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Abstract

Background S. haematobium is a recognized carcinogen and is associated with squamous cell carcinoma
of the bladder. Its association with high-risk(HR) human papillomavirus (HPV) persistence, cervical pre-cancer and cer-
vical cancer incidence has not been fully explored.

Methods We searched OvidSP MEDLINE, OvidSP Embase, Global Index Medicus, PubMed and the Wiley Cochrane
library without date or language restrictions up to April 20, 2024 for abstracts evaluating the association of female
genital schistosomiasis (FGS) with the prevalence, incidence or persistence of cervical HR-HPV, and incidence of his-
tology-verified cervical pre-cancer or cancer. Cervical pre-cancer defined using cervical cytology or visual inspection
with acetic acid (VIA) was also considered, but as lower quality evidence. We assessed the risk of bias of included stud-
ies using a modified Newcastle Ottawa scale. This study is registered on PROSPERO: CRD42023389301.

Results We identified 1,170 publications and six studies were eligible for inclusion. Five studies were cross sectional
and 1 was prospective. The studies describe 1081 women living in sub-Saharan Africa. One study from Zimbabwe
reported an increased risk of HR-HPV prevalence at baseline in women with composite-FGS compared to women
without FGS (aOR 1.9,95% Cl 1.1 - 3.6, p=0.03), however no association was seen after 5 years of follow-up. Another
study from KwaZulu-Natal reported an increased odds of any HPV prevalence among women with visual-FGS
compared to women without FGS (@OR 1.71 [1.14 — 2.56], p=0.01). However, a study in Madagascar did not show
increased odds of any HPV among women with visual-FGS compared to women without FGS (OR 1.0 [0.82 - 1.2). Of

4 studies evaluating the association of FGS and cervical pre-cancer, one reported an increased risk of VIA abnormali-
ties in women with molecular-FGS compared to those without (@OR 6.08, 95% Cl 1.58 — 23.37). Three studies did

not report an association between FGS and cervical pre-cancer (cytology defined (n=2) and histology defined (n=1)).

Conclusion There are limited and low quality data on the risk of HR-HPV infection and cervical pre-cancer and cancer
among women with FGS. Given limited data, it was not possible to confirm or exclude an association between FGS
and HPV, cervical pre-cancer, and cervical cancer and additional research is needed.
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Introduction

Cervical cancer remains a major public health prob-
lem despite being preventable and curable, if diagnosed
early and with access to effective treatment. In 2018, the
World Health Organization (WHO) called for the elimi-
nation of cervical cancer to address this public health
issue and member states adopted WHO’s Global strategy
to accelerate the elimination of cervical cancer in 2020.
The targets to achieve elimination are based on vaccina-
tion of 90% of girls by age 15; screening of 70% of women
twice by age 35 and 45 with a high-performance test; and
treatment for 90% of women identified with cervical pre-
cancer or invasive cancer [1]. Persistent infection with
high-risk (HR) human papillomavirus (HPV) (types 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) is necessary for
the development of cervical cancer [2, 3]. While persis-
tent infection is necessary for the development of pre-
cancerous lesions, other factors also increase a woman’s
risk of developing pre-cancerous lesions [4].

Cervical cancer is one of the most preventable can-
cers due to the availability of effective tools for preven-
tion. Screening and treatment programmes using visual
inspection methods, cervical cytology and HPV-DNA
for screening, and ablative and excisional methods for
treating cervical precancer have shown to be effective in
preventing cervical cancer [5]. HPV vaccination of girls
and young women prior to their sexual debut is highly
effective at reducing risk of cervical cancer [6]. Current
available HPV vaccines can target up to 7 high-risk, or
oncogenic HPV types (HPV16/18/31/33/45/52/58) that
protect against 90% of cervical cancers [7]. The high inci-
dence of cervical cancer in low and middle income coun-
tries is associated with limited access to HPV vaccination
[8], nationally organised, population-based cervical can-
cer screening and treatment programmes [9], and the
impact of HIV [10]. However, other exposures may be co-
factors in the high incidence of cervical cancer in low and
middle-income countries. Over 160 million people are
estimated to have schistosomiasis in sub-Saharan Africa
[11], a region with the highest global cervical cancer inci-
dence [12]. The parasite Schistosoma (S.) haematobium
is recognized by the International Agency for Research
on Cancer (IARC) as a carcinogen and is associated with
squamous cell carcinoma of the bladder [13, 14] but the
parasite’s role as a co-factor in cervical cancer has not
been fully explored.

S. haematobium is a blood fluke that is often endemic
in areas with limited access to clean water, sanitation
and hygiene resources [15]. S. haematobium infection
occurs when exposed skin contacts parasite cercariae in
fresh water [16]. Adults and children of both sexes may
be exposed to S. haematobium differently based on how
local household division of labor intersects with fresh
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water contact [17]. Once inside the human body, the
immature S. haematobium parasite circulates until trans-
forming into adults that migrate through the venous
system to commence egg-laying [18]. The majority of S.
haematobium eggs will be excreted through the urinary
bladder, but given the proximity of the vesicular venous
plexus to the female reproductive tract, parasite eggs
can be deposited in the uterus, fallopian tubes, ovaries
and other reproductive tissues [19]. This condition is
known as female genital schistosomiasis (FGS). FGS can
be diagnosed in the lower genital tract through colpos-
copy, molecular methods, or visualization of parasite
eggs in tissue (through biopsy or cytology). The presence
of parasite eggs in female genital tissue often leads to an
inflammatory response, characterized by the infiltration
of immune cells (lymphocytes, neutrophils, eosinophils,
etc.) and granuloma formation [20, 21]. Granuloma for-
mation during genital S. haematobium infection may
ultimately progress to fibrosis and scarring [16]. FGS has
been associated with poor reproductive health outcomes
including ectopic pregnancy [22] and infertility [23].

Cervical cancer and S. haematobium eggs have been
reported together in histopathology specimens of women
with cervical cancer with detection ranging from 0 —
32% in five countries [21, 22, 24—26]. Most parasite eggs
are deposited in the subepithelial tissues [21, 27]. FGS
is associated with characteristic changes in the cervical
mucosa known as sandy patches, abnormal blood ves-
sels, and rubbery papules [19]. HPV establishes infection
in the cervical basal cells and FGS-related damage of the
genital epithelium may thus predispose to HPV acquisi-
tion and associated inflammation may facilitate persis-
tence of HPV infection. High-risk HPV persistence and S.
haematobium infection are both individually character-
ized by modulations in the cervicovaginal immune envi-
ronment [28, 29]. The Th2 biased cervicovaginal immune
environment observed in higher burden FGS and soil-
transmitted helminth infection may impair the mecha-
nisms needed for clearance of HPV infection [30, 31].
Such observations suggest that FGS may be a co-factor
in HR-HPV persistence and the development of cervical
pre-cancer, but the evidence base for this association has
not been systematically explored [32, 33]. The aim of this
review is to evaluate the association of FGS and high risk
(HR)-HPV prevalence, incidence or persistence, cervical
pre-cancer (high-grade cervical intraepithelial neoplasia
(CIN), or CIN2/3) prevalence and incidence and cervical
cancer incidence.

