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Objectives: Cervical cancer is the most common cause of cancer-related deaths among
South African women. Viral types associated with cervical cancer may differ not only
between countries and regions, but possibly also between human immunodeficiency virus
(HIV)Yinfected and noninfected women.
Methods: In a population with high HIV prevalence, human papillomavirus (HPV)Ytype
infections detected with DNA analyses were reported in a cohort of 299 women diagnosed
with invasive cervical cancer.
Results: One hundred fifty-four women tested HIV negative, 77 tested HIV positive,
and HIV status was unknown for 68 women. The mean age for HIV-positive women was 41.3
years, and that for HIV-negative women was 55.8 years (P G 0.001). Ninety-two percent of
women tested HPV-DNA positive. Human papillomavirus types 16 and/or 18 were
present in 62%of HIV-negative women and 65% of HIV-positive women. The 5 most
common HPV types in HIV-positive women were, in decreasing frequency, HPV 16, 18,
45, 33, and 58. In HIV-negative women, the most common HPV types were HPV 16, 18,
35, and 45, followed by HPV 33 and 52. Human papillomavirus type 45 was more likely in
the HIV positive compared with the HIV negative (odds ratio, 3.07; 95% confidence interval,
1.07Y8.77). The HIV-positive women had more multiple high-risk HPV-type infections
than did the HIV-negative women (27% vs 8%, P = 0 . 0 0 1 ) .
Conclusions: A high number of women in South Africa with cervical cancer are HIV
positive. Without viral cross-protection, HPV vaccines should prevent around 65% of
cervical cancers in this population. Human papillomavirus type 45 infection is significantly
linked to HIV and important for future vaccine developments.
Key Words: Cervical cancer, Human papillomavirus, Human immunodeficiency
virus
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all South African women, cervical cancer is the
A mong
second most common malignancy and the most common

cancer in women between the ages of 15 and 44 years.1 In
South Africa, it is estimated that annually 7735 women are
newly diagnosed with cervical cancer, and 4248 women die as
a result of it.1 The age-standardized annual incidence rate of
cervical cancer in sub-Saharan Africa and South Africa
ranges between 31.0 and 40.3 per 100,000 women.1Y4
Cervical cancer has a huge impact on society, because
death often occurs at a young age while women are raising
families.5 Unless current preventive policies change, an estimated 140,000 women will be newly diagnosed with cervical cancer by 2030, and at least 95,000 women will die as a
direct result.6
In 2007, it was reported that around 67% of the estimated 33 million people around the globe infected with
human immunodeficiency virus (HIV) reside in sub-Saharan
Africa, and around three-quarters of AIDS-related deaths occur
in the region.7 Secondary to an HIV-mediated increase in persistent and recurrent human papillomavirus (HPV) infections,
women infected with human immunodeficiency virus (HIV)
have a greater chance to develop cervical neoplasia.8,9
Comparing women in the general population with HIVinfected women, HIV-infected women may have more than
a 20-fold increased risk for developing invasive cervical
cancer.10 Compared with other high-risk HPV (hrHPV) types,
HPV 16 infections and associated premalignant cervical changes
appear to be less reliant on the immune status of a woman.11 A
meta-analysis found HPV 16 less frequently in HIV-infected
women with normal Papanicolaou smears, low-grade as
well as high-grade cervical disease compared with nonYHIVinfected women.12
Although HPV types associated with invasive cervical
cancer are known for many countries and regions, there still
remains a lack in knowledge on HPV type distribution in
many areas worldwide. Especially in developing countries,
the question of which HPV types are prevalent among women
with invasive cervical cancer is still largely unanswered, and
the effect of HIV coinfection on the prevalence of specific
HPV types is also clearly missing.13

MATERIALS AND METHODS
Study Design
This retrospective descriptive study was performed at
the gynecologic oncology unit, University of Pretoria. It consisted of data obtained during 2 study periods. The first study
period started in January 2003 and ended in December 2004.
The second collection period was initiated in 2008 and lasted
until July 2011. Patients included in the study were women
18 years or older, referred for staging and treatment of histologically confirmed invasive cervical cancer.

Consent Process and Ethical Considerations
Patients received counseling and an information document that explained the method and voluntary nature of the
study. During counseling by trained nursing personnel, patients were motivated to undergo HIV testing as per standard

departmental management protocols, but it was explained
clearly that testing was voluntary. Written informed consent
and standard management protocols were the same for both
study periods. This study was approved by the Research Ethics
Committee of the Faculty of Health Sciences of the University
of Pretoria (27/2008, 108/2008, 189/2012).

