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ABSTRACT

Introduction Plasmodium vivax is the predominant cause
of malaria in the Greater Mekong Subregion. To ensure
safe treatment with primaquine, point-of-care glucose-6-
phosphate dehydrogenase (G6PD) testing was rolled out in
Cambodia at the health facility level, although most malaria
patients are diagnosed in the community. The current
study aims to explore the acceptability and feasibility of
implementing community-level G6PD testing in Cambodia.
Methods Semistructured interviews and focus group
discussions (FGD) were conducted. Across eight study
sites in three provinces, 142 respondents, including
policymakers, programme officers, healthcare providers
and patients, participated in 67 interviews and 19 FGDs in
2022 and 2023. Data were analysed thematically using an
adapted framework derived from Bowen et af's feasibility
framework and Sekhon et af's acceptability framework.
Results All stakeholders attributed value to the
intervention. Acknowledging an intervention’s different
values can help discern policy implications for an
intervention’s successful implementation. Building

and maintaining confidence in the device, end users,
infrastructure and health systems were found to be key
elements of acceptability. In general, health centre workers
and village malaria workers (VMWSs) had confidence that
VMWs could conduct the test and administer treatment
given appropriate initial training, monthly refresher training
and the test’s repeated use. More is required to build
policymakers’ confidence, while some implementation
challenges, including the test’s regulatory approval,
stability above 30°C and cost, need to be overcome.
Conclusion Implementation of G6PD testing at the
community level in Cambodia is an acceptable and
potentially feasible option but requires addressing
implementation challenges and building and maintaining
confidence among stakeholders.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Testing for glucose-6-phosphate dehydrogenase (G6PD)
deficiency is recommended in Cambodia before admin-
istration of radical cure.

= After the first year of the country-wide implementation
of G6PD testing using the Biosensor at health centre lev-
el, an assessment study at nine health facilities found
that 64% (770/1213) of patients were not tested and
therefore did not receive treatment.

= The low proportion of patients treated reflects the low
referral rate from village malaria workers (VMWs), where
most patients are diagnosed with malaria, to the health
centre for G6PD testing.

= Policymakers, implementers and researchers are ex-
ploring community-based G6PD testing as a solution.

= An initial operational feasibility study in Cambodia’s
Pursat province found that with appropriate training
and supervision, VMWs could perform the test appro-
priately and there was an acceptable level of agreement
between the test results from VMWs as compared with
laboratory technicians testing the same patient.

= Our study represents a ‘next step’ in determining the
acceptability and feasibility of community-based G6PD
testing by VMWSs with important insights for national
programmes in the region facing similar challenges.

INTRODUCTION

In 2022, there were an estimated 249 million
cases of malaria across 85 countries.' The two
most prevalent species of malaria in South-
east Asia are Plasmodium falciparum and P.
vivax. As the regional burden decreases,
P. vivax now accounts for the majority of
infections.! P wvivax contributed 94.6% of
infections in 2023 in Cambodia, where
the National Malaria Control Program
(NMCP) is seeking to eliminate malaria by
2025.% % In contrast to P. falciparum, P. vivax

BM) Group

Cassidy-Seyoum SA, et al. BMJ Glob Health 2025;10:¢019615. doi:10.1136/bmjgh-2025-019615 1

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold

1senb Aq Gz0z AInc T€ uo wod'fwg yhy//:sdny woly papeojumoq "Gz0z dunr 9T U0 STI6TO-G202-Ublwa/9eTT 0T se paysiignd 1s1y :yiesH [eqo|S CINg


http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2025-019615&domain=pdf&date_stamp=2025-06-16
http://orcid.org/0000-0003-0802-347X
http://orcid.org/0000-0001-8981-3910
http://orcid.org/0000-0002-5734-0845
http://orcid.org/0000-0003-2000-2874
https://doi.org/10.1136/bmjgh-2025-019615
https://doi.org/10.1136/bmjgh-2025-019615

BMJ Global Health 8

WHAT THIS STUDY ADDS

= The study is the first to explore a variety of stakeholders’ percep-
tions regarding the use of the Biosensor for G6PD testing by VMWs,
informing the acceptability and feasibility of implementing the
intervention.