Methods

Search strategy and selection criteria

For this systematic review, we searched OvidSP MED-
LINE, OvidSP Embase, Global Index Medicus, PubMed
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and the Wiley Cochrane library complete databases of
systematic reviews up to April 20, 2024 with keywords
including female genital schistosomiasis, human pap-
illomavirus, cervical intraepithelial neoplasia (CIN),
and cervical cancer (Supplement A for search strategy).
All abstracts were uploaded into Covidence [34] and
screened by two authors (AS and HK). Full-text manu-
scripts were obtained and an independent full-text
review of studies from the consensus list was performed
by two authors (AS and HK). The data extractors reached
consensus regarding the relevance of the included stud-
ies through detailed discussions [34]. Visual-FGS was
defined as FGS diagnosed primarily by traditional or
hand-held colposcopy. Molecular-FGS was defined as
FGS diagnosed primarily by polymerase chain reaction
(PCR). Composite-FGS was defined as FGS diagnosed by
a combination of methods (histopathology or cytology,
colposcopy, and molecular methods).

Inclusion criteria

Study eligibility was defined on pre-defined exposure and
outcome criteria [35]. Prospective cohort, cross-sectional
or case—control studies were eligible if they reported an
association of the exposure (FGS) with any of the follow-
ing outcomes: prevalence, incidence or persistence of
cervical HR-HPV [14], prevalence or incidence of cervi-
cal pre-cancer or incidence of cervical cancer. Longitudi-
nal studies were eligible if they evaluated the association
of FGS at enrolment with HR-HPV incidence or persis-
tence or the incidence of cervical pre-cancer or cancer.
There were no restrictions on age, language, geographic
region, or publication date.

Data analysis

Data were extracted by one author (AS) and verified by
a second author (HK) using a standardized form. Where
available, odds ratios (OR) and 95% confidence intervals
(CI) were extracted. Due to limited availability of data, no
meta-analyses were performed.

Assessment of study quality

We adapted the Newcastle-Ottawa scale to assess the
methodological quality of the studies (Supplement B)
and assessment was done by two authors (AS and HK)
[36]. Cohort studies were assessed on participant selec-
tion (representativeness of the exposed cohort, selec-
tion of the exposed cohort, ascertainment of exposure,
confirmation the outcome was not present at baseline),
comparability of the exposed and non-exposed cohort
(including adjusting for age and HIV status in multi-
variate analysis), and study outcome (assessment of out-
come, adequate duration of follow-up, and adequacy of
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follow-up). Cross-sectional studies were assessed on sim-
ilar criteria with minor variations (Supplement B).

This article is reported based on the Preferred Report-
ing Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines [37]. This systematic review is
registered on the PROSPERO database at the Centre of
Reviews and Dissemination (University of York, York,
UK), CRD42023389301 [35].

Results

The search identified 1,170 publications (Fig. 1), among
which six articles reported the association of FGS with
HR-HPV infection or cervical pre-cancer among 1,081
women with median age ranging from 19 to 32 years
(Table 1). The age range of all enrolled participants was
15 — 47 years. All studies were conducted in sub-Saha-
ran Africa in S. haematobium endemic settings and pub-
lished between 1996 and 2023 (Table 1). Five studies were
cross-sectional [32, 38—41] and one was a prospective
cohort study [33]. Two studies enrolled women from a
community setting [32, 33] and four studies recruited
women and girls from either schools or clinics [38—41].

FGS was diagnosed using molecular methods in two
studies [32, 39], biopsy and histopathology in one study
[38], colposcopy in two studies [40, 41] and composite
methods in one study (primarily colposcopy) [33]. The
prevalence of FGS ranged from 5.9% (using molecular
methods) [32] to 62.6% (using colposcopy) [41].

Four studies evaluated the association of FGS and
cervical pre-cancerous lesions (two reported cytology-
based [33, 39], one reported histology-based [38] and one
reported visual inspection with acetic acid (VIA)-based
outcomes [32]). One study evaluated the association of
FGS and HR-HPV prevalence [23]; two evaluated asso-
ciation with any HPV type prevalence [40, 41] and one
prospective study evaluated the association of baseline
FGS and HR-HPV re-detection over 5 years [33].

Assessment of study quality

The included studies were assessed for three key crite-
ria: cohort selection, comparability of the cohorts, and
ascertainment of exposure and outcome (Table 2; Sup-
plement B). Four included studies were graded as moder-
ate quality [32, 38, 40, 41] based on cohort selection and
comparability criteria, often with higher scoring studies
adjusting for confounding. Two included studies were
graded low to moderate quality [33, 39] based on limita-
tions in exposure and outcome ascertainment and lack of
adjustment for confounding when evaluating the associa-
tion of FGS with HPV or cervical pre-cancer outcomes
(Supplement B).
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Fig. 1 PRISMA 2020 flow diagram for systematic reviews which included databases searches

Strengths of the included studies were that all six
studies were from S. haematobium endemic areas and
the majority were representative of the population of
women living with FGS. A limitation was that studies
employed heterogeneous methods to ascertain a FGS
diagnosis, with only half of the included studies pri-
marily using high-specificity (histopathology or molec-
ular) methods [32, 38, 39]. Another limitation was in
outcome assessment;. Of the four studies that assessed
cervical pre-cancer, only one used histology [38]. Two
studies used cytology alone [33, 39] and one used
VIA [32]. Additionally, only one of the included stud-
ies performed a power calculation [40], so the major-
ity of studies were not powered to detect a difference
between the outcome and the exposure. In some stud-
ies the sample sizes were small, making the effect sizes
difficult to interpret.

Association of FGS and HPV

One study reported the association of FGS and HR-HPV
prevalence at baseline and type-specific persistence over
5 years follow-up (Table 2) [33]. Among 236 women in
Zimbabwe (age range 15-49 years), there was evidence
that a composite FGS diagnosis (eggs in cytology, cer-
vicovaginal lavage (CVL) PCR, biopsy, and colposcopy,
with the majority using colposcopy) was associated with
HR-HPV prevalence at baseline (adjusted OR (aOR)=1.9,
95% CI:1.1-3.6, p=0.03, adjusted for age). Among 37
women who were HPV positive at enrolment and fol-
lowed over 5 years, HPV type persistence was higher in
women with FGS detection at any timepoint (compos-
ite definition) compared to those without FGS (28.6%
[6/21] vs. 18.8% [3/16], respectively (effect estimate not
reported)) [33]. There was weak evidence of an asso-
ciation between any HPV type and FGS (crude OR=1.6;
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95%CI: 0.95-2.8, p=0.08), however it is unclear whether
this association uses baseline or longitudinal data [33].

Two cross-sectional studies reported the association
of FGS with any HPV type prevalence with conflicting
results. Among 302 women in Madagascar, there was
no evidence that visual-FGS (colposcopy defined) was
associated with any HPV (OR=1.0, 95%CI: 0.82-1.2)
[41]. In contrast, there was strong evidence that vis-
ual-FGS (colposcopy defined) was associated with any
HPV (aOR=1.71, 95%CI:1.14-2.56], p=0.01) among
933 women in KwaZulu-Natal [40]. The key differences
between the studies in Madagascar [41] and KwaZulu-
Natal [40] were median age (31 [25-37]) vs. mean age
18.2 [standard deviation 1.6]), FGS prevalence (62.6%
vs 22.5%), and HPV detection (42.7% [using CVL] vs
22.5% [using CVL], respectively.