Patient Recruitment
One hundred twelve consecutive women were invited
during 2003 and 2004, of whom 106 patients fulfilled the
inclusion criteria. Starting in 2008, another 201 consecutive
patients were recruited, of whom 193 patients were included
in the study. Women finally included with proven invasive
cervical cancer were 299. Fourteen patients were excluded,
of whom 9 patients had endometrial cancers, 3 had cervical
intraepithelial neoplasia grade III, 1 had carcinosarcoma, and
1 had only severe cervicitis on the final histological diagnoses.
Patients excluded were treated according to standard departmental treatment protocols for the specific disease diagnosed.

Sample Collection and Transport
Tissue biopsies for histological confirmation of the
diagnosis were taken with punch biopsy forceps in the outpatient clinic from each cervical tumor and placed in buffered
formalin. The samples were transported to the Department of
Anatomical Pathology at the University of Pretoria, where
histological examination was performed.
During the initial study period, DNA sampling was performed using tampons and transported in phosphate-buffered
saline and 10% methanol solution. During the second study
period, HPV DNA analysis was performed on cervical tumor
tissue preserved in a methanol-based buffer solution (PreTect
[NorChip AS, Norway]).

HPV DNA Testing
DNA extraction was accomplished during the first
study period by means of the DNA Isolation Kit (Roche
Molecular Systems, Branchburg, NJ) on the MagNa Pure
automated extraction system. Human papillomavirus linear
array genotyping kit (Roche Molecular Systems) was used to
determine the HPV type. MagNa Pure extractions and linear
array genotyping were performed at the University of Pretoria. Fifteen high-risk types (HPV 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 68, 73, and 82), 3 probable high-risk types
(HPV 26, 53, and 66), and 19 low-/undetermined-risk types
(HPV 6, 11, 40, 42, 54, 55, 61, 62, 64, 67, 69, 70, 71, 72, 81,
83, 84, IS39, and CP6108) were tested for.14
NucliSENS manual extraction kit (bioMerieux, Marcy
l’Etoile, France) was used for isolation of nucleic acid during
the second study period. Human papillomavirus DNA analysis, testing for 39 individual HPV types (ie, HPV 6, 11, 16,
18, 26, 30, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54,
55, 56, 57, 58, 59, 61, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82/
MM4, 82/IS39, and CP6108) and 6 rare HPV types (ie, HPV
32, 83, 84, 85, 86, and JC9710) as a pool, was performed on
GP5+/6+ polymerase chain reaction products using reverse
line blot assay. Polymerase chain reaction toward the A-globin
gene was included as DNA control for all HPV-negative
samples.15,16 NucliSens extraction, GP5+/6+ polymerase chain
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reaction and RLB genotyping were performed at NorChip
AS, Norway.

Data Capturing and Analysis
Data were captured on Microsoft Excel datasheets, and
analysis performed using Stata statistical software (StataCorp,
College Station, TX). The distribution of HPV types was expressed in terms of frequencies, percentages, and 95% confidence intervals and displayed in table form and bar charts.
The HIV groups were compared with respect to proportion of
HPV infections using Fisher exact test at the 0.05 level of
significance. The risk of HPV infection associated with HIV
status was determined from the crude odds ratio along with
its 95% confidence interval.

RESULTS

nonsquamous cervical cancer. This number included 9 patients with adenocarcinoma, 10 patients with adenosquamous,
and 3 patients with small cell neuroendocrine carcinoma. Of
the 22 patients with nonsquamous cervical cancer, 3 patients
were HIV infected, 11 were nonYHIV infected, and the remainder unknown.

HPV Results
HPV Prevalence
Human papillomavirus DNA was demonstrated in
91.7% of all study samples. The prevalence of confirmed
HPV infection was 90.9% for both nonYHIV-infected and
HIV-infected women and 94.1% among women with unknown HIV status.

Single and Multiple hrHPV-Type Infections

Age Distribution and HIV Status
Among the 299 patients included in the total study
population, 154 (51.5%) were nonYHIV infected, 77 (25.8%)
HIV infected, and for 68 patients (22.7%), the HIV status was
not known. Although the patients in the different study periods were similar, there were more HIV positive patients in
the second study period and more multiple-type infections in
the first study period (Table 1).
The ages of women ranged from 23 to 89 years, with
the largest group between the ages of 50 and 59 years. The
mean age for the total study population was 50.7 years. The
mean ages for nonYHIV-infected women were 55.8 (SD, 12.5)
years and 41.4 (SD, 11.4) years for women infected with
HIV. The HIV-infected women were significantly younger
than nonYHIV-infected women (P for mean age G 0.0001).
Figure 1 illustrates the age distribution and HIV prevalence
for the total study population.

