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Background: Female genital schistosomiasis (FGS) is characterised by cervico-
vaginal lesions such as grainy sandy patches, homogeneous yellow sandy
patches, and abnormal blood vessels. Diagnosis, treatment, and surveillance of
FGS presents challenges due to the absence of diagnostic tools in endemic areas.
Likewise, a tool for quantification of the lesions is missing. This study aimed to
validate the digital gridded imaging technique (DGIT) for quantification of three
specific cervical lesion types associated with FGS.

Methods: Using the QubiFier software program, 70 cervical photographic images
obtained from women diagnosed with FGS and treated with Praziquantel (PZQ)
were randomly sampled for a validation study. The women lived in a
S. haematobium-endemic area of Madagascar. For each image, a semi-
transparent grid was applied, composed of 424 equally sized squares
positioned to cover the cervix. Squares exhibiting any of the specific lesions
were marked by three observers to determine the grainy sandy patches
proportion (GSP), homogeneous yellow sandy patches proportion (HSP), and
abnormal blood vessel proportion (BVP). To train the observers, a set of ten
images was utilized, leaving 60 images for the validation. To test inter-rater
reliability, the 60 cervical images were scored independently by three observers.
To test intra-rater reliability, ten images were scored twice with a two-week
interval. Intraclass correlation coefficient (ICC) was used as the main statistical
method to assess the reliability between observers.
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Results: The median age of the included women was 26.5 (IQR 20.8-33.0) years,
and 74% of them had detectable S. haematobium eggs in their urine. The three
proportions were found to be consistent and reliable across the observers, as
well as the rescoring on Days 0 and 14. Inter-rater reliability was good for all three
cervical lesion types (ICC 0.768-0.890). Intra-rater reliability was good for GSP
(ICC 0.832) and excellent for HSP and BVP (ICC 0.932 and 0.982, respectively).

Conclusion: In this study DGIT was validated as a potential morbidity detection

method for quantification of the three lesion types associated with FGS.

KEYWORDS

female genital schistosomiasis, FGS, digital image, validation, cervical lesion,
Schistosoma haematobium (S. haematobium)

Introduction

Female genital schistosomiasis (FGS) covers a broad spectrum
of distinct gynaecological manifestations, including chronic lower
abdominal pain, vaginal discharge, dyspareunia, and postcoital
bleeding, in addition to infertility (1-3). Intestinal schistosomiasis
and urogenital schistosomiasis are the two highly prevalent forms
found in Sub-Saharan Africa (4). Urogenital schistosomiasis is
caused by the Schistosoma haematobium flatworm. The life cycle
of the parasite involves a snail of the Bulinus genus as an
intermediate host. In women, eggs from the adult worms dwelling
in the pelvic venous plexus system, are trapped in the cervico-
vaginal mucosa, uterus, fallopian tubes, and other parts of the
genital tract. The entrapped eggs cause various pathophysiological
lesions of immune-inflammatory origin followed by further
progression of fibrosis and calcification (5-7). Homogeneous
yellow sandy patches, grainy sandy patches, abnormal blood
vessels, and rubbery papules are four distinct types of cervico-
vaginal lesion described in women with FGS (1-3).

The presence of at least one of the four cervicovaginal lesions
established by a pelvic examination, typically aided by a colposcope,
is considered diagnostic for FGS (2, 3, 8). However, a colposcope is
an expensive diagnostic instrument that is rarely available in
primary healthcare settings in endemic areas (9, 10). Moreover,
not all colposcopes are equipped for clinical image documentation
and storage, thus impeding the ability to track changes in cervical
pathology over time (11, 12). With the aim of exploring a simpler
solution, particularly in scenarios where colposcopes are
unavailable, Arenholt et al. (13) tested the use of a digital camera
for the recording and storage of cervical lesions in women with FGS,
with promising outcomes. The study was carried out in
Madagascar. The authors additionally developed a digital gridded
imaging technique (DGIT) tool utilising the QubiFier software
program for the evaluation of cervical images obtained from the
women with FGS. By placing a semi-transparent grid composed of
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424 equally sized squares on the cervical image, meticulous
documentation and quantification of cervical lesions was carried
out. The DGIT method was successfully validated for quantifying
the overall cervical lesion proportion (CLP) and rubbery papule
count (RPC) (13). However, validation of the quantification method
for the other three cervical lesion types, namely homogeneous
yellow sandy patches proportion (HSP), grainy sandy patches
proportion (GSP), and abnormal blood vessel proportion (BVP),
remained unaddressed. The aim of this study was thus to test and
validate the DGIT for the quantitative assessment of cervical HSP,
GSP, and BVP in women with FGS living in an S. haematobium
endemic area.

