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Abstract

Background Women's health in resource-limited settings can benefit from the integrated management of high-bur-
den diseases, such as female genital schistosomiasis (FGS) and human papilloma virus (HPY)-related cervical cancer. In
schistosomiasis-endemic countries such as Madagascar, data on FGS and HPV prevalence are lacking as well as pre-
ventive measures for both conditions. This study aims to estimate the prevalence of FGS and HPV in rural Madagascar,
and to examine associated risk factors to identify opportunities for improving women's health.

Methods After initial community outreach activities, interested women aged 18-49 years were recruited consecu-
tively in 2021 at three primary health care centers in the district of Marovoay. FGS was detected by colposcopy.
Colposcopy images were double-blind reviewed by two independent specialists. A Luminex bead-based assay

was perfarmed on cervical vaginal lavage specimens for HPV typing. Crude (CPR) and adjusted prevalence ratios (APR)
of associations between selected factors and FGS and HPV positivity were estimated using univariable and multivari-
able binary Poisson regression with 95% confidence intervals (Cls).

Results Among 500 women enrclled, 302 had complete information on FGS and HPV diagnosis, and were thus
eligible for analysis. Within the sample, 189 (62.6%, 95% (- 56.9-68.1) cases of FGS were detected. A total of 129
women (42.7%, 05% Ck 37.1-485) tested paositive for HPV. In total, 80 women (26.5%, 85% CI: 21.6-31.8]) tested posi-
tive for both conditions. No assodation was observed between FGS and HPV positivity, while previous pregnancy
(APR =065, 95% CI: 043-0.78) and older age (APR=0.59, 95% (. 0.42-0.81) are showing a negative association

with HPV infection compared to no previous pregnancy and younger age groups.

Conclusions The results of the study show that FGS and HPV are highly prevalent in rural Madagascar. The concur-
rent prevalence of these two conditions requires urgent adaptations of public health strategies to improve women's
health, such as integrated services at primary level of care.

Keywords Women's health, Female genital schistosomiasis, Human papilloma virus, Cervical cancer, Public health,
Madagascar
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Background

Health is a human right and, as such, health care should
be accessible to all, regardless of gender, or geographical
location. In the African Region, women are more likely
to die from communicable diseases and other condi-
tions than women in other regions [1, 2]. Addition-
ally, it has been reported that one in four deaths among
adult women are attributable to non-communicable dis-
eases (NCDs), the attributable burden of which is more
strongly associated with infectious agents in sub-Saharan
Africa (SSA) than in other regions of the world [3]. The
Sustainable Development Goals (SDGs) consider wom-
en's health as one of the main health-related themes, with
a strong emphasis on maternal and sexual and reproduc-
tive health [4]. Shifts in population dynamics towards
a more ageing population create new challenges and
greater complexities in the global burden of diseases,
including an increase in NCDs [5].

Female genital schistosomiasis (FGS) [6] and cervical
cancer (CC) [7] are two examples of chronic conditions,
caused by exposure to risk factors at earlier stages of life,
and affecting women in SSA disproportionately more
than in other regions of the world [8, 9].

FGS is a common consequence of schistosomiasis, a
parasitic disease caused, in its urogenital form, by the
trematode Schistosoma haematobium [10]. The depo-
sition of schistosome’s eggs into urogenital tissue per-
petuates inflaimmatory and proinflammatory responses
leading to the formation of granulomas typically in
the bladder wall [11, 12]. Chronic infections with S
haematobium can also culminate in FGS, leading to
ectopic pregnancy, infertility, cervical lesions, and not
last, social stigma [6]. The worldwide burden of FGS is
mostly unknown, though it is described that between
15 and 70% of human schistosomiasis cases can lead, if
untreated, to FGS [6]. Human schistosomiasis is highly
prevalent in SSA where more than 90% of those requiring
treatment live [13].

Schistosomiasis control strategies in highly endemic
areas are mostly based on preventive chemotherapy
through mass drug administration (MDA) with 40 mg/kg
praziquantel (PZ(Q)) for school aged children [14]. In
contrast, the recent World Health Organization (WHO)
guidelines suggest treatment for all above 2 years of
age in highly endemic areas [15]. In addition to organ-
ised MDAs, treatment for schistosomiasis is formally
offered in endemic countries, such as in Madagascar [16],
through health counselling but often based on an out-
of-pocket payment principle leaving de facto a relevant
part of the infected population untreated and susceptible
to developing chronic forms of the disease such as FGS.
The treatment with a single dose of PZ() has been proven
to have a limited effect on the resolution of the lesions
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produced by the egg deposition and host-inflammatory
response [12]. Moreover, frequent re-exposure to the
pathogen and long-standing infections may play a role in
the lesion’s aggravation [11]. New evidence suggests that
FGS lesions also represent a risk factor for sexually trans-
mitted viral infections such as HIV [17, 18]. FGS remains
often undetected since the diagnosis mostly relies on vis-
ual inspection of characteristic lesions (i.e., yellow sandy
patches, abnormal vessels and rubbery papules) on the
cervix and vaginal wall that can be visualised through
colposcopy [19]. At this stage of the disease, in fact,
schistosome eggs are mostly not released into urine [20]
making microscopy unsuitable for the detection of FGS
[21, 22]. Colposcopy is an advanced gynaecological inves-
tigation that requires an experienced investigator and is
scarcely available at primary level of care and in general
in low- and middle-income countries (LMICs) where its
use is being debated for decades because of standardiza-
tion challenges and performances variability [23, 24].
Colposcopy is also a key clinical diagnostic tool for the
prevention and management of CC [25]. CC is the sec-
ond most common cancer among women with approxi-
mately 90% of the deaths occurring in LMICs in 2020 [26,
27]. Nearly all cases of CC can be attributed to human
papilloma virus (HPV) infection, even acquired at young
age, making CC one of the most preventable cancers [27,
28] overall. HPV is the most common sexually transmit-
ted virus worldwide [27] with more than 100 different
human types organized into five major genera: alpha,
beta, gamma, mu, and nu [29]. HPV types are commonly
divided into high (carcinogenic) or low-risk (non-carci-
nogenic) types [30]. Hence, twelve alpha mucosal HPV
types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and
59), referred to as high-risk HPV types (HR-HPV), were
classified as carcinogenic to humans. Eight other alpha
HPV types (HPV 26, 53, 66, 67, 68, 70, 73, and 82) were
classified as probably or possibly carcinogenic [31]. CC
is the most frequent type of cancer associated with HPV
infection and is almost always associated with HR-HPV
types [32]. CC can be controlled through primary (HPV
vaccination), secondary (cervical screening and treat-
ment of precancerous lesions) and tertiary (early diag-
nosis and treatment of cancer) prevention which should
be combined to reduce morbidity and mortality [33]. In
LMICs, primary prevention is even more critical than
in other regions of the world because of the scarcity of
services and infrastructures capable to properly man-
age advanced forms of the disease [34, 35]. However, the
implementation of preventive measures and population-
based screening programmes in LMICs in general, and
in SSA in particular, has been shown to be challenging
due to financial, logistic, and socio-cultural factors [36].
In November 2020, the WHO launched a global initiative
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to eliminate CC as a public health problem through
the implementation of the 90/70/90 triple intervention
strategy. The strategy aims to vaccinate at least 90% of
girls against HPV by the age of 15 years, to screen 70%
of women using a high-performance test by the age of
35 years and again by the age of 45, and to treat at least
90% of identified precancerous lesions and invasive can-
cers [37].

At the current state of the art, few studies have
explored the associations of FGS, HPV infection and CC
[38]. Though, given the physio-pathological progression
of the conditions, it is legitimate to assume associations
among them.

Among SSA-countries, Madagascar is one of the coun-
tries with the highest prevalence of schistosomiasis [39—
41]. CC is the most frequent case of cancer in the country
and the most common cause of cancer deaths [42]. FGS,
HPV and CC are suspected to be highly prevalent in the
country though little is known about the medical needs
associated with these diseases. Consequently, this ham-
pers the adaptation of guidelines and health services for
prevention, control and management [43].

This study is based on data collected in the Boeny
region of Madagascar, known to be highly endemic for
S. haematobium [39]. To our knowledge, this is the first
study describing the prevalence of FGS, HPV, and their
co-presence in the region. Our findings aim to pro-
vide prevalence estimates and to describe associations
between risk factors and FGS and HPV infection to
inform control strategies for FGS and CC, align the coun-
try with the global health agenda, and promote overall
improvement of women’s health.

Methods

Study desgin, area and population

This cross-sectional study was conducted at three Pri-
mary Health Care Centres (PHCCs) in the district of
Marovoay in the Boeny region of Madagascar: PHCC of
Antanambao-Andranolava (15°58°007S, 46°41'00”E),
PHCC of Ankazomborona (16°06°507S, 46°45°24"E)
and PHCC of Marovoay-Ville (16°06'40"S, 46°38'38E).
Available data from health districts do not allow the
classic categorisation based on the degree of urbani-
sation [44], although Antanambao-Andranolava can
be described best as rural, Ankazomborona as rural
and Marovoay as peri-urban [45] according to local
characteristics.

The study area has been selected due to their esti-
mated prevalence of more than 50% of S. haematobium
in the adult population and a population at risk of 25%
to acquire FGS [39]. An estimated 543,200 people live in
the region [45]. The three PHCCs have a catchment area
of around 60,000 people, of whom 23,000 live in the ten
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communities of Ankazomborona, 3000 in the eight com-
munities of Antanambao-Andranolava and 34,000 in the
town of Marovoay [45].

Recruitment and eligibility criteria

Following an awareness campaign from September
2020 to February 2021, enrolment lists were made
available at the three PHCCs, where women had four
months to express their interest in participating in the
study. Women in the study area were contacted and
invited to the PHCCs for a gynaecological consultation
on a first-come, first-served basis, and the first 500 reg-
istered women were enrolled in the study. In order to
assess overall adherence to the service, all women who
expressed an interest in participating were registered. Eli-
gibility criteria were: (i) aged between 18 and 49 years; (ii)
fluent in French or Malagasy; and (iii) voluntary written
informed consent. Exclusion criteria for the study was
pregnancy.

Data collection and data management

Participants were recruited between December 2020 and
February 2021, with examinations and data collection
taking place between March and August 2021. Prior to
gynaecological examinations and sample collection, six
study midwives were trained to perform colposcopy for
diagnosing FGS. At recruitment, each participant was
assigned a unique identifier to ensure anonymous iden-
tification and attribution to each image captured. To
each sample, a unigue corresponding sample identifier
was assigned. Conformity and quality control were per-
formed at laboratory level prior to storage. Background
characteristics of the participant, such as socio-demo-
graphic information, clinical history, and personal habits
were captured in case report form (CRE).

All CRFs were checked for missing entries manually by
study midwives and researchers following standard oper-
ating procedures. Double data entry was used to feed the
REDCap® database [46, 47]. Quality control of data pro-
cessing and validation was undertaken in regular inter-
vals during and at the end of data entry.

Gynecological investigation and sample collection

After insertion of a disposable plastic speculum, the
gyvnecological examination was performed in three steps:
(1) cervicovaginal lavage (CVL); (ii) visual inspection; and
(i) image capture. Inspection of the mucosal surfaces
was performed with the colposcope based on an adapted
protocol from Singer and Monaghan [48]. At each exami-
nation, one colposcopic image (COLIM) was captured.
Consequently, a sample of 10 ml of CVL was collected in
tubes containing liquid-based cytology medium (Thin-
Prep®) according to the manufacturer’s instructions
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{Hologic, Marlborough, Massachusetts, USA) [49]. CVLs
were collected by swabbing the cervix with a brush, and
then placed with liquid into ThinPrep® collection tubes.
Samples were stored according to standard conditions
[49] before shipment to Europe for analysis.

All images were reviewed within twelve hours by an
experienced gynaecologist. All women suspected of any
gynaecological condition different from FGS were invited
to the university hospital of Mahajanga for further inves-
tigations. Standard treatment for FGS (single dose of
PZQ 40 mg/kg) was offered free of charge for all diag-
nosed pathologies.