Association of FGS with cervical pre-cancer and cancer

Four studies evaluated the association between FGS and
cervical pre-cancer (Table 1) [32, 33, 38, 39]. Among
237 women in Zambia with a median age of 24 years,
[32], there was strong evidence of an association of
molecular-FGS (Schistosoma DNA by PCR in any of
CVL, vaginal swab or cervical swab with abnormal
VIA exam (aOR=6.08, 95%CI: 1.58-23.37, adjusted for
age and HIV status)) [32]. The study reporting histol-
ogy outcomes provided the proportion of participants
with cervical pre-cancer [38]. Of the two studies that
reported cytology outcomes, one did not find an associa-
tion between any schistosomiasis diagnostics and cervi-
cal pre-cancer [39], and one did not find an association
between visual-FGS and cervical dysplasia (aOR 4.8, 95%
CI 0.4 - 53) [33] (Table 1). The longitudinal study from
Zimbabwe reported strong evidence of an association
between FGS (eggs in Pap smear) and “clinical suspicion
of malignancy” in the baseline univariate analysis (OR
3.21, 95% CI 1.03 — 10.07, p<0.045), but this association
was not seen in multivariate analysis (effect estimate not
reported) [42].

Of the six included studies, no studies evaluated the
association between FGS and cervical cancer. However,
one cross sectional study among 51 women in Malawi
[38] reported one case of histology-verified squamous
cell carcinoma (SCC) in a participant with FGS, detected
in the cervical biopsy.

Discussion

In this review we report that there is limited evidence,
from a small number of studies, of an association
between visual or molecular FGS and HR-HPV preva-
lence and cervical pre-cancer [32, 33, 40]. However there
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was inconsistency in the reported associations, which
may be attributed to the heterogeneity in ascertainment
of both the exposure (FGS) and the outcome (cervical
pre-cancer).

A challenge across many of the studies was the ascer-
tainment of the exposure (FGS) and outcome (HPV and
cervical pre-cancer) measures. In the six studies included
in this systematic review, there were variations in the
reported FGS prevalence (Table 2). One explanation
could be the difference in S. haematobium prevalence
across study sites. In FGS diagnostics, there is no agreed
reference standard that is field friendly, widely available,
scalable and optimizes both sensitivity and specificity
[19]. For example, molecular methods, such as Schisto-
soma PCR have imperfect sensitivity (80.0%) but excel-
lent specificity (100.0%), while detection of mucosal FGS
lesions (sandy patches) has imperfect sensitivity (81.6%)
and poor specificity (42.4%) [43, 44]. Another challenge
posed by the use of low-specificity FGS diagnostics is
the limited agreement between reviewers of visual-FGS
cases [45]. Performing colposcopy for the evaluation of
visual-FGS requires rigorous adherence to quality stand-
ards [46]. Ultimately, however, the interpretation of the
photocolposcopic images is subjective and can vary by
reader, their visual acuity, and their degree of training.
Data from Zambia suggest there is a low level of corre-
lation between expert reviewers when diagnosing FGS
based on photocolposcopic images [45]. However, molec-
ular-FGS detects DNA from S. haematobium eggs, is not-
subjective, and is highly reproducible. Thus, a substantial
concern with employing low specificity diagnostics is
the possibility of false positive results. FGS diagnosis in
the community should be guided by the availability of
diagnostics and clinical experience. However, to ensure
accurate FGS case ascertainment in research settings,
detection methods with high specificity, such as histopa-
thology and molecular methods, are warranted.

Similarly, the gold standard measurement for cervical
pre-cancer is histology verified cervical intraepithelial
neoplasia, grades 2 or 3, which requires a tissue biopsy for
histopathology verification. Cervical cytology and VIA
are widely used in cervical cancer screening programmes
but are imperfect measures of cervical pre-cancer due to
the variable sensitivity reported [47], linked to operator
variability and training. Most of the studies included in
our review used cytological or VIA defined outcomes for
cervical pre-cancer, rather than histology, reflecting the
difficulties and ethical implications associated with cervi-
cal biopsy taking as part of research studies, in particular
given the younger age range of the women included in
the studies within this review.

Of the four studies that evaluated cervical pre-cancer
outcomes, one study used histology [38], one study used
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VIA [32] and two used cervical cytology to define cervi-
cal pre-cancer. Although the studies employed cytology
and histology, the authors used different terminologies
and thresholds to define cervical pre-cancer, making it
challenging to verify if low or high grade lesions were
identified. Of these three studies, the outcomes reported
were: “dysplasia” [38], “squamous cell atypia” [39], and
both “high grade squamous intraepithelial lesion” and
“squamous intraepithelial dysplasia” [33] (Table 1). None
of these three studies showed strong evidence of an asso-
ciation between FGS and cervical pre-cancer [33, 38, 39].
Thus, heterogeneity in defining cervical pre-cancer limits
confidence in the findings. Only one study showed strong
evidence of an association between molecular FGS and
cervical acetowhite changes, identified by VIA exam in
Zambia [32]. Since the sensitivity and specificity of VIA
are limited, its use can yield both false negative and false
positive results. Thus, despite the strong evidence of an
association between molecular-FGS and a VIA-based
diagnosis of cervical pre-cancer, it is challenging to con-
clusively accept or reject an association using VIA-based
testing alone [32]. Due to the biological plausibility of an
association between FGS and cervical pre-cancer, further
research is needed and work evaluating the association
between molecular-FGS and cervical pre-cancer using
DNA-based HPV testing is ongoing in Zambia [48].

Molecular testing using HPV-DNA based tests is a
reproducible and reliable measure for HPV infection.
The associations reported between FGS and HPV out-
comes were mixed, although there was also heterogene-
ity in outcome definitions, with some studies reporting
associations with any HPV type and others any HR-HPV
type. However only one longitudinal study reported an
increased risk of any HPV persistence in women with
baseline FGS compared to those without over 5 years.
It should be noted, however that a 5 year period may be
too long to define type-specific persistence as prospec-
tive studies of incident and prevalent infections among
young women have shown that up to half of infections
clear within 6 months and approximately 90% clear
within 2 years after acquisition [49, 50]. Additionally,
women could acquire a new infection in the 5 year time
period. Based on the available data with heterogeneity
in outcome and exposure ascertainment, it is not possi-
ble to conclude or exclude an association between FGS
and HPV until high-specficity methods are used across
studies.

The association between HR-HPV and cervical cancer
is well established, as is the association between S. hae-
matobium and squamous cell carcinoma of the bladder.
S. haematobium is classified by the International Agency
for Research on Cancer (IARC) as a group 1 carcinogen,
or “carcinogenic to humans” [13, 14]. Our review found
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no studies evaluating the association of FGS and cervi-
cal cancer. However, one small cross-sectional study
reported histology-verified FGS in biopsy tissue in one
woman with cervical squamous cell carcinoma [38].

Oncogenic human papillomavirus is necessary for the
development of the majority of invasive cervical cancer
[2, 51], and is an independent risk factor for cervical pre-
cancer [2, 51]. HPV infects the undifferentiated, prolif-
erating basal cells of the cervicovaginal epithelium [52].
HPV gains access to the basal cells as a consequence of
microabrasion, resulting from co-existence of other sexu-
ally transmitted infections or other co-factors that may
compromise the epithelial barrier including hormonal
contraception [53]. Genital schistosomiasis is associated
with epithelial damage [54], and is manifest by the devel-
opment of characteristic cervicovaginal mucosal findings,
such as sandy patches and rubbery papules [19]. FGS-
related epithelial disruption may thus predispose the
basal cells of the cervical epithelium to HPV infection. In
a study among Tanzanian women with urinary S. haema-
tobium infection, cervicovaginal gene expression analysis
revealed altered expression of matrix metalloproteinases
(MMPs) in the cervical mucosa during S. haematobium
infection [55]. MMPs regulate the breakdown of extracel-
lular matrix proteins and if altered MMP expression in
S. haematobium infection is associated with a compro-
mised epithelial barrier, this may allow HPV entry. Fur-
ther research is required to evaluate if S. haematobium
induced changes in the structural integrity of the cervico-
vaginal epithelium might facilitate HPV acquisition.

