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Performance evaluation of the AiDx 
multi‑diagnostic automated 
microscope for the detection 
of schistosomiasis in Abuja, Nigeria
Louise Makau‑Barasa 1, Liya Assefa 1, Moses Aderogba 1, David Bell 2, Jacob Solomon 3, 
Rita Omohode Urude 3, Obiageli J. Nebe 3, Juliana A‑Enegela 4, James G. Damen 5, 
Samuel Popoola 6, Jan‑Carel Diehl 7, Gleb Vdovine 7 & Temitope Agbana 6,7*

In this research, we report on the performance of automated optical digital detection and 
quantification of Schistosoma haematobium provided by AiDx NTDx multi-diagnostic Assist 
microscope. Our study was community-based, and a convenient sampling method was used in 17 
communities in Abuja Nigeria, based on the disease prevalence information extracted from the 
baseline database on schistosomiasis, NTD Division, of the Federal Ministry of Health. At baseline, 
samples from 869 participants were evaluated of which 358 (34.1%) tested S. haematobium positive 
by the reference diagnostic standard. Registered images from the fully automated (autofocusing, 
scanning, image registration and processing, AI image analysis and automatic parasite count) AiDx 
assist microscope were analyzed. The Semi automated (autofocusing, scanning, image registration 
& processing and manual parasite count) and the fully automated AiDx Assist showed comparable 
sensitivities and specificities of [90.3%, 98%] and [89%, 99%] respectively. Overall, estimated egg 
counts of the semi-automated & fully automated AiDx Assist correlated significantly with the egg 
counts of conventional microscopy (r = 0.93, p ≤ 0.001 and r = 0.89, p ≤ 0.001 respectively). The AiDx 
Assist device performance is consistent with requirement of the World Health Organization diagnostic 
target product profile for monitoring, evaluation, and surveillance of Schistosomiasis elimination 
Programs.

Schistosomiasis is a chronic parasitic disease that is caused by trematode blood flukes of the genus Schisto-
soma, with water snails serving as the intermediate host. Transmission has been reported from 78 countries, 
the majority of which are classified as low- or middle-income countries, according to (WHO) report and more 
than 700 million people are at risk of infection1. There are 2 major forms of schistosomiasis—intestinal (due 
to Schistosoma mansoni and S. japonicum) and urogenital (predominantly due to S. haematobium). Common 
signs and symptoms of urogenital Schistosoma haematobium include a swollen belly, blood in the urine, stunted 
growth, cognitive impairment in children and infertility among adults of childbearing age. Advanced disease 
may sometimes present with fibrosis of the bladder and ureter, kidney damage and bladder cancer. Diagnosis is 
normally done through the detection of parasite eggs in urine or stool specimens using microscopy2,3.

Manual microscopy is the World Health Organization reference diagnostic method for the diagnosis of S. hae‑
matobium infection. Parasite-derived products (including eggs) in stool and urine can be identified and the eggs 
quantified. The egg count indicates the intensity of infection in a patient and can also reflect exposure, or preva-
lence in the target population. It is therefore important for therapeutic monitoring and surveillance3–5. However, 
manual microscopy is laborious, expertise-dependent and requires basic laboratory and power infrastructure, 
limiting its point-of-care application in endemic rural areas. Furthermore, the ratio of trained personnel to work-
load in endemic settings is low and this often results in a high workload per technician6,7. Innovative approaches 
to diagnosis that are easy-to-use and suitable for endemic resource-limited settings are required to diagnose 
infections and complement control and elimination efforts. Digital optical diagnostic devices with integrated 

OPEN

1The Ending Neglected Diseases (END) Fund, New York, USA. 2Unaffiliated, Lake Jackson, USA. 3NTD Division, 
Federal Ministry of Health, Abuja, Nigeria. 4CBM International, Cambridge, UK. 5Medical Lab Department, 
University of Jos, Jos, Nigeria. 6AiDx Medical Bv, Pijnacker, The Netherlands. 7Delft University of Technology, Delft, 
The Netherlands. *email: t.e.agbana@tudelft.nl

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-42049-6&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14833  | https://doi.org/10.1038/s41598-023-42049-6

www.nature.com/scientificreports/

Artificial Intelligence (AI) have been developed for the detection of S. haematobium eggs, soil transmitted hel-
minths and other Neglected Tropical Diseases8–17. However, recent review of optical diagnostic devices reports 
that none of the developed devices had attained a technological readiness level required for use at point of care9.

