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ORIGINAL ARTICLE

Stakeholders’ Perspectives on the Application of New
Diagnostic Devices for Urinary Schistosomiasis in Oyo State,
Nigeria: A Q-Methodology Approach
Karlheinz Tondo Samenjo,a Michel Bengtson,b Adeola Onasanya,a Juan Carlo Intriago Zambrano,c

Opeyemi Oladunni,d Oladimeji Oladepo,d Jo van Engelen,a Jan-Carel Diehla

Key Findings

n Q-methodology served as a rigorous tool to
identify the needs and product-service design
requirements of stakeholders throughout the
health care system.

n Stakeholders at various levels of the health care
system shared that new diagnostic devices for
schistosomiasis should: be available at the point of
need and require minimal infrastructure to increase
diagnostic capacity and surveillance, particularly in
rural or distant settings; be less expensive to make
diagnostic testing more affordable; and be able to
identify infection status before treatment to support
the identification and prioritization of patients or
areas in need of treatment.

Key Implications

n Medical device designers and technology
companies should ensure the development of
new diagnostic devices for health care facilities
with minimal infrastructure; these devices should
be affordable and deployable, as well as able to
identify infection status before treatment.

n Health care systems and community stakeholders
in Nigeria should continuously participate and
collaborate with the design industry in the human-
centered design process of new diagnostic devices
to ensure that the viewpoints of stakeholders at
various levels of the health care system are
explored and considered in the design process.

ABSTRACT
Urinary schistosomiasis is a waterborne parasitic infection caused
by Schistosoma haematobium that affects approximately 30 mil-
lion people annually in Nigeria. Treatment and eradication of
this infection require effective diagnostics. However, current diag-
nostic tests have critical shortcomings and consequently are of
limited value to stakeholders throughout the health care system
who are involved in targeting the diagnosis and subsequent con-
trol of schistosomiasis. New diagnostic devices that fit the local
health care infrastructure and support the different stakeholder diag-
nostic strategies remain a critical need. This study focuses on under-
standing, by means of Q-methodology, the context of use and
application of a new diagnostic device that is needed to effectively
diagnose urinary schistosomiasis in Oyo State, Nigeria. Q-method-
ology is a technique that investigates subjectivity by exploring how
stakeholders rank-order opinion statements about a phenomenon. In
this study, 40 statements were administered to evaluate stakeholder
perspectives on the context of use and application of potential new
diagnostic devices and how these perspectives or viewpoints are
shared with other stakeholders. Potential new diagnostic devices
will need to be deployable to remote or distant communities, be af-
fordable, identify and confirm infection status before treatment in
patients whose diagnosis of urinary schistosomiasis is based on
self-reporting, and equip health care facilities with diagnostic
devices optimized for the local setting while requiring local minimal
infrastructural settings. Similarly, the context of use and application
of a potential new diagnostic device for urinary schistosomiasis is
primarily associated with the tasks stakeholders throughout the
health care system perform or procedures employed. These findings
will guide the development of new diagnostic devices for schistoso-
miasis that match the contextual landscape and diagnostic strategies
in Oyo.

INTRODUCTION

Urinary schistosomiasis is a water-borne parasitic in-
fection caused by Schistosoma haematobium. This dis-

ease is prevalent in Nigeria, especially in rural areas, and
affects approximately 30 million people annually.1–7 In
specific regions, such as Oyo State, urinary schistosomi-
asis has an estimated prevalence of more than 50%.2,8,9

Many studies on S. haematobium are predominately
school based and report a disease prevalence of
17%–21% in urban areas and 32.7% in rural areas.10–12
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Efforts to control and eliminate schistosomia-
sis involve diagnosing individuals and gathering
prevalence data that can be used for strategy de-
velopment, program planning, and monitoring.13

In Oyo, schistosomiasis is addressed through
2 approaches: (1) individual case management
and (2) control and elimination.2,5,14 In the indi-
vidual case management approach, diagnosis
by conventional microscopy followed by treat-
ment is performed at a primary health care (PHC)
facility.15–17 In the control and elimination ap-
proach, the procedure involves the surveillance

of high-risk groups and areas, followed by treat-
ment to the entire group.18,19

Onasanya et al. identified different stake-
holders within 4 levels of the health care system
in Oyo that are involved in diagnosing, control-
ling, and eliminating schistosomiasis:5 (1) policy
and economic, (2) organizational, (3) health care,
and (4) community (Figure 1). Stakeholders at
the policy and economic level include financing
organizations, nongovernmental organizations
(NGOs), and researchers. Organization-level
stakeholders are health system managers that are

FIGURE 1. Stakeholders Within the 4 Levels of the Health Care System in Oyo State, Nigeria5

Abbreviations: CBO, community-based organization; CHEW, community health extension worker; CHO, community health officer;
DSNO, disease surveillance and notification officer; MOH, medical officer of health; NGO, nongovernmental organization; NTD,
neglected tropical disease; PHC, primary health care; PMV, patient medicine vendor.
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interested in diagnostic devices that streamline the
workflow and diagnostic efficiency. These stake-
holders include medical officers of health, PHC
coordinators, neglected tropical disease (NTD)
officers, disease surveillance and notification offi-
cers (DSNOs), and teachers. Health care-level
stakeholders include doctors, community health
officers (CHOs), community health extension
workers (CHEWS), and laboratory technicians
who are interested in devices, particularly for use
within remote areas. Lastly, community-level
stakeholders, such as patients and other commu-
nity members, are interested in diagnosis and
treatment but lack expertise in using diagnostic
devices for that purpose. Consequently, they
rely on health care professionals for diagnoses
and treatment.

Even though case management and control
and elimination efforts are widely used simulta-
neously, the different stakeholders follow various
procedures in implementing them. For example,
at the health care level (level 3 in Figure 1)
CHEWs and CHOs prioritize control and elimina-
tion at the community level, especially in remote
communities that have limited or no health care
facilities.15,17,20,21 However, doctors and laborato-
ry personnel within the same level prioritize indi-
vidual case management.