FGS definition and diagnosis

At the PHCCs, women were considered positive for FGS
if the study midwives identified one of the four cervico-
vaginal manifestations described in the WHO FGS atlas
[50]: (i) abnormal blood vessels; (ii) rubbery papules; (iii)
homogeneous vellow sandy patches; and/or (iv) grainy
sandy patches on colposcopy. The final diagnosis of FGS
was determined by a post-recruitment evaluation of the
COLIM revised through a double-blinded assessment of
two FGS expert gynecologists (ZR and BR). The presence
of one or more FGS signs as described previously was
required to define a COLIM as positive. FGS negativity
was defined as absence of those signs. Three categories
were defined for classification of images: positive, nega-
tive, or indeterminate for FGS. Images that received a
concordant rating were classified as either negative or
positive and were included in analyses. Discordant rat-
ings were classified as indeterminate and excluded
from analyses. The presence of one or more FGS sign as
described previously was required to define a COLIM as
positive. FGS negativity was defined as no presence of
those signs.

HPV analysis
CVL were analyzed at the International Agency for
Research on Cancer (IARC) in Lyon, France. There, a
standardized methodology aimed at identifying all HPV
strains has been established and used for worldwide
HPV surveillance [51-53]. Samples were analysed as
described in Schmitt et al. [51] and briefly: First, the pres-
ence of beta-globin was checked on CVL samples as a
quality control. One aliquot of 1 ml ThinPrep media was
centrifuged at 3300 g for 10 min to pellet the cervical
exfoliated cells. After removing the supernatant, DNA
extraction was performed using the Qiagen BioRobot
EZ1 with the EZ1 DNA tissue kit according to the manu-
facturer’s instructions (Qiagen, Hilden, Germany). DNA
was eluted in 100 pl of elution bufter [51, 54].

The presence of HPV DNA was detected using a type-
specific E7 PCR bead-based multiplex genotyping assay
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(E7-MPG, IARC, Lyon, France). The E7-MPG assay uti-
lizes HPV type-specific primer pairs targeting the E7
region of 19 probable/possible high-risk (pHR) or high-
risk (HR) HPV types (HPV-16, -18, -26, -31, -33, -35, -39,
-45, -51, -52, -53, -56, -58, -59, -66, -68a and b, -70, -73,
and -82) and two low-risk HPV types (HPV-6 and -11),
plus primers for the amplification of a b-globin sequence
[51, 53-55]. 10 pl of DNA extracted from CVL have been
used to perform the PCR.

Following PCR amplification, 10 pl of each reaction
mixture were analyzed by MPG using the Luminex tech-
nology as described previously (Luminex Corporation,
Austin, Texas, USA) [56]. Briefly, the reporter fluores-
cence was quantified using Luminex reader 200 (Luminex
Corporation), and cutoffs were computed by adding 5 to
1.1 multiplied by the median background value expressed
as median fluorescence intensity [51, 52, 54].

Overall and type-specific HPV prevalence was esti-
mated as the proportion of patients who tested HPV
DNA positive for a given HPV DNA type.

Statistical analysis

All analyses were conducted using R® v4.22 [57]. Con-
tinuous variables were described using means (with
standard deviation) and medians (with interquartile
ranges). Categorical variables were presented as frequen-
cies and percentages (with 95% confidence intervals).
Only complete cases were considered for analyses.

Positivity rates of FGS, HPV and their co-presence
were reported as proportions with exact 95% confidence
intervals (CIs). Presence and combinations of possible
FGS symptoms were described among FGS positives and
negatives.

Three distinct risk factor analyses were performed
based on the diagnostic results for FGS, HPV, and co-
presence of the two conditions. Test result distribution
among individuals with various risk factors (study site,
sex, age, education level, ever been treated with PZQ,
working as a farmer and being the main contributor to
the family income) was described. Univariable and mul-
tivariable binary Poisson regression (with robust stand-
ard errors for confidence interval calculation) were
performed to derive crude and adjusted prevalence ratios

with 95% Cls.

Ethical consideration
Ethical approval was obtained from the National Eth-
ics Committee of Madagascar (ref. no. N°052-MSANP/
CERBM) and the Ethics Committee Hamburg State Med-
ical Chamber, Germany (ref. no. PV7309).

All participants were informed of the aims and proce-
dures of the study in Malagasy language. Participation
in the study was voluntary, and informed consent for
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participation was obtained from the participant by signa-
ture or, in the case of illiteracy, by thumbprint in the pres-
ence of an independent witness. In all cases, participants
had the right to refuse to participate and to withdraw
informed consent at any time without giving reasons. No
financial incentives were given for participation in the
study. Diagnosed pathologies were treated according to
national guidelines and free of charge.

Results

Recruitment and sample selection

A total of 673 women expressed interest in taking part in
the study (Fig. 1). Among these, 500 were enrolled while
the remaining 173 women were placed on a waiting list
based on the protocol’s maximum recruitment number.
Of those enrolled, 483 underwent colposcopy and 488
colposcopy investigation plus CVL. In 17 cases, colpos-
copy could not be performed because of menstruation
(n=7), technical problems (n=4) such as power failure,
because the woman was uncomfortable with the proce-
dure and refused (n=4), or because of religious or cul-
tural beliefs (n=2). CVL could not be performed in 12
cases because the woman was menstruating or otherwise
bleeding (n=7) or less frequently because of religious or
cultural beliefs or fear of the procedure (n=5). Among
the images captured via colposcopy 63 images were not
interpretable because of poor image quality (i.e., blurred
images) or because of lack of 1D correspondence. After
double-blinded revision, a total of 112 COLIMs were
excluded from the analysis because a consensus between
FGS positive or negative classification could not be
reached. After CVL guality control 302 corresponding
COLIMs and CVLs were obtained with complete data on
both FGS and HPV acquisition.

Study population

A total of 302 women were considered for analysis. The
median age of the participants was 31 years (IQR: 25-37)
(Table 1), ranging from 18 to 49 years. In Marovoay (peri-
urban community MVY) 63.0% (n=89) of participants
had completed secondary school or higher, while in the
rural community of Antanambao-Andranolava (ATA),
75.0% (n=83) of participants had completed primary
school.

In total 78.0% (n=237) of the participants were self-
employed and the most common occupation among
the women was farming with 57.0% (n=173) (Table 1).
While 85.6% (n=95) of employed participants in the
rural community ATA were farmers, only 34.0% (n=48)
in the urban community MVY were employed in this sec-
tor. While in the rural community almost all participants
were employed with 99.0% (n=110) in ATA and 92.0%
(n=46) in Ankazomborona (rural community AKZ), in
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the peri-urban community 12.1% (#=17) were unem-
ployed. Across all sites 76.0% (n=228) of participants
reported that their husbands as the main contributors to
the family income (Table 1).

While 87.2% (n=123) of participants in the peri-urban
community MVY reported to never have had treatment
with PZQ), 54.1% (n=060,) participants from the rural
community ATA and 44.0% (n=22) of the rural com-
munity AKZ reported to have been treated with PZQ
prior to our study (Table 2). The majority of partici-
pants reported overall a previous pregnancy and 45.4%
(n=137) participants reported a previous miscarriage.
None of the participants had been vaccinated against
HPV (Table 2).

Participants’ smoking and alcohol consumption was
also surveyed. Of the women in the peri-urban commu-
nity MVY 9.4% (n=17) reported to be smokers, whereas
only 1.0% (n=1) in the rural community AKZ, and 1.7%
(n=2) in the rural community AA reported to be smok-
ing. Alcohol consumption was reported to be 34.8% in
MVY, 26.0% (n=13) in AKZ, and 20.7% (n=23) in AA
(see Table 3).

Prevalence of FGS and HPV infection

In total, an FGS prevalence of 62.6% (n=189; 95% CI
56.9—68.1) was reported in the area (Fig. 2). The highest
positivity rate was reported in the rural community AKZ,
where 80.0% (n=40) of participants were tested positive
for FGS. The lowest rate was observed in the peri-urban
community MVY, where 52.0% (n=73) of the women
were tested positive for FGS. In the remaining site in
the rural community ATA, 69.0% (n=76) of the women
were tested FGS-positive. Three cases of suspected pre-
cervical cancerous lesions were described but none of the
cases was diagnosed with CC.

In total, 42.7% of women (n=129; 95% CI: 37.1-48.5)
were tested positive for HPV. The highest HPV positivity
rate was reported in the rural community AKZ ({46.0%,
n=23). The lowest rate was observed in the urban com-
munity MVY, where 40.0% (n=>57) of women were posi-
tive for HPV. In the rural community ATA 44.0% (n=49)
of the women were FGS-positive.

In addition, of all HPV infections, 18.0% (n=23)
reported a low to probable high risk of HPV infection
and 82.0% (n=106) had a high-risk infection.

In total, 26.5% (n=280; 95% CI: 21.6-31.8) tested posi-
tive for both FGS and HPV infection. The highest rate of
co-infection was found in the rural community AKZ with
36.0% (n=18), and the lowest in the peri-urban commu-
nity MVY (20.0%, n=28). The third study site, the rural
community ATA, reported 31.0% (n=34) co-infection
with FGS and HPV acquisition. No cases of CC were
diagnosed in our study population.
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Excluded

Mot enrolled and registered on
waiting list:
n=173

Not performed (n = 17)
n =7 menstruation / bleeding
n = 4 power cutage / technical issues
n=4women refused/ unwell
n = 2 beliefs

Unavailability of images:
n =63

No agreement reached:
n=112

Not collected (n =12)
n=T7 menstruation / bleeding
n =5 women refused / beliefs

Absence of beta-globin:
n=6
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Table 1 Socio-demegraphic background of study participants
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PHCC Antanambao Ankazomborona Marovoay
Andranclava {AKZ-rural) {MVY-peri-urban)
(ATA-rural)
n=111(100%) n=>50(100%) n=141{100%)
Age in years® 310 (37.0-22.0) 315(395-263) 31 (39.0-25.0)
Education
Mone 18(162) 6(12.0) 10(7.1)
Primary education 83 (74.8) 20 (4000 42 (29.8)
Secondary education or higher 10(2.0) 24(48.0) 89 (63.1)
Main contributor family income
Me 30 (27.0) 4 (8.0 16(11.3)
Husband 77 (65.4) 3870 113 (80.1)
Other® 4(36) 8(160) 12(85)
Employment status
Unemployed 1(09) 2040 170121
Student 0100 2{4m 4(28)
Employee 5(45) 10200 240700
Self employed 105 (94.6) 36(72.0) 96 (68.1)
Profession®
Farmer 95 (B5.6) 30(60.00 48 (34.0)
Non-farmer 16(135) 203200 93(51.1)
* Median (1OR)

b Other include Uncle, Aunt, Mother, Father
“ Non-farmers includes students and unemployed

Gynaecological symptoms and FGS status

All participants were asked for the presence of the four
most common symptoms of FGS (vaginal discharge, pain,
bleeding, itching). Figure 3 depicts the six most frequent
combinations as reported by FGS positive and negative
women. While a total of 62.6% (n=118) of women with
FGS had at least one of the symptoms, 37.6% (h=71)
of the FGS-positive women had no symptoms. Among
the FGS-negative participants, 74.3% (n=_84) presented
symptoms, and 25.7% (n=29) had no symptoms. Pain
was the most frequently reported symptom as in 12.2%
(n=23) for FGS positive participants and 14.2% (n=16)
for FGS negative participants. The third most frequently
reported set of symptoms was the presence of vaginal
discharge, pain and itching in 9.0% (n=17) of FGS posi-
tive women, and 14.2% (n= 16) for FGS negative women.
Bleeding was reported in 7.9% (n=15) for FGS negative
women, and 11.5% (n=13) in FGS positive women. The
symptom “vaginal discharge” was reported 6.9% (n=13)
by FGS positive women, and 6.2% (n=7) by FGS negative
women.

Prevalence ratio for FGS, HPV and both concomitant
conditions

Crude and adjusted prevalence ratios (CPR and APR)
were estimated for associations with selected risk factors

for FGS (Additional file 1: Table S1), HPV separately
(Additional file 2: Table 52) and the two conditions
occurring concomitantly (Additional file 3: Table 53).