Antigen-based diagnostic alternatives to conventional microscopy developed for schistosomiasis diagno-
sis include Point-Of-Care tests detecting Circulating Cathodic Antigens (POC-CCA) and the Up-Converting 
Particle Lateral Flow assay developed to detect Circulating Anodic Antigens (UCP-LF CAA) in either serum 
or urine18,19. These diagnostic techniques however require a level of infrastructure and training higher than 
microscopy and are non-specific in settings with S. haematobium only and on pregnant women. They also require 
standardization as a result of batch-to-batch variation. The use of Nucleic Acid Amplification Tests (NAATs) 
has been confined mainly to research settings as it is expensive and impractical at point of care20–22. Therefore, 
conventional microscopy remains the most widely used method.

In this work we assessed the performance of the novel multi-diagnostic AiDx Assist automated microscope 
for the quick detection of Schistosoma haematobium. The AI integrated innovative device was evaluated using 
urine samples to detect S. haematobium eggs in urine.

The Ethical Approval was received from the Federal Capital Territory (FCT, Nigeria) Health Research Ethics 
Committee (FCT, HREC) under approval number: FHREC/2022/01/102/05-07-22 and all research was per-
formed in accordance with the relevant guidelines and regulations. The project was introduced in detail to the 
NTD Unit, Public Health Department, Federal Capital Territory Abuja (FCTA) who subsequently communicated 
details of the project to the local NTD officer in the selected area councils.

Description of the AiDx assist microscope.  The multi-diagnostic AiDx Assist Microscope device 
shown in Fig. 1, is a low-cost and compact automated single-slide scanner and microscope. The optical train 
consists of a 4× microscope objective (numerical aperture NA of 0.10 and a working distance of 18.0 mm). The 
current system model is designed with a Sony IMX 178 CMOS sensor 6.41 Mpix (3088 × 2076 pixel) with a pixel 
size of 2.40 μm.

The computer vision pipeline in this version of the device is powered by the U-Net segmentation model with 
a ResNet-18 network architecture. The approximate schistosome ova count was estimated using the predicted 
segmentation mask23,24. More recent approaches are being explored to improve the performance of the integrated 
algorithm.

The AiDx Assist multi-diagnostic device can detect microfilaria, S. haematobium and S. mansoni eggs in blood, 
urine, and stool samples respectively. Furthermore, the device has shown promising potential in the detection 
of malaria parasites and tuberculosis in prepared blood and sputum samples accordingly.

The AiDx Assist multi-diagnostic device can detect microfilaria, S. haematobium and S. mansoni eggs in blood, 
urine, and stool samples respectively.

The AiDx Assist Microscope can function in two modes at the choice of the operator:

Semi‑automated mode.  In the semi-automated mode, the automatic parasite count algorithm is disabled. The 
device operates without the use of the integrated Artificial Intelligence software. Images registered and stored 
in the system are visually examined for the presence of the target parasite. Operating the device in this mode is 
very useful for experienced laboratory scientists who prefer to gain control of the device and navigate through 
the stored sample scan to detect the target of their interest without dependence on the AI. The integrated sam-
ple autofocusing mechanism and scanning system control algorithm reduces the time, error, fatigue, and other 
limitations associated with manual microscopy.

Figure 1.   AiDx Assist fully automated microscopes designed for laboratory and field use.
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Fully automated mode.  The fully automated AiDx Assist include an autofocusing algorithm which obtains an 
in-focus image obtained in a z-stack of image, a sample scanning algorithm to scan defined samples area. It 
also includes image registration, processing, AI image analysis and automatic parasite count. Detected targets 
are segmented and segmented images are stored in a folder for easy access and validation by the AiDx system 
operator. The AI Assist software outputs the number of estimated ova for the operator to validate and confirm 
the presence of the segmented Schistosoma ova.