In total, 264 (88.3%) of 299 tumors tested positive for
hrHPV, and 194 (64.9%) of 299 were positive for a single
hrHPV type. These 2 groups form the basis for describing the
HPV-type contribution in this study (Table 2).
The prevalence of hrHPV infections was 86.4% among
HIV-negative women and 87.0% among the HIV-positive
group. The HIV-infected women had significantly more multiple hrHPV-type infections (P = 0.001). Figure 2 illustrates the
difference between HIV-positive and HIV-negative women regarding the number of hrHPV types present in women with
invasive cervical cancer. There were more multiple hrHPV-type
infections during the first study period. This is likely due to
different HPV testing methods. However, HIV-positive patients
had significantly more multiple high-risk HPV-type infections in both the first (P = 0.049) and second (P = 0.0001)
study periods.

Histological Distribution

Distribution of hrHPV Types in Order of
Prevalence for the Total Study Population

The majority of patients had squamous cell carcinoma (277/299, 92.6%). Twenty-two patients (7.4%) had

Including women with single and multiple HPV-type
infections, the most common hrHPV-type infection was

TABLE 1. Comparison between patients included in the study

No. patients
Mean age
HIV

Histology
HIV negative

HIV positive

Unknown
Negative
Positive
Squamous
Nonsquamous
hrHPV negative
Single hrHPV
Multiple hrHPV
hrHPV negative
Single hrHPV
Multiple hrHPV

Study Period 1

Study Period 2

Total

106
53.0
31 (29.2%)
58 (54.7%)
17 (16.1%)
102 (96.2%)
4 (3.8%)
15.5%
65.5%
19.0%
11.8%
41.1%
47.1%

193
49.4
37 (19.2%)
96 (49.7%)
60 (31.1%)
175 (90.7%)
18 (9.3%)
12.5%
85.4%
2.1%
13.3%
65.0%
21.7%

299
50.7
68 (22.7%)
154 (51.5%)
77 (25.8%)
277 (92.6%)
22 (7.4%)
13.6%
77.9%
8.5‘%
13.0%
59.7%
27.3%
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Single HPV-Type Infections

FIGURE 1. Age distribution and HIV prevalence for
the study population.
HPV 16, followed by HPV 18, 45, 35, and 33. In the nonYHIVinfected group, in order of decreasing frequency, the 5 most
common hrHPV types were HPV 16, 18, 35, 45, and 33/52
(equally fifth most prevalent).
The most prevalent hrHPV-type infections were slightly
different in the HIV-infected group, with HPV 16 infections the
most common, followed by HPV 18, 45, 33, and 58. Compared
with HIV-negative women, a higher percentage of HIV-positive
women were infected with HPV 45 (P = 0.015). Table 1 tabulates the prevalence of different hrHPV-type infections among
the total study population and women with single hrHPV-type
infections. The table also shows the distribution among HIVinfected and nonYHIV-infected women.

A single HPV infection was present in 197 patients
(65.9%) and is illustrated in Table 1. The most prevalent single
HPV types were, in decreasing order, HPV 16, 18, 45, 35, and
33. The distribution of single-HPV-type infections among HIVinfected and nonYHIV-infected women is illustrated in Figure 3.
The prevalence of HPV 45 was more than 3 times higher in
HIV-positive women with single HPV-type infections compared with HIV-negative women (P = 0.045).
Figure 4 illustrates the hrHPV-type distribution for all
women with hrHPV-positive tumors (264/299; 88.3%) and for
women with single hrHPV-type positive tumors (194/299;
64.9%). Considering HPV types as oncogenic when present
as part of multiple infections in patients with invasive cervical
cancer seems inaccurate. This consideration probably overestimates the oncogenic potential and contribution to cancer
cases. Single hrHPV-type infection may be more important
when wanting to prove oncogenicity of the specific virus.
However, patients with invasive cervical cancer may still have
acquired transient infections after they have developed invasive cancer.
Comparing single hrHPV-type infections with all
hrHPV-type infections, it appears as if the prevalence remains
similar for HPV 16, 31, and 35 between the 2 groups and HPV
18 and 45 slightly more representative among women with
single and multiple hrHPV-type infection. The other hrHPV
types are markedly more representative among women with
1 or more hrHPV-type infections. This finding is likely the