Methods
Study design and ethics

The present study design mirrors the previous study by
Arenholt et al. (13), which developed and validated the DGIT by
use of QubiFier software for the quantitative assessment of CLP and
RPC in women with FGS. In the present next-step validation study,
the technique was tested and validated for the quantitative
assessment of cervical HSP, GSP and BVP. Both studies utilised
70 digital cervical images obtained during a randomised controlled
trial (RCT) conducted in Madagascar between September 2019 and
March 2020 (14). The RCT aimed to evaluate the effectiveness of a
single dose Praziquantel (PZQ) (40 mg/kg) and repeated doses of
PZQ (40 mg/kg at baseline supplemented by doses after 12 hours
and 24 hours, and after 5 and 10 weeks) in reducing cervical
pathology and symptoms associated with FGS. Follow-up
assessments were conducted at week 5, week 10, and week 15
following the initial dose.

Ethical approval was obtained from the Ethics Committee at the
Ministry of Health in Antananarivo (Authorisation Number: 098-
MSANP/CERBM; Number: 059-MSANP/CERBM; Number: 065
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MSANP/SG/-AGMED/CNPV/CERBM). All the women included
in the study provided informed written consent. Given that girls can
potentially be affected by FGS from pre-puberty onwards and
recognising that the consequences of FGS may manifest during
adolescence, we deemed it ethically unacceptable to exclude girls
aged 15 to 17. To ensure the confidentiality for these adolescent
participants, we refrained from requesting informed consent from a
third party, such as a parent or legal guardian. This procedure was
approved by the Ethics Committee.

Participants in the randomised
controlled trial

In total, 116 female participants were recruited for the RCT
from two primary health centres in the municipalities of
Antsakoamanondro and Antranokarany, both of which are
considered endemic areas (14). All examinations were conducted at
the two health centres. For inclusion, the women had to be in the age
range of 15 to 35 years. The inclusion criterion was the presence of
cervical lesions resulting from FGS, identified during pelvic
examination using a digital camera. The exclusion criteria ere no
prior sexual intercourse, pregnancy, a history of tumours in the vulva,
vagina, or uterus, prior hysterectomy, HIV positive status, medical
conditions requiring hospitalisation, recent treatment with PZQ
(within the past three months), and any contraindication to PZQ (14).

Baseline information on medical history and complaints was
acquired from the study participants using a questionnaire in
Sakalava, the local dialect of the study area (14). While the
questionnaire was pre-tested according to relevance and
interpretation, it was not validated. For documentation of cervical
lesions, an image of the cervical surface was obtained from all
included women using a digital camera as described below. Urine
samples were collected, and 50 ml of urine was filtered through a
polycarbonate membrane to determine the presence of schistosome
eggs. The present study will not present data on complaints alongside
other outcomes from the RCT including pelvic exam abnormalities,
cervicovaginal S. haematobium DNA and circulating anodic antigens
(CAA) in serum. At baseline, all women underwent testing for
sexually transmitted infections (STIs), including Human
papillomavirus, Herpes simplex virus, Neisseria gonorrhoeae,
Chlamydia trcachomatis, Trichomonas vaginalis, Mycoplasma
genitalium and bacterial vaginosis (14). No testing for STT’s was
conducted at Week 5 and Week 10. Throughout all visits, STI
treatment was administered to the women based on the syndromic
approach recommended by the Ministry of Health of Madagascar.
After treatment at baseline with PZQ, all study participants were
followed up after 5, 10, and 15 weeks involving a clinical reassessment
and additional photographic documentation of the cervix (14).