Results
Three detection methods were analyzed: (i) The conventional microscopy which is the reference standard (ii) 
The expert analysis of the result of Semi-automated AiDx Assist and (iii) The fully automated AiDx Assist digital 
microscope with automated image interpretation. The three methods independently identified 358 (41.2%), 
324 (37.3%) and 315 (36.2%) of the total slides as positive for S. haematobium respectively as shown in Table 1. 
The egg count estimates per 10 mL of urine ranged from 1 to 2100 eggs/10 mL for conventional microscopy, 1 
to 5451 eggs/10 mL for semi-automated, and 1 to 4064 eggs/10 mL for fully automated AiDx Assist. Compared 
with conventional microscopy, semi-automated and the fully automated AiDx assist showed an overall accuracy 
of 94% and 95%, respectively (Table 1).

The sensitivities of the semi-automated and fully automated AiDx Assist for the detection of S. haemato‑
bium eggs were comparable; 90.5% and 88%, respectively. Details of evaluated performance metrics is shown 
in (Table 2). Further review of the data showed that there is no erroneous choices overlap between the semi-
automated and the fully-automated AiDx Assist. For instance, there was zero overlap between the false positive 
and the false negative samples detected by the semi and fully automated AiDx Assist respectively.

To characterize the performance of the AiDx Assist Microscope in the detection of low-intensity and high 
intensity infection, we compare the semi-automated and the fully automated functionalities of the AiDx Assist 
microscope with reference conventional microscopy. In this case, the conventional microscopy classified 244 
(68.1%) as low-intensity infection and (31.8%) as high-intensity infection. The fully automated and Semi-auto-
mated AiDx Assist classified 246 (76.6%) and 237 (70.9%) as low-intensity infection respectively, 75 (33.9%) and 
97 (29%) were classified as high-intensity infection. Sensitivities of the fully automated and semi-automated AiDx 
Assist for low-intensity infections were 86% and 82.38%, which increased to 100% for high-intensity infections 
in both cases accordingly.

In Fig. 2 the graphical representation of the correlation between fully/semi-automated AiDx Assist Micro-
scope and the reference manual microscopy method is shown. The correlation between the fully automated 
AiDx Assist and the reference manual microscopy was lower (Pearson 0.89, p < 0.001) compared to the correla-
tion between the Semi-automated AiDx Assist and reference manual microscopy (Pearson 0.93, p < 0.001). No 
significant change was observed in the correlation coefficient estimates when the outliers were removed. This 
implies that the model is robust to the removal of the outliers.

To further validate the agreement between the AiDx Assist and the reference manual microscopy, Bland–Alt-
man analysis was performed on 93 samples collected from a highly endemic community. The sample size was 
chosen to represent the range of infection from low, medium, and high infection accordingly. Graphical rep-
resentation of the correlation between manual microscopy (reference) and fully/semi-automated AiDx Assist 

Table 1.   S. haematobium egg count by conventional manual microscopy and automated AiDx assist 
microscope.

Conventional microscopy (reference) Positive (n = 358) Negative (n = 511) Total (n = 869)

Semi-automated AiDx assist
Positive 324 10 334

Negative 34 501 535

Fully automated AiDx assist
Positive 315 6 321

Negative 43 505 548

Table 2.   Evaluated performance metric result for the AiDx assist microscope. Sen sensitivity, Spec specificity, 
NPV negative predictive value, PPV positive predictive value. *< 50 eggs/10mL urine.

Conventional microscopy

Semi-automated AiDx assist (334—positive 
cases)

Fully automated AiDx assist (321—positive 
cases)

Sen (%) Spec (%) PPV (%) NPV (%) Sen (%) Spec (%) PPV (%) NPV (%)

AiDx assist microscope

 All samples with S. haematobium infection 
(N = 358) 90.5 98 99 93 88 99 98 92

Low and high intensity detection by semi/fully-automated AiDx NTDx

 Low intensity infection* (N = 244) 86 – – – 82.4 – – –

 High-intensity infection (N = 114) 100 – – – 100 – – –
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parasitemia count data is shown in Figs. 3 and 4. A logarithmic scale (log(x + 1)) transformation of the data is 
used to avoid the log(x) approaching negative infinity as x approaches zero.

The Bland–Altman plot shows a strong agreement. Removing the outliers in the plot did not correspond to 
any significant change in the computed correlation coefficient.

False positives—misclassified samples.  With respect to the reference standard conventional micros-
copy, a third trained reader examined digital images of all (869) samples registered by the semi-automated AiDx 
Assist microscope (the 3rd microscopist was blinded to the results obtained from the reference microscopy and 
the fully automated AiDx Assist digital microscope to avoid any form of bias). The result was compared to the 
average reading of the expert microscopist. 10 out of the 10 false positives were confirmed to be true positive 
samples. The specific images were sent to the expert microscopist who validated the schistosome ova in the reg-
istered images. We observe however that the samples had very low egg count range (1–14 eggs/10 mL of urine).

