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Introduction

Infection with human papillomavirus (HPV) is a wide-
spread sexually transmitted infection, with at least 50% of
sexually active adults in the world experiencing a genital
HPV infection in their lifetime [1]. High-risk and proba-
bly-high-risk HPVs are likely the sole cause of cervical
cancer although other agents such as HIV may influence
development [2-4]. Schistosoma (S.) haematobium is a
parasitic disease usually acquired in childhood and main-
tained by regular contact with fresh water in endemic
areas. It is widely transmitted on the African continent
and has been hypothesised to cause leukoplakia, papillo-
matous tumours and cancer of the genital tract [5-12].
Moreover, the clinical appearance of genital schistosomi-
asis may be mistaken for malignancy and may be accom-
panied by contact bleeding and a friable uneven mucosal
surface [5, 10, 13]. Schistosomiasis may play a role in the
development of genital malignancy directly or indirectly
by increasing the susceptibility to HPV [14-16].

The continued presence and reinfection of HPV in
women with genital schistosomiasis would indicate that
the parasite plays a role in the development of cervix can-
cer. Here we report the findings from a 5-year follow-up
where we aimed to explore a possible impact of schisto-

somiasis on HPV persistence and the development of cell
atypia in a cohort of women with high-risk HPV. The
group also provided the opportunity to compare two sam-
pling procedures in rural Africa.

Methods

Study group

As reported previously the baseline study on HPV in 236
rural Zimbabwean women was nested in a study on genital
schistosomiasis [13, 17]. The study was performed before anti-
retroviral therapy and mass anti-schistosomal therapy had
become available. The study was conducted in the rural North-
western part of Zimbabwe in a subsistence farming area
(Mupfure) where 557 women between the ages of 15 and 49
were included [13, 17]. Due to economic and logistic con-
straints baseline specimens were only analysed five years after
for sexually transmitted diseases. After the Zimbabwean land
reform we drove more than 13,000 km in order to find the 54
women who had high-risk HPV. At baseline women had been
asked for surnames, maiden names, the name and address of a
relative, and the name of their eldest child. They were searched
for by the same staff as five years prior and clinical investiga-
tions were offered in the same clinic, by the same clinician [13]. 

Sample taking and clinical definitions

The baseline and the 5-year consultations and gynaecological
investigations were done in the exact same ways, as has been
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described previously [13]. Briefly, investigations were com-
menced by cervico-vaginal lavage. Saline (5 ml) was sprayed on
the vaginal wall and cervix twice, whereupon it was drawn back
into a syringe and deposited into cryotubes. Papanicolaou (Pap)
smears were taken in all women. Biopsies were taken where
necessary, as advised by the pathologist. Urine samples (not
done in the 5-year survey), biopsies and Pap smears were exam-
ined for S. haematobium ova [18]. A single terminal-spined
ovum gave a positive diagnosis. Leukoplakia was defined as
white plaque on the mucosal surface, visible with or without
acetic acid. Papilloma was defined as a sessile mass either on
the mucosa or vulva, whitish in colour, often with a cauliflower
appearance. Homogenous yellow sandy patches were sandy
looking areas with no distinct grains using 15-times magnifica-
tion [13, 19] whereas grainy sandy patches portrayed oblong
(approx. 0.05 by 0.2 mm) grains situated in the mucosa. S.
haematobium ova found in cytology (Pap smears) was the
strongest predictor for the genital sandy patch types and grainy
sandy patches were pathognomonic for S. haematobium in the
genitals. In the 5-year survey a cervical sample was taken using
a Cervex-brush® (Rovers, Oss, The Netherlands); blood speci-
mens were not taken in this survey.

Sample preparation and HPV detection
The cervical lavage was centrifuged for 2 min at 12,000 rpm

and the supernatant discarded. The pellet was resuspended in
500 μl TE (10 mM Tris, 1 mM EDTA, pH 8.0). This suspension
was stored at –80°C for 1 hr; 100 μl of this suspension was
taken, boiled for 10 min, and centrifuged for 5 min at 12,000
rpm. The Cervex brushes were transported and stored in 60%
ethanol in 50 ml tubes until further use. After vigorous vortex-
ing the samples were centrifuged, the supernatant disposed and
the cell pellet resuspended in 1 ml ethanol and transferred to a
cryotube. The brush samples were washed once with TE, resus-
pended in 150 μl TE with 0.2 μg/ml proteinase K, and incubat-
ed overnight at 37°C. Proteinase K was inactivated by boiling
for 10 min. 

The presence of DNA was confirmed by β-globin PCR using
primers PC03/04 [20]. HPV detection was performed using the
GP5+/6+ HPV PCR [21]. Detection of PCR products was per-
formed in an enzyme immunoassay (EIA) format as described
by Jacobs et al. [22]. After detection of HPV with a high-risk
HPV probe cocktail, typing analysis was performed on all HPV
positive samples for high-risk HPV types 16, 18, 26, 31, 33, 35,
39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73 and 82. These probes
represent all high-risk or probable high-risk types [3]. 