Our understanding of the pathophysiology supporting
the association between S. haematobium and squamous
cell cancer of the bladder is evolving, with much of the
understanding of the mechanism between S. haemato-
bium infection and bladder cancer derived from animal
models [56, 57]. While the presence of adult S. haema-
tobium worms in the systemic vasculature may alter the
systemic immune milieu, local lodging of eggs in blad-
der tissue has localized effects on the genitourinary
immune environment [58]. A Th2 cytokine response has
been described in the systemic circulation and associ-
ated pelvic lymph nodes following S. haematobium egg
deposition [56]. It may be that S. haematobium associ-
ated transition to a Th2-biased immune environment is
associated with dysregulation of HPV control, poten-
tially promoting oncogenesis through HPV persistence.
Women who clear HPV infection are more likely to have
detectable levels of IFN-y, indicative of a Thl immune
response compared to those whose infections persist [59]
and a Th2 response (IL-4 and IL-10) may be more likely
among those whose HPV infections progress to CIN3
[60]. FGS has likewise been associated with alterations
in the cervicovaginal immune environment, with a shift
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towards a Th2 and pro-inflammatory profile in high bur-
den infections [61]. In a murine model of helminth and
viral co-infection, the Th2 biased environment after acute
S. mansoni infection was associated with reactivation of
latent herpesviruses [62]. This suggests that helminth and
viral co-infections may exist in a counterpoise regulated
by the effect of cytokines on viral replication and control
[63, 64]. It is a priority in future research to evaluate the
impact of S. haematobium and HPV co-infection on HPV
incidence and persistence. Further research is needed to
evaluate whether S. haematobium infection, and subse-
quent FGS, might promote an immunologic environment
which facilitates HPV persistence.

This manuscript is the first systematic review to evalu-
ate the association of FGS and HPV infection, cervi-
cal pre-cancer, and cervical cancer. However, there are
limitations to consider. First, the body of literature that
evaluates the association between FGS and HPYV, cervi-
cal pre-cancer, and cervical cancer is remarkably limited.
Schistosomiasis is a neglected tropical disease and data
regarding gender-specific manifestations, such as female
genital schistosomiasis, are limited with fewer than
15,000 cases adequately described [19]. Second, among
the included studies, there were challenges in accurate
exposure and outcome ascertainment. This makes it chal-
lenging to confidently confirm the presence or absence of
an association between FGS and HPV infection, cervical
pre-cancer and cervical cancer. This systematic review
has identified a number of knowledge gaps: first, lim-
ited publications evaluate the pathophysiology of human
FGS, HPV, and cervical pre-cancer. Second, there are
gaps in our understanding of the natural history of FGS
and HPV coinfection. Third, the epidemiologic associa-
tion between FGS, HPV and cervical pre-cancer requires
further exploration in well-powered studies with high
specificity diagnostics.

Conclusion
In line with the WHO goal to eliminate cervical cancer
as a public health problem [47] the number of countries
with HPV vaccination and cervical cancer screening and
treatment programmes is increasing [8, 9]. Such pro-
grammes offer opportunity to provide a package of care
for women at risk of cervical cancer, including integrated
care for FGS and sexually transmitted infections. How-
ever, robust evidence on the dual burden and associa-
tion of FGS and cervical pre-cancer is needed to mobilize
funding and motivate stakeholders to integrate FGS care
into existing cervical cancer screening programmes.
WHO currently recommends using molecular meth-
ods (HPV DNA detection) as the primary cervical
screening test rather than VIA or cytology in screening
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and treatment approaches among both the general popu-
lation of women and women living with HIV [47]. Future
research on the association between FGS and HPV, cer-
vical pre-cancer, and cancer should prioritize high speci-
ficity FGS diagnostic methods (molecular methods and
histology-verified outcomes) over evaluations of FGS by
lower specificity methods (visual imaging). Our findings
highlight the knowledge gaps in the association between
FGS, HPYV, and cervical pre-cancer and are a call to action
for future investigations in this neglected field.

Abbreviations
APC Antigen presenting cell
aOR Adjusted odds ratio

cl Confidence interval

CIN Cervical intraepithelial neoplasia

DNA Deoxyribonucleic acid

FGS Female genital schistosomiasis

HPV Human papillomavirus

HR High risk

IARC International Agency for the Research on Cancer
IL Interleukin

mMRNA  Messenger ribosomal nucleic acid

MMP Matrix metalloproteinases

OR Odds ratio

PCR Polymerase chain reaction

SCC Squamous cell carcinoma

Th2 T helper 2

VIA Visual inspection with acetic acid

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512905-024-03514-0.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
Not applicable.

Authors’ contributions

All authors read and approved the final manuscript Amy Sturt — concep-
tualization, methodology, investigation, writing (original draft preparation)
Tanvier Omar — writing, review and editing Isaiah Hansingo — writing, review
and editing Paul Kamfwa — writing, review and editing Amaya Bustinduy —
conceptualization, funding acquisition, writing, review and editing Helen
Kelly — conceptualization, methodology, investigation, writing (original draft
preparation).

Funding
Professor Amaya L. Bustinduy received funding from the UKRI (MR/T041900/1).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.


https://doi.org/10.1186/s12905-024-03514-0
https://doi.org/10.1186/s12905-024-03514-0

Sturt et al. BMC Women’s Health (2025) 25:2

Competing interests
The authors declare no competing interests.

Author details

'Infectious Diseases Section, Veterans Affairs Health Care System, Palo Alto,
CA, USA. 2Department of Infectious Diseases and Geographic Medicine,
Stanford University, 300 Pasteur Drive, Lane Building 134, Stanford, CA 94025,
USA. 3Faculty of Health Sciences, University of Witwatersrand, Johannesburg,
South Africa. “Department of Obstetrics and Gynaecology, Livingstone Central
Hospital, Livingstone, Zambia. °Department of Gynecology Oncology, Cancer
Diseases Hospital, Lusaka 10101, Zambia. °Department of Clinical Research,
London School of Hygiene and Tropical Medicine, London, UK.

Received: 4 July 2024 Accepted: 13 December 2024
Published online: 03 January 2025

References

1. World Health Organization. Global strategy to accelerate the elimination
of cervical cancer as a public health problem. Available at: https://www.
who.int/publications/i/item/9789240014107 Accessed 20 June 2024.

2. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, Shah
KV, et al. Human papillomavirus is a necessary cause of invasive cervical
cancer worldwide. J Pathol. 1999;189(1):12-9. https:.//pubmed.ncbi.nim.
nih.gov/10451482/.

3. Bosch FX, Lorincz A, Munoz N, Meijer CJ, Shah KV. The causal relation
between human papillomavirus and cervical cancer. J Clin Pathol.
2002;55(4):244-65. https://doi.org/10.1136/jcp.55.4.244. PubMedPMID:11
919208;PubMedCentralPMCID:PMCPMC1769629.

