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A B S T R A C T

Female Genital Schistosomiasis (FGS) is a neglected disease affecting millions, however challenging to diagnose.
This explorative descriptive study compares Schistosoma real-time PCR analysis of cervico-vaginal lavages (CVL)
with corresponding urine and stool samples of 933 women from five different previously described study po-
pulations. Sampling included 310 women from an S. mansoni endemic region in Mwanza, Tanzania and 112
women from a nearby S. haematobium endemic region. Findings were compared with samples collected from S.
haematobium endemic regions in South Africa from 394 women and from 117 women from Madagascar of which
79 were urine pre-selected microscopy positive cases from highly-endemic communities and 38 were urine
microscopy negatives from a low-endemic community. As anticipated, urine and stool microscopy and gyne-
cological investigations varied substantially between study populations; however, the same Schistosoma real-
time PCR was performed in one reference laboratory. Schistosoma DNA was detected in 13% (120/933) of the
CVL, ranging from 3% in the S. mansoni Tanzanian endemic region to 61% in the pre-selected Malagasy urine
microscopy positive cases. Detectable Schistosoma DNA in CVL was associated with Schistosoma DNA in urine but
not with microscopic detection of eggs in urine or by cytological examination. This study confirmed real-time
PCR for the detection of Schistosoma DNA in gynecological samples to be a valuable diagnostic tool to study the
distribution of FGS within schistosomiasis endemic areas.

1. Introduction

Schistosomiasis is a neglected tropical disease of poverty, in 2017 it
was estimated that approximately 220 million people worldwide had
schistosomiasis (WHO, 2019). Women and girls in sub-Saharan low-
income countries are especially at risk for female genital schistoso-
miasis (FGS). Beginning early in life, eggs in the genital tract of women

can cause pathognomonic findings that include contact bleeding,
homogenous sandy patches, grainy sandy patches and rubbery papules,
manifestations also known FGS (Kjetland et al., 2012). While S. hae-
matobium has been described as more frequently associated with FGS,
cases of S. mansoni associated FGS have also been reported from both
Brazil and northern Tanzania (Downs et al., 2011; Gonçalves Amorim
et al., 2014; Poggensee et al., 2001a). Studies have indicated a higher
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susceptibility to HIV infection in women with FGS (Downs et al., 2017;
Kjetland et al., 2006; Wall et al., 2018). It has been suggested that in-
travaginal lesions present in S. haematobium infected girls before sexual
debut may make them more susceptible to HIV than their uninfected
peers (Hegertun et al., 2013). Although S. mansoni ova can be found in
the genital tract, the extent that S. mansoni infection also increases the
risk of HIV acquisition and whether this is due to the same mechanisms
as for S. haematobium are not completely clear (Downs et al., 2017;
Ssetaala et al., 2015). The potential association between S. mansoni
infection and FGS needs to be explored further.

Diagnosing schistosomiasis and Schistosoma-related morbidity can
be difficult, especially when the ova lodge in different sites within the
human body and the associated lesions are not always detectable
(Kjetland et al., 2012). The presence or absence of Schistosoma eggs in
urine or stool does not always reliably reflect the presence or absence of
eggs within internal organs. Concerning involvement of the female
genital tract, the reference standard diagnostic method is the micro-
scopic detection of Schistosoma eggs in a perfectly acquired biopsy
(Poggensee et al., 2001b). However sampling the cervix is not an ap-
propriate approach for women and girls or for those at risk of being
exposed to HIV (Kjetland et al., 2005; Norseth et al., 2014). Alter-
natively, PCR-based detection of Schistosoma DNA in cervico-vaginal
lavage (CVL), being a non-invasive genital specimen, has been explored
in several studies as a diagnostic indicator for FGS (Galappaththi-
Arachchige et al., 2018; Kjetland et al., 2012; Pillay et al., 2016;
Randrianasolo et al., 2015). So far, the results have been promising and
suggest that laboratory detection of Schistosoma DNA in CVL has di-
agnostic potential as it seems to reflect genital involvement of the
Schistosoma infection. At the same time, not all diagnostic aspects of the
detection of Schistosoma DNA in gynecological specimens have been
fully explored as previous studies focused mainly on the laboratory
analysis of CVL and urine samples of S. haematobium infected cases.