Human immunodeficiency virus detection

Due to the logistic constraints of analysing and giving ade-
quate pre- and post-test counselling (transport problems,
privacy issues) we chose not to re-test women for HIV in the 5-
year survey. The last HIV results were three years old. Sera
from all women had been tested for HIV with Recombigen
(Cambridge Biotech, Galway, Ireland) and with Genelavia Mixt
(Sanofi Diagnostics Pasteur S.A., Marnes La Coquette, France).
Vironostica HIV was used in cases of discrepant results
(Organon Technika, Boxtel, The Netherlands). 

Consent and treatment
Ethical approval was given by the Medical Research Council

of Zimbabwe (MRCZ/A/578-04 MRCZ/1-97) and by
WHO/Tropical Diseases Research (T22/181/136-ID.960740).
In addition, permission was granted by the Provincial and
District Medical Directors (1998, 2003), village headman, hus-

bands and the women themselves. Women, with disease, who
were denied the permission by heads of their household or who
came too late were given the opportunity to see a local gynae-
cologist at a time of their choice. All Pap smears were followed
up as recommended by the pathologist. All applicable cases
were offered full treatment and follow-up, including surgery
where necessary, with an independent Zimbabwean gynaecolo-
gist. 

Statistical analysis
Chi-square, Fisher’s exact test (for numbers below 5) and

odds ratio (OR) with 95% confidence interval (95% CI) were
used when comparing prevalence in two groups of subjects. A p
value below 0.05 was considered statistically significant. An
unweighted kappa statistic was used to determine the percent-
age of correlation between the two sampling methods beyond
that expected by chance. 

Results

Baseline HPV and schistosomiasis results have been
presented previously [13, 17]. Briefly, HPV was found in
81 of the 236 tested cases (34%) and high-risk HPV in
54/236 (22%). Figure 1 shows that 37/54 women with
high-risk HPV came for the 5-year survey (69%). Eleven
had passed away, eight of them had HIV and none had
high-grade squamous intraepithelial dysplasia (HGSIL)
previously. Genital schistosomiasis was found in 49%
(270/557) of the women and prevalences were not differ-
ent in the different age groups, whereas there was a sig-
nificant decrease in high-risk HPV prevalence with age.

Seventeen of the 37 (46%) women had HPV after five
years, 9/17 (52%) had the same subtype as baseline, and
12/17 (71%) were found to have a new type (either
together with the old type (n = 4) or alone (n = 8)). In this
community types 33, 35 and 45 (50%) were the common-
est persistent and newly acquired HPV types, whereas
types 16 and 18 constituted 20%. High-risk HPV was
associated with genital schistosomiasis at baseline (age
adjusted OR 1.9, 95% CI 1.1-3.6, p = 0.032). Together,
high- and low-risk HPV were almost associated with gen-
ital schistosomiasis (age adjusted OR 1.6, 95% CI 0.95-

3 came after the clinic had closed

Figure 1. — Five-year follow-up of 37 women with high-risk HPV. 
aBy β-globin PCR, using primers PC03/04.
bMelt down of freezers under electricity cuts in Zimbabwe.
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2.8, p = 0.075). HPV co-infection at follow-up was found
in 10/21 (48%) of the women with genital schistosomia-
sis, and 7/16 (44%) of women without genital schistoso-
miasis (not significant). New HPV infection was found in
6/17 genital schistosomiasis-positive, versus 6/15 genital
schistosomiasis-negative. Persistent HPV subtype infec-
tion was found in 6/21 genital schistosomiasis-positive
women and in 3/16 genital schistosomiasis-negative
women. HIV was associated with HPV persistence (p =
0.047). New HPV types were found more often in HIV-
positive women but the difference was not significant
(age adjusted OR 4.0 95% CI (0.83-20), p = 0.085). 

Before the last survey two women had hysterectomies
for unknown reasons. Both had cervical schistosomiasis
at baseline, one of which had a ‘malignant-looking-
lesion’ (but no atypic Pap smear), while the other had
HGSIL. At baseline 21/37 (56%) of the women with
high-risk HPV had genital schistosomiasis and HPV was
found in all who had HGSIL. After five years genital
schistosomiasis was found in 6/7 of those who had devel-
oped HGSIL. Running a multivariate analysis controlling
for HIV and age, HPV was significantly associated with
the development of HGSIL (adjusted OR 3.9, 95% CI
1.3-11.8, p = 0.018). HGSIL was found more often in
women with genital schistosomiasis (adjusted OR 7.1,
95% CI 0.5-92.1, p = 0.136), but the figures are low and
the difference is non-significant. 