= We identify the challenges around the use of the test, as well as
the practicalities involved with implementation and policy change,
including challenges with test supply refrigeration, WHO prequalifi-
cation and cost of implementation.

= Challenges with test use, such as the complexity of the test and
fears about misuse of the test impacting treatment, can be over-
come through confidence-building measures.

= Building on existing frameworks of feasibility and acceptability, this
study contributes to conceptual frameworks of how to assess inter-
ventions and technologies, finding that stakeholders attributed val-
ue to the intervention beyond its intended purpose and that building
and maintaining confidence is a key component to acceptability.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Our findings suggest that how different stakeholders across the
health system attribute value to the intervention has important pol-
icy implications and should be examined when exploring an inter-
vention’s acceptability.

= Confidence building in the VMWs conducting the test must be
ensured and maintained across the health system and includes
building confidence in the test device, in VMWs and in the required
infrastructure.

= According to VMWs, their self-confidence in performing the test can
be built, but policymakers need to value and compensate them for
this additional work.

= To overcome infrastructure limitations at the community level, WHO
prequalification for the Biosensor should be obtained and policy-
makers’ confidence in using the device without refrigeration needs
to be built.

forms dormant liver stages (hypnozoites) that can reacti-
vate, resulting in recurrent infection (relapse). In some
areas, up to 80% of acute vivax malaria presentations are
caused by relapse.* To clear hypnozoites, patients receive
radical cure—a combination of schizontocidal drugs
and 8-aminoquinolines, such as primaquine and tafeno-
quine.” 8-Aminoquinolines can cause severe haemolysis
in patients with the common enzymopathy glucose-6-
phosphate dehydrogenase (G6PD) deficiency.” Given
a high prevalence of G6PD deficiency of up to 19% in
Cambodia,”"” concerns about the risk of haemolysis in
individuals with G6PD deficiency and the lack of point-
of-care G6PD testing have resulted in the limited use of
radical cure until recently.""

To ensure safe access to radical cure and enable malaria
elimination, the NMCP rolled out the STANDARD G6PD
test (Biosensor, SD Biosensor, Republic of Korea) to
high-burden health centres in February 2021. However,
a year after the implementation of this policy, most
vivax (64%) patients still did not receive radical cure.'?
This is predominantly because of unsuccessful referrals
from the community to health centres.'* Most P. vivax
patients in Cambodia are diagnosed in the community by

village malaria workers (VMWs), but G6PD testing is only
done at the health centre level.'” '* Referral is limited
by distance, road conditions, the opportunity cost for
patients seeking further care and perceptions around P.
vivax malaria and its treatment.'” VMWs have played an
important role in the reduction of malaria in Cambodia
by implementing ‘test and treat’ policies for malaria,
providing schizontocidal drugs and carrying out preven-
tion strategies."* Enabling VMWs to use the Biosensor
and provide primaquine treatment is likely to increase
access to radical cure treatment.'>™"”

Community-based G6PD testing is discussed among
policymakers, implementers and researchers as a means
to enable access to radical cure, yet more insights on the
feasibility and acceptability of this strategy are required.'?
An initial feasibility study was conducted in Kravanh
district, in which 28 VMWs were trained to use the
Biosensor. The study found that VMWs were willing and
able to conduct the test after training and with monthly
supervision that also served as refresher training.'®
Comparison between readings conducted by VMWs
and technicians showed good agreement, but VMWs
required support in result interpretation and treatment
decisions."

Despite these encouraging findings, implementing
new diagnostic technologies can be challenging due to
numerous factors, including supply logistics,”*** absent
infrastructure and financial constraints, *** accept-
ability among users and recipients,”’ ** and the dynamics
between healthcare providers and patients.?' 2 2* 20 27
These challenges can be particularly problematic when
implementing a new diagnostic among VMWSs with less
medical training than health facility workers across a
multitude of service points.