In this study, the performance of a standardized real-time PCR
procedure for the detection of Schistosoma DNA was compared amongst
women from five different study populations in three different coun-
tries in Africa, namely Tanzania, South Africa and Madagascar
(Downs et al., 2011; Pillay et al., 2016; Randrianasolo et al., 2015).
Besides microscopy of urine, stool and Pap-smears, real-time PCR was
performed on a urine, stool and CVL sample from each participating
woman. This extensive laboratory sample analysis opens the possibility
to further establish the diagnostic potentials of Schistosoma DNA de-
tection in CVL, including CVL from a predominantly S. mansoni en-
demic population.

2. Materials and methods

2.1. Study population, ethics, recruitment and sampling

In total CVL samples from 933 women were included in the study.
Fig. 1 presents the flowchart demonstrating the five study regions,
where the samples were collected. Participants with incomplete data or
missing samples were excluded, hence minor differences with the ori-
ginal publications. The geographical location of the three countries
included in the study is depicted in Fig. 2. An informed consent was
part of each enrollment procedure. At each site, only sexually active,
consenting women were invited into the study. Women who were se-
verely ill, virgins or pregnant were excluded. Ethical approval was
obtained for each project and has been described in full detail in the
original study descriptions (Downs et al., 2011; Pillay et al., 2016;
Randrianasolo et al., 2015). Additional details about study design,
study populations and procedures used, are briefly summarized below
(Downs et al., 2011; Holmen et al., 2015; Randrianasolo et al., 2015).

Tanzania. The study was nested within a larger survey conducted
during 2009–2010 at eight rural primary clinics in Mwanza, south of
Lake Victoria. This region was reported to have a Schistosoma pre-
valence of between 50 and 90% among schoolchildren (Clements et al.,

2006; Downs et al., 2011). Six of the clinics were located near to the
Lake in a region predominantly endemic for S. mansoni (region 1A),
while the two other clinics were located more to the South, where only
S. haematobium infections is endemic (region 1B) (Downs et al., 2011).
A total of 457 eligible women attending a free cervical cancer-screening
program were invited to participate in the study, of which 422 (92.3%)
consented to participate and completed all required study procedures
and provided urine, stool and CVL samples for the detection of Schis-
tosoma DNA.

South Africa. Schistosoma PCR data from a study conducted during
2010–2012 among young women aged 16 to 23 years living in rural
KwaZulu-Natal (region 2) were included. In an earlier study in this
region the S. haematobium prevalence was found to be 31.8% among
girls aged 10–12 years, based on urine microscopy analyzed over three
consecutive days (Hegertun et al., 2013; Pillay et al., 2014).

Madagascar. Finally, we used Schistosoma PCR data from a study
conducted in 2010 among rural farming communities across five vil-
lages in the district of Miandrivazo in the western part of Madagascar
(Randrianasolo et al., 2015). One of these villages was located in a
region with a prevalence of S. haematobium below 20% (region 3A),
while the four other villages were situated within a region hyper-en-
demic for S. haematobium, with a prevalence above 50% (region 3B)
(Randrianasolo et al., 2015). In total 38-urine microscopy negative
women from the low S. haematobium transmission region 3A were in-
cluded. Within the hyper-endemic villages, 79 women, ranging in age
from 15–33 years (median 20 years) were selected based on the average
urinary S. haematobium egg count in three consecutive urine sample:
high-intensity, i.e. > 50 eggs per 10 mL of urine (n = 40), or low-
intensity, i.e. <20 eggs per 10 mL of urine (n = 39). Part of the mi-
croscopy and PCR data has been published before (Randrianasolo et al.,
2015).

Participants from the Tanzanian and Malagasy regions were re-
quested to provide a single urine and stool sample on the day of the
gynecological examination. Urine and stool samples, were examined for
Schistosoma eggs by experienced microscopists, using, a urine filtration
procedure and a Kato-Katz smear examination respectively, as de-
scribed previously (Downs et al., 2011; Randrianasolo et al., 2015). In
the South African study, participants were requested to provide a single
urine sample, of which two aliquots of 10 mL each was examined for
Schistosoma eggs by experienced microscopists as previously described
(Pillay et al., 2016). No stool samples were examined, as S. mansoni was
found to be absent in the region after performing microscopy and real-
time PCR analysis on approximately 600 stool samples from young
school girls (Hegertun et al., 2013; Pillay et al., 2014).

