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Abstract

Objective To validate a crowdsourced, image-based morbidity hotspot method for
surveillance of neglected tropical diseases.

Methods We conducted our crowdsourced surveillance pilot implementation study
between November 2022 and October 2024 in 45 communities across three Nigerian
states, covering a population of 477 138 people. Three additional states, where the
project was not implemented but surveillance data obtained, served as control. Residents
self-reported suspected symptoms by using smartphones to capture and transmit images
of skin and eye manifestations via digital communication platforms. An expert panel then
examined the images to confirm signs of neglected tropical diseases. We used frequency
and percentages to present data; we also compared incidence data from both pilot and
control locations.

Findings In total, 512 subjects submitted images, either themselves or via a
community focal point. Their mean age was 53 years (standard deviation: 20.7). Forty-
six percent (234/512) were women and 55% (281/512) were farmers. Notably, 43%
(218/512) had experienced symptoms of neglected tropical diseases for 1-5 years before
our study and 85% (437/512) had not received any intervention. Of all photos submitted,
75% (386/512) showed signs of neglected tropical diseases. In Ondo state crowdsourced
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surveillance led to an average of 54.3 monthly reports, versus traditional surveillance
which averaged 6.8 (P <0.01). Cost analysis showed that crowdsourced surveillance cost
72.4 United States dollars per case detected.

Conclusion Our surveillance method outperformed traditional surveillance,
showing its promise for enhancing neglected tropical disease surveillance. The method’s
ability to detect emerging conditions and support post-elimination surveillance reinforces
its value.

Introduction

Neglected tropical diseases are a group of debilitating illnesses that disproportionately affect the
world's poorest populations. These diseases are prevalent in marginalized communities with
limited access to basic health care, clean water and sanitation. The global burden of neglected
tropical diseases is immense, affecting an estimated 1.7 billion individuals, mainly in low- and
middle-income countries.' Despite the World Health Organization (WHO) neglected tropical
diseases road map (2012-2020)* and the United Nations’ sustainable development goals
(specifically SDG3), considerable challenges persist in disease surveillance and intervention
strategies. WHO’s latest road map (2021-2030)° outlines strategies for the control, elimination
and eradication of neglected tropical diseases, and highlights the importance of effective
surveillance and targeted deployment of interventions. However, traditional surveillance
methods remain time-consuming, resource-intensive, expensive, limited in scope and often fail to
cover the entire population and accurately capture disease prevalence. Factors such as stigma and
reluctance to seek medical care further contribute to gaps in reporting.%’ Moreover, traditional
surveillance is ineffective under conditions that prevent access to locations where diseases may

be endemic, such as during pandemics or civil unrest.®

In Nigeria, which accounts for about 25% of neglected tropical disease prevalence in the
WHO African Region, neglected tropical diseases impose considerable health and social
burdens, particularly in marginalized communities.’ Currently there is no active neglected
tropical disease surveillance in the country, with prevalence data typically generated through
passive surveillance (when individuals present at health facilities with symptoms). This approach
is inadequate for mapping hotspots and deploying targeted interventions; thus there is critical

need for new surveillance methods to improve disease control.

In this study we introduce and evaluate a crowdsourced, image-based morbidity hotspot

surveillance method for neglected tropical diseases (hereafter referred to as crowdsourced
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surveillance). This crowdsourcing method uses smartphone technology to help improve real-time
disease tracking, overcome the limits of traditional methods, and speed up progress towards
global elimination targets.’ Here we present findings from a pilot implementation of
crowdsourced surveillance in Nigeria and compare incidence data with that obtained by

traditional methods.

Methods

Study design

We evaluated the crowdsourced surveillance method using a quantitative research approach
embedded in an implementation research framework. We employed a quasi-experimental design
to compare the effectiveness of this new approach with traditional surveillance methods for

neglected tropical diseases across the study sites.