Similarly, the control and elimination ap-
proach is complex because it is addressed through
a combination of different stakeholder proce-
dures. For example, organizational-level stake-
holders (level 4, Figure 1) prioritize screening
schools and doing mass drug administration
(MDA) to school-aged children in the community
or at a cluster of schools, while policy makers
(level 5, Figure 1) prioritize MDA on a national
level including adults and children.18,19

Even though all these procedures are impor-
tant in actualizing individual case management
and control and elimination, theymay require dif-
ferent diagnostic devices that can be applied in dif-
ferent contexts. And these stakeholder groups are
interested in different aspects of diagnostic devices.
This necessitates new diagnostic devices that can
support the various stakeholders in performing tasks
targeting schistosomiasis. Therefore, it is important
to understand stakeholder preferences and perspec-
tives to reach a consensus on the best strategies for
schistosomiasis control.

The main diagnostic tool for urinary schistoso-
miasis is conventionalmicroscopy,whichhas critical
shortcomings. Conventional microscopy is expen-
sive, laborious to use, depends on well-trained per-
sonnel that rural communities often lack, cannot be

deployed outside of the lab, and is most appropriate
in well-equipped centralized laboratories not found
in rural regions where schistosomiasis is preva-
lent.1,3,9,22–24 As such, potential new diagnostic
devices that can support stakeholders in targeting
the diagnosis and subsequent control and elimina-
tion of urinary schistosomiasis are crucial.

Improved stakeholder capacity to perform
such tasks is key to increasing diagnostic coverage,
improving control, and eventually eliminating
this infection.25 However, these goals cannot be
achieved if the design of current and new diagnos-
tic devices does not consider the stakeholders’
needs. Therefore, it is crucial to ensure that new
diagnostic devices are developed to meet stake-
holder needs as a means of supporting them in
performing their respective tasks.

Many new diagnostic devices for parasitic
infections are under development, ranging from
digital optical devices to sophisticated DNA-based
analytic devices.26–35 However, these devices are
currently not deployable or commercially avail-
able and are therefore not available at the point of
need.5,30 The World Health Organization esti-
mates that 70% of medical devices in health care
facilities in low-resource settings do not function
well given that they were designed for the health
care context in high-resource countries and were
therefore not optimized for other settings.20

According to the United to Combat NTDs report
on Delivering on Promises and Driving Progress,
effective devices for urinary schistosomiasis re-
main an unmet need.7 To be effective, new diag-
nostic devices for urinary schistosomiasis will
need to (1) be designed for specific contexts of
use, (2) fit the specific local (health care) infra-
structure, (3) incorporate product requirements
and performances suited for specific communities,
and (4) be commercialized and implemented.7,36

Health care systems are complex and include a
diverse number of stakeholder groups, which of-
ten bring distinct perspectives on issues related to
care delivery and what constitutes appropriate
treatment or quality of care.37–42 Taking stake-
holder perspectives and specific needs into ac-
count will enable them to fulfill tasks and
implement strategies targeting the diagnosis and
control of urinary schistosomiasis, which will
ensure the uptake and use of new diagnostic
devices to support the fight against this disease.35

Therefore, we aimed to explore and understand
the stakeholder perspectives on the context of use
and application of potential new diagnostic
devices for urinary schistosomiasis in Oyo.
Context of use describes the interaction that

To increase
diagnostic
coverage,
improve control,
and eventually
eliminate
schistosomiasis,
current and new
diagnostic devices
need to consider
stakeholders’
needs.
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occurs between the stakeholders (actors), diag-
nostic device (object), and location, while applica-
tion describes the action of putting the diagnostic
device into operation or use.36 In this article, we
present the different stakeholder perspectives
that were studied.

METHOD
We applied Q-methodology to elucidate stake-
holder perspectives on the context of use and ap-
plication of new diagnostic devices for urinary
schistosomiasis in Oyo. Q-methodology is a tech-
nique used in research to investigate subjectivity
and people’s viewpoints, perspectives, and beliefs,
among other factors, regarding a particular phe-
nomenon.43–45 Q-methodology was suitable for
gaining an understanding of the different perspec-
tives on a potential new diagnostic device among
the multiplicity of stakeholders who follow differ-
ent procedures regarding the diagnosis of urinary
schistosomiasis. In addition, as mentioned above,
the health care system is recognized for its com-
plexities and diverse stakeholder groups with dis-
tinct perspectives on issues of care delivery.37–42

Therefore, the use of Q-methodology was suitable
in this research to elucidate these different stake-
holder perspectives. Q-methodology is used to re-
veal how and why people think the way they do
and to uncover different patterns of thought while
relying on a small number of respondents.46,47

Unlike conventional surveys in which participants
rate items in a questionnaire, Q-methodology com-
pares perspectives between participants, and
through factor analysis, identifies participants who
share similar perspectives.48,49

In this study, the Q-methodology process was
guided by the following steps: (1) collection of
statements (also known as concourse develop-
ment); (2) selection, development, and validation
of statements deducted from the concourse (also
known as Q-set); (3) participant selection (P-set),
(4) selecting sorting distribution, (5) conducting
the Q-sorting, (6) analysis, and (7) interpreta-
tion (Figure 2).50 The steps outlined in this study
facilitated a step-by-step implementation of
Q-methodology as a research tool and did not
aim to provide foundational material on how to
conduct Q-methodology. Previous publications
can be used to gain an in-depth understanding of
Q-methodology.39,50,51

Step 1. Collection of Statements (Concourse)
A collection of 150 statements (Supplement 1) were
gathered from literature (n=93) and stakeholder

interviews (n=35) to build the concourse.
Statements from literature were sourced from
journal articles, conference proceedings, and
NGO and government reports that contained
insights on diagnosing urinary schistosomiasis in
Nigeria and sub-Saharan Africa.52 A variety of
terms and combinations were searched in aca-
demic databases such as PubMed, Science Direct,
and Google Scholar. The following search terms
were combined using the logical operators “and”
or “or”: schistosomiasis diagnostic, tools, schis-
tosomiasis stakeholder involvement, Nigeria,
application, context of use, diagnostic tools for
S. haematobium, approaches, and strategies.
Statements pertaining to diagnosis, treatment,
and patient-related diagnostic needs were iden-
tified by interviewing stakeholders from the
4 levels of the health care system (Table 1).
These interviews provided additional opinion
statements, which were combined with the find-
ings from the literature.