In the South African and Malagasy studies, Pap smears were ex-
amined by cytologists for the presence of Schistosoma eggs in addition to
other cytological entities (Pillay et al., 2016; Randrianasolo et al.,
2015). In Tanzania, cervical smears were stained with 0.5% Trypan
Blue and examined for the presence of Schistosoma eggs. Cervical cancer
screening was performed using acetic acid.

In all five-study regions, CVL samples were collected during gyne-
cological examination. Sampling was done by washing the surface of
the cervix with 10 mL normal saline and collecting 2 mL aliquots.
Additionally an aliquot of 1 to 2 mL of urine and 1–2 g of each stool
sample was transferred to a cryotube on the day of collection and to-
gether with the CVL aliquots stored at either −20 °C or −80 °C. These
samples were transported frozen to the Netherlands for further
Schistosoma DNA testing (Downs et al., 2013; Pillay et al., 2016;
Randrianasolo et al., 2015).

2.2. DNA isolation and detection

DNA isolation and PCR reaction set-up steps were performed using a
custom-made high throughput Hamilton robot platform (Hamilton
Robotics GmbH, Germany) at the Leiden University Medical centre in
the Netherlands. Full details on the DNA isolation procedures and set-
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Fig. 1. Participation flow and sampling among the 5 Schistosoma endemic regions. All 5 study areas performed urine, vaginal lavage and cervical smear analysis.
Stool analysis were only done in Tanzania and Madagascar, not in the South Africa study. (Downs et al., 2011; Pillay et al., 2016; Randrianasolo et al., 2015).

Fig. 2. Map showing the three countries in the south-eastern region of Africa, Tanzania, Madagascar and South Africa with the respective study areas in Mwanza,
Miandivaso and KwaZulu-Natal. (Downs et al., 2011; Pillay et al., 2016; Randrianasolo et al., 2015).
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up of the multiplex real-time PCR for semi-quantitative detection of the
Schistosoma genus-specific internal-transcribed-spacer-2 (ITS2) target
were as previously described (Downs et al., 2013; Meurs et al., 2015;
Obeng et al., 2008). In brief, DNA was isolated using DNeasy 96 Blood
& Tissue Kit spin columns and Phocin Herpes Virus-1 (PhHV-1) was
added to the lysis buffer in each sample as an internal control. Negative
and positive control samples for each parasite species were included in
each PCR run. A CFX96 real-time detection system (Bio-Rad labora-
tories) was used for DNA amplification and detection. Cycle threshold
(Ct) value results were analyzed using Bio-Rad CFX software (Manager
V1.6.541.1028). These Ct-values represent the amplification cycle in
which the level of fluorescent signal exceeds the background fluores-
cence, reflecting the parasite-specific DNA load in the tested sample.
The amplification was considered to be hampered by inhibitory factors
if the expected Ct value of 33 in the PhHV-specific PCR was increased
by more than 3.3 cycles. Schistosoma DNA intensity was arbitrarily
classified as either high-intensity (Ct<30), medium-intensity
(30≤Ct<35), low intensity (35≤Ct<50) or negative (Ct=50)
(Pillay et al., 2014). This test does not differentiate between Schistosoma
species.

2.3. Data analysis and statistical testing

PCR analysis was performed blinded from microscopy or other data.
The results of the real-time PCR analysis were stored and grouped in a
Microsoft Access database and imported into IBM SPSS 20.0 (Chicago,
Illinois, USA) for statistical analysis. Descriptive statistics were used in
this explorative study. Categorical variables were summarized by fre-
quency and percentage and presented using bar charts. Proportions
were compared using Fisher's exact test and McNemar statistical test.
Continuous variables for the diagnostic tests were summarized by the
median of all positive values and their interquartile range (IQR), or
total range when less than 10. Continuous variables were compared
between groups by the Mann-Whitney rank-sum test, using the positive
values only. Two-sided hypotheses were assumed for all confidence
intervals and P-values. Statistical significance was set at P values less
than 0.05.