Discussion
This study focused on the field performance evaluation of the AiDx Assist for the detection of S. haematobium 
eggs in infected urine samples. The system has been evaluated as (i) A semi-automated AiDx Assist microscope 
and (ii) fully automated AiDx Assist microscope. The integration of the AI algorithm as described in the previ-
ous section increased the specificity of the fully automated AiDx Assist. This is a unique hybrid (AI + Human 
operator) feature that demonstrates increase in specificity. Complete dependence on the AI analysis could result 
in low specificity which could significantly compromise the quality of the result.

The semi-automated AiDx Assist microscope demonstrated better performance than the manual microscope 
as it detected additional positive cases which were missed by the expert manual microscopy. Underestimation 

Figure 2.   Graphic representation of the correlation between manual microscopy (reference) and AiDx assist 
methods. Data shown for (a) semi automated AiDx assist versus manual microscopy (reference) and (b) fully-
automated AiDx Assist versus manual microscopy (reference).

Figure 3.   Bland–Altman plots showing the level of agreement between the manual microscope and semi-
automated AiDx Assist. The plot shows strong agreement in measurement with (r = 0.93, p ≤ 0.001).



5

Vol.:(0123456789)

Scientific Reports |        (2023) 13:14833  | https://doi.org/10.1038/s41598-023-42049-6

www.nature.com/scientificreports/

of the intensity of infection was observed in some cases. This could be due to two primary reasons: Firstly, the 
autofocus technique implemented fails to converge to the optimal in-focus plane consistently. This increases the 
AI algorithm’s poor generalization in defocused images. Secondly misrecognition of overlapping eggs as a single 
egg by the AI algorithm. Complete sample analysis was achieved in 15 min. During this field study performance 
evaluation this was a limitation of the AiDx Assist. In the current system development iteration of the device how-
ever, complete sample analysis is achieved in less than 6 min. While the AiDx Assist provides clear digital images 
of the stool parasite, a functional AI algorithm to detect S. mansoni and STHs is currently being developed.

The semi-automated AiDx Assist and fully automated AiDx Assist has proven to hold great potential for future 
and timely diagnosis of schistosomiasis as it has good sensitivity, specificity, positive and negative predicted values 
respectively. The AiDx Assist device performance evaluated in this study is consistent with requirement of the 
World Health Organization Diagnostic Target Product Profile for monitoring, evaluation, and surveillance of 
Schistosomiasis. The usefulness of this novel AI-based AiDx Assist device will be of great value in schistosomiasis 
diagnosis, evaluation, surveillance and may be incorporated into elimination programs agenda.

Methods
Study design and population.  Participants aged 5 and above were eligible to participate in this study. 
Study was community-based, and a convenient sampling method was used in 17 communities: 9 communities 
were selected from Gwagwalada Area council and 8 from Abuja Municipal Area Council (AMAC) of the Federal 
Capital Territory, Abuja Nigeria. The Area councils were selected based on the disease prevalence informa-
tion extracted from the baseline database on schistosomiasis, NTD Division, of the Federal Ministry of Health. 
Participants collected their urine samples in the bathroom at collection sites. These were stored in temperature-
controlled storage boxes (2–6 °C) and transported to the laboratory immediately after collection. The sample size 
of the study population was computed using the Cochran formula24. Given the baseline prevalence for Gwag-
walada and AMAC at 51.9% and 21.12% respectively, a total of 869 (509 and 360) respondents were sampled 
from Gwagwalada and AMAC. They were randomly selected from 10 and 7 Communities in Gwagwalada and 
AMAC respectively. Smaller samples were sampled in the Area Council with lower prevalence to ensure that 
enough positive samples are collected. The power of the diagnostic test required to achieve adequate sensitivity 
or specificity is calculated based on the formula outlined in Jones et al.25.