FGS

The APR for different age groups was reported for FGS
positive women and is reported in Additional file 1:
Table S1.

Women in the urban community MVY trended to
be less prevalent with FGS (APR=0.76; 95% CI: 0.62—
0.93) and more prevalent in the rural community AKZ
(APR=1.17; 95% CI: 0.97-1.41), when compared to the
rural community ATA (Additional file 1: Table S1).

Other factors explored such as previous PZ(Q) treat-
ment, primary education, secondary education, and
farming did not show any strong difference (Additional
file 1: Table 51).

Previous pregnancy indicated an increased FGS preva-
lence (APR=1.42; 95% CI: 0.89-2.26) compared to no
previous pregnancy (P=0.05). In relation to no symp-
toms, increasing numbers of symptoms were associated
with FGS as follows: lower prevalence in women with one
symptom (APR=0.86; 95% CI: 0.70-1.07), two symptoms
(APR=0.99; 95% CI: 0.76-1.25), and with three or more
symptoms (APR=0.75; 95% CI: 0.56-1.00) (Additional
file 1: Table 51).

10



Kutz et al. Infectious Diseases of Poverty (2023) 12:89 Page 8 of 14
Table 2 Schistosomiasis clinical history and gynecclogical history of study participants
PHCC Antanambae Andranclava Ankazomborena Maroveay
(ATA-rural) (AKZ-rural) (MVY-peri-urban)
n=111(100%j n= 50 (100%) n=141 (100%)

Previous treatment with PZQ

Mo 51 (459) 26 (52.0) 123 (87.2)

Yes 60 (54.1) 22 (44.0) 15 (10.6)
Timing of previous treatment?

Last year B(133) 0{00) 4(267)

More than one year 52 (86.7) 6(27.3) 8(533)
Symptams (past year)®

None 29(26.1) 29 (58.0) 42 (29.8)

1 ta 2 symptoms 56 (504) 15 (30.0) 80 (56.8)

3 and more 26(234) 6(12.0) 19(13.5)
Previous pregnancy

No 11(9.8) 3 (6.0 12 (85)

Yes 100 (90.1) 47 (94.0) 129 (91.5)
Previous miscarriage®

No 57(57.0) 23 (489) 59 (45.7)

Yes 43 (43.0) 24(51.1) 70(54.3)
Nurmber of miscarriages®

1-2 40 (93.0) 22 (91.6) 60 (85.7)

3 and more 3(69) 2(84) 10(14.3)
Living children®

No 330 5(10.6) 16 (12.4)

Yes 97 (97.0) 42 (89.4) 113 (87.6)
HPV vaccination

No 111 (100.0) 50 (100.0) 147 (100.0)

2 Conditional questions resulting in missing values by design
b Symptoms include pain, vaginal discharge, irregular bleading, and genital itching

Table 3 Study participants personal risk consumption habits

PHCC Antanambao Ankazomborona Marovoay

Andranolava (AKZ-rural) (MVY-peri-urban)
(ATA-rural)
n=111(100%) n=>50(100%) n=141 (100%)
Alcohol consumption®
Ne  88(79.2) 37 (74.0) 92(65.2)
Yes 23207 13 (26.0) 49(34.8)
Smoking®
No  109(983) 49 (99.0) 124 (90.6)
Yes 2(17) 1(1.00 17(9.4)

Yes includes consumption on special occasions and regular consumption

HPV

Previous pregnancy showed a 35.0% reduced preva-
lence of HPV infection (APR=0.65; 95% CI: 0.43-0.78),
when compared to women with no previous pregnancy
(Additional file 2: Table S2).

Prevalence was reduced in the age group 25 to 34
(APR=0.59; 95% CI: 0.42-0.81) and for the age group
35-44 (APR=0.89; 95% CI: 0.64-1.24) as well as for
the age group 45-49 (APR=0.67; 95% CI: 0.41-1.07)
when compared to the age group 18 to 24,

FGS assessed as a concomitant condition with HPV
showed a slight reduction in prevalence in FGS positive
women compared to FGS negative women. Women in
the peri-urban community MVY showed a lower trend
for HPV infection compared to the rural community
ATA (Additional file 2: Table 52). Compared to no edu-
cation, primary education and secondary education
showed no strong trend (Additional file 2: Table 52).
Farmers compared to non-farmers showed an APR of
1.14 (Additional file 2: Table 52). Alcohol consumption
was also assessed with a slightly higher trend compared
to no alcohol consumption, as was smoking compared
to no smoking (Additional file 2: Table 52).
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FGS and HPV

There is a lower tendency for FGS-HPV co-infection
among the age group 25 to 34 (APR=0.55; 95% CI: 0.33—
0.89), the age group 35-44 (APR=0.99; 95% CI: 0.62—
1.57), as well as for the age group 45-49 (APR=0.62; 95%
CI: 0.32-1.21) when compared to the age group 18 to 24.

Women in the peri-urban community MVY had less
FGS-HPV co-infection and a higher APR in the rural
community AKZ, when compared to the rural commu-
nity ATA (Additional file 3: Table $3). While previous
pregnancy showed a lower trend of HPV when compared
to those without previous pregnancy (Additional file 3:
Table S3).

Compared with those who had no primary education
revealed an APR of 1.25 (95% CI. 0.66-2.36) while sec-
ondary education appeared as an APR of 1.41 (95% CI:
0.70-2.86) (Additional file 3: Table 53). Farmers com-
pared to non-farmers showed an increased APR of 1.55
(95% CI: 0.99-2.44) (Additional file 3: Table S3).

Alcohol consumption showed no association when
compared to no consumption of alcohol, and a higher
prevalence when smoking when referred to no smoking.

Farmer women were more likely to be positive for FGS
and HPV infection compared to non-farmer women of
the sample. Older age groups, tended to have low asso-
ciations with FGS-HPV co-infection, and an increased
number of gynaecological symptoms also revealed to be
non-specific for FGS-HPV co-infection, with more than
three symptoms showing lower APR.

Discussion
This cross-sectional study reports a high prevalence
of FGS, HPV, and the concomitant presence of the two
conditions in women living in the Boeny region of north-
western Madagascar. To the best of our knowledge, this is
the first study describing the two conditions in the coun-
try together, bringing the attention to a relevant women'’s
health issue in Madagascar. An overall prevalence of
62.0% FGS and 43.0% HPV infection is reported in a pri-
marily rural setting in a population that has never been
vaccinated against HPV, mostly aligned with the preva-
lence estimated for the conditions in SSA [6, 59-61]. The
concomitant presence of the two condition is 27.0%, as
expected from the frequencies of the single infections.
Firstly, this data shows the urgency of implementing
strategies for FGS screening, detection, and management
in endemic areas. The policies and guidelines for the con-
trol of schistosomiasis mostly based on MDA [62] are
systematically excluding the chronic forms of the disease.
This does not only represent an obstacle for achieving
universal health coverage [63] among the affected popu-
lation, but also to the propagation of the disease hamper-
ing the WHO objective of eliminating schistosomiasis as
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a public health problem by 2030 [62]. At the current state
of the art, biomedical and epidemiological factors associ-
ated with FGS remain unclear [10], as is the risk of devel-
oping the disease following 5. haematobium infection [6,
10]. Given the high prevalence of FGS in the study area it
is clear that more studies unravelling the natural history
of the disease are needed, including more epidemiologi-
cal studies to understand the burden of the disease in the
entire country so as in other endemic countries.

Secondly, our results also show that HPV infection is
highly prevalent in the population. Even if the majority
of women (57.0%) is positive for the viral infection in the
age range 18 to 24 vears, still in higher age groups high
positivity rates can be observed, suggesting a high risk for
the subsequent development of CC or genital warts [7].
It is reported that on average, 90% of HPV infections can
often be naturally cleared within a few years from acqui-
sition [64], while the likelihood of newly acquired infec-
tions decreases with age [64]. In our study population, we
observe a high proportion of women aged 35 years and
older who tested positive, suggesting that specific factors
(Le., immunological, or other infections) may play a role
in the clearance of infection or may be due to the reacti-
vation of the infection. While the association of FGS with
HIV has been previously described [17, 18], less is known
about the association of FGS with HPV.

Owur study shows a high concomitant presence of the
two conditions (26.5%) but no evidence of association.
Additional studies would be beneficial to confirm or fur-
ther explore the role of FGS in HPV infection clearance
but also the role of HPV in FGS progression and cure.
Interestingly, in our study population, none of the women
interviewed were vaccinated against HPV (Table 1). In
Madagascar, just one project, between 2013 and 2015
[65], has been implemented to pilot the introduction of
the HPV vaccination in the country in he rural district of
Soaviandriana and in the urban district of Toamasina L.
Following this project, no additional initiatives were pro-
moted in the country for HPV vaccination and scattered
initiatives are available for the overall CC prevention in
the country. Worldwide it has been shown not only the
impact of HPV vaccination in limiting the onset of CC
[28, 66] but also the economic benefit for the countries
and the individuals gained through HPV vaccination [67,
68]. Hence, our HPV prevalence data show clearly how
urgently Madagascar needs to align with the WHO rec-
ommendations in terms of HPV and CC prevention [69].
In order to reach the 90-70-90 targets by 2030 [70], all
countries need to adapt their strategies because, as the
COVID-19 pandemic has shown, viruses easily cross bor-
ders hence “nobody is safe until everyone is safe’.

In our study, the majority of the population affected by
FGS and HPV lives in rural areas. If for FGS this can be
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easily explained through the lack of access to clean water
[71] for HPV this data is not common [72]. Neverthe-
less, it is noteworthy that global data on HPV infection
are often based on urban populations, hence it remains
unclear whether certain risk factors can be transferred
from urban to rural contexts [72]. We can speculate that
in our study, rural populations are more likely to engage
in risky behaviours, as also suggested by Schluterman
et al. [72], but it is also possible that a lack of prevention
and general awareness of the disease plays a critical role.
More studies are required to explore these elements in
order to adapt awareness and prevention campaigns. In
general, the lack of accessibility to health care services
in rural communities [73] makes these data even more
alarming because the management of the consequences
of long-term HPV infections (namely, CC) can be more
complicated in rural than in urban communities [74].

Notably, there is a lower association of HPV infection
with previous pregnancy (Additional file 2: Table S2).
We can speculate that as HPV is one of the most com-
mon sexually transmitted infections [75], in the specific
context of our study, pregnancies can be associated with
a lower number of sexual partners, which decreases the
likelihood of infection [64]. Also, additional investiga-
tions in this direction might be useful to inform preven-
tion and awareness strategies.

The diagnosis of FGS remains a challenge [76] espe-
cially because the implementation of colposcopy at pri-
mary level of care is complex [24]. In an attempt to build
a screening algorithm to support the medical decision-
making process, we associated signs and symptoms with
the disease. Unfortunately, our data (Additional file 1:
Table S1 and Additional file 2: Table $2) do neither show
an association of FGS with specific symptoms, nor with a
combination of symptoms. It is important to notice that
the sample size limited the possibility to perform any
probabilistic tests and our data remain purely descriptive.
Although the power of the study is low to detect small
differences, it would have been high enough to detect
relevant differences suggesting that the establishment of
a diagnostic algorithm based on clinical signs might be
hard to establish. Nevertheless, given the importance of
the outcome, it might be relevant to further investigate
associations with an increased sample size even if the
preliminary observations reported in the present study
are not particularly promising.

Importantly, our study shows a very good acceptability
of colposcopy at primary level of care (Fig. 1) indicating
that besides the operational limitations, the availability of
the service close to the patients in need is an approach
that can be successfully adopted in the future. The
dilemma of the implementation of advanced services in
limited resources settings is delaying the possibility of
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offering appropriate care for all [63]. Our study shows
the potential for the implementation of more specialised
medical services in rural areas in a context with limited
resources both in terms of infrastructures and trained
staff. This calls for operational studies assessing feasibility
and impact of such interventions in order to guarantee
good health services for all.