3. Results

In Table 1, the diagnostic performance regarding the prevalence of
urogenital and intestinal schistosomiasis using different tests performed
on urine, stool, CVL and Pap-smears is summarized. Fig. 3 depicts the
percentage of positives per test per five-study area, according to arbi-
trary categories of intensity.

3.1. Tanzania urine results

In the S. mansoni area in Tanzania (1A), S. haematobium eggs in
urine were found in 4 (1%) of the 310 women, all with low intensity in
the range of 2–12 eggs/10 mL. In the S. haematobium endemic area (1B)
13 (12%) of the 112 women were positive in urine microscopy, with
intensities of 1–54 eggs/10 ml. Both regions showed more positive re-
sults by urine PCR than by microscopy. Table 1 shows that there was a
higher prevalence of detectable Schistosoma DNA using urine PCR than
by microscopy. Also Schistosoma DNA was more often detectable in
urine from the predominantly S. haematobium southern region (20%)
than from the predominantly S. mansoni endemic northern region (8%).
Although the urines from the S. haematobium region showed higher
DNA loads, reflected by a lower median Ct-value, the difference was not
significant in comparison with the urines from the S. mansoni region
(Table 1).

3.2. Tanzania stool results

S. mansoni eggs were seen at region 1A in 12% (n = 38) of the 310
Kato-smears, with a majority showing less than 100 epg, while none of
the women from region 1B were found to have Schistosoma eggs in stool
(Table 1). However, by PCR in stool DNA was found in 10/112 cases of
the S. haematobium endemic area (9%) with low Schistosoma DNA loads
(Table 1, Fig. 3). Nine of these 10 women with detectable Schistosoma
DNA in stool had no detectable Schistosoma DNA in urine. Overall
Schistosoma DNA loads in stool were significantly higher in the S.
mansoni endemic northern region (1A) than in the S. haematobium en-
demic southern region (P < 0.05).

Table 1
Laboratory assays for Schistosoma species in genital, urinary and stool samples of 933 women in five schistosomiasis endemic regions. (Downs et al., 2011; Pillay
et al., 2016; Randrianasolo et al., 2015)

n=933 Tanzania South Africa Madagascar
Mwanza (North) Mwaznu (South) KwaZulu-Natal Miandriva&o District
Region 1A Region 1B Region 2 Region 3A Region 3B
S mamoni S haematobium S haematobium S haematobium S haemotobium
n=310 n= 112 n=394 n=38 n =79

Microscopy Urine (e/IOmL) S. haematobium positive 4(1.3%) 13 (11.6%) 78 (19.8%) 0 79(100%)
Range 2-12 1-54 1-71 0% 1-2463
Median 5 8 13 0 51
interquartile Range Not done 5-20 4-37 Not done 4-266

Stool EPG S. monsoni positive 38 (12.3%) 0 Not done 1 (2.6%) 0
Range 12-917 0 Not done 1.0-1.0 0%
Median 36 0 Not done 1 0
Interquartile Range 12-85 0 Not done Not done Not done

PCR Urine Schistosoma positive 25 (8.1%) 22(19.6%} 91 (23.1%] 5(13.2%) 64 (81.0%)
Range 20.6-40.4 21.4-36.3 19.2-40.2 37.0-38.0 18.3-45.0
Median 35.1 32.6 28.6 37.4 25.0
Interquartile Range 31.2-35.9 26.3-35.1 24.9-34.1 Not done 21.4-23.8

Stool Schistosoma positive 104 (33.5%) 10 (8.9%) Not done I8 (47.4%) 35(44.3%)
Range 19.1-47.3 23.4-36.5 Not done 20.6-44.6 19.8-44.3
Median 28.5 34.2 Not done 36.2 32.1
Interquartile Range 23.9-34.2 29.0-35.0 Not done 35.6-37.4 26.8-36.7