Step 2. Q-Set Development and Validation
A Q-set is a selection of statements deducted from
a concourse (step 1).44,51,53 Forty statements were
selected from the concourse in step 1 to make up
the Q-set53 (Supplement 2 Table 1). A Q-set of 40
opinion statements provided good coverage of the
study, was sufficient to elicit existing viewpoints,
and fell within the sample range (i.e., 30–50) that
is generally accepted in Q-methodology.43,51,54

The statements were selected based on 4 consid-
erations as proposed by Uniting to Combat NTDs
target product profiles, which provided a theoreti-
cal framework and ensured that the Q-set covered
the essential diagnostic product requirements for
diagnosing urinary schistosomiasis. Specifically,
these requirements included (1) context use case,
(2) infrastructure, (3) product requirements (design
and performance), and (4) rollout strategy.7,36,55

Infrastructure describes the facility, location, or set-
ting, and product requirement describes the specifi-
cations for device design and performance. Rollout
strategy describes strategies to introduce, integrate,
and commercialize a newproduct to users. Four do-
main experts validated the 40 selected statements.
Three experts in the domain of parasitology and
schistosomiasis diagnostics provided validation re-
garding urinary schistosomiasis diagnosis within
the Nigerian context, and 1 Q-methodology expert
provided validation on the construction of the
Q-set. The domain expert validations were aimed
at measuring the internal consistency and content
validity of the Q-set. The internal consistency of
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the Q-set wasmeasured using Cronbach’s alpha (a)
reliability coefficient and the content validity was
measured using the Item Content Validity Index
(I-CVI).56

In measuring the content reliability and valid-
ity, the experts rated each of the Q-statements for
readability, clarity of statement, and heterogene-
ity (breadth and depth)53 (Supplement 2 Table
2.) Every statement was clear and made its own
original contribution to the Q-set, without over-
laps.51 The domain expert rating (Supplement 3)

was used to compute a statistical analysis of
Cronbach’s alpha reliability coefficient using
Windows SPSS 26. The resulting Cronbach’s alpha
reliability coefficient was 0.99, which is acceptable
and higher than the Nunnally norm of 0.7057

(Supplement 4). Similarly, the expert ratings
were used to compute an I-CVI value for each of
the 40 statements (Supplement 3): 32 statements
scored an I-CVI value of 1.00, 8 statements had
an I-CVI value of 0.88, and 1 statement had an I-
CVI score of less than 0.80. Experts suggested

FIGURE 2. Q-Methodology Study Process Used to Understand Stakeholders’ Perspectives on New Diagnostic
Devices for Urinary Schistosomiasis50
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minor changes in statement wording to improve
clarity and readability, especially for theQ-statements
with I-CVI values of less than0.80.56As a result of ex-
pert feedback,minor editsweremade to 2 statements
(including statements with I-CVI values greater
than 0.80) and 38 statements remained unchanged
(Supplement 2 Table 1).

Step 3. P-Set Selection
A total of 29 participants were purposively select-
ed from 3 of the 4 health care system levels in
Oyo (Table 2). We selected individuals based on
their medical and scientific expertise in urinary
schistosomiasis diagnosis and treatment in Oyo,5 as
well as their willingness to participate. Participants,

TABLE 1. Stakeholders Interviewed for Perspectives on the Context of Use and Application of Potential New
Devices to Diagnose Urinary Schistosomiasis, Oyo, Nigeria5

Health Care Level Stakeholder Interview Count

Policy Nongovernmental organization 1

Academia/researcher 2

Organizational Primary health care coordinator 1

Medical officer of health 1

Disease surveillance notification officer 2

Neglected tropical disease officer 3

Teacher 6

Health care Doctors 1

Community health extension worker 4

Laboratory technician 4

Community health worker 2

Community Patient/guardian 5

Community mobilizer 1

Traditional healer 1

Community leader 1

TABLE 2. Participant-Set Composition for Perspectives on the Context of Use and Application of Potential New
Devices to Diagnose Urinary Schistosomiasis, Oyo, Nigeria

Stakeholder Level Stakeholder

No. of Participants

Local Level State Level

Policy and economy Nongovernmental organization 1 1

Financing — 2

Academia/researcher 1 1

Organizational Medical officer of health/primary health care coordinator 1 1

Disease surveillance notification officer 1 1

Neglected tropical disease officer 2 1

Health care Medical doctor 1 2

Community health extension worker 1 1

Laboratory technician 4 2

Community health officer 4 1

New Diagnostic Devices for Urinary Schistosomiasis www.ghspjournal.org
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which included individuals from the policy and eco-
nomic, organization, and health care levels, repre-
sented high power and interest in the adoption
of new diagnostic devices for schistosomiasis in
Nigeria. We did not include community-level
participants because they lacked the expertise in
diagnosing urinary schistosomiasis using diag-
nostic devices and relied on health care profes-
sionals for diagnoses and treatment. The selected
participants (n=29) were sufficient to establish
and compare the different perspectives expressed
in the Q-set. Likewise, a Q-set larger than the
participant number was sufficient for this study
because of the relevant background of the
participants.51

Step 4. Selecting a Sorting Distribution
Data collection involved participants’ rank-ordering
statements on a fixed distribution. Comparedwith a
free distribution, a fixed sorting distribution created
an opportunity to standardize the process of rank-
ing the statements.51 Within this study, a Flatten-
Gaussian 13-point scale (�6 to þ6) sorting fixed
distribution with the poles labeled “most agree” to
“most disagree” (Figure 3) was selected. This shape
was selected to maximize the participant’s profi-
cient knowledge of the topic in achieving a granular
rank order,51 regarding the most relevant context
and application of use for a new urinary schistoso-
miasis diagnostic device in Oyo.