Pelvic examination and digital images
of cervix

Pelvic examination, including bimanual palpation and
inspection using a vaginal speculum, was performed at baseline

Frontiers in Tropical Diseases

10.3389/fitd.2024.1322696

and all follow-up visits for each woman (14). All examinations were
conducted by two physicians with extensive experience in
diagnosing and treating women with FGS. During the pelvic
examination, photographic documentation of the cervix was
obtained using a Canon EOS M50 camera equipped with a
100 mm macro lens and lens-mounted circular LED light. A
polarisation filter was mounted in front of the camera lens to
eliminate light reflection from the surface of the cervix. The camera
was placed at a distance of 30 cm from the cervix on a tripod
mounted on a microscope sledge to allow for precise focus
adjustment. The microscope sledge was adjusted to ensure the
orifice of the cervix was localised in the centre of the camera
display with a 3-5 mm free fringe around the rims of the cervix.
This approach was selected to ensure the uniformity of images and
to enhance image comparability regarding lighting and reflection.
All digital images captured during the RCT were stored in the
REDCap (Research Electronic Data Capture Version 9.5.6) data
management system hosted by the North Denmark Region and
saved for later offline assessment using the DGIT.

Quantification of cervical lesions

JavaScript programming was employed to create FGS QubiFier,
a DGIT tool designed to assess and quantify cervical lesions
resulting from S. haematobium infection. Whitin the software
program, a cervical image can be downloaded for further offline
evaluation. The software superimposes a semi-transparent circular
grid consisting of 424 equally sized squares as an additional layer on
the digital image of the cervix. Adjusting the zoom level of the image
ensures that the grid covers the whole circumference of the cervix
with the orifice centered in the grid. Apart from the zoom feature,
adjustment for brightness, contrast, saturation, and hue shift are
available for further image analysis. The gridding enables the
observer to manually mark the squares containing any FGS-
associated lesion type in a structured manner. The lesion-free
squares are left unmarked. For each lesion type, the number of
affected squares (HS, GS, and BV) are quantified and reviewed
separately for the subsequent calculation of their proportion of all
affected areas, as displayed in Figure 1. For each image, the
proportion is calculated as the number of affected squares dived
by 424. The proportion is counted automatically by the FGS
QubiFier software program. The estimated proportion ranges
from zero to 100 (13).

Validation process

From the four visits during the RCT, a total of 402 cervical
images were obtained (Figure 2). To test the reliability of scoring the
HSP, GSP, and BVP, 70 images from Week 5 and Week 10 were
randomly selected using block randomization with the assistance of
the RStudio computer software program (version 1.2.5033) and
blinded by a member of the research group who was not involved in
the validation of the DGIT. Images obtained in Week 5 and Week
10 were selected due to images obtained at baseline and Week 15
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Digital cervical images demonstrating evaluation of FGS-associated lesions using QubiFier and the digital gridded imaging technique. (A) Illustration
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are digitally marked in QubiFier to determine the CLP. The white dashed lines show areas, which contain homogenous sandy patches appearing as a
yellow-colored area. The white and blue arrows indicate the following lesion types: grainy sandy patches (white arrow) and abnormal blood vessels
(blue arrow). The red arrow shows the CLP of the cervix covered by any type of pathognomonic lesions. FGS, Female genital schistosomiasis; HSP,

homogeneous yellow sandy patches proportion; GSP, grainy sandy patches proportion; BVP, abnormal blood vessels proportion; CLP, cervical

lesion proportion.
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Flowchart displaying the different steps in the validation procedures in the FGS digital gridded imaging technique study. A total of 70 images of the
cervix were reviewed for HSP, GSP and BVP. HSP, homogeneous yellow sandy patches proportion; GSP, grainy sandy patches proportion; BVP,
abnormal blood vessels proportion.
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had already been evaluated by one of the observers, rendering them
unblinded. Validating these images allowed for the possibility that
some women might not exhibit FGS-associated cervical lesions,
given that they had undergone treatment with PZQ.