CVL Schistosoma positive 9 (2.9%) 18(16.1%) 38(9.6%) 7 (18.4%} 48 (60.8%)
Range 29.5-47.1 21.3-35.8 19.5-37.4 23.1-44.3 18.6-38.3
Median 34.9 33.9 31.0 35.6 24.7
Interquartile Range Not done 30.4-35.0 25.4-34.8 26.8-37.0 223-34.8

Cytology Pap Schistosoma positive 5 (1.6%] 1 (0.9%) 8 (2.0%} 4 (10.5%) 41 (51.9%)
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3.3. Tanzania lavage results

CVL PCR analysis showed detectable Schistosoma DNA in 9/310
(3%) of the women in the S mansoni endemic region (1A) compared to
18/112 (16%) of the women in the S. haematobium endemic region
(1B). Six of these nine women of region 1A also had detectable
Schistosoma DNA in their stool samples, while their urines were PCR
and microscopy negative. Despite the difference in prevalence of posi-
tive CVL by PCR, Schistosoma DNA loads were comparable between the
two regions (Table 1). However the sample size was very low and this
might represent a type 2 error.

3.4. Comparison between CVL and urine results for all study regions

Fig. 4 depicts the relation between the CVL PCR and urine micro-
scopy or urine PCR for the examined Tanzania population, in compar-
ison to the study populations of South Africa and Madagascar. For each
tested population, the prevalence based on the detection of Schistosoma
DNA in urine was higher than the prevalence based on urine micro-
scopy, with the exception of Madagascar 3B where 100% were micro-
scopy positive (as per inclusion criteria, Table 1). Notably, 15 women of
the Madagascar 3B group had a negative PCR in urine (Table 1). They
all belonged to the group preselected based on a positive urine micro-
scopy of less than 20 eggs/10 mL. The median egg excretion of these 15
was 3eggs/10 mL. Overall, the PCR in urine seems to be a better proxy
than urine microscopy for the presence of Schistosoma DNA in lavage.
Notably, the 15 women of Madagascar with a negative urine PCR all
belonged to a preselected low-endemic village and although the Ma-
lagasy women had submitted three urines the actual urine tested for by
PCR was fourth urine on the investigation day. In South Africa only one
urine sample per participant was tested, yet the PCR and urine micro-
scopy results are similar.

3.5. Relation to cytology outcome

Schistosoma eggs were demonstrated on cytological examination of
5/310 (2%) Tanzanian women of the S. mansoni region 1A, compared to
1/112 (1%) woman of the S. haematobium endemic region 1B (Table 1).

None of these six women were positive in the CVL PCR. In contrast, in
the 394 women in South Africa, Schistosoma DNA was detected in the
lavages of all 8 egg-positive Pap-smear cases. The DNA levels of these 8
were significantly higher than the lavage DNA levels of the 30 CVL PCR
positive women negative in the cytology (P<0.001).

In the low endemic region of Madagascar (region 3A) Pap-smear
examination revealed 4 cases with detectable eggs among the 38 urine
microscopy negative women. One of the 4 women also showed
Schistosoma DNA in CVL. In the 79 S. haematobium infected women from
region 3B, Schistosoma DNA was demonstrated in CVL in 28 (68%) of
the 41 women with egg-positive Pap smears. Similar to the South
African region, the lavage DNA levels of these 28 women were sig-
nificantly higher than the lavage DNA levels of the 20 women negative
in the cytology (P<0.001).

4. Discussion

The quest for FGS diagnostic tools with high performance level
continues as more information on this neglected entity unfolds. A single
diagnostic test for FGS would be ideal, however such a single applicable
test is currently not yet available and a panel of laboratory and com-
plementary tests are still required due to the complexity of this disease
(Christinet et al., 2016). The diagnosis of FGS is complex since it occurs
as a result of morbidity caused by ova in genital tissue, meaning that
finding ova in urine neither confirms nor refutes the presence of genital
involvement (Galappaththi-Arachchige et al., 2018; Jourdan et al.,
2013). In this study, the outcome of real-time PCR on CVL was com-
pared with microscopy and PCR analysis of stool and urine samples
from 933 women, living in three different Sub-Saharan countries. The
only available FGS reference test for these samples was cytology on
Pap-smear, a procedure which is not highly standardized and is known
for its low sensitivity for egg detection (Kjetland et al., 2005;
Poggensee et al., 1999).