4. Castle PE, Rodriguez AC, Burk RD, Herrero R, Wacholder S, Alfaro M, et al.
Short term persistence of human papillomavirus and risk of cervical pre-
cancer and cancer: population based cohort study. BMJ. 2009;339:b2569.
Epub 20090728. https://doi.org/10.1136/bmj.b2569. PubMed PMID:
19638649; PubMed Central PMCID: PMCPMC2718087.

5. Ronco G, Dillner J, Elfstrom KM, Tunesi S, Snijders PJ, Arbyn M, et al.
Efficacy of HPV-based screening for prevention of invasive cervical
cancer: follow-up of four European randomised controlled trials. Lancet.
2014;383(9916):524-32. Epub 20131103. https://doi.org/10.1016/50140-
6736(13)62218-7. PubMed PMID: 24192252.

6. LeiJ, Ploner A, Elfstrom KM, Wang J, Roth A, Fang F, et al. HPV Vac-
cination and the Risk of Invasive Cervical Cancer. N Engl J Med.
2020;383(14):1340-8. https://doi.org/10.1056/NEJM0oa1917338. PubMed
PMID: 32997908.

7. deSanjose S, Quint WG, Alemany L, Geraets DT, Klaustermeier JE, Lloveras
B, et al. Human papillomavirus genotype attribution in invasive cervical
cancer: a retrospective cross-sectional worldwide study. Lancet Oncol.
2010;11(11):1048-56. Epub 20101015. https://doi.org/10.1016/51470-
2045(10)70230-8. PubMed PMID: 20952254.

8. BruniL, Saura-Lazaro A, Montoliu A, Brotons M, Alemany L, Diallo MS,
et al. HPV vaccination introduction worldwide and WHO and UNICEF
estimates of national HPV immunization coverage 2010-2019. Prev Med.
2021;144:106399. Epub 20201231. https://doi.org/10.1016/j.ypmed.2020.
106399. PubMed PMID: 33388322.

9. BruniL, Serrano B, Roura E, Alemany L, Cowan M, Herrero R, et al. Cervical
cancer screening programmes and age-specific coverage estimates for
202 countries and territories worldwide: a review and synthetic analysis.
Lancet Glob Health. 2022;10(8):e1115-27. https://doi.org/10.1016/52214-
109X(22)00241-8. PubMedPMID:3583981 1;PubMedCentralPMCID:PMC
PMC9296658.

10. Stelzle D, Tanaka LF, Lee KK, Ibrahim Khalil A, Baussano |, Shah ASV, et al.
Estimates of the global burden of cervical cancer associated with HIV.
The Lancet Global health. 2021;9(2):e161-€9. Epub 20201116. https://doi.
0rg/10.1016/52214-109X(20)30459-9. PubMed PMID: 3321203 1; PubMed
Central PMCID: PMCPMC7815633.

11. LaiYS, Biedermann P, Ekpo UF, Garba A, Mathieu E, Midzi N, et al. Spatial
distribution of schistosomiasis and treatment needs in sub-Saharan
Africa: a systematic review and geostatistical analysis. Lancet Infect Dis.
2015;15(8):927-40. Epub 2015/05/26. https://doi.org/10.1016/S1473-
3099(15)00066-3. PubMed PMID: 26004859.

20.

21.

22.

23.

24.

25.

26.

Page 11 of 13

Singh D, Vignat J, Lorenzoni V, Eslahi M, Ginsburg O, Lauby-Secretan B,

et al. Global estimates of incidence and mortality of cervical cancer in
2020: a baseline analysis of the WHO Global Cervical Cancer Elimina-
tion Initiative. The Lancet Global health. 2023;11(2):197-e206. Epub
20221214 https://doi.org/10.1016/52214-109X(22)00501-0. PubMed
PMID: 3652803 1; PubMed Central PMCID: PMCPM(C9848409.
International Agency for Research on Cancer. Schistosomes, Liver Flukes,
and Helicobacter pylori. IARC Monograph on the Evaluation of Carcino-
genic Risks to Humans. 1994; vol 61. Available at: https://www.ncbi.nim.
nih.gov/books/NBK487782/pdf/Bookshelf_NBK487782.pdf. Accessed 20
June 2024.

Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, et al. A
review of human carcinogens—Part B: biological agents. Lancet Oncol.
2009;10(4):321-2. https://doi.org/10.1016/51470-2045(09)70096-8. Pub-
Med PMID: 19350698.

Grimes JE, Croll D, Harrison WE, Utzinger J, Freeman MC, Templeton MR.
The roles of water, sanitation and hygiene in reducing schistosomiasis: a
review. Parasites & vectors. 2015;8:156. Epub 20150313. https://doi.org/
10.1186/513071-015-0766-9. PubMed PMID: 25884172; PubMed Central
PMCID: PMCPMC4377019.

McManus DP, Dunne DW, Sacko M, Utzinger J, Vennervald BJ, Zhou XN.
Schistosomiasis. Nat Rev Dis Primers. 2018;4(1):13. Epub 2018/08/11.
https://doi.org/10.1038/541572-018-0013-8. PubMed PMID: 30093684.
Ozano K, Dean L, Yoshimura M, MacPherson E, Linou N, Otmani Del Barrio
M, et al. A call to action for universal health coverage: Why we need to
address gender inequities in the neglected tropical diseases community.
PLoS Negl Trop Dis. 2020;14(3):e0007786. Epub 20200312. https://doi.org/
10.1371/journal.pntd.0007786. PubMed PMID: 32163416; PubMed Central
PMCID: PMCPMC7067373.

Nation CS, Dadara AA, Marchant JK, Skelly PJ. Schistosome migration

in the definitive host. PLoS Negl Trop Dis. 2020;14(4):e0007951. Epub
2020/04/03. https://doi.org/10.1371/journal.pntd.0007951. PubMed
PMID: 32240157; PubMed Central PMCID: PMCPMC7117656.

Bustinduy AL, Randriansolo B, Sturt AS, Kayuni SA, Leustcher PDC, Web-
ster BL, et al. An update on female and male genital schistosomiasis and
a call to integrate efforts to escalate diagnosis, treatment and awareness
in endemic and non-endemic settings: The time is now. Adv Parasitol.
2022;115:1-44. Epub 2022/03/08. https://doi.org/10.1016/bs.apar.2021.
12.003. PubMed PMID: 35249661.

Richardson ML, Fu CL, Pennington LF, Honeycutt JD, Odegaard JI, Hsieh
YJ, et al. A new mouse model for female genital schistosomiasis. PLoS
Negl Trop Dis. 2014;8(5):e2825. Epub 2014/05/03. https://doi.org/10.
1371/journal pntd.0002825. PubMed PMID: 24786606; PubMed Central
PMCID: PMCPMC4006711.

Wright ED, Chiphangwi J, Hutt MS. Schistosomiasis of the female genital
tract. A histopathological study of 176 cases from Malawi. Trans R Soc
Trop Med Hyg. 1982,76(6):822-9. Epub 1982/01/01. PubMed PMID:
7164149.