The observers’ level of clinical experience varied regarding
gynaecology in general and FGS specifically: Observer A (with
almost completed MD qualification; familiar with FGS at a
textbook level), Observer B (gynaecology consultant experienced
in the with FGS field and previous use of DGIT) and Observer C
(three medical students with almost completed BSc degree; familiar
with FGS at textbook level, rated the images as a group). The reason
for combining the three medical students into one group was their
limited experience in gynaecology and FGS. Initial workshop
training and a consensus rating exercise were given in which each
observer independently examined ten randomly sampled images
(Images 1-10) and rated the three individual lesion proportions
(HSP, GSP, and BVP) (Figure 2). The observers subsequently
shared and discussed their findings to reach consensus on the
rating of the images. Sixty images (Images 11-70) were
independently assessed for each lesion type by Observers A, B,
and C. This procedure was implemented to test the inter-observer
reliability. Two weeks after the initial assessment of a lesion, the
intra-rater reliability was evaluated by reviewing ten randomly
sampled images (Images 11-20) from the original image portfolio
(Images 11-70) again. The re-testing was performed only by the
medical students (Observer C) (Figure 2).

A comprehensive depiction of the entire cervical surface
was occasionally challenged by reflections from light or
anatomical complexities such as anteverted or retroverted cervix.
Consequently, each observer conducted a thorough assessment to
evaluate the impact of image quality on the scoring of cervical
lesions. The evaluation categorised the digital image quality based
on whether the cervix surface was depicted in its entirety or only
partially. The assessment was reached through consensus among
the three observers following their individual evaluations of
image quality.

Data management and statistical analysis

For the statistical analysis, the individual scorings were manually
entered into Microsoft Excel software for transferal to IBM SPSS
Statistics 28.0.1.1 software (SPSS). To determine the presence of
significant difference in the scoring of cervical lesions among the
three independent observers (inter-rater agreement), the intraclass
correlation coefficient (ICC) was calculated in a two-way mixed-
effects model based on average rating values and absolute agreement.
Likewise, the ICC was calculated in between every single observer as a
pairwise (Observer A and B, A and C, and B and C) inter-rater
agreement. The ICC is a statistical measure used to assess the
reliability or consistency of measurements obtained by multiple
observers or raters. The mixed-effects model was chosen to account
for systematic differences between raters, ensuring that the ICC
reflected the consistency of ratings beyond what could be expected
by chance alone. By considering absolute agreement, the calculation
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method also accounts for random variability in the ratings (15). To
test the agreement between Observer C on Days 0 and 14 (intra-rater
agreement), ICC was likewise calculated using a two-way mixed-
effects model based on a single-rating and absolute agreement.

The ICC ranges from 0 to 1, with higher values indicating
greater consistency or agreement between observers. Specifically,
ICC values are interpreted as <0.5 (poor), 0.5 to 0.75 (moderate),
0.76 to 0.9 (good) and > 0.9 (excellent) (15). For both HSP, GSP,
and BVP, a median and interquartile ranges (ICQ) were calculated
and visually represented using a box-and-whisker plot. The
included women’s ages and the number of S. haematobium eggs
per 50 ml of urine were reported as median and ICQ.

Results
Baseline characteristics

From the 70 randomly sampled images, sixty were selected for
the validation procedure as described above. As a result of the
randomisation process, twenty images were derived from ten
women, captured both at Week 5 and Week 10, leaving forty
images sourced from forty distinct women, either at Week 5 or
Week 10 (Figure 2). The median age of the 50 women was 26.5 years
(IQR 20.8-33.0). In 37 women (74%) S. haematobium eggs could be
detected in the urine and median number of eggs per 50 ml of urine
was 2.5 (IQR 0-62.0). In 13 women, the filtration of 50 ml of urine
yielded no detectable eggs.

Quality of the digital images

Of the 60 digital images used for testing the reliability of the
inter- and intra-raters, 33 images (55%) provided a complete view
of the cervix. The remaining 27 images (45%) covered between 80
and 100% of the cervical surface. Despite this limitation, the
observers deemed all images to be of adequate quality to
determine HSP, GSP, and BVP. All 60 images were thus included
in the subsequent analysis.