Sample collection process.  Community consent forms which were filled and signed by community lead-
ers on behalf of community members according to standard government protocol were administered by the 
data manager of the NTD unit, the Public Health Department of the Federal Capital Territory Abuja (FCTA). 
The hardcopy version of all the consent forms were then transferred to an electronic format and uploaded to the 
cloud server platform. To ensure full confidentiality, each participant was assigned a specific unique identifica-
tion number. Each selected participant was provided with a capped sterile specimen bottle and instructed to fill 
it with about 20 mL of clean catch, midstream urine. Participants were subjected to a little exercise to agitate 
their bladder and carefully instructed with illustration aid. The bottles were labeled with unique identification 
(ID) numbers and samples were collected between 10.00 am and 14.00 h. The age and sex of each participant 
were noted and recorded. Samples were transported to the laboratory and processed 1–2 h after collection. In the 
laboratory, each urine sample was tested for hematuria using urinalysis reagent strip (Combi 9 Dipstick), then 
homogenized by gentle agitation and was filtered using urine filtration technique to concentrate eggs of schisto-
some on a membrane filter as described by WHO, 2010. The number of eggs were counted by a microscopist and 

Figure 4.   Bland–Altman plots showing the level of agreement between the manual microscope and fully 
automated AiDx Assist Microscope. The plot shows strong agreement in measurement with (r = 0.89, p ≤ 0.001).
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recounted by a second independent microscopist both of whom were blinded to the urinalysis results to reduce 
margin of error and results expressed as number of eggs per 10 mL of urine. Same urine slide was then passed to 
the AiDx machine for image-based microscopy and count. The data collection form which contained data entry 
space for urine results from Dipstick and microscopists were submitted daily at the AiDx Medical Laboratory 
office after sample analysis by the technicians and the laboratory scientist. Quality control was instituted, and 
laboratory results verified by senior laboratory scientists and Federal Ministry of Health (FMoH) supervisors to 
ensure consistency in sample preparation and examination. A comparative flow chart of the sample collection 
and analysis of the urine samples is shown in Fig. 5.

Detection of Schistosoma haematobium eggs by microscopy and the AiDx assist.  Prepared 
samples were read blinded by two expert laboratory scientists from the Federal Ministry of Health Schistosomia-
sis Program using a 10/40(×) objective on a Leica microsystems DM 300 microscope. The same urine slide was 
then passed to the automated AiDx Assist for image-based microscopy and count. Example images registered by 

Figure 5.   Flow chart of urine sample collection and analysis comparing conventional microscopy with the 
AiDx assist automated and digital result analysis by expert.



7

Vol.:(0123456789)

Scientific Reports |        (2023) 13:14833  | https://doi.org/10.1038/s41598-023-42049-6

www.nature.com/scientificreports/

the fully automated AiDx Assist across the range of mean egg counts for both methods is shown in figure below 
(Fig. 6). The approximate ova count is estimated using the predicted segmentation mask. Images on the left are 
the captured images and images on the right are the annotations.

Figure 7 shows S. mansoni eggs detected in stool samples by the automated AiDx Assist. The fecal samples 
are prepared based on the Kato Katz technique. AI algorithm for the detection of the S. mansoni in registered 
images has been developed for testing in a planned upcoming field study.

Statistical analysis.  Qualitative agreement between the automated AiDx Assist and conventional micros-
copy was assessed. Egg counts were categorized as low-intensity infection (< 50 eggs/10 mL of urine) or high-
intensity infection (> 50 eggs/10 mL urine). Data transformation was performed to increase the data cohesion. 

Figure 6.   Registered images of S. haematobium eggs. The approximate ova count is estimated using the 
predicted segmentation mask. Images on the left are the captured images and images on the right are the 
annotations.
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The linear association in terms of egg counts (eggs/10 mL) between the different optical procedures was esti-
mated using Pearson’s correlation coefficient (r). Bland–Altman analysis was performed for quantitative assess-
ment of the agreement between manual microscopy (reference) and fully/semi-automated AiDx Assist using the 
Datatab statistical calculator.

Ethics statement.  The study involving human participants was reviewed and approved by the Federal 
Capital Territory (FCT, Nigeria), Health Research Ethics Committee (FCT, HREC). Written Informed consent 
to participate in this study was provided by the participants.

Data availability
The datasets generated and analyzed for this study are not publicly available due to privacy reason but are avail-
able from the corresponding author upon reasonable request.

