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Abstract. Conventional microscopy is the standard procedure for the diagnosis of schistosomiasis, despite its limited
sensitivity, reliance on skilled personnel, and the fact that it is error prone. Here, we report the performance of the innova-
tive (semi-)automated Schistoscope 5.0 for optical digital detection and quantification of Schistosoma haematobium
eggs in urine, using conventional microscopy as the reference standard. At baseline, 487 participants in a rural setting in
Nigeria were assessed, of which 166 (34.1%) tested S. haematobium positive by conventional microscopy. Captured
images from the Schistoscope 5.0 were analyzed manually (semiautomation) and by an artificial intelligence (AI) algorithm
(full automation). Semi- and fully automated digital microscopy showed comparable sensitivities of 80.1% (95% confi-
dence interval [CI]: 73.2–86.0) and 87.3% (95% CI: 81.3–92.0), but a significant difference in specificity of 95.3% (95% CI:
92.4–97.4) and 48.9% (95% CI: 43.3–55.0), respectively. Overall, estimated egg counts of semi- and fully automated
digital microscopy correlated significantly with the egg counts of conventional microscopy (r50.90 and r50.80, respec-
tively, P, 0.001), although the fully automated procedure generally underestimated the higher egg counts. In 38 egg posi-
tive cases, an additional urine sample was examined 10 days after praziquantel treatment, showing a similar cure rate
and egg reduction rate when comparing conventional microscopy with semiautomated digital microscopy. In this first
extensive field evaluation, we found the semiautomated Schistoscope 5.0 to be a promising tool for the detection and
monitoring of S. haematobium infection, although further improvement of the AI algorithm for full automation is required.

INTRODUCTION

Schistosomiasis is a neglected tropical disease affecting
approximately 250 million people, and more than 700 million
people are at risk of infection.1 Sub-Saharan Africa shares
the greatest burden of this disease,2 and preschool and
school-age children are the most affected. It is a parasitic
worm infection of poverty, leading to chronic disease and
significant disability-adjusted life years lost.3 Several Schis-
tosoma species are known to affect humans. Urogenital
schistosomiasis is caused by S. haematobium, and S. man-
soni is the major species causing intestinal disease. S. hae-
matobium infections are most prevalent in Africa, affecting
the urogenital system with hematuria, bladder and kidney
failure as the main complications and genital schistosomiasis
presentations such as vaginal discharge and postcoital
bleeding in women and hematospermia in men.3,4 Chronic
infections can lead to miscarriage and infertility and may
facilitate infection with sexually transmitted diseases, includ-
ing HIV.4

The prevailing strategy to control and eliminate this dis-
ease is a comprehensive integrated program of mass drug
administration (MDA) with praziquantel, water, sanitation,
and hygiene (WASH); snail vector control; and a multisec-
toral approach to diagnostic monitoring and evaluation.5 The
diagnosis of S. haematobium infection typically involves the
detection of eggs in urine by conventional light microscopy.
Counting the number of eggs seen per 10 mL of urine is
commonly done to indicate the intensity of infection in a

target population,3,5 which is relevant for the purpose of
monitoring and evaluation. However, the need for expert lab-
oratory personnel, basic laboratory infrastructure, and a per-
manent power supply limits the use of conventional light
microscopy in endemic resource-limited settings. In addi-
tion, in areas where laboratory infrastructure is inadequate,
the ratio of trained personnel to sample analysis is often very
low, resulting in a high workload per technician and above
threshold eye exposure to the microscopy light source,
causing visual health complications.6,7 Therefore, there is a
need for innovative, and preferably easy-to-use, diagnostics
that will suit endemic resource-limited settings to diagnose
infections and complement control and elimination efforts.
During the past decade innovative optical diagnostic devi-

ces, with or without artificial intelligence (AI), have been
developed for the detection of S. haematobium eggs.8–15

Although several of these devices scan through samples
and save digitalized images for manual identification of
Schistosoma spp.,8–12 only a few have an integrated AI pro-
gram for automated detection.13–15 To our knowledge, only
four of these devices have been field validated using sam-
ples from a Schistosoma-exposed population,9–12 and only
the Newton Nm1 microscope has been marketed commer-
cially as a portable field microscope, although without a fully
automated AI application.12 This limited validation highlights
the technical challenges that are faced to transition working
prototypes to commercialized and field applicable devices.
Also, most studies have used only a small, often nonran-
domly selected, number of clinical samples to validate the
diagnostic devices. Hence, there is a clear need for more
extensive field-based studies.
The Schistoscope device (version 5.0) is a low-cost digital

microscope (Figure 1A and B) that has gone through five
design iterations in an ongoing process of co-creation
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including different potential stakeholders. In its current form,
it can function either as a semiautomated or AI integrated
fully automated digital microscope to detect and quantify S.
haematobium eggs.16,17 In a recent proof-of-principle study,
the device and its AI algorithms were trained successfully
with phosphate buffer saline and urine samples that were
spiked with S. haematobium eggs obtained from a labora-
tory maintained parasite life cycle and a limited number of
clinical samples.18 This led to the conclusion that the Schis-
toscope was ready for further validation. The aim of the
current study is to evaluate the performance of the Schisto-
scope 5.0 as a semi- and fully automated digital microscope
for the detection and quantification of S. haematobium eggs
in a prospective study design under field conditions. For this
purpose, urine samples were collected in a rural area in
Nigeria and filtered, and each membrane filter was indepen-
dently examined locally by conventional microscopy and the
Schistoscope 5.0.