Step 5. Conducting the Q-sort
Q-sort involved rank-ordering the 40 statements
on the Flatten-Gaussian 13-point scale sorting dis-
tribution grid. A total of 29 Q-sorts were conducted
within this research. Q-sorts were conducted using
Easy-HtmlQ 2.0; a web-based platform for online
Q-administration.58 Easy-HtmlQ 2.0 was used to
administer Q-sort remotely while providing live

support via secure online calls within the bound-
aries of the COVID-19 pandemic. Conducting this
study remotely or virtually, while not ideal, is an
acceptable approach in Q-methodology.59–61 The
Easy-HtmlQuser-friendly interface allowedpartici-
pants to familiarize themselves with the Q-set on
digital cards. To reduce cognitive load, participants
were first allowed to organize the statements into
3 piles: “strongly agree,” “strongly disagree,” and
“neutral.” Secondly, the 3 piles were ranked on
the sorting grid from “most agree” (þ6) to “most
disagree” (�6). Each Q-sort exercise was complet-
ed with post-sorting questions within the Easy-
HtmlQ 2.0 to elucidate the reasons why statement
rankings fell in extreme corners of the sorting grid
and to understand the reasoning underlying rank-
ings and trade-offs. The steps of sorting and post-
sorting questions are in line with recommended
practices in Q-methodology.44,62 Each Q-sorting
lasted approximately 35–45minutes per participant.

The studywas conductedwith ethical approval
from the Research Ethics Committees at the
University of Ibadan-Nigeria (REF UI/EC/21/
0100) and Delft University of Technology, the
Netherlands. Participants were assured that par-
ticipating in the study was voluntary and that in-
formation collected was anonymized and treated
with confidentiality. All participants signed and
provided informed consent before participating in
the study and were allowed to withdraw from the
study at any time. No participants expressed any
hesitation to participate in the study.

Step 6. Analysis
Analysis was carried out using KADE (Ken-Q
Analysis Desktop Edition) version 1.2.1 pro-
gram.63,64 The KADE program provided a simple
and interactive visualization to analyze and inter-
pret the data gathered. Q-sorts were entered into

FIGURE 3. Flatten-Gaussian 13-Point Scale Sorting Fixed Distribution
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the KADE program for intercorrelation, and fac-
tors, also known as common perspectives, were
identified using centroid factor analysis and vari-
max rotation. Fundamentally, factor analysis
identifies the patterns of relationships within the
data, or in this case participants’ perspectives, and
thereafter summarizes them into distinct patterns
of occurrence.50,65 Centroid factor analysis was
preferred in this study because of its permissive-
ness for data exploration as opposed to principal
component analysis, which resolves the data into
a single mathematically best solution.51 Varimax
was preferred because it provides themost mathe-
matically preferred solution in generating factors
that when put together account for the maximum
amount of study variance.51 Varimax procedure
in the KADE program provided factor loadings
sorted from highest to lowest.63

Factor loadings sorted from highest to lowest
provided a solution towards working our way
down from the strongest factor load accounting
for the maximum amount of study variance and
produced clear and consistent factor interpreta-
tion and clustering.51 Similarly, factors were
retained for extraction if they had an eigenvalue
(EV) ≥ 1.00 and 2 or more significant loadings
(0.05 significant) following extraction.51,54 EV is
an indication of a factor’s statistical strength.
Factors with an EV less than 1.00 are often taken
as a cutoff point, and factors with an EV above
1.00 are important and retained for extraction.51

Iteration of the factor retention and extraction
process continued until clear and consistent factor
explanations and clustering emerged. At the end
of this iterative process, the retained factors were
documented in factor array scores and crib sheets
(Supplements 5 and 6). A factor array table is a
configuration of a Q-sort showing the viewpoint
of a particular factor, grouping of statements, and
their specific ranking value.51 Crib sheet is a tool
designed by Simon Watts of Nottingham Trent
University, and it is used to examine factor array
in detail through a systematic and methodical ap-
proach that is consistent and delivers a holistic fac-
tor interpretation.51,66

Step 7. Interpretation
The factor array scores and crib sheets were inter-
preted to produce factor themes. Factor arrays
provided the best possible estimates of relevant
and holistic viewpoints and crib sheets were used
to enforce holism by forcing engagement with
every item in a factor array.51 Statements with a
statistical significance (P�.05) were considered

distinguishing statements.43,54 The results and in-
terpretation of the analysis were summarized in a
qualitatively rich narrative with a coherent over-
view of different perspectives (factors), its ele-
ment, and the line of reasoning. For factor
interpretation, it should be noted that the state-
ment number and its corresponding rank in the
factor array are represented as [statement; score].
For example, [24; �1] means statement 24 is
ranked at �1 along the sorting grid (�6 to þ6).
This system of interpretation produces a succinct
and holistic narrative because it shows how state-
ments are linked within a factor.67 The summa-
rized narratives of the factors were further
validated by experts that were representative of
participants in each factor narrative. All experts
had either medical or scientific expertise in diag-
nosing urinary schistosomiasis in Oyo, Nigeria.
Each expert was assigned to read the factor they
represented and engaged in qualitative discus-
sions on whether the narrative was representative
of the perspective shared within the diagnostic
landscape in Oyo or not.

RESULTS
To understand the stakeholder perspectives on the
context of use and application of new diagnostic
devices for urinary schistosomiasis in Oyo, Nigeria,
a by-person factor analysis of 29 Q-sorts was per-
formed. A factor array score of 4 distinct factors
emerged (Table 3). These 4 factors collectively
explained 33% of the study variance. A total
explained variance of 33% is less than the widely
used minimum range of 35%–40%.68 However, a
low explained variance is not necessarily problem-
atic andmay bemeaningless, especially when great
care has been taken in selecting the Q-set and par-
ticipant set.51,54,69 Having only mathematical
solutions such as total explained variance limits
the opportunity to engage with the ranked state-
ment.51 Notably, a 5-factor solution would have
offered a higher explained variance; how-ever, it
produced unclear and inconsistent factor explana-
tion and clustering generated in the crib sheet
(Supplement 5). A concise and consistent inter-
pretation and explanation of factors or viewpoints
were best achieved with a 4-factor solution
(Supplement 6).