It is noteworthy that our data show a high rate of mis-
carriages in the area (Tab.l) when compared to other
SSA countries [77, 78]. Reproductive health is a key com-
ponent of women's health [79]. If not properly cared for,
miscarriages can lead to serious socio-psychological [80]
and medical sequalae [80]. In Madagascar, the health sec-
tor is particularly affected by the economic and political
instability of the country [81, 82]. Interestingly, women’s
health and specifically reproductive health is covered
by the public health programs of the country [83] with
increasing trends of improvement [84, 85]. Our data
show alarming numbers, indicating that an overall rein-
forcement of women's health services at primary level of
care would not only benefit neglected conditions, such
as FGS, HPV and CC, but also reproductive health more
broadly. In addition, our data suggests the need for the
country to reinforce surveillance on non-acute infections
such as HIV. So far, in Madagascar the prevalence of HIV
is estimated to be low [86] but, given that the epidemio-
logical surveillance is not yet satisfactory [86], figures
might differ from the real situation in the country. This
could stimulate the conceptualization of more compre-
hensive integrated approaches addressing high burden
infectious diseases, so far neglected in the country.

This study manages to highlight critical aspects of
women's health in Madagascar focusing on two condi-
tions mostly neglected in the country but urgent on the
global health agenda. Despite its strengths, this study
does not come without limitations. A first limitation is
given by the age of our study population (aged 18-49),
which does not allow to sufficiently explore the effects
of FGS and HPV on CC cancer onset and prevalence,
since it normally occurs at older ages [70]. Additionally,
the limited sample size partly prevented more advanced
statistical analysis. The lack of identifying any associa-
tion of the studied conditions with any of the risk factors
analysed strongly limits the possibility to provide recom-
mendations for preventive and control strategies in Mad-
agascar so as in other similar contexts.

Conclusions

Qur study highlights the high prevalence of FGS and
HPV infections and important gaps in their management
among women in Madagascar. There is an urgent need
to establish services that can align Madagascar’s public
health agenda with that of the global health community.
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Strengthening primary health care services to address
FGS and HPV can improve overall women's health in
Madagascar, and in other contexts with similar epidemio-
logical profiles and resource availability.

Abbreviations

APR Adjusted prevalence ratio

CPR Crude prevalence ratio

cc Cervical cancer

COLIM Colposcopic image

a Confidence interval

CRF Case repart form

a0 Cervical vaginal lavage

DMNA Deoxyribonucheic acid

FGS Female genital schistosomiasis
HPY Human papilloma virus
HR-HPV  High risk human papilloma virus (infection)
LMIC Low- and middle-income country
MDA Miass drug administration
NCD Nen communicable disease
NTD Meglected tropical disease
PCR Palymerase chain reaction
PHCC Frimary health care center

PR Prevalence ratio

PIC Praziguantel

nled Sustainable development goal
S5A Sub Saharan Africa

WASH ‘Water, sanitation, and hygiene
WHO Word Health Onganization
UN United Nations

Supplementary Information

Theonline version contains supplementary material available at htpsy//doi.
org/10.11386/540249-023-071138-3.

Additional file 1: Table 51. Regression znalysis FG5.
Additional file 2: Table 52. Regression znalysis HPV.
Additional file 3: Table 53. Regrassion analysis FGS and HPY.

Acknowledgements

We would like 1o thank the study participants, without whom this work would
not be possible, and the technical staff, including drivers, laboratory techni-
cians, study midwives, data derks and community workers. We thank the
Coalition for Operational Research on NTDs, which mainly funded the project,
50 as all the other donors (DZIF, EKFS, Bayer Foundation) wha partially contrib-
uted 1o the success of this study. A special thanks to all the country authorities
who allowed and supported the implementation of this study.

Disclaimer

Where authors are identified as personnel of the Intermnational Agency for
Research on Cancer/World Health Organization, the authors alone are respon-
sible for the views expressed in this article and they do not necessarily repre-
sent the decisions, policy, or views of the Intemational Agency for Research on
Cancer/World Health Organization.

Author contributions

DF, JM, DIF ES, RAR, PK, EL, RR contributed to the conceptualization of the
study. DF, EL, PR and JK conceptualized the data analysis plan. Data analysis
was performed by PR under the supervision of EL. Field implementation
was coordinated by DF, RAR, TR, RR and performed by JK, SR, ARR, RSR, ZR.
Data management was performed by A TR, ARR, RSR, contributed to the
supervision of sample collection, storage, and field laboratory management.
Laboratory analysis was coordinated by TG and performed by SMEC. Expert
reading of the (s was performed by ZR and BS. Funds were mosthy acquired

Page 12 of 14

[oy DF with the contribution of IM and JK_All authars revised and approved
the manuscript before submission.

Funding

Open Access funding enabled and organized by Projekt DEAL This work was
mainly funded by the Coalition for Operational Research on NTDs (CORNTD)
through the project FIRM-UP (project number: NTDSC 2100) and partly
funded by the German Centre for Infection research (DZIF) through the
project NAMASTE (project number: B008803819), the Else Kréner-Fresenius
Stiftung (EKFS) through the project EduMad (project number: 2020_EXHA &)
and the Bayer Foundation thraugh the Carl Duisberg Fellowship for Medical
Sciences.

CORNTDNTDSC 2100 Daniela Fusco,Deutsches Zentrum fir Infektionsfo
rschung 8008503819, Daniela Fusco Else Kroner-Fresenius-Stiftung 2020_
EKHA 98 Daniela Fusco Bayer-Stiftungen,Carl Duisherg Fellowship for Medical
Sciences, bean-Marc Kutz

Availability of data and materials

Additional datasets used during the current study are available from the
comesponding author on reasonable request and will be freely available to
researchers who wish to use them for non-commercial purposes, without
breaching the confidentiality of participants. All relevant data is already visible
in the manuscript.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the National Ethics Committee of Madz-
gascar (ref. no. N052-MSANP/CERBM) and the Ethics Committes Hamburg
State Mediczl Chamber, Germany (ref. no. PV7309). All participants were
informed of the aims and procedures of the study in the Malagasy language.
Participation in the study was woluntary, and informed consent for participa-
tion was obtained from the participant by signature or, in the case of illiteracy,
by thumbprint in the presence of an independent witness.

Consent for publication
Mat applicable.

Competing interests

The authors declare that the research was conducted in the absence of any
commercial and finandal relationship that could be interpretad as a potential
competing interests.

Author details

! Department of Infectious Disease Epidemiology, Barnhard-Nocht Institute
for Tropical Medicine (BNITM), Hamburg, Germany. 2German Center for Infec-
tion Research (DZIF), Hamburg-Borstel-Liibeck-Riems, Germany. *Centre
Infecticlogie Charles Mérieux (CICM), Antananarivo, Madagascar. *Centre
Hospitalier Universitaire (CHU) Androva, Mahajanga, Madagascar, *Associa-
tion K'OLO VANONA, Antananarivo, Madagascar. “International Agency

for Research on Cancer IARC), Lyen, France. ” University Medical Center
Hambura-Eppendorf (UKE), Hambura, Germany. EUniversity of Antananariva,
Antananarivo, Madagascar. *Barcelona Institute for Global Health (15 Global),
Barcelona, Spain. '*KaIn-Hohenlind Hospital, Coloane, Germany. ! University
of Fianarantsoa, Fiznarantsoa, Madagascar.

Received: 19 June 2023 Accepted: 12 September 2023
Published online: 25 September 2023

References

1. World Bank 2013. The global burden of disease: main findings for Sub-
Saharan Africa. httpsy/fewwowarldbank orgfendregion/afr/publication/
global-burden-of-disease-findings-for-sub-saharan-africa. Accessed 26
Apr 2023,

15



Kutz et al. Infectious Diseases of Poverty

21

2

24,

(2023) 12:89

WHO, regional office for Africa. 2023 Deaths from noncommunicable dis-
eases on the rise in Africa. https/wwwafrowhoint/news/deaths-nonco
mmunicable-diseases-rise-africa. Accessed 26 Apr 2023.

Coatas MM, Kintu A, Gupta M, Wroe EB, Adler AJ, Kwan GF, et al. Burden of
non-communicable diseases from infectious causes in 2017: a modelling
study. Lancet Glob Health. 2020;1 22148558

Yatabary TA. La santé des femmes en Afrique: enjeu majeur des nouveaux
ODD. Mé&d Santé Trop. 201 7,27(2):118-21.

NCD Countdown 2030 collaborators. NCD Countdown 2030:

worldwide trends in non-communicable disease mortality and

progress towards Sustainable Development Goal target 3.4, Lancet.
2018392(10152x1072-88.

Hotez PJ, Engels D, Gyapong M, Ducker C, Malecela MN. Female genital
schistosomiasis. N Engl J Med. 2019;381(26)2403-5.

Cohen PA, Jhingran A, Qaknin A, Denny L Cervical cancar. Lancet.
2019:393(10167)160-82.

Sharma R, Aashima NM, Fronterre C, Sewagudde F, Ssentongo AE, et al.
Mapping Cancer in Africa: a comprehensive and comparable characteri-
zation of 34 cancer types using estimates from GLOBOCAN 2020, Front
Public Health. 2022 httpsy/doi.ong/ 103389/ foubh.2022.839835.

Hotez PJ. Female genital schistosomiasis (FGS): Sub-Saharan Africa’s secret
scourge of girls and women. Speaking of medicine and health. 2013.
httpsz/speakingofmedicine plos.orgy/2013/05/06/female-genital-schis
tosomiasis-figs-sub-saharan-africas-secrat-scourge-of-girls-and-womeny.
Accessed 17 June 2023,

. Qrish VN, Morhe EKS, Azanu W, Alhassan RK, Gyapong M. The parasital-

ogy of female genital schistosomiasis. Curr Res Parasitol Vector Borne Dis.
2022,2: 100063,

. Costain AH, MacDonald AS, Smits HH. Schistosome egg migration:

mechanisms, pathogenesis and host immune responses. Front Immunol.
201853042

. Norseth HM, Ndhlovu PD, Kleppa E, Randrianasolo BS, Jourdan PM, Roald

B, et al. The colposcopic atlas of schistosomiasis in the lower female geni-
tal tract based on studies in Malawi, Zimbabwe, Madagascar and South
Africa. PLoS Negl Trop Dis. 2014;8(11): e3229.

. Tchuemn Tchuenté LA, Rollinson D, Stothard JR, Molyneux D. Moving from

contral to elimination of schistosomiasis in sub-Szharan Africa: time to
change and adapt strategies. Infect Dis Poverty. 2017542,

. Kokaliaris C, Garba A, Matuska M, Bronzan RN, Collay DG, Dorkenoo AM,

et al_ Effect of preventive chemotherapy with praziquantel on schistoso-
miasis amaong school-aged children in sub-Saharan Africa: a spatiotem-
poral madelling study. Lancet Infect Dis. 2022:22(1):136-49.

. Lo NC, Bezerra F5M, Colley DG, Fleming FM, Homeida M, Kabatereing M,

et al. Review of 2022 WHO guidelines on the control and elimination of
schistosomiasis. Lancet Infect Dis. 2022;22(1 1)e327-35.

. Rasoamanamihaja CF, Rzkotoarivelo RA, Edosoa G, Rasamoelina T,

Montresar &, Marchesa ¥, et al. Schistosomiasis elimination in Madagas-
car: challenges and opportunities for implementing the new WHO guide-
lines. BMJ Glob Health. 2023;8(8): e012598.

_ Hotez PJ, Hamison W, Fenwick A, Bustinduy AL, Ducker C, Sabina Mbabazi

F et al. Female genital schistosomiasis, and HV/AIDS: Reversing the
neglect of girls and women. PLaS Megl Trop Dis. 2013:13(4): 20007025,

. Patel P, Rose CE, Kjetland EF, Downs JA, Mbabazi PS, Sabin K, et al. Assoda-

tion of schistosomiasis and HIV infections: a systematic review and metz-
analysis. Int J Infect Dis. 2021;102:544-53.

. Yegorow 5, Galiwango RM, Good SV, Mpendo J, Tannich E, Boggild AK,

et al. Schistosoma mansoni infection and socio-behavioural predictors of
HIV risk: a2 cross-sectional study in wormen from Uganda. BMC Infect Dis
2018,18(1).586.