Swai B, Poggensee G, Mtweve S, Krantz I. Female genital schistosomia-
sis as an evidence of a neglected cause for reproductive ill-health: a
retrospective histopathological study from Tanzania. BMC Infect Dis.
2006;6:134. Epub 2006/08/25. https://doi.org/10.1186/1471-2334-6-134.
PubMed PMID: 16928276; PubMed Central PMCID: PMCPMC1564144
Kjetland EF, Kurewa EN, Mduluza T, Midzi N, Gomo E, Friis H, et al. The first
community-based report on the effect of genital Schistosoma haemato-
bium infection on female fertility. Fertil Steril. 2010;94(4):1551-3. https://
doi.org/10.1016/j.fertnstert.2009.12.050. PubMed PMID: 20149365.
Swanepoel PJ, Michelow P, Du Plessis R, Proudfoot IG, Tarr GA, Bockel SL,
et al. Cervical squamous intraepithelial lesions and associated cervical
infections in an HIV-positive population in Rural Mpumalanga, South
Africa. Cytopathology. 2013;24(4):264-71. Epub 20120723. https://doi.
0rg/10.1111/j.1365-2303.2012.00998.x. PubMed PMID: 22817687.

Szela E, Bachicha J, Miller D, Till M, Wilson JB. Schistosomiasis and cervical
cancer in Ghana. International journal of gynaecology and obstetrics:
the official organ of the International Federation of Gynaecology and
Obstetrics. 1993;42(2):127-30. Epub 1993/08/01. https://doi.org/10.1016/
0020-7292(93)90625-7. PubMed PMID: 7901060.

Youssef AF, Fayad MM, Shafeek MA. Bilharziasis of the cervix uteri. J Obstet
Gynaecol Br Commonw. 1970;77(9):847-51. https://doi.org/10.1111/j.
1471-0528.1970.tb04412.x. PubMed PMID: 4318817.


https://www.who.int/publications/i/item/9789240014107
https://www.who.int/publications/i/item/9789240014107
https://pubmed.ncbi.nlm.nih.gov/10451482/
https://pubmed.ncbi.nlm.nih.gov/10451482/
https://doi.org/10.1136/jcp.55.4.244
https://doi.org/10.1136/bmj.b2569
https://doi.org/10.1016/S0140-6736(13)62218-7
https://doi.org/10.1016/S0140-6736(13)62218-7
https://doi.org/10.1056/NEJMoa1917338
https://doi.org/10.1016/S1470-2045(10)70230-8
https://doi.org/10.1016/S1470-2045(10)70230-8
https://doi.org/10.1016/j.ypmed.2020.106399
https://doi.org/10.1016/j.ypmed.2020.106399
https://doi.org/10.1016/S2214-109X(22)00241-8
https://doi.org/10.1016/S2214-109X(22)00241-8
https://doi.org/10.1016/S2214-109X(20)30459-9
https://doi.org/10.1016/S2214-109X(20)30459-9
https://doi.org/10.1016/S1473-3099(15)00066-3
https://doi.org/10.1016/S1473-3099(15)00066-3
https://doi.org/10.1016/S2214-109X(22)00501-0
https://www.ncbi.nlm.nih.gov/books/NBK487782/pdf/Bookshelf_NBK487782.pdf
https://www.ncbi.nlm.nih.gov/books/NBK487782/pdf/Bookshelf_NBK487782.pdf
https://doi.org/10.1016/s1470-2045(09)70096-8
https://doi.org/10.1186/s13071-015-0766-9
https://doi.org/10.1186/s13071-015-0766-9
https://doi.org/10.1038/s41572-018-0013-8
https://doi.org/10.1371/journal.pntd.0007786
https://doi.org/10.1371/journal.pntd.0007786
https://doi.org/10.1371/journal.pntd.0007951
https://doi.org/10.1016/bs.apar.2021.12.003
https://doi.org/10.1016/bs.apar.2021.12.003
https://doi.org/10.1371/journal.pntd.0002825
https://doi.org/10.1371/journal.pntd.0002825
https://doi.org/10.1186/1471-2334-6-134
https://doi.org/10.1016/j.fertnstert.2009.12.050
https://doi.org/10.1016/j.fertnstert.2009.12.050
https://doi.org/10.1111/j.1365-2303.2012.00998.x
https://doi.org/10.1111/j.1365-2303.2012.00998.x
https://doi.org/10.1016/0020-7292(93)90625-7
https://doi.org/10.1016/0020-7292(93)90625-7
https://doi.org/10.1111/j.1471-0528.1970.tb04412.x
https://doi.org/10.1111/j.1471-0528.1970.tb04412.x

Sturt et al. BMC Women'’s Health

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

(2025) 25:2

Jourdan PM, Roald B, Poggensee G, Gundersen SG, Kjetland EF. Increased
vascularity in cervicovaginal mucosa with Schistosoma haematobium
infection. PLoS Negl Trop Dis. 2011;5(6):e1170. https://doi.org/10.1371/
journal.pntd.0001170. PubMedPMID:21666790;PubMedCentralPMCID:PM
CPMC3110160.

Scott ME, Shvetsov YB, Thompson PJ, Hernandez BY, Zhu X, Wilkens LR,
et al. Cervical cytokines and clearance of incident human papillomavirus
infection: Hawaii HPV cohort study. Int J Cancer. 2013;133(5):1187-96.
Epub 20130316. https://doi.org/10.1002/ijc.28119. PubMed PMID:
23436563; PubMed Central PMCID: PMCPM(C3732505.

Sturt AS, Webb EL, Patterson C, Phiri CR, Mweene T, Kjetland EF, et al. Cer-
vicovaginal Immune Activation in Zambian Women With Female Genital
Schistosomiasis. Front Immunol. 2021;12(181). https://doi.org/10.3389/
fimmu.2021.620657.

Gravitt PE, Marks M, Kosek M, Huang C, Cabrera L, Olortegui MP, et al.
Soil-Transmitted Helminth Infections Are Associated With an Increase in
Human Papillomavirus Prevalence and a T-Helper Type 2 Cytokine Signa-
ture in Cervical Fluids. The Journal of infectious diseases. 2016;213(5):723—
30. Epub 20151020. https://doi.org/10.1093/infdis/jiv498. PubMed PMID:
26486638; PubMed Central PMCID: PMCPMC4747620.

Clark EH, Gilman RH, Chiao EY, Gravitt PE. Gut Helminth Infection-Induced
Immunotolerance and Consequences for Human Papillomavirus Persis-
tence. Am J Trop Med Hyg. 2021;105(3):573-83. Epub 20210719. https://
doi.org/10.4269/ajtmh.21-0191. PubMed PMID: 34280146; PubMed
Central PMCID: PMCPM(C8592347.

Rafferty H, Sturt AS, Phiri CR, Webb EL, Mudenda M, Mapani J, et al.
Association between cervical dysplasia and female genital schistoso-
miasis diagnosed by genital PCR in Zambian women. BMC Infect Dis.
2021;21(1):691. Epub 2021/07/19. https://doi.org/10.1186/512879-
021-06380-5. PubMed PMID: 34273957; PubMed Central PMCID:
PMCPMC8286581.

Kjetland EF, Ndhlovu PD, Mduluza T, Deschoolmeester V, Midzi N, Gomo
E, et al. The effects of genital schistosoma haematobium on human
papillomavirus and the development of cervical neoplasia after five years
in a Zimbabwean population. Eur J Gynaecol Oncol. 2010;31(2):169-73
PubMed PMID: 20527233.