Participants

We conducted the study in six states in southern Nigeria. Three states were selected as
implementation sites; the other three were control sites. Site selection was based on the recorded
prevalence of neglected tropical diseases, the co-endemicity of the target diseases and the
presence of partner nongovernmental organizations to support data collection and community
mobilization. Implementation states were carefully matched with control states based on
similarities in key population characteristics, including demographics, education, occupation,
religion and sociocultural factors. Ondo, Enugu and Cross River (implementation states) were

respectively matched with Ogun, Imo and Akwa Ibom (control states).

Community members (including individuals with skin or eye manifestations suspected to
be due to neglected tropical diseases) from 45 communities in these states, within 15 local
government areas, were subjects in the study. Inclusion criteria required participants to have
resided in the selected communities for at least one year and to be capable of providing informed

consent.

Intervention description
Crowdsourced surveillance is a community-driven digital tool designed to improve early
detection and reporting of skin and eye-related neglected tropical diseases in underserved

settings.” Target diseases include Buruli ulcer, leprosy, lymphatic filariasis, onchocerciasis and
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trachoma. Individuals with suspect skin or eye manifestations submit anonymized photographs
via digital communication platforms (WhatsApp; Meta Platforms Inc., Menlo Park, United States
of America; or Telegram, Dubai, United Arab Emirates) to a designated surveillance line.
Trained community focal points help with image capture and submission in communities that
lack smartphones or internet. Each image includes timestamp and geolocation data. An expert

panel reviews images and diagnosis is confirmed when at least three experts agree.

Implementation strategy
We piloted the intervention stepwise in three states over the 2-year period, from November 2022

to October 2024. The implementation strategy is described as follows:

Community engagement

We selected communities as outlined earlier. To ensure community buy-in, we engaged health
authorities, state and local neglected tropical disease programme officers, and traditional rulers

early on.

Stakeholder engagement
Following ethical approval, neglected tropical disease officers from the state conducted advocacy
visits to gain political and institutional support. This helped identify suitable communities for the

pilot implementation.

Community sensitization

Sensitization began with entering communities and meeting local leaders. Town criers mobilized
residents to attend town hall meetings where we introduced the approach. Communities also

selected locations for project signposts that served as information hubs.

Community focal points

Communities nominated community focal points based on agreed criteria, including
trustworthiness, availability and possession of a smartphone capable of capturing good-quality
images. Community-led selection ensured local ownership and sustainability. No phones were
provided, but each focal point received data stipends and information, education and
communication materials. Each community selected one focal point. Following selection, the
research team’s monitoring and evaluation officer trained the selected individual to identify

neglected tropical disease symptoms using WHO’s manual,'® collect ethical data, capture
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smartphone images and use WhatsApp or Telegram. Training lasted approximately 30 minutes
and took place on-site in a suitable area within the community. Community members also
received basic training on image capture and transmission during sensitization. We evaluated
training effectiveness using a structured, 20-question multiple-choice questionnaire pre- and
post-training; covering identification of disease symptoms, ethics, image capture and referral

procedures. Knowledge levels were categorized as good (60—100%), average (30-59%) and poor

(<30%).

Image submission

Community members or focal points submitted images of individuals with a suspected neglected
tropical disease via WhatsApp or Telegram. In areas with poor connectivity, images were stored

on the focal point’s smartphones and uploaded later.

Image review

Submissions were reviewed by our research team and independently assessed by a panel of five
clinical experts (including dermatologists and parasitologists). Disease was confirmed if three

out of five experts concurred, based on WHO diagnostic criteria. '’

Referral

Individuals confirmed to have a neglected tropical disease were referred to treatment facilities or
other partners. For example, individuals with hydrocele (swelling of the scrotum due to fluid
buildup), a symptom of lymphatic filariasis, were referred and surgically treated through partner

support in Ondo.