. Holmen 50, Onsrud M, Vennervald B), Albregtsen F, Taylor M, Mood-

ley J, et al. Diagnosing female genital schistosomiasis. Int J Infect Dis.
201421165,

Utzinger J, Backer 5L, van Lieshout L, van Dam GJ, Knopo 5. New diagnos-
tic tools in schistosomiasis. Clin Microbiol Infect. 201521(6)523-42.
Weerakoon KGAD, Gobert GN, Cai F McManus DF. Advances in the diag-
nosis of human schistosomiasis. Clin Microbicl Rev. 201 5,28(4)930-67.

. Xue P, Ng MTA, QizoY. The challenges of colposcopy for cervical cancer

sareening in LMICs and solutions by artificial intelligence. BMC Med.
202018(1):168.

valls J, Baena A, Venegas G, Celis M, Gonzélez M, Sosa C, et al. Perfor-
mance of standardised colposcopy to detect cervical precancer and

7.

3L

32

33

35,

37

39

41,

42

43,

45,

Page 13 of 14

cancer for triage of women testing positive for human papillomavirus:
results from the ESTAMPA multicentric screening study. Lancet Glob
Health. 2023;11(3):e350-60.

. WHO Guidelines for Screening and Treatment of Precancerous Lesions

for Cenvical Cancer Prevention. Geneva: World Health Organization;

2013. (WHO Guidelines Approved by the Guidelines Review Committes).
hittp/fwvew ncbinlm.nih gov/books/NBK 195239/ Accessed 27 April
2023

. Sung H, Ferlay J, Siegel AL, Laversanne M, Soerjomataram |, Jernal A, et al.

Global cancer statistics 2020: GLOBOCAM estimates of inddence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):205-48.

WHO. Fact sheets. 2022, Cervical cancer, key facts. httpsy/wwwwholint/
news-roomyfact-sheets/detail/cervical-cancer. Accessed 27 Apr 2023

. Lei J, Ploner A, Elfstrdm 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.

. de Villiers EM, Fauguet C, Broker TR, Bermard HU, Zur Hausen H. Classifica-

tion of papillomaviruses. Virclogy. 2004;324(1):17-27.

. Gheit T. Mucosal and cutanecus human papillomavirus infections and

cancer biclogy. Front Oncol. 2019;9:355.

Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, Ghissassi FE, et al. A
review of human carcinogens—part B: biological agents. Lancet Oncol.
2009;10(4):321-2.

Burd EM. Human papillomavirus and cervical cancer. Clin Microbiol Rew.
2003;16(1):1-17.

Aggarwal P Cervical cancer: can it be prevented? World J Clin Onool.
2014:5(4)775-80.

| Shin ME, Liu G, Mugo N, Garcia PJ, Rao DW, Bayer CJ, et al. A framework

for cervical cancer eliminaticn in low-and-middle-income countries: a
scoping review and rcadmap for interventions and research priorities.
Front Public Health. 2021;5: 670032,

Vaccarella 5, Laversanne M, Ferlay J, Bray F. Cervical cancer in Africa, Latin
America and the Caribbean and Asia: regional inegualities and changing
trends. Int J Cancer. 2017;141({10):1997-2001.

. Kutz IM, Rausche P, Gheit T, Puradiredja DI, Fusca D. Barriers and facilita-

tors of HPV vaccination in sub-Saharan Africa: a systematic review. BMC
Public Health. 2023:23(1)574.

World Health Organization. Global strategy to accelerate the elimination
of cervical cancer as a public health problem. httpss/fewwwholint/publi
cations/i/item/9789240014107. Accessed 23 Mar 2023.

. Bustinduy AL, Randriansolo B, Sturt AS, Kayuni SA, Leutscher 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.
2023155144,

Gruninger 5¥, Rasamoelina T, Rakotoarivelo RA, Razafindrakoto AR,
Rasolojacna ZT, Rakotozafy RM, et al. Prevalence and risk distribution of
schistosomiasis among adults in Madagascar: a cross-sectional study.
Infect Dis Poverty. 2023;12(1):44.

. Rollinson D, Knopp 5, Levitz 5, Stothard IR, Tchuem Tchuenté LA, Garba

A, et al. Time to set the agenda for schistosomiasis elimination. Acta Trop.
2013;128(2p423-40.

Robinson KE, Grewal EP, Pritt BS, Lioyd M, Stephano AM, Farding M, et al.
Schistosomiasis prevalence and low-cost diagnostics in rural Morthwest-
ern Madagascar: a pilot study. | Glob Health Rep. 2021;5: e2021034.

ICO / |ARC. Madagascar: Human papillomavirus and related cancers, Fact
Sheet 2023. Fact Sheet. 2023; https//hpvcentre.net/statistics/reports/
MDG_FS.pdf. Accessed 27 Apr 2023.

Engels D, Hotez PJ, Ducker C, Gyapong M, Bustinduy AL, Secor WE,

et al. Integration of prevention and control measures for female genital
schistosomiasis, HW and cervical cancer. Bull World Health Organ.
2020:58(9)615-24.

. UM Statistial Commission. A recommendation on the method to deline-

ate cities, urban and rural areas for international statistical comparisons.
2020. httpsy//unstats.un.crg/unsd/statcomys 1 st-session/documents/BG-
Item3j-Recommendation-E pdf. Accessed 7 Sept 2022

INSTAT Madagascar—Institut Mational de la Statistique. httpsy/Asmww.
instat:mag/madagascar-en-chiffres. Accessed 22 Feb 2023.

. Harris PA, Taylor R, Thielke B, Payne J, Gonzzlez N, Conde JG. Research

electronic data capture (REDCap)—a metadata-driven methodology and

16



Kutz et al. Infectious Diseases of Poverty

47

48,

51

52

53

55.

57.

54

61

62.

(2023) 12:89

workflow process for providing translational research informatics sup-
port. ] Biomed Inform. 2009:42(2):377-81.

Harriz PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The
REDCap consortium: building an international community of software
platform partners. J Biomed Inform. 2019:95: 103208.

. Sellors W, Sankaranarayanan R. Colposcopy and treatment of cervical

intraepithelial neoplasia: a beginners’manual. Lyon: International Agency
for Research Cancer; 2003, p. 132

Hologic2023. ThinPrep Cervical Health from Hologic. https2fwww.holog
iccomvhologic-products/cytology/aptima-hpw-thinprep-cervical-health.
Accessed 23 Feb 2023.

. WHO. Female genital schistosomiasis: 2 pocket atlas for diniczl health-

care professionals 2015. hitpsy//fwwwwhoint/publications-detail-redir
act/37E3241500299, Accessed 27 Apr 2023,

Schmitt M, Dondog B, Waterboer T, Pawlita M, Tommasino M, Gheit T.
Abundance of multiple high-risk human papillomavirus (HPY) infactions
found in cervical cells analyzed by use of an ultrasensitive HPY genotyp-
ing assay. ] Clin Microbiol. 2010;48(1):143-9.

Schmitt M, Bravo IG, Snijders PIF, Gissmann L, Pawlita M, Waterboer T
Bead-based multiplex genotyping of human papillomaviruses. ] Clin
Microbicl. 2005;44(2):504-12.

Gheit T, Landi 5, Gemnignani F, Snijders PIF, Vaccarella 5, Franceschi 5,

&t al. Development of a sensitive and specific assay combining multiplex
PCR and DMA microarray primer extension to detect high-risk mucaosal
human papillomavirus types. ] Clin Microbiol. 2006;44(6)-2025-31.

. Combita AL, Gheit T, Gonzalez F, Puerto D, Murillo BH, Montoya L, et al.

Comparison betwesn urine and cervical samples for HPV DNA detection
and typing in young women in Colombia. Cancer Prev, 2016;0(0:766-71.
Gheit T, Tormmasino M. Detection of high-risk mucosal human papil-
lomavirus DMA in human specimens by a novel and sensitive multi-

plex PCR method combined with DMA microarray. Methods Maol Bicl.
2011,665:195-212.

. Luminex EMEA/India. Luminex—a DiaSorin company, complexity simpli-

fied. httpss/www luminexcorp.comdew. Accessed 11 May 2023,
R Core Team. R-project. 2020. R: The R project for statisticzl computing.
hittpsy/Awwwer-project.ong/. Accessed 26 Feb 2023,

. Page M), McKenzie JE, Bossuyt PM, Boutron |, Hoffrmann TC, Mulrow CD,

at al. The PRISMA 2020 statement: an updated quideline for reporting
systematic reviews. BMU. 2021,372:n71.

Lekoane KMB, Kuupiel D, Mashamba-Thompson TP, Ginindza TG. Evidence
on the prevalence, incidence, mortality and trends of human papil-

loma wirus-associated cancers in sub-Saharan Africa: systematic scoping
review. BMC Cancer. 20019;19563.

. Masong MC, Wepnje GE, Marlene NT, Gamba ¥, Mengue MT, Kouokam

E, et al. Female genital schistosomiasis (FGS) in Camercon: a formative
epidemiological and socioeconomic investigation in eleven rural fishing
communities. PLOS Glob Public Health. 2021;1{10): e0000007.

Hove MM, Javangwe TV, Female genital schistosomiasis: pathological
features and density infestation. Cent Afr J Med. 2014,60(1-4):13-6.
World Health Organization. WHO guideline on control and elimination of
human schistosomiasis. Geneva: Workd Health Organization; 2022,

. Coverage UGA (74th sess: 2015 2020) HLPM on UH, Sess: 2018-2020)

UGA (74th. Political Declaration of the High-Level Flenary Mesting on
Universal Health Coverage: resolution adopted by the General Assembly.
201%; https//digitallibrary.un.crg/record/3833350 Accessed 14 May 2023,

64 Gravitt PE, Winer RL. Natural history of HPV infection across the lifespan:

67.

role of viral latency. Vinuses. 2017,9{10):267.

. 15l Lessons learmed: HPY vaccine introduction in Madagascar. J51. https:d/

wwwjsi.comyresource/lessons-learned-hpv-vaccine-introduction-in-
madagascar/. Accessed on 12 May 2023,

. Falcarc M, Castafion &, Ndlela B, Checchi M, Soldan K, Lopez-Bemal

J, et al. The effects of the national HPV vaccination programme in
England, UK, on cervical cancer and grade 3 cervical intraepithelial
neoplasia incidence: a register-based cbhservational study. Lancat.
2021;398(10316):2084-52.

The Economist 2023. Cheap vacdnes could prevent millions of deaths
from cervical cancer. httpsyfwww.economist.comy/graphic-detail 2023/
05/31/cheap-single-dose-hpyw-vaccines-could-save-millions-of-lives.
Accessed 15 June 2015.

70

7.

71

73

74

75,

76

77

78.

79

81.

82

Page 14 of 14

. Herlihy M, Hutubessy R, Jit M. Current global pricing for hurman papillo-

mavirus vaccines brings the greatest economic benefits ta rich countries.
Health AF (Millwood). 201635(2):227-34.

. Human papillormavirus vacdnes: WHO position paper, December 2022,

https:Mewwwhoint/publications-detail-redirect fwho-werd750-645-672.
Acceszed 14 May 2023

WHO. Cervical Cancer Elimination Initiztive. 2022 https:/fwwwwhoint/
initiatives/cervical-cancer-elimination-initiative. Accessed 31 Oct 2022
Unicef. Water, Sanitation and Hygiene (WASH) Sectoral and OR+ (The-
matic) Report 201 8. Madagascar; 2019

Schluterman NH, Sow S0, Traore CB, Bakarou K, Dembelé R, Sacko F,

et al. Differences in patterns of high-risk human papillomavirus infection
between urban and rural low-resource settings: cross-sectional findings
from Mali. BMC Womens Health. 2013;13(1)4.

Tessema ZT, Worku MG, Teserna GA, Alamneh T5, Teshale AR, Yeshaw

Y, et al. Determinants of accessing healthcare in sub-Saharan Africa: a
mixed-effect analysis of recent demographic and health surveys from 36
countries. BMU Open. 2022;12(1):e054397.

Spees LE Wheeler 5B, Varia M, Weinberger M, Baggett CD, Zhou X,

et al. Evaluating the urban-rural paradox: the complicated relationship
between distance and the receipt of guideline-concordant care among
cervical cancer patients. Gynecol Oncol. 2018;152(1)112-8.