While traditional microscopy is cheaper and more readily available,
it also poses challenges like observer variation, day-to-day variation in
egg excretion, and reduced sensitivity in detecting low intensity infec-
tions. Similar to previous studies we found more schistosomiasis cases
by detection of Schistosoma DNA in urine via PCR than by microscopy

Fig. 3. Summary of Schistosoma results ac-
cording to egg intensities and DNA loads
among the 5 study populations. For ease of
presentation, the results have been arbitrarily
categorised as high, moderate and low intensity
of infection. Intensity in urine samples was
defined as follows; high intensity >50 ova per
10 mL, moderate intensity as 10–50 ova per
10 mL and low intensity as <10 ova per 10 mL.
High intensity of ova in stool samples was de-
fined as >400 ova per gram (epg), moderate
intensity as 100–400epg and low intensity as
<100epg. The Schistosoma DNA loads were
defined as high-intensity (Ct<30), medium-
intensity (30≤Ct<35) or low intensity
(35≤Ct<50) 1A= S. mansoni endemic area,
1B= S. haematobium endemic area, 2 = S.
haematobium endemic area, 3A= low-endemic
S. haematobium area, all S. haematobium nega-
tive, 3B== high-endemic S. haematobium
area, all S. haematobium positive.
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(Cavalcanti et al., 2013; Obeng et al., 2008). In addition, and in con-
formance with previous studies, those who were PCR negative but
microscopy positive showed very low egg counts, such as the 15 women
of Madagascan high-endemic site (3B) who only had a median intensity
of 3 eggs/10 mL of urine based on three consecutive microscopy ex-
aminations. While PCR has better specificity and sensitivity, and could
potentially be applied on other types of clinical samples such as vaginal
swabs or sanitary pads, it has the disadvantage of high cost, and low
field applicability (Cavalcanti et al., 2013). However, new develop-
ments in the direction of field-applicable DNA detection seem pro-
mising (Poulton and Webster, 2018; Rosser et al., 2015). An additional
limitation with urine PCR is that in chronic infections, Schistosoma
granulomas formed in the urinary bladder do not always enable egg
excretion and such infections may remain undiagnosed (Shiff et al.,
2006).

Women may have urinary schistosomiasis with or without genital
involvement (Galappaththi-Arachchige et al., 2018; Poggensee et al.,
1998; Swai et al., 2006). For example, in the South African study, an
overall correlation was seen between the outcome of the PCR on urine
and on CVL, but at the same time some individual cases had detectable
Schistosoma DNA in CVL only, supporting the notion that schistoso-
miasis could occur in the genital tract without involving the urinary
tract (Galappaththi-Arachchige et al., 2018; Pillay et al., 2016). In this
study, we also found PCR on urine to be a better indicator of the pre-
sence of Schistosoma DNA in CVL, than urine microscopy. However, it
should be mentioned that the overall intensity of S. haematobium in-
fection in our study population was low. Only 47 of the 933 included
women showed more than 50 eggs/10 mL of urine, 40 of them from the
Madagascar 3B region. Supplementary studies from different S. hae-
matobium regions with distinctive transmission patterns might shed new
light on the relation between urinary schistosomiasis and the presence
of Schistosoma DNA in CVL. Studies have shown that genetic variations
exist among the S. haematobium species and this may have bearing on
many factors including the clinical outcomes, which could possibly
explain the differences in parasite detection rates between urine and

CVL samples (Ezeh et al., 2015; Quan et al., 2015).
Schistosoma DNA in CVL was detected in all 5-study regions.

However, the agreement in the prevalence of positive cases and ob-
served DNA levels varied substantially between the different groups.
Detection of Schistosoma DNA using CVL PCR was generally higher than
rates of egg detection by Pap-smears. Despite Pap-smears being a re-
latively cheap diagnostic tool, they have limitations especially in de-
veloping countries (Pillay et al., 2016). The procedure is operator and
observer dependent, requires trained laboratory personnel and is not
standardized. The finding that CVL DNA levels were significantly higher
in the Pap -smear positive women of South Africa and Madagascar, but
not in Tanzania seems to suggest poorer quality of the smear cytology in
the Tanzanian setting where smears were stained with Trypan blue and
read in the field. On the other hand, in Madagascar, not all Pap-smear
positives could be PCR confirmed.