TABLE 2. Summary of hrHPV-type infections among total population, single hrHPV-type infections,
and distribution among HIV-infected and nonYHIV-infected patients
hrHPV Type Distribution for Total Population
HPV
Type
16
18
31
33
35
39
45
51
52
56
58
59
68
73
82
Non-hrHPV

hrHPV Type Distribution for Single Type Infections

HIV
HIV
HIV
HIV
Negative Positive
P
Total Total Negative Positive
P
Total Total,
(n = 154) (n = 77) (Fisher Exact) (n = 299) (%) (n = 106) (n = 46) (Fisher Exact) (n = 197) %
74
22
5
8
12
1
9
4
8
1
5
0
2
1
2
36

32
18
2
8
7
1
13
2
2
0
8
1
0
1
1
32

0.635
0.212
0.463
0.158
0.798
0.794
0.015*
1.000
0.413
0.192
0.082
0.234
0.264
0.105
1.000
V

136
53
7
18
26
3
32
7
15
3
16
2
4
5
3
90

45.5
17.7
2.3
6.0
8.7
1.0
10.7
2.3
5.0
1.0
5.4
0.7
1.3
1.7
1.0
30.1

55
16
4
6
10
0
5
0
5
1
2
0
0
0
0
2

21
9
1
1
3
0
7
1
1
0
0
0
0
1
0
1

0.597
0.485
1.000
0.676
0.755
V
0.045*
1.000
0.668
1.000
1.000
V
V
1.000
V
V

97
32
5
8
18
0
19
1
7
1
5
0
0
1
0
3

49.2
16.2
2.6
4.1
9.1
0
9.6
0.5
3.6
0.5
2.6
0
0
0.5
0
1.5

*Statistically significantly more prevalent among HIV-infected women.
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and invasive cervical cancer in our population. To our knowledge, this is the largest study in our defined population to date.

Age Distribution and HIV Status
In this study, HIV-infected women with invasive cervical cancer were on average 14 years younger than nonYHIV
infected, which is comparable to previous reported South
African data.2 The prevalence of HIV infections was higher
in this study (25.8%) than the reported prevalence by van
Bogaert (13.6%),2 but similar to the South African sub-group
(27.6%) reported by Denny et al.4
FIGURE 2. Absent, single, and multiple hrHPV-type
infections among HIV-positive and HIV-negative
patients (P = 0.001).
result of different methods having been used to detect HPV
DNA, with more multiple-type infections among tampon
collections compared with biopsy samples. However, HPV
DNA methods may detect transient HPV infection not associated with the disease.

Histological Subtypes and
hrHPV-Type Distribution
The most striking difference is that HPV 18 (54.6%)
was most prevalent among women with nonYsquamous cell
cervical cancer, followed by HPV 16 (13.6%). Among women
with squamous cell cancer, HPV 16 (48%) was most prevalent
followed by HPV 18 (14.8%). Despite a relatively small
number of patients with nonYsquamous cell cervical cancer,
there was a statistically significant difference in relation to the
prevalence of HPV 16 (P = 0.002) and HPV 18 (P G 0.001)
between the 2 groups.

DISCUSSION
A growing number of studies focus on HPV prevalence
in women with invasive cervical cancer in South and subSaharan Africa. This study adds valuable information toward
understanding the interaction between HPV infections, HIV,

HPV Prevalence
The prevalence of HPV infections among women with
invasive cervical cancer was similar to the reported prevalence
of 90% from the meta-analysis by Li et al.17 In contrast to
other reports on HIV-positive women,4,7 the prevalence of
HPV infections in this study was the same (90.9%) for both
HIV-infected and nonYHIV-infected women. However, HIVinfected women had significantly more multiple high-risk
HPV types compared with nonYHIV-infected women (P =
0.001). The number of women with multiple HPV-type infections, especially among HIV-infected women, is more than the
previously reported data from South Africa and Kenya for all
HPV-type infections and considerably higher than that reported
in Europe.10,18,19 This might be because of tampon sampling.

All HPV-Type Infections
Human papillomavirus types 16 and/or 18 were present in 63.21% of the entire population, but only 61.20% had
either HPV 16 or 18. The prevalence of either HPV 16 or 18 is
considerably lower than the globally reported 73%, but similar
to South African data reported by Bruni et al.1,17 Human
papillomavirus types 16 and/or 18 were present in 69.9% of
women with single and multiple types reported by Denny et al4
and 69.2% reported by Louie et al3 for sub-Saharan African
women with invasive cervical cancer. In this study, no significant difference was found between HIV-infected, nonYHIVinfected, and HIV-unknown patients with regard to HPV 16
(P = 0.635) or HPV 18 (P = 0.212) infections. These findings