Covidence systematic review software, Veritas Health Innovation,
Melbourne, Australia. Available at www.covidence.org Accessed 20 June
2024,

Sturt AS, Bustinduy AB, Kelly H. Association of female genital schistoso-
miasis and human papillomavirus and cervical precancer: a systematic
review and meta-analysis. PROSPERO 2023 CRD 42023389301. https://
www.crd.york.ac.uk/prospero/display_record.php?RecordiD=389301
Accessed 20 June 2024.

Wells G SB, O'Connell D, et al. . The Newcastle-Ottawa Scale (NOS)

for assessing the quality of nonrandomised studies in meta-analyses,
2019. https.//www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
Accessed 20 June 2024.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred report-

ing items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ. 2009;339:b2535. Epub 20090721. https://doi.org/10.
1136/bmj.b2535. PubMed PMID: 19622551; PubMed Central PMCID:
PMCPMC2714657.

Kjetland EF, Poggensee G, Helling-Giese G, Richter J, Sjaastad A, Chitsulo
L, et al. Female genital schistosomiasis due to Schistosoma haemato-
bium. Clinical and parasitological findings in women in rural Malawi. Acta
Trop. 1996,62(4):239-55. PubMed PMID: 9028409

Pillay P, van Lieshout L, Taylor M, Sebitloane M, Zulu SG, Kleppa E, et al.
Cervical cytology as a diagnostic tool for female genital schistosomiasis:
Correlation to cervical atypia and Schistosoma polymerase chain reac-
tion. CytoJournal. 2016;13:10. https://doi.org/10.4103/1742-6413.180784.
PubMedPMID:27168759;PubMedCentralPMCID:PMC4854169.

Shukla JD, Kleppa E, Holmen S, Ndhlovu PD, Mtshali A, Sebitloane M,

et al. The association between female genital schistosomiasis and

other infections of the lower genital tract in adolescent girls and young
women: a cross-sectional study in South Africa. J Low Genit Tract Dis.
2023;27(3):291-6. https://doi.org/10.1097/LGT.0000000000000756.

Kutz JM, Rausche P, Rasamoelina T, Ratefiarisoa S, Razafindrakoto R, Klein
P, et al. Female genital schistosomiasis, human papilloma virus infection,
and cervical cancer in rural Madagascar: a cross sectional study. Infect
Dis Poverty. 2023;12(1):89. Epub 20230925. https://doi.org/10.1186/

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Page 12 of 13

540249-023-01139-3. PubMed PMID: 37749705; PubMed Central PMCID:
PMCPMC10518971.

Kjetland EF, Ndhlovu PD, Mduluza T, Gomo E, Gwanzura L, Mason PR,

et al. Simple clinical manifestations of genital Schistosoma haema-
tobium infection in rural Zimbabwean women. Am J Trop Med Hyg.
2005;72(3):311-9 PubMed PMID: 15772328.

Galappaththi-Arachchige HN, Holmen S, Koukounari A, Kleppa E, Pillay P,
Sebitloane M, et al. Evaluating diagnostic indicators of urogenital Schisto-
soma haematobium infection in young women: A cross sectional study
in rural South Africa. PloS one. 2018;13(2):e0191459. Epub 2018/02/17.
https://doi.org/10.1371/journal.pone.0191459. PubMed PMID: 29451887;
PubMed Central PMCID: PMCPMC5815575.

Sturt AS, Webb EL, Phiri CR, Mweene T, Chola N, van Dam GJ, et al. Genital
self-sampling compared with cervicovaginal lavage for the diagnosis

of female genital schistosomiasis in Zambian women: The BILHIV study.
PLoS Negl Trop Dis. 2020;14(7):e0008337. Epub 2020/07/15. https://doi.
0rg/10.1371/journal.pntd.0008337. PubMed PMID: 32663222.

Sturt A, Bristowe H, Webb E, Hansingo |, Phiri C, Mudenda M, et al.

Visual diagnosis of female genital schistosomiasis in Zambian women
from hand-held colposcopy: agreement of expert image review and
association with clinical symptoms. Wellcome Open Res. 2023;8:14. Epub
20230504. https://doi.org/10.12688/wellcomeopenres.18737.2. PubMed
PMID: 36864924; PubMed Central PMCID: PMCPM(C9971661.

Dragsbaek SJ, Carstens SK, @stergaard IS, Jgker K, Randrianasolo BS,
Leutscher PD, et al. Measurement of cervical grainy sandy patches, homo-
geneous yellow sandy patches, and abnormal blood vessels proportions
in women with female genital schistosomiasis -a clinical validation study
of a digital gridded imaging technique. Frontiers in Tropical Diseases.
2024;5. https://doi.org/10.3389/fitd.2024.1322696.

World Health Organization. WHO guidelines for screening and treatment
of cervical pre-cancer lesions for cervical cancer prevention, second edi-
tion. Web Annex A: Syntheses of evidence. https://iris.who.int/bitstream/
handle/10665/342366/9789240030886-eng.pdf Accessed 20 June 2024.
Shanaube K, Ndubani R, Kelly H, Webb E, Mayaud P, Lamberti O, et al.
Zipime-Weka-Schista study protocol: a longitudinal cohort study and
economic evaluation of an integrated home-based approach for

genital multipathogen screening in women, including female genital
schistosomiasis, human papillomavirus, Trichomonas and HIV in Zambia.
BMJ Open. 2024;14(6):e080395. Epub 20240610. https://doi.org/10.
1136/bmjopen-2023-080395. PubMed PMID: 38858160; PubMed Central
PMCID: PMCPMC11168163.

Winer RL, Hughes JP, Feng Q, Xi LF, Cherne S, O'Reilly S, et al. Early natural
history of incident, type-specific human papillomavirus infections in
newly sexually active young women. Cancer Epidemiol Biomarkers Prev.
2011;20(4):699-707. Epub 20101220. https://doi.org/10.1158/1055-
9965.EPI-10-1108. PubMed PMID: 21173170; PubMed Central PMCID:
PMCPMC3078690.

Rodriguez AC, Schiffman M, Herrero R, Hildesheim A, Bratti C, Sherman
ME, et al. Longitudinal study of human papillomavirus persistence and
cervical intraepithelial neoplasia grade 2/3: critical role of duration of
infection. J Natl Cancer Inst. 2010;102(5):315-24. Epub 20100215. https://
doi.org/10.1093/jnci/djg001. PubMed PMID: 20157096; PubMed Central
PMCID: PMCPM(C2831050.

Munoz N, Bosch FX, de Sanjose S, Herrero R, Castellsague X, Shah KV, et al.
Epidemiologic classification of human papillomavirus types associated
with cervical cancer. N Engl J Med. 2003;348(6):518-27. https://doi.org/
10.1056/NEJM0a021641. PubMed PMID: 12571259,

Einstein MH, Schiller JT, Viscidi RP, Strickler HD, Coursaget P Tan T, et al.
Clinician’s guide to human papillomavirus immunology: knowns and
unknowns. Lancet Infect Dis. 2009;9(6):347-56. https://doi.org/10.1016/
$1473-3099(09)70108-2. PubMed PMID: 19467474.

Woodman CB, Collins SI, Young LS. The natural history of cervical HPV
infection: unresolved issues. Nat Rev Cancer. 2007;7(1):11-22. https://doi.
0rg/10.1038/nrc2050. PubMed PMID: 17186016.

Sturt AS, Webb EL, Francis SC, Hayes RJ, Bustinduy AL. Beyond the barrier:
Female Genital Schistosomiasis as a potential risk factor for HIV-1 acquisi-
tion. Acta Trop. 2020;209:105524. Epub 2020/05/18. https://doi.org/10.
1016/j.actatropica.2020.105524. PubMed PMID: 32416076.