METHODS

Ethical considerations. This study was done in collabora-
tion with the Schistosomiasis Program of the Neglected Trop-
ical Diseases Department, Federal Ministry of Health, Abuja,
and embedded in an ongoing, cross-sectional community-
based survey in collaboration with the Public Health Depart-
ment in charge of the MDA of praziquantel in the Federal
Capital Territory (FCT), Nigeria. The ethical approval for this

study was obtained from the FCT Health Research Ethics
Committee in Abuja, Nigeria (reference no. FHREC/2019/01/
73/18-07-19). Written consent from adults and from parents
or legal guardians of children and teenagers was obtained
before sample collection from persons willing to participate
through their signatures or thumbprints. Confidentiality and
anonymity of results were ensured by assigning unique codes
to samples. According to the local standard operational pro-
cedures, all participants with detectable hematuria (discussed
subsequently) were considered S. haematobium positive and
therefore treated with praziquantel (40 mg/kg of body weight).
The local health authorities have been informed of the out-
come of the study, and all participants have been offered
(re)treatment where appropriate.
Study design and population. This cross-sectional and

longitudinal study was carried out in August–September
2021 in two area councils in FCT, Abuja, Nigeria (geographic
coordinates: 9.0618� N latitude, 7.4221� E longitude and
8.950833� N latitude, 7.076737� E longitude). The FCT is the
third highest endemic state for schistosomiasis in Nigeria.19

In total, 14 communities from these two area councils were
visited, where preschool, school-age children and adults
were allowed to participate. Strategic advocacy and engage-
ment with community leaders in the study area preceded the
sample collection at the communities studied.
Sample collection and processing. Figure 2 depicts the

flowchart of sample collection. Briefly, a sterile 20-mL uni-
versal container with a unique identification code was given

FIGURE 1. (A) Schistoscope 5.0 device (right) connected to a computer monitor (left), showing an image of a digitally screened sample. (B) Schis-
toscope 5.0 operated by a laboratory technician in the field. (C) Digital image of a urine filtered membrane showing several Schistosoma eggs cap-
tured with the Schistoscope 5.0 (43 objective). The red circle indicates a S. haematobium egg, the blue circle indicates a S. mansoni egg.
(D) Image of a urine filtered membrane with several S. haematobium eggs captured by a camera attached to a conventional microscope (103
objective). This figure appears in color at www.ajtmh.org.

MEULAH AND OTHERS1048

http://www.ajtmh.org


to those who consented to participate with the request to
collect a urine sample between 11:00 AM and 13:00 PM.
Dipstick (Combur 10-Test M Roche Mannheim, Germany)
urinalysis was performed on site according to the manufac-
turer’s instructions. Of those who were confirmed as posi-
tive by conventional urine microscopy, 50 were randomly
selected and asked to provide an additional sample 10 days
after baseline screening. This small-scale posttreatment evalu-
ation was done to examine whether drug treatment could
influence the performance of the Schistoscope 5.0, possibly
via praziquantel-induced changes in egg morphology.20,21

All urine samples were transported to the laboratory of the
Department of Public Health, Abuja, FTC, within 2 hours of
sample collection and prepared for microscopy by urine fil-
tration.22 Urine samples were homogenized, and 10 mL of
urine was obtained with a syringe and pressed through a fil-
ter membrane (diameter 13 mm; pore size 30 mm; Whatman
International Ltd., Maidenstone, UK). The filter membrane
was then placed on a standard microscope glass slide, and
a cover slip was placed over the membrane to keep the filter
moist. Each slide was viewed under a standard microscope
and the Schistoscope.
Description of the Schistoscope 5.0. The Schistoscope