The interpretation of the factors revealed that
the context of use and the application of new diag-
nostic devices for urinary schistosomiasis are both
strongly influenced by 4 distinct factor themes.
That is, new diagnostic devices will need to (1) be
deployable to remote or distant communities,
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TABLE 3. The 40 Statements and the Factor Array Scores of the 4 Factors

No
Statement

Factors

F1 F2 F31 F32 F4

Context (Use Case)

1 Microscopy using a concentration technique is the recommended method to prove
active schistosomiasis, despite its low sensitivity and need for expert users.

0 �1 �1 �2 �3

2 Diagnosis should include the identification of Schistosoma parasites in both humans
and water sources that may be contaminated.

þ2 0 þ4 þ2 0

3 Mass screening and diagnosis should be carried out alongside mass drug adminis-
tration with praziquantel.

�2 �3 þ4 �2 5

4 Schistosomiasis surveillance enables program managers to monitor the effectiveness
of intervention strategies and identify which populations require continuing
interventions.

�1 þ5 þ2 �1 þ3

5 The availability of RDTs, which requires only minimal infrastructure, would improve
diagnosis and surveillance simultaneously.

þ3 �2b þ3 þ2 þ5

6 Implementing an affordable and simple POC diagnostics solution will reduce the fi-
nancial burden of equipment and personnel at each health facility.

0b �2 �2 4b �1

7 POC diagnostics that can detect and confirm cases immediately will reduce the risk of
missed or misdiagnosed cases.

þ2 0 �3a 0 1

8 The quantification of egg excretion helps to assess the transmission potential of
populations living in endemic areas.

�1 �2 1 �1 �2

9 Schistosomiasis control programs should target school-aged children only. �6 �6 �1b �5 �6

10 Due to the low level of education and lack of training among community health
workers, incorrect treatment is often prescribed.

�3a �1 0 0 3b

11 Presenting data on the severity of schistosomiasis infection of specific locations will
guide the development of strategies for effective case management and control
elimination.

þ1 þ2 �6b þ3 þ1

12 Passive case detection, based on people’s self-reporting, has been considered a less
expensive strategy for the control of schistosomiasis.

�3 �2 6b 0 0

13 Prevalence and intensity of infection is often higher among children than among
adults.

0 �1 �3 þ1 0

Infrastructure and location

14 Schistosomiasis diagnosis should be done closest to the community as it reduces the
time to carry samples back to the laboratory.

0 þ1 2 0 þ4

15 Diagnostic and treatment campaigns should target school-age children, adolescents
and those whose occupations involve contact with infectious water (e.g. fishing,
farming, irrigation, and domestic tasks in water).

�2 þ3 þ1 þ1 �1

16 Simple, rapid POC tests should be used in primary health care settings where patients
often travel long distances to access health care facilities.

�1 �1 �2 þ2 þ2

17 Diagnostic devices should be deployed in primary health care centers, clinics, and
health posts since they are the most lacking in equipment.

�4a þ4 �1a þ5 1a

18 Testing of urine samples for schistosomiasis with school-based surveys should be
done at the school location.

�1 þ1 0 �2 �5

19 It is convenient to treat patients for schistosomiasis infection without a confirmed di-
agnosis due to the delay in receiving test results from referral hospitals.

�5 �5 �5 �4 �4

Product requirement

20 Schistosomiasis elimination calls for developing novel diagnostic tools with higher
sensitivity and specificity than microscopes.

þ1 3b �4 �1 �3

Continued
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TABLE 3. Continued

No
Statement

Factors

F1 F2 F31 F32 F4

21 Diagnostic device for schistosomiasis with minimal to no sample preparation is ideal. �2 �3 �2 �3 �5a

22 The diagnostic device should quantify eggs to provide an estimation of the number of
people that have been exposed to schistosomiasis in a population.

5a �5b þ1 �1a þ2

23 Devices should be easy to use by medical personnel and health workers such as
CHEWs, CHOs, laboratory scientists to detect and diagnose schistosomiasis-infected
patients.

þ1 þ2 0 �5 �2

24 Patient samples should be processed in batches to get a faster turnaround time and
increase the efficiency of sample processing during mass campaigns or sensitization
meetings.

0 0 þ1 �4b þ3

25 Ideal diagnostic approaches should allow the concurrent detection of several patho-
gens in different biological samples such as urine, blood, and stool.

þ3 0 þ3 �3a þ1

26 Diagnostic devices should be sensitive enough for detecting very light schistosomiasis
infections.

þ4 �3 þ5 �1 �1

27 Diagnostic devices should have their own reliable power sources due to the unstable
power connectivity in rural and distant communities.

þ6 �1 �1 þ6 þ6

28 The best diagnostic devices should be easy to transport safely by car, motorbike, and
bicycle to remote locations.

4a þ1 �4 þ2 �1

29 Diagnostic devices should be compact and portable so that they can be easily
deployed in the community.

þ2 0a þ3 þ3 �3b

30 Diagnostic devices/tests should identify and map out areas with a large spread of
schistosomiasis and be able to trace the source of the disease.

3a 0 0 0 �1

31 Devices should be locally repaired and maintained by local technicians in case of
breakdown.

0 þ2 �5b þ4 0

32 The device should be easy to clean and disinfect to prevent re-contamination. þ1 þ1 0 þ1 þ2

Rollout strategy

33 The cost per diagnostic test should be free (covered by the government). �1 4a 0 þ1 �2

34 Cost per diagnostic test should be less than 1,000 Naira (US$2). �5b 6a �3 þ3a �2

35 Mass drug administration campaigns should be accompanied by mass diagnostic
and disease awareness campaigns.

�2 þ2 þ2 1 0

36 Data from diagnostic devices should be accessible to stakeholders (local government,
DSNO, MOH, researchers, and NGOs) to enhance planning.

þ1 þ5 þ2 0 þ2

37 New interventions should consider training the health care workers at the community
level and the informal sector (PMVs and traditional medicine) to increase coverage to
diagnostics.

�3 þ1 �1 �6b 0

38 Diagnostic tools for schistosomiasis should be deployed and used at the community
level by PMVs and community mobilizers as they already serve as trusted stake-
holders in the community.