Dupnik KM, Lee MH, Mishra P, Reust MJ, Colombe S, Haider SR, et al.
Altered cervical mucosal gene expression and lower interleukin 15 levels
in women with Schistosoma haematobium infection but not in women


https://doi.org/10.1371/journal.pntd.0001170
https://doi.org/10.1371/journal.pntd.0001170
https://doi.org/10.1002/ijc.28119
https://doi.org/10.3389/fimmu.2021.620657
https://doi.org/10.3389/fimmu.2021.620657
https://doi.org/10.1093/infdis/jiv498
https://doi.org/10.4269/ajtmh.21-0191
https://doi.org/10.4269/ajtmh.21-0191
https://doi.org/10.1186/s12879-021-06380-5
https://doi.org/10.1186/s12879-021-06380-5
http://www.covidence.org
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=389301
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=389301
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.4103/1742-6413.180784
https://doi.org/10.1097/LGT.0000000000000756
https://doi.org/10.1186/s40249-023-01139-3
https://doi.org/10.1186/s40249-023-01139-3
https://doi.org/10.1371/journal.pone.0191459
https://doi.org/10.1371/journal.pntd.0008337
https://doi.org/10.1371/journal.pntd.0008337
https://doi.org/10.12688/wellcomeopenres.18737.2
https://doi.org/10.3389/fitd.2024.1322696
https://iris.who.int/bitstream/handle/10665/342366/9789240030886-eng.pdf
https://iris.who.int/bitstream/handle/10665/342366/9789240030886-eng.pdf
https://doi.org/10.1136/bmjopen-2023-080395
https://doi.org/10.1136/bmjopen-2023-080395
https://doi.org/10.1158/1055-9965.EPI-10-1108
https://doi.org/10.1158/1055-9965.EPI-10-1108
https://doi.org/10.1093/jnci/djq001
https://doi.org/10.1093/jnci/djq001
https://doi.org/10.1056/NEJMoa021641
https://doi.org/10.1056/NEJMoa021641
https://doi.org/10.1016/S1473-3099(09)70108-2
https://doi.org/10.1016/S1473-3099(09)70108-2
https://doi.org/10.1038/nrc2050
https://doi.org/10.1038/nrc2050
https://doi.org/10.1016/j.actatropica.2020.105524
https://doi.org/10.1016/j.actatropica.2020.105524

Sturt et al. BMC Women’s Health (2025) 25:2

56.

57.

58.

59.

60.

61.

62.

63.

64.

with Schistosoma mansoni Infection. J Infect Dis. 2019;219(11):1777-85.
Epub 2018/12/28. https://doi.org/10.1093/infdis/jiy742. PubMed PMID:
30590736; PubMed Central PMCID: PMCPMC6500550.

Fu CL, Odegaard JI, Herbert DR, Hsieh MH. A novel mouse model of
Schistosoma haematobium egg-induced immunopathology. PLoS
Pathog. 2012;8(3):e1002605. Epub 2012/04/06. https://doi.org/10.1371/
journal.ppat.1002605. PubMed PMID: 22479181; PubMed Central PMCID:
PMCPMC3315496.

Mbanefo EC, Agbo CT, Zhao Y, Lamanna OK, Thai KH, Karinshak SE, et al.
IPSE, an abundant egg-secreted protein of the carcinogenic helminth
Schistosoma haematobium, promotes proliferation of bladder cancer
cells and angiogenesis. Infect Agent Cancer. 2020;15:63. Epub 20201022.
https://doi.org/10.1186/513027-020-00331-6. PubMed PMID: 33101456;
PubMed Central PMCID: PMCPMC7578584.

Mbanefo EC, Fu CL, Ho CP, Le L, Ishida K, Hammam O, et al. Interleukin-4
Signaling Plays a Major Role in Urogenital Schistosomiasis-Associated
Bladder Pathogenesis. Infect Immun. 2020;88(3). Epub 20200220. https://
doi.org/10.1128/IA1.00669-19. PubMed PMID: 31843965; PubMed Central
PMCID: PMCPMC7035943.

Scott M, Stites DP, Moscicki AB.Th1 cytokine patterns in cervical human
papillomavirus infection. Clinical and diagnostic laboratory immunology.
1999;6(5):751-5. Epub 1999/09/03. PubMed PMID: 10473530; PubMed
Central PMCID: PMCPM(C95767.

Bais AG, Beckmann I, Ewing PC, Eijkemans MJ, Meijer CJ, Snijders PJ,

et al. Cytokine release in HR-HPV(+) women without and with cervical
dysplasia (CIN Il and 1) or carcinoma, compared with HR-HPV(-) controls.
Mediators Inflamm. 2007;2007:24147. https://doi.org/10.1155/2007/

24147. PubMedPMID:18288269;PubMedCentralPMCID:PMCPMC2220028.

Sturt AS, Webb EL, Patterson C, Phiri CR, Mweene T, Kjetland EF, et al. Cer-
vicovaginal Immune Activation in Zambian Women With Female Genital
Schistosomiasis. Front Immunol. 2021;12:620657. Epub 2021/03/20.
https://doi.org/10.3389/fimmu.2021.620657. PubMed PMID: 33737927,
PubMed Central PMCID: PMCPMC7961922.

Reese TA, Wakeman BS, Choi HS, Hufford MM, Huang SC, Zhang X, et al.
Helminth infection reactivates latent gamma-herpesvirus via cytokine
competition at a viral promoter. Science. 2014;345(6196):573-7. Epub
20140626. https://doi.org/10.1126/science.1254517. PubMed PMID:
24968940; PubMed Central PMCID: PMCPM(C4531374.

Veldhoen M, Heeney JL. A helminth-mediated viral awakening. Trends

Immunol. 2014;35(10):452-3. Epub 20140828. https://doi.org/10.1016/j.it.

2014.08.004. PubMed PMID: 25174993.

Damania B, Dittmer DP. What lies within: coinfections and immunity. Cell
Host Microbe. 2014;16(2):145-7. https://doi.org/10.1016/j.chom.2014.07.
014. PubMedPMID:25121741;PubMedCentralPMCID:PMCPMC4135381.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13


https://doi.org/10.1093/infdis/jiy742
https://doi.org/10.1371/journal.ppat.1002605
https://doi.org/10.1371/journal.ppat.1002605
https://doi.org/10.1186/s13027-020-00331-6
https://doi.org/10.1128/IAI.00669-19
https://doi.org/10.1128/IAI.00669-19
https://doi.org/10.1155/2007/24147
https://doi.org/10.1155/2007/24147
https://doi.org/10.3389/fimmu.2021.620657
https://doi.org/10.1126/science.1254517
https://doi.org/10.1016/j.it.2014.08.004
https://doi.org/10.1016/j.it.2014.08.004
https://doi.org/10.1016/j.chom.2014.07.014
https://doi.org/10.1016/j.chom.2014.07.014

	Association of female genital schistosomiasis and human papillomavirus and cervical pre-cancer: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy and selection criteria
	Inclusion criteria
	Data analysis
	Assessment of study quality

	Results
	Assessment of study quality
	Association of FGS and HPV
	Association of FGS with cervical pre-cancer and cancer


	Discussion
	Conclusion
	Acknowledgements
	References