5.0 (Figure 1) is a low-cost automated slide-scanner digital
microscope that can be supported with AI algorithms for
image processing.18 The system is composed of custom-
designed optical bright-field illumination, three-axis move-
ment (X, Y, Z), and electronic and computing modules. The
illumination module comprises a bright white light-emitting
diode and condenser lenses to generate uniform illumina-
tion. The custom three-axis motorized stage provides a step
resolution of 2.5 mm on all three axes. A custom printed
circuit board is used to control all three motors and the illu-
mination. The on-board computer is a Raspberry Pi 4B con-
nected to a Raspberry Pi HQ camera that has a pixel size of
1.55 mm and an image resolution of 2028 3 1520 pixels. The
current study used a 43 microscope objective that provides
an experimental resolution limit of 3.26 mm,18 which is

sufficient to resolve S. haematobium eggs (Figure 1C). The
device runs on mains electricity and does not have a built-in
battery. Dedicated software with a graphical user interface
was developed and installed on the device’s onboard com-
puter for easy user interaction and control of the device. The
software comprises a simple autofocus procedure and an
algorithm to scan the complete filter membrane and capture
each field of view as an image. It takes 12 minutes to scan
and capture 117 images of an entire 13-mm filter membrane.
Additional analysis of the captured images, including count-
ing the number of eggs, takes approximately 5 minutes
on average per filter when done either manually or by AI.
Captured images are stored in folders by their sample identifi-
cation code. Semiautomated analysis can be done via a con-
nected computer monitor, or automated analysis can be done
on an external computer. Further development is ongoing to
enable automated processing and analysis on the device itself.
Detection of S. haematobium eggs by microscopy and

the Schistoscope. Slides were examined immediately after
preparation. The order of examination was randomized,
resulting in approximately half of the slides being first ana-
lyzed by conventional microscopy and then imaged with the
Schistoscope 5.0 and the other half analyzed in the oppo-
site sequence.
For conventional light microscopy, slides were analyzed

using a 103 objective on an Olympus (Tokyo, Japan)
CX22RFS1 microscope (Figure 1D). Two microscopists inde-
pendently examined each slide for the detection and quanti-
fication of S. haematobium eggs with results blinded from
each other. The average of egg counts from both micro-
scopists was computed as the final result. Discrepancies of
more than 20% between both microscopy readings were
resolved by a third independent microscopy reading, of
which an average between two closest among the three
readings was considered.
The imaging procedure of the Schistoscope included

manual counting of the eggs seen on the images, which was
done in the field by a fourth microscopist who was blinded

FIGURE 2. Flow chart of urine sample collection and analysis comparing conventional microscopy with semiautomated and fully automated
digital microscopy.
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from the results of the conventional light microscopy. The
images were also uploaded to a cloud server (Google Cola-
boratory; https://colab.research.google.com) for remote
access and AI analysis. For quality control of the manual
analysis of the captured images, 10% of the images were
randomly selected and reexamined by an independent
senior microscopist, but because this showed no significant
differences from the original manual readings, these data are
not further considered. Data from the two independent
microscopists, the manual reading, and the AI analysis were
independently entered in an Excel spreadsheet and only
shared with the results collation officer after finalizing.
Power calculations and statistical analyses. For the

cross-sectional evaluation of the Schistoscope, the number
of positive cases needed to achieve an assumed sensitivity
and specificity of 80% and 90% using conventional micros-
copy as the reference was calculated to be 107.23 The power
of this calculation was set to 80%, and a 5% degree of error
was considered to be able to detect a difference of at most
10% from the assumed sensitivity and specificity. With a
schistosomiasis prevalence of 25% in the FCT region,19 a
total of 450 samples was needed to meet our target case
number. Microscopy and Schistoscope data were merged
and double-checked by the collation officer. Descriptive sta-
tistics for the data were obtained using IBM Statistical Pack-
age for Social Sciences version 25 (SPSS Inc., Chicago, IL).
For the baseline sample subset, sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive value
(NPV) of the semi- and fully automated digital microscope
were calculated for S. haematobium detection using conven-
tional light microscopy as the reference standard. Qualitative
agreement between the Schistoscope and conventional
microscopy was assessed using the adjusted Cohen’s
kappa, considering true positives and true negatives, as well
as false positives and false negatives.24 Egg counts were
categorized as low-intensity infection (# 50 eggs/10 mL
urine) or high-intensity infection (. 50 eggs/10 mL urine).
Because of the non-Gaussian nature and wide range of the
egg count estimates for all three methods, the data set was
log transformed before analysis was performed. The linear
association in terms of egg counts (eggs/10 mL) between
the different optical procedures was estimated using the
Pearson’s correlation coefficient (r), excluding the negative
data points. Bland–Altman analysis was performed for quan-
titative assessment of the agreement between semi- and
fully automated digital microscopy and conventional micros-
copy using GraphPad Prism version 9.0.1 for windows
(GraphPad Software, San Diego, CA; http://www.graphpad.
com). Cure rate (CR), defined as the percentage of follow-up
samples with no detectable eggs, and egg reduction rate
(ERR), defined as the percentage reduction in the geometric
mean (GM; formula: GM (egg count 11) – 1) egg counts pre-
and post-treatment, were estimated for each of the micros-
copy procedures.