�4 �4 1b �3 �4

39 The role of the village/community head is important in the acceptance of the new di-
agnostic device.

þ5 �4a �2a þ5 1b

40 Patients with schistosomiasis should be tested before being treated. þ2 þ3 þ5 �2b þ4

Abbreviations: CHEW, community health extension worker; CHO, community health officer; DSNO, disease surveillance notification officer; MOH, medical of-
ficer of health; NGO, nongovernmental organization; PMV, patent medicine vendor; POC, point-of-care; RDT, rapid diagnostic test.
a Distinguishing statement significant at P<.05.
b Distinguishing statement significant at P<.01.
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(2) be affordable, (3) identify and confirm infec-
tion status before treatment in patients with a
diagnosis of urinary schistosomiasis based on self-
reporting and be optimized for the local setting,
and (4) fit within localminimal infrastructural set-
tings (Table 4).

Factor 1: Deployable Diagnostics Devices to
Remote or Distant Communities
Factor 1 (F1) had an EV of 4.77 and explained
16% of the total variance. A total of 10 respon-
dents loaded significantly in this factor, and all in
the positive pole. All 10 respondentswere decision
makers and performed supervisory, financing,
and technical roles targeting the diagnosis of
urinary schistosomiasis in Oyo. Four of the
10 respondents in F1 represented the policy and
economic level of the health care system, includ-
ing 2 individuals in the donor financing sector,
1 schistosomiasis-control coordinator within the
NGO sector, and 1 state university researcher. F1
also involved a DSNO and a medical officer of
health at the state level (federal government).
They represented the organizational level of the
health care system that focuses on the pragmatic
parts of schistosomiasis control, such as gathering
information about urinary schistosomiasis that is
then used for program planning. Similarly, F1 in-
cluded 2 laboratory technologists, 1 medical doctor,
and 1 CHEW at a state-run PHC facility. These parti-
cipants represented the health care level that is in-
terested in devices that improve the speed and
accuracy of diagnosing urinary schistosomiasis.

F1 respondents emphasized the need for new
diagnostic devices for urinary schistosomiasis that
are deployable to remote communities and health
care facilities [29; þ2, 17; �4] (P�.05) (Figure 4).
New diagnostic devices that are deployable to re-
mote communities will require their own reliable
power sources owing to limited power connecti-
vity in such areas [27; þ6]. Similarly, deploying
these new diagnostic devices to remote communi-
ties and health care facilities should be possible us-
ing bicycles, motorbikes, and cars [28; þ4]
(P�.05). This will increase the ability to reach re-
mote communities to detect S. haematobium cases
and map areas with a large spread of the infection
[30; þ3*] (P�.05). Deployable diagnostic devices
will need to be sensitive and able to quantify eggs
to estimate the intensity of infection [22; þ5]
(P�.05). Estimating the population exposed to
urinary schistosomiasis should not be limited to
school-age children but should also include adults
[9; �6]. The ability to identify populations

exposed to this infection could be enhanced by
leveraging the social power of community leaders
[39; þ5]. However, F1 respondents raised con-
cerns about including nonclinical professionals in
diagnostic processes [37; �3, 38; �4].

Factor 2: Affordable Diagnostic Tests and
Devices
Factor 2 (F2) had an EV of 1.88 and accounted for
6% of the total variance. Five participants loaded
significantly in the positive pole: 2 PHC laboratory
technicians, 1 CHEW, 1 researcher, and 1 DSNO.
All 5 participants operated in local government
areas (LGAs) in Oyo. The PHC laboratory techni-
cian and CHO were interested in new devices that
improve the speed and accuracy of diagnostics.
They were proactive in the community and demon-
stratedhigh social relationshipswith the community
members. The researcher represented the policy and
economy level and provided technical expertise tar-
geting the control and elimination of schistosomiasis
at LGAs. The DSNOwas interested in gathering and
using prevalence data for planning.

F2 respondents emphasized that the cost per
diagnostic test in the community should be less
than 1,000 naira (₦), approximately US$2, to be
considered affordable or be covered by the gov-
ernment [33; þ4, 34; þ6] (P�.05) (Figure 5).
Affordable or free diagnostic tests will help increase di-
agnostic coverage in the communities and improve the
ability to identify infected areas in need of treatment,
MDA, or disease awareness campaigns [35; þ2, 19;
�5, 3; �3]. Diagnostic tests and treatment campaigns
should not only target school-age children [9,�6] but
should include other high-risk groups such as adoles-
cents and people whose occupations involve contact
with infectiouswater [15;þ3].

Respondents in F2 further emphasized devel-
oping novel diagnostic devices that are affordable
and deployable, have high sensitivity and specifi-
city, and present (real-time) data on the severity
of urinary schistosomiasis [20; þ3, 11; þ2]
(P�.01). Having data on infection severity will en-
able stakeholders to plan various tasks targeting
the diagnosis and subsequent control of urinary
schistosomiasis [36; þ5, 4; þ5]. These new diag-
nostic devices should be deployed in communities
and PHC facilities that are most lacking in general
laboratory equipment [17; þ4, 23;þ2, 38;�4].

Factor 3: Identify and Confirm Infection
Status Before Treatment
Factor 3 (F3) has an EV of 1.65 and accounts for
6% of the total variance. Four participants loaded

Affordable or free
diagnostic tests
will help increase
diagnostic
coverage in the
communities and
improve the
ability to identify
infected areas in
need of treatment.
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significantly in this bipolar factor. Two in the posi-
tive pole (F3þ) and 2 in the negative pole (F3�).
The F3þ respondents were both CHOs interested
in a new diagnostic device increasing the speed
and accuracy in identifying urinary schistosomia-
sis cases in the LGAs. Respondents in F3� includ-
ed a laboratory technician at a private laboratory
and a medical doctor at a tertiary health facility
that offers specialized health care in the form of
community-based outreach. F3þ respondents
confirmed that passive case identification based
on people’s self-reporting is an affordable strategy
to identify urinary schistosomiasis [12; þ6]
(P�.01). (Figure 6). However, case identification
based on people’s self-reporting should be sup-
ported with a diagnostic device that can identify
and/or confirm infection status [3; þ4] to support
treatment with praziquantel [40; þ5, 19; �5].
Diagnostic devices that can quickly identify infec-
tion status before treatment should be sensitive to
detect a low-level infection [26; þ5, 25; þ3].