Feedback

We gave feedback to those submitting images either directly or through community focal points.
This feedback loop ensured authentic reporting and strengthened community trust in the system.
Currently, there is no centralized system for tracking treatment adherence. However, anecdotal

feedback was collected through community focal points during their follow-up visits.

Implementation

The full implementation period spanned 2 years, with different states having different start/end
times for implementation during this period. Initial advocacy and stakeholder engagement took

3 months, followed by 2 months of community sensitization and mobilization. Community focal
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point training and deployment occurred over a 1-month period, with data collection and image
submission lasting 4 months. Expert review and feedback loops continued concurrently during
the reporting phase, and post-report activities such as integration dialogue (discussions with
government stakeholders on how the method could be integrated into existing disease
elimination programmes) lasted an additional 2 months. In total, over 60 collaborators
participated in the implementation, including community focal points, expert reviewers, local

health officials and neglected tropical disease programme officers.

Data collection

The crowdsourced surveillance approach, as outlined in its protocol,’ allowed community
members to report suspected manifestations of neglected tropical diseases, accompanied by
demographic and geographic metadata. We used location coordinates of individuals with
confirmed disease to generate hotspot maps of neglected tropical diseases using geographic
information system software ArcGIS (Environmental Systems Research Institute, Inc., Redlands,

United States).

We used a standardized data extraction form to collect monthly data on individuals with a
neglected tropical disease from surveillance records in both intervention and control locations

during the study period. This enabled direct comparison of the two surveillance methods.

Data analysis

We analysed demographic and geographic data using IBM SPSS Statistics (Armonk, New York,
USA).!! and noted results in frequency distribution tables. We compared incidence data from the
two surveillance methods using the Kruskal-Wallis non-parametric test, setting statistical
significance at a P-value: <0.05. Finally, we assessed inter-rater agreement among image

reviewers using Fleiss’ Kappa statistics, which demonstrated substantial agreement (x = 0.78).

Ethics

The study received ethical approval (NHREC/01/01/2007-16/01/2023) from the National Health
Research Ethics Committee of Nigeria. We informed participants about the project through
advertisements and considered the transmission of images and data as implied consent
Automated responses on WhatsApp or Telegram asked image senders to confirm consent.

Community focal points obtained written informed consent for participants without smartphones,
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with parents or caregivers providing consent for children and other vulnerable groups. We
collected hard copies of these signed consent forms and stored them in a secure steel cabinet. We

stored electronic consent in a password-protected and encrypted electronic database.

Results

Training effectiveness

Our assessment of the training effectiveness of community focal points revealed a large
improvement in knowledge following training. Before training, 80% (36/45) of participants
showed poor knowledge and none showed good knowledge. After training no-one showed poor
knowledge and 84.4% (38/45) of participants showed good knowledge, an increase of 84.4%.
The proportion of participants in the average category decreased from 20% (9/45) to 15.6%
(7/45; Table 1).

Overview of findings

Table 2 presents a summary of the data from the crowdsourced surveillance. A total of 512
images were submitted, with community focal points facilitating over 80% (437/512) of reports.
Expert reviewers confirmed 75.4% (386/512) of the submissions as showing individuals with a

neglected tropical disease.

User demographics

Demographic characteristics of crowdsourced surveillance users by sex, age, marital status,
occupation, manifestation duration, receipt of intervention and intervention type were tabulated
(see online repository).'? Of the users, 54.3% (278/512) were male. The 55-65 years age group
accounted for 22.5% (115/512) of users and the mean age was 53 years (standard deviation:
20.7). The majority were farmers (56.4%; 289/512). Notably, 42.6% (218/512) of users had lived
with their condition for 1-5 years. Additionally, 85.3% (437/512) of users reported receiving no

prior intervention.