RESULTS

Performance evaluation of the Schistoscope and
estimation of egg counts. To evaluate the capacity of the
Schistoscope to detect and count S. haematobium eggs,
each of the 487 prepared slides was examined by conven-
tional microscopy and by both semi- and fully automated

digital microscopy. No differences resulting from the order in
which the filters were examined were noted (e.g., first by
conventional microscopy, followed by image capturing by
the Schistoscope or vice versa). The three detection meth-
ods (i.e., conventional and semiautomated and fully auto-
mated digital microscopy) independently identified 166
(34.1%), 148 (30.4%), and 309 (63.4%) of the slides as posi-
tive for S. haematobium, respectively (Table 1). Egg count
estimates per 10 mL of urine ranged from 1 to 4,386 eggs/
10mL for conventional microscopy, 1 to 2,059 eggs/10 mL
for semiautomated digital microscopy, and 1 to 573 eggs/
10mL for fully automated digital microscopy, with a median
of 12, 12, and 2 eggs/10 mL, respectively. Compared with
conventional microscopy, semi- and fully automated digital
microscopy showed an overall accuracy of 90.1% and
62.0%, respectively (Table 1).
Table 2 summarizes the sensitivity, specificity, PPV, and

NPV for the semi- and fully automated digital microscopy.
The sensitivities of the semi- and fully automated digital
microscope for the detection of S. haematobium eggs were
comparable; 80.1% (95% confidence interval [CI]: 73.2–
86.0%) and 87.3% (95% CI: 81.3–92.0%), respectively, but
the fully automated procedure showed a much lower specif-
icity (48.9%; 95% CI: 43.3–55.0%) than the semiautomated
procedure (95.3%; 95% CI: 92.4–97.4%). This resulted in a
low PPV (46.9%) for the fully automated digital microscope
(Table 2).
Conventional microscopy classified 129 (78%) as low-

intensity infection and 37 (22%) as high-intensity infection,
whereas semi- and fully automated microscopy classified
111 (75%) and 294 (95%) as low-intensity infection and 37
(25%) and 15 (5%) as high-intensity infection, respectively.
The sensitivities of semi- and fully automated digital micros-
copy for low-intensity infections were 75.2% (95% CI:
67.0–82.3%) and 83.7% (95% CI: 76.1–90.0%), which
increased for high-intensity infections (Table 2). The adjusted
Cohen’s kappa demonstrated a fair (0.34) and a slight (0.2)
qualitative agreement between conventional microscopy and
semi- and fully automated digital microscopy, respectively.
In terms of S. haematobium egg count estimates, conven-

tional microscopy correlated strongly to semiautomated
digital microscopy (N5133, r50.90, P , 0.001) and fully
automated digital microscopy (N5145, r50.80, P , 0.001)
(Figure 3). To demonstrate reliability of conventional micros-
copy, Bland–Altman analysis showed a strong agreement
between the first and second microscopy readings across
the range of mean egg counts for both readings (bias50.13,
95% limits of agreement from –0.66 to 0.94). Further
Bland–Altman analysis demonstrated a strong agreement
between conventional microscopy and semiautomated

TABLE 1
Cross tabulation of the detection of Schistosoma haematobium
eggs by the Schistoscope 5.0 and conventional microscopy
performed on 487 urines collected at baseline screening

Conventional microscopy

Schistoscope 5.0
Positive
(n 5 166)

Negative
(n 5 321)

Total
(N 5 487)

Semi-automated
digital microscope

Positive 133 15 148
Negative 33 306 339

Fully automated
digital microscope

Positive 145 164 309
Negative 21 157 178
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digital microscopy across the range of mean egg counts for
both methods (bias50.08, 95% limits of agreement from
–0.69 to 0.85) (Figure 4). Conventional microscopy and fully
automated digital microscopy revealed a strong agreement
at low mean egg counts of both methods. However, an
underestimation of egg counts by fully automated digital
microscopy was observed at egg counts greater than
100 eggs/10 mL (bias5 0.47, 95% limits of agreement from
–0.69 to 1.63).
Follow-up after praziquantel treatment. Conventional

microscopy and the semiautomated Schistoscope proce-
dure were also compared on 38 urine samples collected
10 days post-praziquantel treatment from participants with a
confirmed infection at baseline. Thirty (79%) and 27 (71%)
samples still had detectable S. haematobium eggs by con-
ventional microscopy and semiautomated digital micros-
copy, resulting in a CR of 21% (95% CI: 10–37) and 29%
(95% CI: 15–46), respectively. In four follow-up samples,
eggs were only seen by conventional microscopy, and only
one sample was positive by semiautomated digital micros-
copy. The ERR of conventional microscopy (80%; 95% CI:
64–90) and semiautomated digital microscopy (77%; 95%
CI: 60–91) were similar.