Similar to F3þ respondents, F3� respondents
did not emphasize the need to identify infection
status before treatment [40; �2] (P�.01). F3�
respondents emphasized the need to detect and
obtain data on the severity of infections in multi-
ple biological samples [25; �3, 11; 3] to increase
the capacity to identify infected groups and areas.

Similarly, such identification will guide the devel-
opment of strategies tomanageand control schistoso-
miasis within such groups and areas. Community
leaderswhohavehigh social power can support strat-
egies to manage and control schistosomiasis in
infected areas [39; 5]. However, F3� respondents
raised concerns about training community members
with no formal clinical expertise to detect and diag-
nose schistosomiasis [23;�5] [37;�6] (P�.01). F3�
respondents also emphasized equipping PHC facilities
that currently have limited ornodiagnostic devices to
detect S. haematobium [17; þ5, 16; þ2] (Figure 7).
Newdiagnostic devices that equipPHC facilities to de-
tect S. haematobium will need to be maintained and
repaired locally and to have their own reliable power
sources owing to limited power access in some re-
mote communities [27;þ6, 31;þ4, 29;þ3].

Factor 4: Simple Point-of-Care Devices/Tests
Requiring Minimal Local Infrastructure
Factor 4 (F4) has an EV of 1.35 and accounts for
5% of the total variance. Five participants loaded
significantly in the positive pole. That is, NTD offi-
cers and medical doctors providing supervisory
activities targeting urinary schistosomiasis in mul-
tiple LGAs. A CHEW and a CHO stationed at a
community PHC facility were also included. F4
respondents were interested in new diagnostic

TABLE 4. The 4 Distinct Factor Themes That Emerged From the Stakeholder Perspective on the Context of Use and Application of a
Potential New Diagnostic Device for Urinary Schistosomiasis in Oyo, Nigeria

Factors No. of Sorts Loaders Factor Theme

Factor 1 10 2 laboratory technicians, 2 donor financing, an
NGO representative, a researcher, DSNO,
MOH, medical doctor, and a CHEW

Deployable diagnostic devices to remote/
distant communities

Factor 2 5 2 lab technicians, a CHEW, researcher, and a
DSNO

Affordable diagnostic tests/devices

Factor 3þ 2 2 CHOs Identify and confirm infection status before
treatment in patients with a diagnosis of
urinary schistosomiasis based on self-
reporting

Factor 3– 2 A medical doctor and a laboratory technician Equip health care facilities with diagnostic
devices optimized for the local setting

Factor 4 5 An NTD officer at state level, a medical doctor, a
CHEW, a CHO, and an NTD officer in an LGA

Simple POC devices/tests requiring mini-
mal local infrastructure

Confounded 3

Nonsignificant 2

Total 29

Abbreviations: CHEW, community health extension worker; CHO, community health officer; DSNO, disease surveillance notification officer; LGA, local govern-
ment area; MOH, medical officer of health; NGO, nongovernmental organization; NTD, neglected tropical disease; POC, point-of-care.

Case identification
based on people’s
self-reporting is
affordable but
should be
supportedwith a
diagnostic device
that can identify
and/or confirm
infection status.
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devices that can improve the speed and accuracy
of detecting S. haematobium cases in PHC facilities.

F4 respondents emphasized the need for sim-
ple point-of-care (POC) diagnostic devices or tests
that require minimal infrastructure [5; þ5, 16;
þ2] (Figure 8) where patients often travel long
distances to access health care facilities [16; þ2].
Meeting this need will improve diagnostic cover-
age and surveillance beyond school-age children
[3; þ5, 16; þ2, 9; �6, 18; �5, 5; þ5]. Similarly,
implementing simple POC diagnostic devices will
ensure that the diagnosis is performed closest to
the community [14; þ4]. In the community, pa-
tient samples can be collected and analyzed in
batches (sample pooling strategy) to increase sam-
ple processing efficiency during campaigns or
sensitization meetings [24; þ3, 40; þ4]. This
approach will reduce the time needed to analyze
individual patient samples in centralized laborato-
ries, which are often far away [14; þ4]. Simple
POC diagnostic devices or tests that require

minimal infrastructure would require their own
reliable power sources, especially in remote com-
munities with limited power access [27; þ6].

Validation of Results
To validate the results of this study, qualitative dis-
cussions were carried out with 5 experts about the
4 factors that emerged on the context of use and
application of new diagnostic devices in Oyo,
Nigeria. The experts included a laboratory techni-
cian, a researcher, a CHO, amedical doctor, and an
NTD officer. Each expert was representative of
loaders in each of the 4-factor themes (Table 4).
The experts mentioned that all 4 factors were
representative of viewpoints shared within the
diagnostic landscape in Oyo. Interestingly, the view-
points expressed in each factor were closely directed
towards improving the ability of stakeholders to per-
form various tasks targeting the diagnosis and subse-
quent control of schistosomiasis. Such tasks included
identifying and gathering information on cases or

FIGURE 4. Factor 1: Context of Use and Application of a Deployable Diagnostic Device for Diagnosing Urinary
Schistosomiasis in Ibadan, Nigeria

Abbreviations: DSNO, disease surveillance notification officer; MOH, medical officer of health; NGO, nongovernmental
organization.

F4 respondents
emphasized the
need for simple
POC diagnostic
devices or tests
that require
minimal
infrastructure
where patients
often travel long
distances tohealth
care facilities.
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areas that are affected by urinary schistosomia-
sis in Oyo. This finding suggests that the stake-
holder perspectives on the context of use and
application of new diagnostic devices are closely
associated with the different stakeholder tasks
and strategies targeting urinary schistosomiasis
in Oyo.

DISCUSSION
This study explored stakeholder perspectives on
the context of use and application of potential
new diagnostic devices for urinary schistosomiasis
in Oyo. The diagnosis and subsequent control of
this infection currently rely on expensive diag-
nostic tools that are laborious to use in the local
endemic context, depend on well-trained per-
sonnel often lacking in rural communities, and
are not field deployable. These factors limit the
capacity for stakeholders within the health
system in Oyo (Figure 1) to perform tasks tar-
geting the diagnosis and subsequent control of
schistosomiasis.