Surveillance method comparison

Table 3 compares crowdsourced surveillance in the three implementation states with traditional
surveillance for neglected tropical diseases over a period of four months; note that different
states had different start and end dates. In Ondo, crowdsourced surveillance garnered a total of

217 reports in four months, averaging 54.3 reports per month. This compared to averages of only
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6.8 reports per month using traditional surveillance, and 1.5 reports in Ogun (Ondo’s control
state). In Enugu, crowdsourced surveillance generated a total of 153 reports, while the traditional
method and control state (Imo) yielded none. Similarly, in Cross River, crowdsourced
surveillance generated a total of 142 reports, while the traditional method and control state
(Akwa Ibom) yielded none. The mean difference between crowdsourced surveillance data and

traditional surveillance data was statistically significant (P <0.01).

Types of diseases
Table 4 depicts the type of neglected tropical disease reported and confirmed using
crowdsourced surveillance. Onchocerciasis was reported in 187 individuals, lymphatic filariasis

in 102 individuals and trachoma in 40 individuals across the three states.

Fig. 1, Fig. 2 and Fig. 3 illustrates neglected tropical disease morbidity hotspot maps for
the three states, indicating locations where neglected tropical diseases were identified using

crowdsourced surveillance.

Surveillance potential

Fig. 4 (available online at: https://www.who.int/publications/journals/bulletin) shows unusual
manifestations that were reported through the crowdsourced surveillance method. In Cross River,
there were reports of blistering, burn-like symptoms on swollen limbs despite affected
individuals having no known exposure to burns or chemicals. A 37-year-old man in Cross River
also reported rapid-onset, severe elephantiasis-like symptoms, unusual given the typically slow
progression of the condition. Two individuals initially suspected of having dracunculiasis were
also reported: a 19-year-old in Ondo had described a thread-like worm emerging from her leg;
and a child in Imo described similar symptoms. Although expert assessment ruled out
dracunculiasis, the symptoms in these two demonstrate the crowdsourced surveillance method’s
potential for identifying emerging conditions and facilitating post-elimination surveillance with

the continuous trickling-in of photo and metadata where the project was piloted.

Cost
Of the 512 individuals reporting a suspected disease, reviewers confirmed that 386 (75.4%)
individuals had a neglected tropical disease. The total direct cost incurred for implementing the

approach, considering only the cost of expert analysis (9000 United States dollars, US$) and
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information, education and communication materials (US$ 28 968), was US$ 37 968. The cost
per identified individual with any suspected disease was US$ 74.2 (US$ 37 968/512 cases), while
the cost per person with a confirmed disease was US$ 98.4 (US$ 37 968/386 cases).

Discussion

Our project demonstrates the effectiveness of crowdsourced surveillance in enhancing neglected
tropical disease detection and contributing to global elimination.’ Particularly valuable in
resource-constrained settings, crowdsourced surveillance’s success in this study aligns with
previous successes in crowdsourced and image-based disease surveillance, including diabetic

retinopathy screening'® and foodborne illness surveillance.'*

Over the 4-month period of data collection the project received more than 500
photographs across three states, with three-quarters confirmed as neglected tropical diseases.
Crowdsourced surveillance generated more reports per month than traditional methods,
highlighting its ability to engage communities and improve detection of individuals with disease.
Similar approaches have shown improved disease detection and reporting rates in other

community-based surveillance studies. '

In our pilot, older adults submitted the most reports, while younger individuals submitted
least. This finding suggests a need for targeted awareness campaigns to encourage younger
populations to participate in the process. A higher proportion of older adults reporting may
reflect the long latency of these diseases or delayed recognition of problems. Stigma may also
contribute to late reporting, an issue that crowdsourced surveillance addresses as it enables
private reporting. Strengthening community engagement and education, central to crowdsourced

surveillance, could further reduce delays in seeking care.