DISCUSSION

In this study, the performance of the Schistoscope 5.0
was evaluated as a semiautomated digital microscope and

as an AI-based fully automated digital microscope for the
detection and quantification of S. haematobium eggs in a
field setting. The diagnostic parameters that were assessed
include sensitivity, specificity, PPV, NPV, and infection inten-
sity. At baseline screening, the sensitivity of the semiauto-
mated digital microscope (80.1%) was lower than that of the
fully automated digital microscope (87.3%); however, this
difference was not statistically significant. As expected, the
sensitivity of the Schistoscope increased with increasing
egg excretion. On the other hand, the Schistoscope detected
additional cases as positive, which might have been true
cases missed by conventional microscopy. Conventional
microscopy was used as the standard reference, and this
resulted in a reduced specificity of the Schistoscope. The
specificity was significantly lower for the fully automated digi-
tal microscope (48.9%) than for the semiautomated digital
microscope (95.3%).
A probable reason for the low specificity recorded by the

fully automated digital microscope is the limited datasets
used to train the AI algorithm to detect S. haematobium
eggs. The AI algorithm was developed using two training
datasets consisting of images obtained from egg-spiking
experiments resulting in relatively clean samples and a lim-
ited number of field samples that did not contain many egg-
like artifacts (e.g., uric crystals). Therefore, the AI algorithm
seemed insufficiently trained to separate egg-like artifacts
from S. haematobium eggs. Another reason could be limita-
tions in the deep learning model used by the AI algorithm

FIGURE 3. Correlation in Schistosoma haematobium egg counts per 10 mL of urine on a Log10 scale on samples collected at baseline screen-
ing. Negative data points are excluded. (A) Semiautomated digital microscopy versus conventional microscopy (n 5 133, r 5 0.90, P , 0.001). (B)
Fully automated digital microscopy versus conventional microscopy (n 5 145, r 5 0.80, P , 0.001). (C) Semiautomated versus fully automated
digital microscopy (n5 137, r5 0.80, P, 0.001). The depicted solid line indicates y5 x. This figure appears in color at www.ajtmh.org.

TABLE 2
Diagnostic performance of the Schistoscope 5.0 for the detection of Schistosoma eggs performed on 487 urines collected at baseline

screening

Conventional microscopy

Schistoscope 5.0

Semiautomated digital microscopy Automated digital microscopy

Sen (95% CI) Spec (95% CI) PPV (95% CI) NPP (95% CI) Sen (95% CI) Spec (95% CI) PPV (95% CI) NPV (95% CI)

All samples with S.
haematobium
infection (N 5 166)

80.1
(73.2–86.0)

95.3
(92.4–97.4)

89.8
(84.0–94.2)

90.3
(87.0–93.2)

87.3
(81.3–92.0)

48.9
(43.3–55.0)

46.9
(41.2–53.0)

88.2
(83.0–93.0)

Low-intensity
infection* (n 5 129)

75.2
(67.0–82.3)

– – – 83.7
(76.1-90.0)

– – –

High-intensity
infection† (n 5 37)

97.3
(86.0–100.0)

– – – 100 – – –

CI5 confidence interval; NPV5 negative predictive value; PPV5 positive predictive value; Sen5 sensitivity; Spec5 specificity.
*# 50 eggs/10 mL urine.
†. 50 eggs/10 mL urine.
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that was optimized for enhanced sensitivity at a trade-off of
specificity. Additional iterations to enhance specificity are
therefore needed and are currently in progress.
Several other studies have also field evaluated digital opti-

cal devices, with or without AI, for the detection and/or
quantification of S. haematobium eggs.9,11,12 The sensitivi-
ties and specificities obtained for the various devices in
these studies, with conventional microscopy as a reference,
range from 35.6% to 81.1% and 91.0% to 100%, respec-
tively. The sensitivities of the semi- and fully automated digi-
tal microscope reported in the current study were generally
higher compared with previous reports, except for results
reported by Coulibaly et al., for the Newton Nm1 micro-
scope, which is considered comparable in sensitivity. How-
ever, the study by Coulibaly et al. had a slightly lower power
than our study, with 266 samples examined, of which 90
were egg positive.
For egg count estimates, a strong correlation was

observed between semiautomated digital microscopy and
conventional microscopy, whereas for fully automated digital
microscopy, a clear underestimation of the intensity of infec-
tion was observed for samples with more than 100 eggs/10
mL urine. A possible explanation is that overlapping eggs
were recognized as a single egg by the deep learning model,
leading to an underestimation of egg counts. In addition,
hematuria might have also caused interference. Although
not systematically recorded, our impression was that sam-
ples with more than 100 eggs/10 mL of urine were often
strongly positive for hematuria, with an abundance of blood
cells compared with samples with lower egg counts. This
could have resulted in shading the eggs on the filter mem-
brane and subsequently limiting the detection by the AI
algorithm.
Although only performed in a small subset of cases and at

one time point, no substantial differences were noticed
before and after treatment when comparing the semiauto-
mated digital microscope with the conventional microscopy,
suggesting that the Schistoscope could also be used for
monitoring treatment. More extensive posttreatment follow-
up studies are needed to demonstrate how well the Schisto-
scope can differentiate viable S. haematobium eggs from

dead eggs, which can be excreted up to many weeks after
receiving praziquantel (personal observation).
The Schistoscope 5.0 captured high-resolution images