Hathaway JK. HFV: diagnosis, prevention, and treatment. Clin Obstet
Gynecol. 2012:55(31:671-80.

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 associa-
tion with cliniczl symptoms. Wellcome Open Res. 2023;8:14.

Lawn JE, Blencowe H, Waiswa P, Amouzou A, Mathers C, Hogan [ et al.
Stillbirths: rates, risk factors, and acceleration towards 2030. Lancet.
20163871001 8x587-603.

Dellicour 5, Aol G, Ouma P, Yan N, Bigogo G, Hamel M), et al. Weekly
miscamiage rates in a community-based prospective cohort study in rural
western Kenya. BMJ Open. 2015;6(4): 2011088,

Committing to implementation of the Global Strateqgy for Women's, chil-
dren's and adolescents’ health (2016-2030) https//fewwowhoint/publi
cations-detailradirect/WHO-UHL-MCA-G5-23 01, Accessed 14 May 2023,

. Quenby 5, Gallos ID, Dhillon-Smith R, Podesek M, Stephenson MD,

Fisher J, et al. Miscarriage matters: the epidemniological, physical,
psychological, and economic costs of early pregnancy loss. Lancet.
20271397 (10285165867,

Barmania 5. Madagascar's health challenges. Lancet.
2015;386(0995):720-30.

Roberts L. A prescription for Madagascar's broken health system: data
and a focus on details https://wwwscience org/content/article/presc
ription-madagascar-s-broken-health-system-data-and-focus-details.
Accessed 12 May 2023.

. Andrianantoandro VT, Pourette D, Rakotomalala O, Ramaroson HIV,

Ratowoson R, Rzkotoarimanana FM . Factors influencing maternal
healthcare seeking in a highland region of Madagascar: a mixed methods
analysis. BMC Pregnancy Childbirth. 2021;21(1)428.

. UNFPA ESARC. 2014. Madagascar: tripling contraceptive use in 10 years.

https:/fesaro.unfpa.orgfen/news/madagascar-tripling-contraceptive-use-
10-years. Accessed 12 May 2023,

. Management Sciences for Health. Five Years of Health Impact, 10 Stories

of successhttpsy/msh.org/resources/five-years-of-health-impact-10-stori
es-ofsuccess/. Accessed 12 May 2023,

. Raberahona M, Monge F, Andrianiaina RH, de Randria MJ, Ratsfiharima-

nana A, Rakatoarivelo RA, et al. Is Madagascar at the edge of a generalised
HIV epidemic? Situational analysis. Sex Transm Infect. 2021;97(1):27-32.

17



2. Darstellung der Publikation

2.1 Hintergrund der Studie

Ein integriertes Management von chronischen Krankheiten mit hoher Krankheits-Belastung
kann die Gesundheit von Frauen in ressourcenbeschrinkten Gebieten verbessern.
Cervixkarzinome, werde hauptsidchlich mit Infektionen mit dem humanen Papillomavirus
(HPV) in Verbindung gebracht (Cohen et al., 2019). Sie stellen eine Erkrankung mit hoher
Krankheitslast dar (Black and Richmond, 2018) und iibersetzen sich in gesundheitliche, soziale,
politische, und wirtschaftlichen Belastungen, die sich auf die Individuen und die Gesellschaft
auswirken (Ginsburg et al., 2017).

Allgemein gemessen an der Morbiditdt und Mortalitdt ist Schistosomiasis, die weltweit
bedeutendste Wurmerkrankung (van der Werf ef al., 2003; Santos et al., 2021). Die chronische
Infektion mit dem Schistosomiasis Subtyp Schistosoma haematobium fiihrt zur weiblichen
Genitalbilharziose, auf English ,,Female Genital Schistomiasis* (FGS) (Hotez, Engels, et al.,
2019), und konnte das Risiko sowohl fiir HPV-Infektionen als auch fiir Cervixkarzinome
erhohen (Rafferty et al, 2021). Das Cervixkarzinom ist weltweit eine der haufigsten
Krebserkrankungen bei Frauen, wobei die hochsten Raten in Sub-Sahara-Afrika (SSA) zu
verzeichnen sind (WHO, 2022). FGS wird zudem als die héufigste gynikologische Erkrankung
in SSA diskutiert, mit iiber 50 Millionen betroffenen Madchen und Frauen (Hotez, 2013).

Wihrend der Zusammenhang von FGS mit Infektion des Humanes Immundefizienz-Virus
(HIV) bereits beschrieben wurde und damit weitere Belastungen der Erkrankung aufweist
(Hotez, Harrison, et al., 2019; Sturt et al., 2020; Patel et al., 2021) ist weniger iiber den
Zusammenhang von FGS mit HPV bekannt (Rafferty ef al., 2021). In zahlreichen Léndern, in
denen Bilharziose endemisch ist, wie zum Beispiel Madagaskar (Gruninger et al., 2023), fehlen
sowohl Daten zur Privalenz von FGS und als auch von HPV. Flichendeckende und koordinierte
PraventionsmafBnahmen sind fiir beide Erkrankungen nicht gentigend vorhanden (Engels ef al.,
2020).

Diese Publikation schitzt die Prévalenz von FGS und HPV im ldndlichen Nordwesten
Madagaskars und untersucht ebenfalls die damit verbundenen Risikofaktoren, um
Maglichkeiten zur Verbesserung der Gesundheit von Frauen zu ermitteln. Zusétzlich wird die
Privalenz von Cervixkarzinom bei Frauen in dieser Region untersucht.

2.2 Bilharziose und weibliche Genitalbilharziose.

Die Bilharziose, verursacht durch parasitidre Plattwiirmer der Gattung Schistosoma, ist eine
vernachléssigte Tropenkrankheit (Engels and Zhou, 2020), die weltweit mindestens 220
Millionen Menschen betrifft (Lo et al., 2022).

Der deutsche Pathologe Theodor Bilharz beschrieb den Parasiten erstmals im Jahr 1851 an
dgyptischen Soldaten (Bella et al., 2018). Zu Ehren von Theodor Bilharz wurde zunichst der
Name ,,Bilharziose* eingefiihrt, wobei sich der Name Schistosomiasis (griechisch ,,schistos®,
gespalten und ,,soma“, Korper) etablierte, wobei die Krankheit beispielsweise in der
franzosischen medizinischen Literatur weiterhin hdufig als Bilharziose bezeichnet wird (Santos
etal.,2021).

Schistosomiasis ist eine durch Wasser iibertragene parasitire Krankheit, die insbesondere in
Regionen mit schlechter Sanitdrversorgung und begrenztem Zugang zu sauberem Wasser
endemisch ist (Hotez et al., 2007). Die hauptverantwortlichen Parasiten, Schistosoma mansoni,
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S. haematobium, S. japonicum, S. mekongi, S. guineensi, S. intercalatum (WHO, 2023), dringen
in die Haut von Menschen ein, die mit kontaminiertem SiiBwasser in Kontakt kommen, und
initiieren den Infektionszyklus (Hotez, Engels, ef al., 2019).

Der Lebenszyklus der Schistosomen umfasst zwei Hauptwirte: SiiBwasserschnecken fungieren
als Zwischenwirte, setzen Zerkarien ins Wasser frei, die dann den Menschen wéhrend des
Wasserkontakts infizieren (Hotez, Engels, et al., 2019). Die Zerkarien dringen in die Haut ein,
entwickeln sich zu Schistosomula (Nation et al., 2020) und wandern durch den Blutkreislauf
zur Leber, wo sie zu adulten Wiirmern heranreifen (Costain, MacDonald and Smits, 2018).

Die adulten Wiirmer residieren in den Mesenterial- oder BeckengefdB3en, abhingig von der
Schistosoma-Art (Nation et al., 2020). Die weiblichen Wiirmer setzen Eier frei, welche sich in
verschiedenen Organen absetzen und eine Immunantwort auslosen (Costain, MacDonald and
Smits, 2018). Granulome, welche sich um die gefangenen Eier bilden, kdnnen zu
schwerwiegenden Komplikationen fiihren, wie zu Beispiel der portalen Hypertension im
Rahmen einer hepatosplenischen Schistosomiasis (Costain, MacDonald and Smits, 2018) oder
urogenitaler Schistosomiasis (Hotez, Engels, ef al., 2019).

S. haematobium ist der Hauptverursacher der urogenitalen Schistosomiasis, mit moglichen
Befall der Harnblase, des Ureters und des Genitaltraktes (Hotez, Engels, ef al., 2019). Die
Infektion mit S. haematobium gilt als krebserregend und verursacht Plattenepithel- und
Urothelkarzinome der Harnblase (Mostafa, Sheweita and O’Connor, 1999). Weniger bekannt
ist das Auftreten von FGS bei Frauen, die durch Lasionen, Geschwiire und Entziindungen im
Gentitaltrakt gekennzeichnet ist (Hove and Javangwe, 2014; Christinet et al., 2016; Hotez,
Engels, ef al., 2019). FGS resultiert hierbei aus der Ablagerung von Schistosoma-Eiern in den
Genitalorganen, insbesondere dem Gebarmutterhals, der Vagina und der Gebarmutter (Helling-
Giese et al., 1996; Orish et al., 2022).

Erste Literatureintridge beschrieben schon 1988 Zusammenhénge von FGS und Unfruchtbarkeit
(Harouny and Pedersen, 1988), wihrend 1899 bereits ,,Bilharziose in der Vagina“ beschrieben
wurde (Madden, 1899). FGS ist durch eine Vielzahl von Symptomen gekennzeichnet, die die
weiblichen Fortpflanzungsorgane betreffen (Hove and Javangwe, 2014). Diese Symptome
konnen in ihrer Schwere variieren und umfassen Unterleibschmerzen, genitaler Pruritus,
vaginalen Ausfluss, Kontaktblutungen wéhrend der Untersuchung, Schwangerschaftsabbruch
oder Eileiterschwangerschaft, unwillkiirlicher Harnabgang sowie Geschwiire im Genitalbereich
bis zur vollstindigen Schidigung der Fortpflanzungsorgane durch Fibrosen und
Narbenbildungen mit folgender Infertilitidt (Norseth et al., 2014; WHO, 2015).

Weitere allgemeine Komplikationen der Bilharziose sind Andmie, Wachstumsstorungen,
Bauchkrampfe, Lernschwierigkeiten und Schulabsentismus (WHO, 2023).

Die Belastung von FGS umfasst neben rein korperlichen Symptomen auch breitere
gesundheitliche und soziookonomische Auswirkungen, sowie Stigmatisierung und
psychologische Auswirkungen (Schuster et al., 2022). Die psychologischen Auswirkungen der
Erkrankung, einschlieBlich Schamgefiihlen und sozialer Isolation, tragen zur Gesamtbelastung
der Patientinnen bei (Schuster et al., 2022). Die chronische Natur von FGS, sowie von
Schistosomiasis allgemein und ihr Einfluss auf die reproduktive Gesundheit kdnnen zu
erhohten Gesundheitskosten, Produktivititsverlust und wirtschaftlichen Belastungen fiir
Betroffene und Gemeinschaften fithren (Rinaldo et al, 2021). Ferner fiithren begrenzte
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Aufkldrung, soziale Stigmatisierung und der erschwerte Zugang zur Gesundheitsversorgung in
endemischen Regionen zu verzdgerter Diagnose und Behandlung von FGS bei. Die Belastung
wird ferner verschirft, da sowohl die betroffenen Gemeinschaften, als auch die
Gesundheitsdienstleistenden unzureichende Kenntnisse tiber die Erkrankung besitzen (Rausche
et al, 2023). Insbesondere wird FGS hidufig als sexuell {iibertragbare Infektionen
fehldiagnostiziert (Jacobson et al., 2022).