Whether PCR outcomes, in particular the quantitative output, still
can be compared when performed in different laboratories using
slightly different PCR procedures needs to be further explored. The start
of an external quality assessment scheme, using a set of well-defined
clinical samples as a proficiency panel, would be a first step into further
harmonization of PCR-based diagnosis of schistosomiasis. Such a
scheme already exists for other parasites for example protozoa and has
recently been launched for helminths (Schuurs et al., 2018). At least,
our PCR was performed under the same conditions in the same la-
boratory, while microscopy procedures clearly differed. In South Africa,
urine was collected once and our PCR showed that the assumed S.
haematobium negative group in Madagascar was not truly negative.

We have not included clinical investigations as an indicator of FGS
as there were at least 7 different clinicians in the sites and the work
started before the WHO Pocket Atlas for FGS was released (Norseth
et al., 2014). Furthermore, there was a notable difference in age be-
tween the different regions studied, with mainly young women only in
the South African study population and a broader age range in the other
populations. Although no effect of age on the PCR outcome was noticed,
this could be further explored in future studies. For this purpose a
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prospective study should be designed, including highly standardized
clinical parameters of FGS to investigate the association between FGS
lesions, age of the female population and Schistosoma DNA in CVL and
urine in different geographical regions.

The S. haematobium worm is known to prefer residence in the pelvic
venous plexuses therefore the ova tend to become lodged in urogenital
tissues, while S. mansoni prefers the portal venous system and is usually
found in the intestinal tract (Colley et al., 2014). The detection of
Schistosoma DNA in CVL and stool samples, while being negative in the
Schistosoma PCR in urine, might suggest that not only S. haematobium,
but also S mansoni could lead to FGS. Alternatively, this could signify
that S. haematobium can be present in the intestinal tract without being
present in the urine, as is the case for the genital tract (Al-Adnani and
Saleh, 1982; Tzanetou et al., 2010). While there is evidence that S.
haematobium is the main causative agent for FGS, little is known about
the effect of S. mansoni (Poggensee et al., 1998, 2001a).

In recent case reports from Brazil S. mansoni has been found in the
fallopian tubes and ovaries (Arruda et al., 2007; Cavalcanti et al., 2013;
Gonçalves Amorim et al., 2014). S. mansoni eggs have also been de-
scribed in the cervix in a case series from another region of Tanzania,
and autopsy studies in Egypt reported that S. mansoni eggs were dis-
tributed throughout the urogenital system, though at a lower density
than S. haematobium eggs (Gelfand and Ross, 1953; Kamel et al., 1977;
Poggensee et al., 2001a). In regions in Africa, it has been found that
there is overlap between the geographical areas of S. mansoni and S.
haematobium species and patients are at risk for dual infection
(Meurs et al., 2012). The finding of stool positive PCR samples in the S.
haematobium area might suggest mono-infections with the S. mansoni
species although one cannot preclude intestinal S. haematobium, a fairly
common condition. Still, most epidemiological and diagnostic studies
seem to focus on one of the two species only. With the advent of mi-
gration and travelling, it is recommended that at least at population
level, Schistosoma species-specific PCR screening tests are used to ac-
commodate possible overlaps between the species and to provide more
species-specific information on the clinical outcomes (Cnops et al.,
2012; Sady et al., 2015).

5. Conclusion

This explorative descriptive study further supports the diagnostic
potentials of real-time PCR for the detection of Schistosoma DNA in
clinical samples. While PCR performed on stool or urine samples seems
most useful as a form of quality control to counter-check microscopy
results, or perhaps as a tool for mapping and or monitoring the disease
at a population level, the PCR performed on CVL is a potential as a
diagnostic test for individual FGS cases. Detection of Schistosoma DNA
has the potential of being a more sensitive diagnostic technique for FGS
in the absence of a non-invasive true gold standard for FGS diagnosis, in
particular among women living in low resource settings who are also at
risk for HIV and cervical cancer.
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