FIGURE 3. Single HPV-type infections among HIV-infected and nonYHIV-infected women.
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FIGURE 4. Type distribution among all hrHPV-positive tumors and single hrHPV-positive tumors.
are similar to those from Mozambique, South Africa, and
Kenya.10,20
Another Kenyan study also showed little difference
in the prevalence of HPV 16 in cervical cancer specimens
between HIV-positive and HIV-negative women.21 These
findings and findings from the current study reestablish
confidence in possible effects of current HPV 16/18 vaccines
on women infected with HIV.10
Comparing the most prevalent single and multiple
HPV-type infections to the meta-analysis by Li et al17 (HPV
16, 18, 58, 33, 45, 31, 52, 35), HPV 45, 35, and 33 were more
prevalent than HPV 58, reported as the third most common
globally. However, the HPV type sequence of the current
study compares better with the African sub-group in the metaanalysis. The top 5 HPV types are identical, except that HPV
33 and 35 are swopped around and that HPV 58 did not
feature among the top 8 most prevalent viruses.17 The order of
the 5 most prevalent HPV types in this study was exactly the
same as reported by Denny et al.4 The higher prevalence of
HPV 35 does not appear to be related to HIV coinfection and
is most likely a regional difference.
The odds ratio for a HPV 45 infection was triple for
HIV-positive compared with HIV-negative women (odds ratio, 3.07; 95% confidence interval, 1.07Y8.77). In contrast to
findings published by de Vuyst et al,10 HIV-positive patients
in this study had 3 times higher infection rates for HPV 45
compared with HIV-negative women (P = 0.015). Human
papillomavirus type 45 is therefore not only important among
South African women but especially in HIV-infected women,
who are currently not directly covered by HPV vaccines, but
only by some cross-protection.

Single HPV-Type Infections
In women infected with a single HPV type, the sequence of the most common types were similar to the findings
from a large European study,19 except HPV 33 and 31 that
were fourth and fifth most common. In sub-Saharan women,
the most prevalent single HPV-type infections were reported as HPV 16, 18, 35, 45, 33, and 52.4 The percentage of
women infected with HPV 16 or 18, however, was similar
to findings by Denny et al.4 Women in this study, coinfected

with HIV and a single HPV type, had significantly more HPV
45 infections compared with nonYHIV-infected women. The
importance of HPV 45 infections in Africa was also highlighted
by another study.6 Current bivalent HPV vaccine demonstrated
significant cross-protection against HPV 45 in clinical trials,
which might be particularly important in this population.22

Histological Subtypes and
HPV Type Distribution
In agreement with global data, HPV 16 infections in
this study were significantly more prevalent in patients with
squamous cell cancer (P = 0.002), whereas HPV 18 was the
most prevalent HPV type among women with nonYsquamous
cell carcinoma (P G 0.001).17,19 Denny et al4 also found HPV
18 as most prevalent among women with adenocarcinoma
in sub-Saharan Africa. Although HPV 45 is globally reported
as the third most common HPV-type infection in women with
adenocarcinoma, in this study HPV 35 was more common
among patients with nonYsquamous cell carcinoma. Because
of the small sample size, the significance of this finding
is questionable.

Study Limitations
Limitations of this study were the combination of
2 study populations and the absence of a standard method of
testing samples for all women included. Although the 2 HPV
tests may have different specificity and cutoff of values for
single and multiple types, because of limited sample size,
statistical analysis was not performed separately for the different HPV testing methods. However, both study groups included highly sensitive methods to detect type-specific HPV
DNA, and the main objective of this study was to compare
HPV types in HIV-infected and nonYHIV-infected patients
and not the different HPV assays. Some women did not have
HIV results that might have influenced findings. Although the
center where the study was performed serves a large referral
area, the study did not include patients from all regions of
South Africa. The effect of CD4 cell count could not be
evaluated because of lack of information. Lastly, because HIVpositive women were significantly younger than HIV-negative
women, age may influence HPV prevalence.
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CONCLUSIONS
Regardless of HIV status, HPV 16 and 18 were the most
prevalent hrHPV types present among women with cervical
cancer in this study. Disregarding cross-protection, current
bivalent and quadrivalent HPV vaccines could directly prevent cervical cancer in 65% or more of women in this population. Human papillomavirus types 45 and 35 are important
in the South African context and HPV 45 even more relevant among HIV-infected women. This study highlights the
need for future vaccines to target HPV 45 and 35 in women
infected with HIV. It is also important to take these findings in
consideration when screening strategies for cervical cancer
are being developed in our population, especially in HIVinfected women.
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