More women compared to men used crowdsourced surveillance, suggesting gender
differences in reporting. This finding may suggest a greater burden of disease among women or
more proactive health-seeking behaviour. Further research is needed to explore this. Gender
disparities have been documented elsewhere, for example in Uganda, where women were more
likely to have schistosomiasis due to greater exposure to water sources. ' Most users were
farmers, reflecting the rural, agrarian nature of most-affected communities. These demographic

insights are essential for designing targeted interventions.
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Notably, 85% of subjects were not receiving intervention for their conditions, pointing to
substantial gaps in health-care delivery and probably the health-seeking behaviour of the people.
This finding underscores the critical role of innovative surveillance methods in narrowing the
gap between detection of individuals with disease and treatment. Similar gaps have been
observed in other countries such as Brazil and India, often driven by limited health infrastructure,

stigma and low awareness.!”!®

Comparing crowdsourced surveillance with traditional approaches reveals its superior
effectiveness. Higher reporting rates and quicker data collection because subjects just need to
send pictures without having to leave their houses, highlight the potential of crowdsourcing to
strengthen surveillance. Traditional methods, often labour-intensive and limited in reach, tend to
miss individuals with disease symptoms from remote areas. Crowdsourced surveillance
addresses these challenges through mobile technology and community involvement, consistent

with research on mobile health interventions in other contexts. !*2°

The fact that crowdsourced surveillance has potential to indicate emerging and re-
emerging health conditions, and atypical manifestations of known conditions, suggests its utility
beyond neglected tropical disease surveillance. The suspected dracunculiasis incidence, although

ruled out, also exemplifies potential for effective post-elimination surveillance.

We observed a detection cost of approximately US$ 74 for all reports and US$ 98 for
individuals confirmed to have a neglected tropical disease, comparing favourably with traditional
surveillance costs and mobile health interventions (US$ 100—150).2"?? Crowdsourced
surveillance significantly improved disease detection and community engagement. Aligned with
WHO?’s call for scalable, resource-conscious innovations, > the model leverages existing
community health structures by training frontline workers such as community health extension
workers and environmental health officers, reducing the need for costly new infrastructure and
reinforcing primary health care. Scaling up and conducting operational research is essential to
assess the model’s long-term cost benefits and adaptability across other diseases and

geographical contexts.

Sustaining crowdsourced surveillance requires funding, capacity building, logistical
support and investment in training, infrastructure and monitoring. Recommendations include

regional scale-up, enhanced community mobilization and local leadership involvement. Future
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expansion could target other diseases with visible symptoms, such as other skin diseases, malaria

or emerging zoonoses, and other regions.

Crowdsourced surveillance could be integrated into Nigeria’s national neglected tropical
disease surveillance system by training health workers already present in primary health care
facilities to identify symptoms, capture images ethically and report data as part of their routine
duties. Trained health workers could be equipped with the WHO Skin NTDs app (WHO,
Geneva, Switzerland), enabling them to confirm disease themselves and eliminating the need for
an expert panel. This approach would embed surveillance in the health system, cut costs,

enhance sustainability and strengthen links between detection and treatment services.

Despite its success, implementing crowdsourced surveillance faced challenges. Reliance
on smartphones and stable internet affected reporting in remote communities with poor digital
access. Although community focal points helped bridge this gap, coverage likely remained
uneven. Logistical issues, such as upload delays and the need for continuous monitoring and
technical support, posed further hurdles. In urban areas, weaker social cohesion made it harder to
identify reliable community focal points. These limitations underscore the need for strengthened
infrastructure, digital literacy and government commitment to scale up and sustain the
intervention. Sampling bias may have arisen from unequal smartphone access and reliance on
community focal points. Reporting bias could arise from a focus on visible or severe symptoms.

These limitations may affect the generalizability of prevalence data.