Homogeneous yellow sandy
patches proportion

The median HSP for the three observers is illustrated in
Figure 3. The individual measured HSP for each image ranged
from 0% to 50% for Observer A, from 0% to 48.35% for Observer B,
and from 0% to 30.66% for Observer C (Supplementary Figure 1).
Testing inter-rater reliability for all three observers (A, B and C) for
HSP by ICC yielded a value of 0.851 (95% CI 0.678-0.923),
indicating a good performance (Table 1). However, only a
moderate reliability was calculated between Observer A and C
(Table 1). The intra-rater reliability for Observer C was
investigated by ICC and found to be 0.932 (95% CI 0.108-0.987),
indicating excellent performance (Table 1).
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FIGURE 3

A box-and-whisker-plot showing the proportion (%) of homogeneous yellow sandy patches for each observer (A—C) who rated the 60 digital
images. The interquartile range is represented by the upper and lower lines of the box, while the median is indicated by the horizontal line.

Grainy sandy patches proportion

The median GSP, as assessed by the three observers, is
illustrated in Figure 4. The individual measured GSP for each
image varied between 0.94% and 33.96% for Observer A, from
0% to 25.71% for Observer B, and from 0.24% to 26.89% for
Observer C (Supplementary Figure 2). The inter-rater reliability
ICC for GSP yielded a value of 0.768, signifying a good performance
(95% CI 0.637-0.856). The ICC revealed a poor reliability between
Observer A and C, a moderate reliability between Observer B and C
but a good performance between Observer A and B (Table 1). The

TABLE 1 The inter-rater reliability between Observers A, B, and C, A and
B, A and C, and B and C according to HSP, GSP, and BVP.

HSP GSP BVP
Inter-rater ICC = 0.851 ICC =0.768 ICC = 0.890
Observer: A, B (95 % CI 0.678 (95% CI 0.637 (95% CI 0.804
& C -0.923) - 0.856) -0.936)
Inter-rater ICC = 0.875 ICC = 0.896 ICC =0.878
Observer: A (95 % CI 0.742 (95 % CI 0.786 (95 % CI 0.796
& B -0.934) - 0.944) -0.927)
Inter-rater ICC = 0.681 ICC = 0.496 ICC =0.773
Observer: A (95 % CI 0.024 (95 % CI 0.162 (95 % CI 0.510
& C - 0.870) - 0.698) -0.882)
Inter-rater ICC =0.781 ICC =0.570 ICC =0.873
Observer: B (95 % CI 0.554 (95 % CI 0.288 (95 % CI 0.507
& C -0.883) - 0.742) - 0.949)
Intra-rater ICC = 0.932 ICC =0.832 ICC =0.982
Observer: C (95 % CI 0.108 (95 % CI 0.380 (95 % CI 0.932
-0.987) -0.952) -0.995)

The intra-rater reliability between days 0 and 14 for Observer C according to HSP, GSP,
and BVP.

ICC, Intraclass correlation coefficient. ICC values are interpreted as <0.5 (poor), 0.5 to 0.75
(moderate), 0.76 to 0.9 (good) and > 0.9 (excellent). HSP, homogeneous yellow sandy patches
proportion; GSP, grainy sandy patches proportion; BVP, abnormal blood vessels proportion.
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intra-rater reliability was determined to be 0.832, indicating a good
performance (95% CI 0.380-0.957) (Table 1).

Abnormal blood vessels proportion

The median BVP values as determined by the three observers
are illustrated in Figure 5. For Observer A, the individual measured
BVP for each image ranged from 0.24% to 54.95%, from 0% to
54.24% for Observer B, and from 0% to 40.80% for Observer C
(Supplementary Figure 3). Inter-rater reliability for BVP was
investigated using ICC, which was determined to be 0.890,
indicating a good performance (95% CI 0.804-0.936). Testing the
reliability between the individual observers showed good
performance (Table 1). Correspondingly, intra-rater reliability for
Observer C revealed an ICC of 0.982, demonstrating an excellent
performance (95% CI 0.932-0.995) (Table 1).

Discussion

This study has further validated the DGIT tool for quantitative
assessment of cervical lesions associated with FGS, namely
homogenous yellow sandy patches, grainy sandy patches, and
abnormal blood vessels. The ICC values for HSP, GSP, and BVP
all indicated a good performance (0.851, 0.768 and 0.890,
respectively), suggesting reliable and consistent measurements
across the observers. Similarly, the ICC values for the re-scoring
of HSP and BVP on both Day 0 and Day 14 showed excellent
performance, while the ICC value for GSP indicated a good
performance. The results show that the re-scoring performed by
Observer C was highly reliable.