At baseline the homogenous yellow sandy patch
(HYSP) type was significantly associated with baseline
high-risk HPV [13]. A few tests were run to see if the
relationship could be elucidated five years after.
Interestingly, there was now a tendency towards signifi-
cant association between baseline HYSP and squamous
intraepithelial dysplasia (p = 0.078). It is not known
whether HYSP may be in the causal pathway for high-
risk HPV or cervical cancer. However, the Spearman
Rank correlation was well below 0.7. Furthermore, nei-
ther baseline nor current HYSP were associated with new
or remaining high-risk HPV (separately or together). We
therefore chose to run these phenomena in a multivariate
analysis against squamous intraepithelial dysplasia.
High-risk HPV remained the only significant predictor
(adjusted OR 5.1 95% CI (1.5-18), p = 0.010), whereas
HYSP was no longer associated with squamous intraep-
ithelial dysplasia (adjusted OR 4.8 95% CI (0.4-53). The
figures are low, however, and must be interpreted with
caution. Leukoplakia and papillomatous tumours (sepa-
rately or together) were neither associated with baseline
nor with 5-year genital schistosomiasis.

Forty-three women were enrolled for comparison of the
sampling by lavage and Cervex brush, an adequate speci-
men was obtained in all, either by brush or lavage or by
both; 13/45 (28.9%) lavage samples were β-globin nega-
tive whereas only 3/45 (7.0%) Cervex brush samples
were β-globin negative. HPV could be detected in 17/40
(42.5%) of the Cervex-brush samples. In lavage 17/32
(43.8%) were HPV positive. Conclusive HPV results
from both samples could be obtained in 27 women. In 26
of the 27 women, brush and lavage results were the same

(96.3% agreement, kappa 0.93). In all 12 women who
were HPV positive in both samples, at least one HPV type
occurred in both samples. Because of the high concor-
dance between the two samples, a conclusive result from
one sample was sufficient to assess the HPV types. 

Discussion

Schistosomiasis is highly endemic in Zimbabwe and in
many of the countries where cervical cancer prevalences
are high [23, 24]. It is treatable and control or eradication
are deemed possible [25]. Five years after baseline all
women with squamous intraepithelial neoplasia in this
rural Zimbabwean area had HPV. However S. haematobi-
um ova was also found in almost all the women who
developed high-grade dysplasia. Moreover, homogenous
yellow sandy patches, found in genital S. haematobium
infection, were found more frequently in women with
cervical intraepithelial neoplasia than in those without
[13]. 

Yet we neither found an association between S. haema-
tobium infection and the persistence nor the acquisition of
HPV in this small population. Confirming other studies,
HPV prevalence was significantly higher in HIV-positive
than in HIV-negative women [4, 17, 26-28]. Multivariate
and bivariate analyses after controlling for high-risk HPV,
however, showed that neither HIV nor genital schistoso-
miasis were significantly associated with cervical intraep-
ithelial neoplasia.

The small study population limits the statistical power
and results must be interpreted with caution. As a further
limitation to this study it should be noted that women
were tested for high-risk HPV only twice over a fairly
long time span. Infection with an HPV type induces an
immune response against that particular HPV type in
most infected women, eventually resulting in clearance of
the infection. Clearance of the virus is thought to take
between six and 12 months resulting in protection against
re-infection, if not life-long, at least, until the immune
response has waned [29, 30]. However, the duration of
this natural immunity has not been explored. Therefore,
after five years clearance and re-infection by the same
genotype cannot be entirely precluded. 

Previously it has been shown that persistent high-risk
HPV infection is necessary for the development and
maintenance of high-grade cervical lesions [29-31]. The
knowledge of the impact of HIV co-infection on HPV
persistence is limited although the relationship between
HIV and HPV is widely accepted [32]. HIV seropositivi-
ty and higher levels of immunosuppression have been
found to be important determinants of persistent HPV
infection and HIV seropositive women [32]. 

There is a paucity of studies both on HPV and genital
schistosomiasis in rural Africa [17]. With the implemen-
tation of the HPV vaccine programmes and anti-schisto-
somal mass treatment programmes it is important to look
for package implementation and research [33].
Gynaecological investigations in rural Africa may be
cumbersome and prohibitively expensive. Hence we must
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explore simple diagnostic procedures and even self-sam-
pling. Our study showed a high concordance between
samples obtained by the Cervex brush and a vaginal
lavage. A similar concordance has previously observed by
us between Cervex brush samples and vaginal swabs [34].
However, for unknown reasons, the number of β-globin
negative vaginal lavage samples was unacceptably high.
Since Cervex brushes are not available in this low-
resource area, a vaginal swab may be a good alternative
to vaginal lavage, as has been shown in South Africa [35].

In conclusion HIV-mediated suppressed immune com-
petence may facilitate persistent HPV infection, which in
turn can induce the development of high-grade cervical
lesions. Our study suggests that genital schistosomiasis
may also play a role in this process, but larger studies are
needed to confirm the findings.
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