that clearly show the specific features of S. haematobium
and S. mansoni eggs (i.e., the terminal and lateral spines;
Figure 1C). In terms of potential use-cases, this supports the
application of the semiautomated microscope as a diagnos-
tic tool to assist microscopists in field laboratory settings.
The use of (semi-)automated digital microscopy could
reduce visual health complications caused by high eye
exposure to a conventional microscope light source. Upon
further development to improve the AI, the fully automated
microscope would be useful for nonexpert microscopists as
well (e.g., community health workers and laboratory techni-
cians). In both cases, task shifting could be gained because
personnel could focus on other activities while the device
analyzes samples. The added value of task shifting could
compensate for the current time difference between conven-
tional microscopy that requires less than 10 minutes to scan
a urine filter and the Schistoscope 5.0, which can take on
average 17 minutes to complete scanning and analysis.
Limitations of this study include the choice of conventional

light microscopy on a single 10 mL urine sample as the refer-
ence test, which is known for its limited sensitivity, especially
in cases with low infection intensity. Further evaluation stud-
ies should be conducted to field validate the Schistoscope
5.0 for the detection of S. haematobium eggs compared with
more sensitive reference tests such as the detection of adult
worm-associated circulating anodic antigens or the detec-
tion of parasite specific DNA.25 The Schistoscope 5.0 cur-
rently does not meet the target product profile set by the
WHO for new diagnostics needed for monitoring and evalu-
ating schistosomiasis control programs.26 For example, it
does not have an onboard display and is connected to a
computer monitor for visual control of the device, thus mak-
ing transportation impractical. Furthermore, the device lacks
a backup power supply. Additional functionalities such as an
onboard computer with a graphical processing unit for
higher image processing capabilities and internet access
would also be beneficial. These functionalities would create
the capacity to generate results in real time for patient

FIGURE 4. Bland–Altman plots showing the level of agreement between (A) conventional microscopy and semiautomated digital microscopy
counts and (B) conventional microscopy and fully automated digital microscopy counts. This figure appears in color at www.ajtmh.org.
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management, store and share digital images with other
experts, and facilitate mapping of schistosomiasis,27 thereby
making (semi-)automated digital devices an attractive tool
for future use in epidemiology and public health settings.
Here we evaluated the Schistoscope 5.0 for the first time in a
rural field setting, demonstrating its potential as a digital
diagnostic tool for the detection and quantification of S. hae-
matobium eggs, as well as for monitoring the effect of schis-
tosomiasis treatment in settings with limited resources.

Received April 21, 2022. Accepted for publication August 3, 2022.

Published online October 17, 2022.

Acknowledgments: We acknowledge the staff of the FCT Public
Health Department and Neglected Tropical Diseases (NTD) Depart-
ment of the Federal Ministry of Health Abuja; the Area Council
authorities/NTD coordinators and focal persons; and the community
leaders and community members in the FCT Area Councils who
were assessed in the study.

Financial support: this work was funded by NWO-WOTRO Science
for Global Development program, grant no. W 07.30318.009
(INSPiRED—INclusive diagnoStics for Poverty REIated parasitic Dis-
eases in Nigeria and Gabon).

Authors’ addresses: Brice Meulah, Department of Parasitology, Lei-
den University Medical Center, Leiden, The Netherlands, and Centre
de Recherches M�edicales des Lambar�en�e, CERMEL, Lambar�en�e,
Gabon, E-mail: b.meulah_tcheubousou@lumc.nl. Prosper Oyibo,
Mechanical, Maritime and Material Engineering, Delft University of
Technology, Delft, The Netherlands, and Centre for Malaria
Diagnosis, NTD Research, Training & Policy/ANDI Centre of
Excellence for Malaria Diagnosis, University of Lagos, Lagos,
Nigeria, E-mail: P.O.Oyibo@tudelft.nl. Michel Bengtson and
Temitope Agbana, Department of Parasitology, Leiden University
Medical Center, Leiden, E-mails: M.L.Bengtson@lumc.nl and T.E.
Agbana@tudelft.nl. Rom�eo Aim�e Laclong Lontchi, Centre de
Recherches M�edicales des Lambar�en�e, CERMEL, Lambar�en�e,
Gabon, E-mail: laclonglontchiromeoaime@gmail.com. Ayola Akim
Adegnika, Department of Parasitology, Leiden University Medical
Center, Leiden, The Netherlands, and Centre de Recherches
M�edicales des Lambar�en�e, CERMEL, Lambar�en�e, Gabon, Institut fur
Tropenmedizin, Universitat Tubingen, Tubingen, Germany, and
German Center for Infection Research (DZIF), partner site T€ubingen,
Germany, E-mail: aadegnika@gmail.com. Wellington Oyibo, Centre
for Malaria Diagnosis, NTD Research, Training & Policy/ANDI Centre
of Excellence for Malaria Diagnosis, University of Lagos, Lagos,
Nigeria, E-mail: woyibo@unilag.edu.ng. Cornelis Hendrik Hokke and
Lisette van Lieshout, Department of Parasitology, Leiden University
Medical Center, Leiden, The Netherlands, E-mail: C.H.Hokke@lumc.
nl and E.A.van_Lieshout@lumc.nl. Jan Carel Diehl, Industrial Design
Engineering, Delft University of Technology, Delft, The Netherlands,
E-mail: J.C.Diehl@tudelft.nl.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. World Health Organization, 2021. Schistosomiasis and soil-
transmitted helminthiases: treating millions of people, despite
the pandemic. Available at: https://www.who.int/news/item/08-
12-2021-schistosomiasis-and-soil-transmitted-helminthiases-
treating-millions-of-people-despite-the-pandemic. Accessed
January 27, 2022.