In conclusion, crowdsourced surveillance represents a leap forward in surveillance of
neglected tropical diseases by enabling real-time, community-led reporting. This method
improves detection, enhances privacy and reduces stigma. Investment in training, infrastructure
and logistics is essential for scale up. Targeted awareness campaigns, especially among youth,
should increase participation. Sustained funding and long-term feasibility studies will help
evaluate integration into routine surveillance and ensure its effectiveness, sustainability and

scalability for broader disease control.
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Table 1. Assessment of training effectiveness of community focal points in the
evaluation of crowdsourced surveillance for neglected tropical diseases, Nigeria,
March — November, 2023

Knowledge level No. (%)@ % change
Pre-training Post-training

Good 0 (0.0) 38 (84.4) 84.4

Average 9 (20.0) 7 (15.6) -4.4

Poor 36 (80.0) 0 (0) -80.0

Mean score, % (SD) 29.0 (12.0) 78.8 (11.2) -

SD: standard deviation.

3 Numbers and percentages are presented if not otherwise indicated.

Note: we categorized the knowledge level using the scores from a 20-question multiple-choice
questionnaire, where a score of 60—100% was categorized good level, 30-59% as average and 30% as
poor.

Table 2. Summary of crowdsourced data in the evaluation of crowdsourced
surveillance for neglected tropical diseases, Nigeria, March — November, 2023

State No. No. (%)
Communiti Total Total Source Confirme
es population crowdsourc Communi Commun das a
sampled of sampled ed images ty focal ity neglected
communities received point member  tropical
disease
Ondo 15 185099 217 (42) 192 (88) 25 (12) 175 (81)
Enug 15 140 556 153 (30) 126 (82) 27 (18) 105 (69)
u
Cross 15 151483 142 (28) 119 (84) 23 (16) 106 (75)
River
Total 45 477 138 512 (100) 437 (85) 75 (15) 386 (75)
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Table 3. Comparison of data generated using crowdsourced versus traditional surveillance in the evaluation of
crowdsourced surveillance for neglected tropical diseases, Nigeria, March — November, 2023

Month Surveillance type, no. P
Ondo Ogun Enugu Imo Cross River Akwa Ibom
(control for (control (control for
Ondo) for Enugu) Cross
River)
Crowd- Traditional Traditional Crowd- Traditional Traditional Crowd- Traditional Traditional
sourced sourced sourced
1 62 8 3 50 0 0 36 0 0 0.0086
2 49 6 3 30 0 0 39 0 0
3 50 3 0 36 0 0 32 0 0
4 56 8 0 37 0 0 35 0 0
Total 217 27 (6.8) 6 (1.5) 153 0 (0) 0 (0) 142 0 (0) 0 (0)
(mean) (54.3) (38.3) (35.5)

Note: we used the Kruskal-Wallis test to calculate significance.
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Table 4. Frequency distribution of various neglected tropical diseases using
crowd surveillance in the evaluation of its use for neglected tropical diseases,
Nigeria, March — November, 2023

Neglected tropical disease No. of individuals confirmed to have the disease

Ondo Enugu Cross River Total
Buruli ulcer 17 12 9 38
Helminthiasis 1 0 0 1
Leprosy 7 1 7 15
Lymphatic filariasis 56 26 20 102
Onchocerciasis 73 45 69 187
Scabies 1 0 0 1
Schistosomiasis 2 0 0 2
Trachoma 18 21 1 40
Total 175 105 106 386
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Fig. 1. Morbidity hotspot maps for Ondo state, generated by crowdsourced
surveillance in the evaluation of crowdsourced surveillance for neglected tropical
diseases, Nigeria, March — November, 2023
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Fig. 2. Morbidity hotspot maps for Enugu state, generated by crowdsourced
surveillance in the evaluation of crowdsourced surveillance for neglected tropical
diseases, Nigeria, March — November, 2023
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Fig. 3. Morbidity hotspot maps for Cross River state, generated by crowdsourced
surveillance in the evaluation of crowdsourced surveillance for neglected tropical
diseases, Nigeria, March — November, 2023
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Fig. 4. Images of unusual manifestations obtained during the evaluation of crowdsourced surveillance for
neglected tropical diseases, Nigeria, March — November, 2023
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