple 4 (0.9) 5 (0.5) 2.10 0.56 to 7.83

HPV52 Single 3 (0.7) 17 (1.8) 0.41 0.12 to 1.41

Multiple 7 (1.7) 8 (0.8) 2.08 0.75 to 5.79

HPV58 Single 3 (0.7) 8 (0.8) 0.80 0.21 to 3.05

Multiple 12 (2.8) 7 (0.7) 3.20 1.27 to 8.07

HPV68 Single 2 (0.5) 11 (1.2) 0.42 0.09 to 1.93

Multiple 6 (1.4) 4 (0.4) 3.25 0.90 to 11.69

HPV39 Single 4 (0.9) 4 (0.4) 2.28 0.57 to 9.16

Multiple 3 (0.7) 3 (0.3) 2.08 0.41 to 10.45

HPV59 Single 2 (0.5) 5 (0.5) 1.03 0.20 to 5.28

Multiple 4 (0.9) 5 (0.5) 1.96 0.52 to 7.37

HPV33 Single 1 (0.2) 38 (4.0) 0.06 0.01 to 0.42

Multiple 15 (3.5) 4 (0.4) 8.29 2.77 to 24.81

HPV56 Single 0 (0.0) 5 (0.5) 0.00 0.00 to 1.71

Multiple 5 (1.2) 3 (0.3) 3.29 0.76 to 14.29

Any HR Single 336 (79.2) 835 (88.3) 0.90 0.86 to 0.95

Multiple 69 (16.3) 86 (9.1) 1.83 1.37 to 2.46

Single = in the absence of any other HR type; Multiple = in the presence of other HR types.
*Restricted to HPV-positive ICC from eight studies that tested for all 13 HR HPV types from biopsies and allowed to distinguish whether an individual HPV type was found alone

or in combination.
†ICC from Africa reported in Guan et al2 and updated with recently published studies (see Methods).
‡Adjusted for study.

TABLE 5. Prevalence of Combinations of HR HPV Types in HPV-Positive ICC in Africa by HIV Status

HIV-Positive ICC* (n = 358) HIV-Negative ICC* (n = 790) HIV Positive Versus HIV Negative

HPV Prevalence (%) HPV Prevalence (%) PR† 95% CI

HPV16/18 alone 61.7
}71.8

67.3
}73.4 0.99 0.92 to 1.07

HPV16/18 + other HR HPV 10.1 6.1

Other HR HPV alone 24.0 23.9 0.96 0.77 to 1.20

HPV16/18/31/33/45/52/58 alone 83.0
}88.8

87.0
}89.5 1.00 0.95 to 1.04

HPV16/18/31/33/45/52/58 + other HR HPV 5.9 2.5

Other HR HPV alone 7.0 7.9 0.87 0.55 to 1.35

Any HR HPV 95.8 97.1 0.99 0.97 to 1.01

*Restricted to HPV-positive ICC from 7 studies that tested for all 13 HR HPV types from biopsies and for which individual-level data allowed to estimate the prevalence of HPV-
type combinations.

†Adjusted for study.
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intervened after the beginning of HPV-driven carcinogenic
transformation (a process that typically takes decades).
Furthermore, the comparison group of ICC from the general
population may have included some HIV-positive ICC cases.
Nevertheless, a large majority of these cases were diagnosed
before widespread combination antiretroviral therapy access
in Africa, at which time few WHIV were living long enough
to be diagnosed with ICC. This would have a dilution effect
of biasing associations toward the null, so that true differ-
ences may be greater than those reported here.

In conclusion, HIV-related immunodeficiency seems to
alter the relative carcinogenicity of HR HPV types, so that
a lower fraction of ICC is caused by HPV16. However, the
attributable fraction for HPV18 is concomitantly higher, so that
current prophylactic vaccines against HPV16 and 18, which
have shown good immunogenicity in HIV-infected popula-
tions,44 may still prevent a similar proportion of ICC,
irrespective of HIV status. Attributable fractions by HIV status
are also similar when considering possible cross-protection of
HPV16/18 vaccines against other HR types45,46 or the 9-valent
vaccine that is also efficacious against HPV31/33/45/52/58.47
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