While consensus among the observers was indeed significant, a
closer examination of the individual scores revealed that Observer C
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FIGURE 4

A box-and-whisker plot that displays the proportion (%) of grainy sandy patches as assessed by the three observers (A—C) for the set of 60 digital
images. The upper and lower lines of the box signify the interquartile range, and the horizontal line represents the median.

consistently had the lowest scores, along with the lowest ICC scores
when compared to the two other observers. This discrepancy could
be attributed to differences in experience levels among the
observers. Likewise, an explanation could be that Observers A
and B were single individuals whereas Observer C consisted of
three individuals, which necessitated consensus in scoring. The
collaborative scoring approach likely resulted in a more meticulous
evaluation of lesions as every assessment had to gain approval from
all three group members. To bridge the scoring gap between
individual and consensus evaluations, it would be beneficial to
disaggregate Observer C into three individual observers to yield a
greater volume of data and potentially enhance the reliability of the
results. According to the ICC combining all three observers and by
pairwise ICC comparisons, GSP appeared to be the most
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challenging lesion to assess. This could be attributed to reflections
on the cervix that mimic grainy sandy patches. Besides group
composition, other challenges associated with the scoring of
cervical lesions included the quality of the digital images such as
blur caused by camera settings, partial visibility of the cervix, grid
placement, reflection, and the observers use of different computer
screens. Both individually and combined, such challenges
contribute to discrepancies among the observers, as discussed in
Arenholt et al. (13). The positioning of the grid and the chosen
zoom level for cervical images may have introduced disparity
among the images. For this reason, ensuring a consistent position
of the grid across all images is crucial when assessing images
captured at different time points within the same woman. Failure
to do so may result in inaccurate evaluations and conclusions. For
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FIGURE 5

A box-and-whisker plot depicts the proportion (%) of abnormal blood vessels as assessed by the three observers (A—C) who evaluated the 60 digital
images. The upper and lower lines of the box represent the interquartile range, while the horizontal line indicates the median.
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instance, if a lesion is located at the outer circumference of the
cervical surface and is excluded from the proportion in one image
due to the grid failing to cover it, while being counted in
another image.

In 45% of the images, the cervical circumference was not fully
visible, potentially leading to overlooked lesions. To enhance the
image quality in future studies, we plan to investigate the image-
capturing process, which may involve instructing women to
perform a Valsalva manoeuvre during image capture or choosing
alternative types of speculums.

At the baseline examination, only women diagnosed with FGS
associated cervical lesions were selected for the study according to the
RCT protocol. Even though only images obtained at the visits at
Week 5 and Week 10 after inclusion and baseline treatment were
used for this project, the chance of FGS cervical lesions being present
remained high (7, 16). In a study conducted by Kjetland et al., there
was no significant reduction in lesions observed among 427 women
12 months after PZQ treatment (7). Similarly, findings from the study
by Kabengele et al. revealed that cervical lesions persisted in 77% of
the 43 included women when evaluated 6 to 12 months after PZQ
treatment (16). We believe that by utilizing images from Week 5 and
Week 10, the risk of cervical lesions being present is even higher.
With this awareness, it is conceivable that the ratings done by the
observers may have been biased. To enhance the validity of the DGIT,
it would be advantageous to incorporate control images of women
without the FGS diagnosis. This would enable us to validate the
method’s capability to distinguish between women with FGS
associated cervical lesions and those without. In a study conducted
by Sturt et al. (8), it was found that there existed a low level of
correlation between two experts when diagnosing FGS through the
review of colposcopic cervical images. Likewise, up to 20% of the
images were deemed unsuitable for diagnosing FGS due to either
poor image quality or inadequate visibility of the cervical region. This
underscores the imperative for continued exploration into tools that
enhance the visualization of FGS associated cervical lesions.

Cervical lesions, along with FGS associated symptoms reported
by the women, can resemble those found in women with conditions
such as cervical dysplasia and chlamydia (17, 18). Consequently,
due to the lack of information on STIs at Week 5 and Week 10, this
study cannot definitively rule out the possibility that some of the
cervical lesions detected at these visits may be partly attributed to
STIs rather than solely to FGS.