2. Aula OP, McManus DP, Jones MK, Gordon CA, 2021. Schisto-
somiasis with a focus on Africa. Trop Med Infect Dis 6: 109.

3. McManus DP, Dunne DW, Sacko M, Utzinger J, Vennervald BJ,
Zhou XN, 2018. Schistosomiasis. Nat Rev Dis Primers 4: 13.

4. Bustinduy AL, Randriansolo B, Sturt AS, Kayuni SA, Leustcher
PDC, Webster BL, Van Lieshout L, Stothard JR, Feldmeier H,
Gyapong M, 2022. An update on female and male genital
schistosomiasis and a call to integrate efforts to escalate diag-
nosis, treatment and awareness in endemic and non-endemic
settings: the time is now. Adv Parasitol 115: 1–44.

5. World Health Organization , 2020. Ending the Neglect to Attain
the Sustainable Development Goals—A Road Map for
Neglected Tropical Diseases 2021–2030. Geneva, Switzerland:
WHO; 2020. License: CC BY-NC-SA 3.0 IGO.

6. Ngakhushi R, Kaiti R, Bhattarai S, Shrestha G, 2018. Prevalence
of myopia and binocular vision dysfunctions in microscopists.
Int Eye Sci 18: 1180–1183.

7. S€oderberg I, Calissendorff B, Elofsson S, Knave B, Nyman KG,
1983. Investigation of visual strain experienced by microscope
operators at an electronics plant. Appl Ergon 14: 297–305.

8. Koydemir HC, Coulibaly JT, Tseng D, Bogoch II, Ozcan A, 2019.
Design and validation of a wide-field mobile phone micro-
scope for the diagnosis of schistosomiasis. Travel Med Infect
Dis 30: 128–129.

9. Bogoch JT II, 2014. Coulibaly, J.R. Andrews, B. Speich, J. Keiser,
J.R. Stothard, K. N’Goran E and J. Utzinger, Evaluation of porta-
ble microscopic devices for the diagnosis of Schistosoma and
soil-transmitted helminth infection. Parasitology 141: 1811–1818.

10. Bogoch II, Koydemir HC, Tseng D, Ephraim RKD, Duah E, Tee J,
Andrews JR, Ozcan A, 2017. Evaluation of a mobile phone-
based microscope for screening of Schistosoma haematobium
infection in rural Ghana. Am J Trop Med Hyg 96: 1468–1471.

11. Ephraim RKD, Duah E, Cybulski JS, Prakash M, D’Ambrosio
MV, Fletcher DA, Keiser J, Andrews JR, Bogoch II, 2015.
Diagnosis of Schistosoma haematobium infection with a
mobile phone-mounted Foldscope and a reversed-lens Cell-
Scope in Ghana. Am J Trop Med Hyg 92: 1253–1256.

12. Coulibaly JT, Ouattara M, D’Ambrosio MV, Fletcher DA, Keiser
J, Utzinger J, N’Goran EK, Andrews JR, and Bogoch II, 2016.
Accuracy of mobile phone and handheld light microscopy for
the diagnosis of schistosomiasis and intestinal protozoa infec-
tions in Cote d’Ivoire. PLoS Negl Trop Dis 10: e0004768.

13. Holmstrom O et al., 2017. Point-of-care mobile digital micros-
copy and deep learning for the detection of soil-transmitted
helminths and Schistosoma haematobium. Glob Health Action
10: 1337325.

14. Agbana TE et al., 2020. Detection of Schistosoma haematobium
using lensless imaging and flow cytometry, a proof of principle
study, p. 112470F. In Proceedings Volume 11247, Optical
Diagnostics and Sensing XX: Toward Point-of-Care Diagnos-
tics. https://doi.org/10.1117/12.2545220.

15. Linder E, Grote A, Varjo S, Linder N, Lebbad M, Lundin M,
Diwan V, Hannuksela J, Lundin J, 2013. On-chip imaging of
Schistosoma haematobium eggs in urine for diagnosis by
computer vision. PLoS Negl Trop Dis 7: e2547.

16. Agbana T, Oladepo O, Vdovin G, Oyibo W, Van GY, Diehl JC,
2019. Schistoscope: towards a locally producible smart diag-
nostic device for Schistosomiasis in Nigeria, p. 1–8. 2019
IEEE Global Humanitarian Technology Conference (GHTC).