Received: 15 May 2023; Accepted: 5 September 2023

References
	 1.	 World Health Organization. Schistosomiasis and Soil-Transmitted Helminthiases: Treating Millions of People, Despite the Pandemic. 

https://​www.​who.​int/​news/​item/​08-​12-​2021-​schis​tosom​iasis-​and-​soil-​trans​mitted-​helmi​nthia​ses-​treat​ing-​milli​ons-​of-​people-​despi​
te-​the-​pande​mic (Accessed 27 January 2022) (2021).

	 2.	 Aula, O. P., McManus, D. P., Jones, M. K. & Gordon, C. A. Schistosomiasis with a focus on Africa. Trop. Med. Infect. Dis. 6, 109 
(2021).

	 3.	 McManus, D. P. et al. Schistosomiasis. Nat. Rev. Dis. Primers 4, 13 (2018).
	 4.	 Bustinduy, A. L. et al. An update on female and male genital schistosomiasis and a call to integrate efforts to escalate diagnosis, 

treatment and awareness in endemic and non-endemic settings: The time is now. Adv. Parasitol. 115, 1–44 (2022).
	 5.	 World Health Organization. Ending the Neglect to Attain the Sustainable Development Goals—A Road Map for Neglected Tropical 

Diseases 2021–2030 (WHO, 2020).
	 6.	 Ngakhushi, R., Kaiti, R., Bhattarai, S. & Shrestha, G. Prevalence of myopia and binocular vision dysfunctions in microscopists. Int. 

Eye Sci. 18, 1180–1183 (2018).
	 7.	 Soderberg, I., Calissendorff, B., Elofsson, S., Knave, B. & Nyman, K. G. Investigation of visual strain experienced by microscope 

operators at an electronics plant. Appl. Ergon. 14, 297–305 (1983).
	 8.	 Agbana, T. & Van de Plas, T. R. Smart Optics Against Smart Parasites: Towards Point-of-Care Optical Diagnosis of Malaria and 

Urogenital Schistosomiasis (Doctoral dissertation, Delft University of Technology) (2020).
	 9.	 Meulah, B. et al. A review on innovative optical devices for the diagnosis of human soil-transmitted helminthiasis and schistoso-

miasis: From research and development to commercialisation. Parasitology 150, 1–41 (2022).
	10.	 Bogoch, I. I. et al. Evaluation of portable microscopic devices for the diagnosis of Schistosoma and soil-transmitted helminth 

infection. Parasitology 141, 1811–1818 (2014).
	11.	 Bogoch, I. I. et al. Evaluation of a mobile phone-based microscope for screening of Schistosoma haematobium infection in rural 

Ghana. Am. J. Trop. Med. Hyg. 96, 1468–1471 (2017).

Figure 7.   Registered images of S. mansoni eggs in stool samples. The characteristic terminal spine is located at 
the side of the ova. Although the stool samples contain lots of debris and potential artifacts, the AiDx automated 
microscope sufficiently resolves the desired target.

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


9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:14833  | https://doi.org/10.1038/s41598-023-42049-6

www.nature.com/scientificreports/

	12.	 Ephraim, R. K. D. et al. 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 (2015).

	13.	 Coulibaly, J. T. et al. Accuracy of mobile phone and handheld light microscopy for the diagnosis of schistosomiasis and intestinal 
protozoa infections in Cote d’Ivoire. PLoS Negl. Trop. Dis. 10, e0004768 (2016).

	14.	 Holmstrom, O. et al. Point-of-care mobile digital microscopy and deep learning for the detection of soil-transmitted helminths 
and Schistosoma haematobium. Glob. Health Act. 10, 1337325 (2017).

	15.	 Agbana, T. E. et al. Detection of Schistosoma haematobium using lensless imaging and flow cytometry, a proof of principle study, 
p. 112470F. In Proc. Volume 11247, Optical Diagnostics and Sensing XX: Toward Point-of-Care Diagnostics. https://​doi.​org/​10.​1117/​
12.​25452​20 (2020).

	16.	 Linder, E. et al. On-chip imaging of Schistosoma haematobium eggs in urine for diagnosis by computer vision. PLoS Negl. Trop. 
Dis. 7, e2547 (2013).

	17.	 Agbana, T. et al. Schistoscope: Towards a locally producible smart diagnostic device for Schistosomiasis in Nigeria. In 2019 IEEE 
Global Humanitarian Technology Conference (GHTC) 1–8 (2019).