Die Diagnose von FGS umfasst klinische und bildgebende Methoden. Insbesondere der
Kolposkopie kommt eine besondere Bedeutung zu (Norseth et al., 2014). Die Behandlung
erfolgt hauptsichlich mit dem Antihelminthikum Praziquantel (Engels et al., 2020).
Praventionsstrategien, wie die Verbesserung der Sanitdrversorgung und der Zugang zu
sauberem  Wasser, sind  zusdtzlich zur  Verbesserung des  Zugangs zu
Gesundheitsdienstleistungen und Aufklarung von Patientinnen und gesundheitlichem Personal
entscheidend fiir die Kontrolle von Schistosomiasis (Hotez et al., 2007).

2.3 Humanes Papilloma Virus, Impfabdeckung und Cervixkarzinom

Cervixkarzinom ist weltweit die vierthdufigste Krebserkrankung bei Frauen, mit einer hohen
Krankheitslast in Sub-Sahara Afrika (SSA) (de Martel ef al., 2017). HPV-Infektionen, vor allem
die Typen 16 und 18, sind die Hauptursache fiir Cervixkarzinom (de Villiers et al., 2004). Es
wurden im Jahr 2020 schitzungsweise 604.000 Cervixkarzinom Fille weltweit erfasst und
hierbei fiihrten 342.000 der Fille zum Tod (Sung et al., 2021).

Trotz der Verfiigbarkeit von Impfstoffen seit 2006 (Markowitz et al., 2012), welche Schutz
gegen die Onkogenen HPV-Stimme bieten (Markowitz et al, 2012) und verbreiteten
Screening-Methoden ist die Belastung durch Cervixkarzinom in SSA nach wie vor hoch (Sung
etal.,2021).

Ruanda war das erste SSA-Land, das 2011 die HPV-Impfung einfiihrte (Tsu ez al., 2021). In der
Folge stieg die Zahl der Lénder, die den Impfstoff jéhrlich einfiihrten und erreichte 2019 mit
sechs weiteren SSA-Liandern, Gambia, Liberia, Cote d'Ivoire, Kenia, Malawi und Sambia, ihren
Hoéhepunkt (Bruni ef al., 2021).

Die langsame Einfiihrung der Impfprogramme beruht auf verschiedenen Herausforderungen,
welche finanzieller, logistischer und soziokultureller Natur sind (Black and Richmond, 2018;
Kutz et al., 2023). In Madagaskar steht die Einfilhrung eines umfassenden HPV-
Impfprogrammes noch aus (GAVI, JSI, 2016).

Gleichzeit ist die Pravalenz von HPV-Infektionen in SSA ist im Vergleich zu sogenannten ,,High
Income Countries (deutlich hoher (Dorji et al., 2021; Kutz et al., 2023). Die HPV-Pridvalenz
ist mit einem geschédtzten Durchschnitt von 24 % in SSA eine der hochsten weltweit (De Vuyst
etal.,2013).

Die jiingsten Leitlinien der Weltgesundheit Organisation (WHO) unterstiitzen Kolposkopie
nicht als primére Screening-Methode fiir Cervixkarzinom, sondern empfehlen sie als Triage-
Methode nach einem positiven Test, beispielsweise mittels Zytologie, HPV-Test oder visueller
Inspektion mit bloBem Auge (Marchese ef al., 2023). In Landern mit einer hohen Privalenz von
Schistosomiasis und gleichzeitig einer hohen Inzidenz von Cervixkarzinom konnte das
Verfahren jedoch den doppelten Vorteil haben, dass es eine frithzeitige Diagnose von HPV-
bedingten Dysplasien zusammen mit der Diagnose von FGS erméglicht (Marchese et al., 2023).
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2.4 Methoden der Studie

Die Querschnittsstudie wurde in drei Basis-Gesundheitszentren im Distrikt Marovoay in der
Region Boeny im Nordwestens Madagaskars durchgefiihrt. Zwischen Méarz und August 2021
wurden Daten von 500 Frauen im Alter von 18 bis 49 Jahren gesammelt. Gyndkologische
Untersuchungen mit dem Kolposkop wurden durch im Vorfeld ausgebildeten Hebammen
durchgefiihrt, einschlielich der Aufnahme kolposkopischer Bilder und der Entnahme einer
zervikovaginalen Lavageprobe (CVL). Zusédtzlich wurden die Hintergrundmerkmale jeder
Teilnehmerin erfasst, wie soziodemographische Daten, Erndhrung, Nikotinkonsum und
Alkoholkonsum, sowie die allgemeine Krankengeschichte. Bei diagnostizierten FGS-
Patientinnen wurden auBerdem vorhandene Symptome erfasst.

Die Diagnose der weiblichen Genitalbilharziose erfolgte nach der Rekrutierung durch eine
doppelblinde Bewertung der Kolposkopie Bilder durch zwei erfahrene Gynékologinnen anhand
der vier typischen zervikovaginalen Zeichen des FGS-Atlas der WHO (WHO, 2015). Die
zervikovaginalen Zeichen umfassen homogene gelbe sandige Flecken, kornige sandige
Flecken, ,,gummiartige* Papeln oder abnorme Blutgefdle (WHO, 2015).

Bilder mit iibereinstimmender Bewertung durch die Expertinnen wurden entweder als negativ
oder positiv eingestuft und in die Analysen einbezogen. Nicht {ibereinstimmende Bewertungen
wurden als indeterminiert eingestuft und aus den Analysen ausgeschlossen.

Die CVL wurden von der International Agency for Research on Cancer (IARC) in Lyon,
Frankreich, analysiert. Hierbei wurde ein standardisierter Test mit Luminex-Beads (Gheit et al.,
2006; Gheit, 2019) durchgefiihrt, um die haufigsten HPV-Stimme zu identifizieren und
Onkogene Hochrisiko Stimme zu ermitteln.

Die Privalenzraten, ,,adjusted prevalence ratio” (APR) und ,,crude prevalence ratios* (CPR)
der Assoziationen zwischen ausgewdhlten Faktoren und FGS- und HPV-Positivitdt wurden
mittels univariabler und multivariabler bindrer Poisson-Regression mit 95%-
Konfidenzintervallen (CIs) bestimmt.

2.5 Ergebnisse der Studie

Wir konnten insgesamt 500 einbezogenen Frauen, bei 302 Frauen vollstindige Informationen
zur Erstellung einer FGS und HPV-Diagnose erfassen und fiir die Analyse berticksichtigen.
Hierbei wurden 189 Fille von FGS festgestellt, was einem Anteil von 62,6 % (95 % CI: 56,9-
68,1) entspricht. Dariiber hinaus wurden 129 Frauen positiv auf HPV getestet, was einem Anteil
von 42,7 % (95 % KI: 37,1-48,5) entspricht. Zusétzlich waren von allen untersuchten HPV-
Infektionen 18,0 % HPV-Infektionen mit niedrigem Risiko und 82,0 % eine Hochrisiko-
Infektion. Insgesamt wurden beide Krankheiten bei 80 Frauen diagnostiziert, was einem Anteil
von 26,5 % (95 % CI: 21,6-31,8) entspricht.

Es wurde kein Zusammenhang zwischen FGS und HPV-Positivitét etabliert. Allerdings hatten
vorangegangene Schwangerschaften (APR = 0,65, 95% CI: 0,43-0,78) und ein héheres Alter
(APR = 0,59, 95% CI: 0,42-0,81) im Vergleich zu keiner vorangegangenen Schwangerschaft
und jiingeren Altersgruppen einen protektiven Einfluss auf eine HPV-Infektion.

Die Erfassung von mdglichen Risikofaktoren zeigte mit unseren Daten weder eine Verbindung
von FGS mit spezifischen Symptomen noch mit einer Kombination von Symptomen.
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2.6 Wissenschaftlicher Kontext und Empfehlungen

Die vorliegende Querschnittsstudie zeigt insbesondere eine hohe Prévalenz von FGS, HPV und
dem gleichzeitigen Vorhandensein beider Erkrankungen bei Frauen, die in landlichen Gebieten
der Region Boeny im Nordwesten Madagaskars leben.

Es handelt sich nach unserem Wissen um die erste Studie, die beide Erkrankungen in
Madagaskar beschreibt und damit auf ein relevantes Frauengesundheitsproblem aufmerksam
macht.

In einer hauptsdchlich ldndlichen Umgebung berichten wir von einer Rate von 62,0% FGS- und
43,0% HPV-Infektion bei Frauen. Bisher wurde die untersuchte Population, wie bei einer bisher
ausgebliebenen Impfkampagne zu erwarten, noch nie gegen HPV geimpft. Diese Daten wiesen
eine gute Vergleichbarkeit zu den geschitzten Pravalenzen in anderen SSA Léndern (Hove and
Javangwe, 2014; Hotez, Engels, ef al., 2019; Masong et al., 2021; Lo et al., 2022). Das
gleichzeitige Auftreten beider untersuchter Krankheitsbilder, die Ko-Infektionsrate mit HPV
und FGS, betrdgt in unserer Studie 27,0%. Die vorliegende Datenlage unterstreicht die
Dringlichkeit der Implementierung von Strategien fiir FGS-Screening und Management in
endemischen Gebieten.

Die derzeitigen Richtlinien zur Kontrolle der Schistosomiasis (Lo et al., 2022), die sich
hauptséchlich auf die Massenverabreichung von Medikamenten (Massdrugadministration /
MDA) konzentrieren, sollten um zusétzliche Maflnahmen ergéinzt werden . Insbesondere die
MDA-Kampagnen schlieBen systematisch die chronischen Formen der Krankheit aus. Dies
stellt insbesondere ein Hindernis zum WHO-Ziel dar, die Schistosomiasis bis 2030 als
offentliches Gesundheitsproblem zu eliminieren (Lo et al.,, 2022). Ferner sind die
biomedizinischen und epidemiologischen Faktoren, die mit FGS verbunden sind, bei aktuellem
Stand der Forschung, noch unklar (Hotez, Engels, ef al., 2019), ebenso wie die Quantifizierung
des Risikos, die Krankheit nach einer S. haematobium-Infektion zu entwickeln (Hotez, Engels,
et al.,2019; Orish ef al., 2022). Angesichts der hohen Prévalenz von FGS in der Studienregion
ist ersichtlich, dass weitere Studien zur Aufklarung des Verlaufs der Krankheit erforderlich sind,
einschlieBlich weiterer epidemiologischer Studien, um die Belastung der Krankheit in weiteren
Regionen Madagaskars sowie in anderen endemischen Léndern besser zu verstehen. FGS ist
moglicherweise die hiufigste gyndkologische Erkrankung in SSA, mit geschitzten 50
Millionen betroffenen Médchen und Frauen (Hotez, 2013).

Unsere Ergebnisse zeigen auch, dass HPV-Infektionen in der untersuchten Bevolkerung weit
verbreitet sind. Selbst wenn es insbesondere Frauen in der Altersgruppe von 18 bis 24 Jahren
sind, die in unserer Studie positiv auf HPV-Infektionen getestet wurden, kénnen auch in
hoheren Altersgruppen weiterhin hohe Positiv-Raten beobachtet werden, was auf ein hohes
Risiko fiir die spétere Entwicklung von Cervixkarzinomen hinweist (Cohen ef al., 2019). Es
wird in der Literatur berichtet, dass durchschnittlich 90% der HPV-Infektionen innerhalb
weniger Jahre nach der Ansteckung oft von selbst abklingen (Gravitt and Winer, 2017), wihrend
die Wahrscheinlichkeit neu erworbener Infektionen mit dem Alter abnimmt (Gravitt and Winer,
2017).

In unserer Studienbevolkerung beobachten wir einen hohen Anteil von Frauen im Alter von 35
Jahren und ilter, die positiv getestet wurden, was darauf hinweist, dass spezifische Faktoren
wie Dbeispielsweise immunologische, Reaktivierung der HPV-Infektion oder weitere
Infektionen eine Rolle beim Abklingen der Infektion spielen konnten. Wéhrend der
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Zusammenhang von FGS mit HIV bereits beschrieben wurde (Hotez, Harrison, et al., 2019;
Sturt et al., 2020; Patel et al., 2021) ist weniger tiber den Zusammenhang von FGS mit HPV
bekannt (Rafferty et al., 2021). Es besteht eine starke geografische Uberschneidung von FGS-
und HIV-Priavalenzgebieten (Hotez, Harrison, et al., 2019). Dariiber hinaus ist FGS fiir eine bis
zu dreifache bis vierfache Zunahme der horizontalen Ubertragung von HIV verantwortlich
(Hotez, Harrison et al., 2019).