In investigating this issue, our findings revealed
that new diagnostic devices that fit within the con-
text of use will need to (1) be deployable to remote
or distant communities, (2) be affordable, (3) identi-
fy and confirm infection status before treatment in
patients with a diagnosis based on self-reporting,
and (4) be optimized for the local setting and fit
within local minimal infrastructural settings.
Similarly, the study revealed that the context of
use and application of potential new diagnostic
devices is largely associatedwith the stakeholder tasks
or diagnostic strategies employed. These findings will
contribute to driving progress in developing new di-
agnostic devices for urinary schistosomiasis in Oyo
and globally in several ways.7

First, new diagnostic devices that are deploy-
ablewill increase the capacity to diagnose and pro-
vide surveillance, especially in rural regions.70

Deployable diagnostic devices will support stake-
holders such as DSNOs, NGOs, and researchers to
perform pragmatic and supervisory tasks in schis-
tosomiasis control and elimination. Such prag-
matic and supervisory parts include gathering

FIGURE 5. Factor 2: Context of Use and Application of Affordable Diagnostic Tests/Devices for Diagnosing
Urinary Schistosomiasis in Oyo State, Nigeria

Abbreviations: CHO, community health officer; DSNO, disease surveillance notification officer.

The study findings
will contribute to
driving progress
in developing new
diagnostic devices
for urinary
schistosomiasis in
Oyo and globally
in several ways.
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FIGURE 7. Factor 3: Context of Use and Application of a New Diagnostic Device for Diagnosing Urinary
Schistosomiasis in Oyo State to Equip Primary Health Care Facilities

Abbreviation: PHC, primary health care.

FIGURE 6. Factor 3þ: Context of Use and Application of a New Diagnostic Device for Diagnosing Urinary
Schistosomiasis in Oyo State to Identify Disease Status Before Treatment

Abbreviations: CHOs, community health officers; MDA, mass drug administration.
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data, mapping,monitoring, and using information
about schistosomiasis for program surveillance
and planning, especially in various communities.
Communities can receive schistosomiasis diagnos-
tic health services irrespective of their location.1

However, deployable diagnostic devices will need
to be sensitive for detecting low-level infections
quickly; be safely transportable in cars, motor-
bikes, or bicycles; and have their own reliable
power source because of the unstable power con-
nectivity in rural regions.

Second, affordable diagnostic tests or devices
that are supported by policies that reduce the overall
cost of diagnosis will make diagnostic testing more
affordable in Nigeria, where urinary schistosomiasis
diagnostic tests costing between US$1 and US$2
(approximately ₦400 to ₦1000) are either lacking
or not commercially available.1,71–73

Third, new diagnostic devices that can identify
infection status before treatment will support the
identification and prioritization of patients or
areas in need of treatment. However, MDA pro-
grams have not led to morbidity reduction since
estimates that prioritize the number of people

eligible for treatment from the number of people
treated has often been problematic.74–77 Overall,
new diagnostic devices that can accurately identi-
fy infection status before treatment will support
stakeholders at the health care, organizational,
policy, and economic levels to prioritize MDAs in
LGAs.

New diagnostic devices that can equip health
facilities while requiring minimal infrastructure
will increase diagnostic coverage especially in ru-
ral regions. In addition, equipping health facilities
in rural regions will reduce the burden on patients
who often travel long distances to access treat-
ment and are unable to return for test results.23

Lastly, new diagnostic devices will need to support
stakeholders in performing various tasks and
strategies targeting urinary schistosomiasis within
the context of Nigeria, as shown in this Q-method-
ological study. This support will ensure that new
diagnostic devices are accepted and used by many
end users inOyo.5Q-methodology served as a rigor-
ous tool in this study because it is scientifically valid
and reproducible in the domain of human-centered
design. Human-centered design, or participatory

FIGURE 8. Factor 4: Context of Use and Application of a Simple POC Diagnostic Device for Diagnosing
Urinary Schistosomiasis in Oyo State, Requiring Minimal Infrastructure

Abbreviations: CHEW, community health extension worker; CHO, community health officer; NTD, neglected tropical disease; PHC,
primary health care; POC, point-of-care.
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design, seeks to understand user needs and insights
to inform the design process.78 Design researchers
can benefit from using Q-methodology as a partici-
patory design tool to identify stakeholder needs
and product-service design requirements, especial-
ly at the formative stage of the design-innovation
process as in this study.

Limitations
Although a small size of diverse respondents is not
a limitation within this study, as large sample sizes
are not required for a Q-methodology study, the
findings are not generalizable beyond the small
participant pool (Table 1). Furthermore, this study
was conducted remotely using virtual digital plat-
forms owing to COVID-19-related restrictions,
which limited the ability to have in-person qualita-
tive discussions. To ensure stakeholder viewpoints
were extensively explored, written instructions and
discussionswithin this study had to be clear and pre-
cise and solicited immediate feedback for clarifica-
tions. Considerable time was needed to prepare
such concise instructions, which produced the key
findings and their implications within this research.
In-person conversations could have captured richer
qualitative information and insights, which might
have added additional explanatory value to this
study.

CONCLUSION
This study provides 2 key implications related to
the development of potential new diagnostic
devices and the stakeholders who perform tasks
targeting urinary schistosomiasis control and
elimination. First, medical device designers and
technology companies should ensure the develop-
ment of new diagnostic devices that can equip
health care facilities with minimal infrastructure,
be affordable, be deployable, and identify infec-
tion status before treatment. Second, the health
care system and community stakeholders in
Nigeria (Figure 1) should continuously participate
and collaborate with the design industry in the
human-centered design process of new diagnostic
devices, thus ensuring stakeholder needs and
viewpoints are considered in the design process.
It is crucial to ensure that diagnostic devices are
available at the point of need, are designed to
function best within the local endemic health
care context, and support stakeholders in perform-
ing tasks targeting control and eventual elimination
of schistosomiasis 5,20,25,30 In conclusion, the find-
ings from this study will guide the development of
new diagnostic devices for schistosomiasis that

match the contextual landscape and stakeholder di-
agnostic strategies in Oyo.
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