	18.	 Corstjens, P. L. et al. Circulating anodic antigen (CAA): A highly sensitive diagnostic biomarker to detect active Schistosoma 
infections—Improvement and use during SCORE. Am. J. Trop. Med. Hyg. 103(1 Suppl), 50 (2020).

	19.	 Hoekstra, P. T., van Dam, G. J. & van Lieshout, L. Context-specific procedures for the diagnosis of human schistosomiasis—A mini 
review. Front. Trop. Dis. 2, 722438 (2021).

	20.	 Obeng, B. B. et al. Application of a circulating-cathodic-antigen (CCA) strip test and real-time PCR, in comparison with micros-
copy, for the detection of Schistosoma haematobium in urine samples from Ghana. Ann. Trop. Med. Parasitol. 102(7), 625–633 
(2008).

	21.	 Sanprasert, V. et al. Development of conventional multiplex PCR: A rapid technique for simultaneous detection of soil-transmitted 
helminths. Pathogens 8(3), 152 (2019).

	22.	 Cools, P. et al. First international external quality assessment scheme of nucleic acid amplification tests for the detection of Schis-
tosoma and soil-transmitted helminths, including Strongyloides: A pilot study. PLoS Negl. Trop. Dis. 14(6), e0008231 (2020).

	23.	 Ronneberger, O., Fischer, P. & Brox, T. U-net: Convolutional networks for biomedical image segmentation. In Medical Image 
Computing and Computer-Assisted Intervention–MICCAI 2015: 18th International Conference, Munich, Germany, October 5–9, 
2015, Proceedings, Part III 18 234–241 (Springer, 2015).

	24.	 He, K., Zhang, X., Ren, S. & Sun, J. Deep residual learning for image recognition. In Proc. IEEE Conference on Computer Vision 
and Pattern Recognition 770–778 (2016).

	25.	 Jones, S., Carley, S. & Harrison, M. An introduction to power and sample size estimation. Emerg. Med. J. 20(5), 453 (2003).

Acknowledgements
The authors appreciate the NTD Division of the Federal Ministry of Health and the NTD Unit of the Public 
Health Department of the Federal Capital Territory Administration (FCTA) for their collaborative effort in 
FCT and in making this research a successful one. Authors appreciate the support of Flexible Optical, Rijswijk, 
The Netherlands. Satyajith Jujjavarapu, Ivan Eikelenboom & Alexandra Bunda from AiDx Medical Bv are duly 
acknowledged for their support.

Author contributions
Conceptualization, T.A., L.M.B., D.B.; Methodology, T.A., L.M.B., D.B., G.V., J.S.; Data Validation: T.A., S.P., J.S., 
R.O.U.; Formal Analysis, T.A., S.P.; Writing—original draft, T.A.; Writing—review and editing, T.A., L.M.B., M.A., 
D.B., L.A., J.A.E., J.G.D., G.V. All authors have read and agreed to be accountable for the content of this work.

Funding
This work was supported by the END Fund United States.

Competing interests 
The authors declare that the research was conducted in the absence of any commercial or financial relationships 
that could be construed as a potential conflict of interest. It should be noted that SP, TA & GV work for AiDx 
Medical BV. This research process, however, was set-up by a consortium which included academic partners, 
independent non-profit-organizations and the Federal Ministry of Health, Nigeria. An independent evaluator 
supervised the full compliance of this research work to standard protocol, procedure and ethics. The continuous 
development of the AiDx Assist device and the application of the integrated Artificial Intelligence Algorithm 
in field conditions necessitated the involvement and participation of AiDx employees. This, however, did not in 
any way, bias or compromise the result and final output of this research work. All other authors have no conflict 
of interest.

Additional information
Correspondence and requests for materials should be addressed to T.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1117/12.2545220
https://doi.org/10.1117/12.2545220
www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14833  | https://doi.org/10.1038/s41598-023-42049-6

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Performance evaluation of the AiDx multi-diagnostic automated microscope for the detection of schistosomiasis in Abuja, Nigeria
	Description of the AiDx assist microscope. 
	Semi-automated mode. 
	Fully automated mode. 

	Results
	False positives—misclassified samples. 

	Discussion
	Methods
	Study design and population. 
	Sample collection process. 
	Detection of Schistosoma haematobium eggs by microscopy and the AiDx assist. 
	Statistical analysis. 
	Ethics statement. 

	References
	Acknowledgements