17. Diehl JC, Oyibo P, Agbana T, Jujjavarapu S, Van GY, Vdovin G,
Oyibo W, 2020. Schistoscope: Smartphone versus Raspberry
Pi based low-cost diagnostic device for urinary Schistosomia-
sis, p. 1–8. In 2020 IEEE Global Humanitarian Technology
Conference (GHTC).

18. Oyibo P et al., 2022. Schistoscope: an automated microscope with
artificial intelligence for detection of Schistosoma haematobium
eggs in resource-limited settings. Micromachines (Basel) 13: 643.

19. Amuga GA et al., 2020. Schistosomiasis: epidemiological factors
enhancing transmission in Nigeria. Global Res J Public Health
Epidemiol 8: 023–032.

20. Pinto-Almeida A et al., 2016. Morphological characteristics of
Schistosoma mansoni PZQ-resistant and -susceptible strains are
different in presence of Praziquantel. Front Microbiol 7: 00594.

21. Richards F Jr, Sullivan J, Ruiz-Tiben E, Eberhard M, Bishop H,
1989. Effect of praziquantel on the eggs of Schistosoma man-
soni, with a note on the implications for managing central nervous
system schistosomiasis. Ann Trop Med Parasitol 83: 465–472.

22. Kosinski KC, Bosompem KM, Stadecker MJ, Wagner AD,
Plummer J, Durant JL, Gute DM, 2011. Diagnostic accuracy

EVALUATION OF THE SCHISTOSCOPE FOR DIAGNOSIS OF URINARY SCHISTOSOMIASIS 1053

mailto:b.meulah_tcheubousou@lumc.nl
mailto:P.O.Oyibo@tudelft.nl
mailto:M.L.Bengtson@lumc.nl
mailto:T.E.Agbana@tudelft.nl
mailto:T.E.Agbana@tudelft.nl
mailto:laclonglontchiromeoaime@gmail.com
mailto:aadegnika@gmail.com
mailto:woyibo@unilag.edu.ng
mailto:C.H.Hokke@lumc.nl
mailto:C.H.Hokke@lumc.nl
mailto:E.A.van_Lieshout@lumc.nl
mailto:J.C.Diehl@tudelft.nl
https://creativecommons.org/licenses/by/4.0/
https://www.who.int/news/item/08-12-2021-schistosomiasis-and-soil-transmitted-helminthiases-treating-millions-of-people-despite-the-pandemic
https://www.who.int/news/item/08-12-2021-schistosomiasis-and-soil-transmitted-helminthiases-treating-millions-of-people-despite-the-pandemic
https://www.who.int/news/item/08-12-2021-schistosomiasis-and-soil-transmitted-helminthiases-treating-millions-of-people-despite-the-pandemic
https://doi.org/10.1117/12.2545220


of urine filtration and dipstick tests for Schistosoma haema-
tobium infection in a lightly infected population of Ghanaian
schoolchildren. Acta Trop 118: 123–127.

23. Jones SR, Carley S, Harrison M, 2003. An introduction to power
and sample size estimation. Emerg Med J 20: 453–458.

24. McHugh ML, 2012. Interrater reliability: the kappa statistic. Bio-
chem Med (Zagreb) 22: 276–282.

25. Hoekstra PT, van Dam GJ, van Lieshout L, 2021. Context-
specific procedures for the diagnosis of human schistosomia-
sis—a mini review. Frontiers in Tropical Diseases 2: 722438.

26. World Health Organization, 2021. Public consultation: Target
Product Profiles for diagnostic tests to meet Schistosomiasis
and soil-transmitted Helminth programme needs. Available
at: https://www.who.int/news-room/articles-detail/public-
consultation-target-product-profiles-for-diagnostic-tests-to-
meet-schistosomiasis-and-soil-transmitted-helminth-programme-
needs. Accessed March 17, 2022.

27. Bogoch II, Lundin J, Lo NC, Andrews JR, 2017. Mobile phone
and handheld microscopes for public health applications. Lan-
cet Public Health 2: e355.

MEULAH AND OTHERS1054

https://www.who.int/news-room/articles-detail/public-consultation-target-product-profiles-for-diagnostic-tests-to-meet-schistosomiasis-and-soil-transmitted-helminth-programme-needs
https://www.who.int/news-room/articles-detail/public-consultation-target-product-profiles-for-diagnostic-tests-to-meet-schistosomiasis-and-soil-transmitted-helminth-programme-needs
https://www.who.int/news-room/articles-detail/public-consultation-target-product-profiles-for-diagnostic-tests-to-meet-schistosomiasis-and-soil-transmitted-helminth-programme-needs
https://www.who.int/news-room/articles-detail/public-consultation-target-product-profiles-for-diagnostic-tests-to-meet-schistosomiasis-and-soil-transmitted-helminth-programme-needs

	TF1
	TF2
	TF3