Die Privalenzgebiete von HPV und FGS weisen ebenfalls eine geografische Uberschneidung
auf (Marchese ef al., 2023). Unsere Studie zeigt mit 26,5% der untersuchten Frauen eine hohe
Pravalenz der beiden Erkrankungen, aber keinen Beweis fiir einen kausalen Zusammenhang.
Weitere Studien wiren niitzlich, um die Rolle von FGS bei der ,,Clearance* von HPV-
Infektionen, aber auch die Rolle von HPV bei der Progression und Heilung von FGS weiter zu
untersuchen.

Die WHO sieht vor mit der 90/70/90-Strategie bis 2030, 90 % der Miadchen vollstindig gegen
HPV zu impfen, 70 % der Frauen bis zum Alter von 35 Jahren und erneut bis zum Alter von 45
Jahren auf Cervixkarzinome zu untersuchen und 90 % der Frauen, mit Cervixkarzinom zu
behandeln (WHO, 2020). In Madagaskar wurde zwischen 2013 und 2015 bisher nur ein Projekt
durchgefiihrt, um die Einfiihrung der HPV-Impfung zu testen (GAVI, JSI, 2016). Danach
wurden im Land keine weiteren Initiativen zur HPV-Impfung gefordert, des Weiteren gibt es
lediglich verstreute Initiativen zur Gesamtprivention von Cervixkarzinom im Land. Dies reiht
sich in die verspitete Einfiihrung und Umsetzung der WHO Strategie in SSA ein, wobei klare
Hindernisse und Beschleunigende Elemente zur Impfabdeckung bekannt sind (Kutz et al.,
2023). Unsere HPV-Prdvalenzdaten zeigen daher deutlich, wie dringend Madagaskar die
WHO-Empfehlungen zur HPV- und Cervixkarzinom Prédvention erfiillen muss.

In unserer Studie lebt die Mehrheit der von FGS und HPV betroffenen Bevolkerung in
landlichen Gebieten. Wéhrend dies bei Schistosomiasis und FGS durch den Mangel an Zugang
zu sauberem Wasser erklirt werden kann (UNICEF, 2018), ist diese Datenlage fiir HPV nicht
iiblich (Schluterman et al., 2013). Dennoch ist es erwdhnenswert, dass globale Daten zu HPV-
Infektionen oft auf stddtischen Bevolkerungen basieren, daher bleibt unklar, ob bestimmte
Risikofaktoren von stidtischen auf ldndliche Kontexte iibertragen werden konnen (Schluterman
et al., 2013). In unserer Studie schitzten wir, dass ldndliche Bevolkerungen moglicherweise
verstdrkt riskante Verhaltensweisen zeigten, weiterhin ist auch moglich, dass ein Mangel an
Pravention und allgemeinem Bewusstsein flir die Krankheit eine wichtige Rolle spielt. Generell
macht gerade der Mangel an Zugénglichkeit zu Gesundheitsdiensten in lindlichen Gemeinden
(Tessema et al., 2022) diese Daten noch alarmierender, weil die Behandlung der Folgen von
langfristigen HPV-Infektionen und insbesondere Cervixkarzinom in ldndlichen im Vergleich zu
stadtischen Gemeinden erschwert ist (Spees et al., 2019).

Es ist erwdhnenswert, dass es eine geringere Assoziation der HPV-Infektion bei vorheriger
Schwangerschaft gibt. Es ist denkbar, dass in unserem spezifischen Kontext Schwangerschaften
mit einer geringeren Anzahl von Sexualpartnern verbunden sind, was die Wahrscheinlichkeit
einer Infektion verringert (Gravitt and Winer, 2017). Zusétzliche Untersuchungen in diese
Richtung kénnten auch fiir praventive und Aufklarungsstrategien niitzlich sein.

Die Diagnose von FGS bleibt eine Herausforderung, insbesondere weil die Implementierung
der Kolposkopie auf primérer Versorgungsebene komplex ist (Valls et al., 2023). In einem
Versuch, einen  Screening-Algorithmus zur  Unterstiitzung des  medizinischen
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Entscheidungsprozesses aufzubauen, haben wir Anzeichen und Symptome mit der Krankheit
in Verbindung gebracht. Leider zeigen unsere Daten weder eine Verbindung von FGS mit
spezifischen Symptomen noch mit einer Kombination von Symptomen. Es ist wichtig zu
beachten, dass die StichprobengroBBe die Moglichkeit, probabilistische Tests durchzufiihren,
einschrinkte und unsere Daten daher rein deskriptiver Natur sind. Obwohl die Studie nur eine
geringe statistische Power aufweist, um geringe Unterschiede nachzuweisen, wire sie
ausreichend gewesen, um relevante Unterschiede festzustellen, was darauf hindeutet, dass die
Entwicklung eines diagnostischen Algorithmus auf der Grundlage klinischer Anzeichen
moglicherweise schwer zu etablieren ist. Die Diagnose von FGS erfolgte in der Studie nach
WHO-Empfehlung via Kolposkopie (WHO, 2015).

Unsere Studie zeigt eine sehr gute Akzeptanz der Kolposkopie auf primérer Versorgungsebene
und weist das Potenzial fiir die flichendeckende Implementierung spezialisierter medizinischer
Dienste in ldndlichen und entlegenen Gebieten in einem Umfeld mit begrenzten Ressourcen
auf. Diese Erkenntnis reiht sich in den Aufruf an die Forschungsgemeinschaft und Akteure des
offentlichen Gesundheitswesens ein, geeignete Behandlungsprotokolle fiir Patienten mit FGS
zu entwickeln. Obwohl Praziquantel eine sichere und effektive Behandlung bei
Schistosomiasis-Infektionen darstellt (Doenhoff, Cioli and Utzinger, 2008), erwachsenen
Wiirmer abtotet und die Entstehung neuer Lésionen verhindert (WHO, 2015), bleibt unklar, ob
beispielsweise hohere und wiederholte Dosen von Praziquantel fiir die Behandlung von FGS
erforderlich sein konnten (Engels ef al., 2020). Im Rahmen der Studie erfolgte die Behandlung
der diagnostizierten Frauen nach WHO-Empfehlung mit Praziquantel in der Dosierung von
40mg pro Kilo Kdrpergewicht als Einzeldosis (WHO, 2015).

In besonderem Bezug zur HPV-Impfabdeckung konnen Maflnahmen zur Verminderung von
Fehlinformationen und sozialer Stigmatisierung, Investitionen in die Gesundheitskompetenz
und die Begrenzung von Engpéssen in den Impfversorgungsketten, zusammen mit dezentralen
Losungen, die Zugénglichkeit und Impfabdeckung verbessern (Kutz et al., 2023). Gleichzeitig
konnen Erfahrungen und Erkenntnisse aus wirksamen nationalen HPV-Impfprogramme aus
SSA die WHO-Dreifachstrategie 90/70/90 zur Eliminierung von Cervixkarzinom unterstiitzen
(Kutz et al., 2023).

Unsere Studienpopulation von 18 bis 49 Jahren ermdglichte es nicht, den Zusammenhang
zwischen FGS- und HPV-Infektionen und der Inzidenz und Priavalenz von Cervixkarzinom zu
untersuchen, da dieser normalerweise in héheren Alter auftritt (WHO, 2020). Die Studie konnte
jedoch drei Fille von FGS-Infektionen und HPV-bezogenen Krebsvorstufen aufdecken, welche
ausfiihrlich in einer separaten Fallstudie beschrieben und diskutiert werden (Marchese et al.,
2023). Trotz der derzeitigen diagnostischen Einschrinkungen konnte ein Screening auf FGS
mittels Kolposkopie dazu beitragen, Cervixkarzinom oder Vorstufen davon friihzeitig zu
erkennen.

Dieser Studie gelingt es, kritische Aspekte der Frauengesundheit in Madagaskar herauszustellen
und sich auf Gesundheitsproblematiken zu konzentrieren, die im Land und in der Region SSA
weitgehend vernachléssigt sind, aber ein globales Gesundheitsproblem darstellen.

Im Rahmen der ,,Mapping-Strategien* der ,,Coalition for Operational Research on Neglected
Tropical Diseases” (COR-NTD) wird die Laborgruppe Fusco des Bernhard-Nocht Institut fiir
Tropenmedizin, in Zusammenarbeit mit einem internationalen Konsortium, im Jahr 2024 die
Privalenzen in einer weiteren Region Madagaskars und in anderen SSA-Regionen erheben.
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3. Zusammenfassung

3.1 Deutsch

Weibliche Genitalbilharziose (FGS) wird durch Infektion mit Schistosoma haematobium
verursacht. Unzureichende Erkennung fithren zu schweren gynikologischen Komplikationen.
Die Diagnose beruht auf Kolposkopie. Hierbei ist auch ein Screening von Cervixkarzinomen
moglich. In Madagaskar gibt es keine Erkenntnisse liber die Pravalenz von FGS und HPV. Ziel
der vorliegenden Studie ist es, die Privalenz im ldndlichen Madagaskar zu schitzen, um
Moglichkeiten zur Verbesserung der Gesundheit von Frauen zu ermitteln.

Frauen im Alter von 18 bis 49 Jahren wurden im Jahr 2021 in drei primaren Gesundheitszentren
im Nordwesten Madagaskars rekrutiert. Die durch trainierte Hebammen aufgenommene
Kolposkopie-Bilder, wurden von zwei unabhdngigen Expertinnen im Rahmen einer
doppelblinden Uberpriifung begutachtet. Fiir die HPV-Typisierung wurde ein Luminex-Bead-
Assay auf zervikovaginale Spiilung durchgefiihrt. Die bereinigten Privalenzraten wurden fiir
Zusammenhdnge zwischen FGS und HPV-Positivitét, sowie Risikofaktoren geschétzt.

Von den 302 in die Analyse einbezogenen Frauen, wurden 189 FGS Fille (62.6% [CI 56.9;
68.1]) diagnostiziert. 129 Frauen (42.7% [CI 37.1; 48.5]) wurden positiv auf HPV getestet. Bei
insgesamt 80 Frauen (26.5% [CI 21.6; 31.8]) wurden beide Infektionen diagnostiziert. In
unserer Studie wurden drei Fille von HPV-bedingten Cervix-Lésionen beschrieben. Ein
Zusammenhang zwischen FGS und HPV-Infektion konnte nicht festgestellt werden.

Die Studie unterstreicht die hohe Priavalenz von FGS- und HPV-Infektionen und die grof3en
Liicken in der Behandlung dieser Erkrankungen bei Frauen in Madagaskar.

3.2 English

Women’s health in limited resources settings can benefit from the integrated management of
high burden diseases, such as female genital schistosomiasis (FGS) and HPV-related cervical
cancer. In schistosomiasis endemic countries, such as Madagascar, evidence on prevalence of
FGS and HPV is lacking and preventive measures are absent. The present study aims to estimate
FGS and HPV prevalence in rural Madagascar and examine associated risk factors to identify
opportunities for improving women’s health.

Women aged 18 to 49 years were recruited in 2021 at three Primary Health Care Centres in the
district of Maravoay. FGS was detected via colposcopy. Colposcopy images were reviewed by
two independent specialists through double-blinded review. A Luminex bead-based assay was
performed on cervical vaginal lavages for HPV typing. Adjusted prevalence ratios (APR) were
estimated for associations between FGS and HPV positivity and selected risk factors.

Among 500 women enrolled, 302 had complete information on FGS and HPV diagnosis and
were thus eligible for analysis. 189 (62.6% [CI 56.9; 68.1]) cases of FGS were reported. 129
women (42.7% [CI 37.1; 48.5]) tested positive for HPV. In total 80 women (26.5% [CI 21.6;
31.8]) tested positive for both conditions. No association was observed between FGS and HPV
positivity, while previous pregnancy and younger age are showing a lower APR for HPV.

Our results show that FGS and HPV are highly prevalent in rural Madagascar. Given the
concurrent prevalence of these two conditions, integrated services to address these may help
reduce morbidity and improve women’s health.
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