The DGIT would constitute a valuable tool in detecting and
quantifying FGS associated cervical lesions in future control
programs in schistosomiasis-endemic areas. However, further
development is needed to improve its accuracy and efficacy and
to reduce time consumption in the manual scoring of cervical
lesions. More precise and reliable diagnosis of cervical lesions could
be obtained by utilising machine learning-based algorithms and
software tools for image analysis. The implementation of advanced
automated software tools has potential to eliminate human
discrepancies and a facilitate diagnosis and assessment of FGS,
thereby reducing the workload on healthcare workers regarding the
time spent on assessing the cervical lesions in a quantitative
manner. At the time of writing, progress towards creating an
automated lesion recognition system has already been made. In
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studies by Holmen et al., computerised imaging analysis techniques
have been described aiming to identify sandy patches by
differentiating among the colour variations seen in healthy
cervical mucosa and the yellowish appearance of the sandy
patches (19, 20). This method involves applying hue, saturation,
red, green, and blue filters to highlight the yellowish areas of the
cervix. Such filters are akin to those used for the manual scoring of
HSP, GSP, and BVP in the QubiFier program. In the computer
analysis, the scoring is based on the number of affected pixels to
establish a diagnostic threshold. Combining the adaptive,
colorimetric image analysis method with automated image pre-
processing has also been reported to enable the detection of lesions
with 83% sensitivity and 73% specificity. Similarly, strong
correlations between the diagnoses given by colposcopy and by
computer colour analysis have been observed, with 80.5% sensitivity
and 66.2% specificity. The method proposed by Holmen et al.
(19, 20) nevertheless faces limitations as it addresses only superficial
grainy sandy patches and homogenous sandy patches on the
ectocervix for lesion detection. This implies that deep grainy
sandy patches, abnormal blood vessels, or superficial grainy sandy
patches of white rather than yellow colour may go undetected. Even
if an automated lesion detection tool was to be developed, costly
equipment for the collection of cervical images would still be
required. Softeland et al. (21) present a systematic review of
research on the use of handheld tools as an alternative to
stationary colposcopes for detecting precancerous and cancerous
lesions on the cervix, which can resemble lesions linked to FGS.
Their study examined the advantages and disadvantages of
compiling cervical images using four different types of handheld
colposcopes, a digital camera, and a smartphone. Interestingly, the
study found no statistically significant difference in specificity and
sensitivity for the identification of lesions whether images were
taken by a handheld colposcope, a digital camera, or a smartphone.

Utilising smartphones for the assessment of women infected
with S. haematobium could potentially enhance diagnosis and
treatment rates (22). Compared to other diagnostic tools, a
smartphone is user-friendly and relatively inexpensive, and it
could easily be integrated with the DGIT. Their accessibility in
endemic areas, including among healthcare workers, has the further
advantage of not requiring specialised training for operation.

Quantifying cervical lesions can serve as a useful tool for
evaluating the efficacy of treatment or for establishing possible
correlations between cervical lesions and symptom picture.
Moreover, this assessment approach may enhance our
understanding of the natural history and the complexity of
clinical manifestations occurring in women with FGS. It may
further provide opportunities for developing new preventive and
therapeutic strategies for the millions of girls and women affected
by FGS.

FGS-associated lesions are not confined to the cervical surface
but can also manifest on the vaginal wall (2, 3). Depending solely on
digital images of the cervix for FGS evaluation alone could lead to
overlooking vaginal lesions. Our future work will therefore
emphasise the structured documentation and quantification
of vaginal lesions to ensure comprehensive assessment and
management of FGS. Additionally, we plan to conduct
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further studies to explore the correlation between cervical
lesion proportions and FGS biomarkers such as CAA and
S. haematobium DNA, aiming to deepen our understanding of
cervico-vaginal lesion pathophysiology in women with FGS.
Likewise, comparing cervical lesion proportions with FGS
biomarkers could provide additional validation for the DGIT tool

as a diagnostic instrument.

Conclusion

The DGIT was found to be a reliable tool for assessing and
quantifying cervical lesions in women with FGS. Both inter- and
intra-rater agreement were good to excellent; the DGIT may thus
serve as a valuable tool for future control programs in
schistosomiasis-endemic areas. While the use of a digital camera
for documenting and storing cervical images proved highly
applicable, future studies should prioritise optimisation of
image quality.
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