This study aims to explore the acceptability and feasi-
bility of implementing community-level G6PD testing
in Cambodia, including obstacles to policy change. To
adequately do so, a conceptual framework suggesting
that the success of implementing a diagnostic depends
on how the device interacts with the broader health
system was used, highlighting the need to explore the
perceptions of the implementer and the recipients, poli-
cymakers and other stakeholders that make the health
system work.” This was supplemented with Bowen et
al’s feasibility framework and Sekhon et al’s acceptability
framework.” * The study draws on perspectives and
experiences from a variety of stakeholders, including
policymakers, subnational malaria officials, health facility
workers, VMWSs and patients.

METHODS

Study design and participants

This qualitative study employed semistructured inter-
views (in person and online) and focus group discussions
(FGDs, in person). Data were collected as part of a larger
research study on the implementation of G6PD testing in
Cambodia.'? Study participants included policymakers,
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Figure 1 Map of study sites. Created with QGIS Lima and Canva Pro. Subnational boundary shapefiles were obtained from

the Humanitarian Data Exchange (https://data.humdata.org/dataset/cod-ab-khm) and are licensed under a Creative Commons
Attribution 4.0 (CC-BY 4.0) International licence.

representatives of implementing partner organisa-
tions, subnational programme officials, referral hospital
workers, health centre workers, VMWSs and patients diag-
nosed with vivax malaria. Participants were recruited
at eight sites with varying P. vivax burden across three
provinces in western and eastern Cambodia (Pursat,
Kampong Speu and Steung Traeng) (figure 1). All
study sites provided routine care (online supplemental
appendix 1). A clinical trial was conducted at two sites
(EFFORT trial, NCT04411836) during the study period.
Patients were enrolled via convenience sampling in coor-
dination with health workers and community leaders.
All other study participants were identified via purpo-
sive and convenience sampling. Purposive sampling was
conducted for subnational officials and programme staff
based on their experience with the malaria programme,
as well as among implementation partner organisations.
More details on the recruitment and sampling proce-
dures are available in online supplemental appendix 2.
Participants provided written informed consent in
Khmer after a briefing with the facilitator and prior to

BMJ Global Health

(+)
Steung Traeng

D Study site provinces
[ Study site districts

@ Study site health facilities

enrolment. Participants were provided with an informa-
tion sheet about the study in Khmer. All collected data
were anonymised.

Procedures

Discussion guides were developed for semistructured
interviews and FGDs (SAC-S, KT, NE) and translated
into Khmer (PC). Briefing notes on research topics and
questions were prepared (SAC-S) and provided to facil-
itators (KC, PC). Interviewing/facilitating skills, under-
standing of questions and accuracy of discussion guide
translations were confirmed during subsequent work-
shops (SAC-S, KC, PC), and guides were refined in pilot
sessions (SAC-S, KC, PC). Details can be found in online
supplemental appendix 3.

Data were collected between April 2022 and 2023 in
a private setting. Semistructured interviews with policy-
makers and representatives of implementation partner
organisations were conducted over Zoom in English
(SAG-S), except for one in-person interview in Khmer
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(KC). Interviews and FGDs with all other participants
were conducted in person and in Khmer (KC, PC).

A debriefing among study members (SAC-S, KC, PC)
was conducted after each interview and FGD, allowing for
key findings and insights to be further explored in subse-
quent sessions and for an assessment of data saturation.
English recordings were transcribed. Khmer recordings
were translated and transcribed into English. The study
team reviewed the translated transcripts to ensure accu-
rate translation (SAC-S, KC, PC). Follow-up interviews
or FGDs were conducted when possible and warranted
based on debriefings and review of transcripts, allowing
for in-depth exploration of the research question.

Data analysis

An iterative, inductive and deductive coding approach
using NVivo V.12 (Lumivero, USA) was applied (SAC-
S). The codebook was developed based on reviewing
and re-reading transcripts and components of the larger
study’s conceptual framework (SAC-S with support from
KT, NE, AM).12 Themes were revealed through the
process of coding and memo writing (SAC-S) and were
discussed among study team members (SAC-S, KT, NE,
AM). Achievement of data saturation was confirmed at
the end of data analysis.

Building on the theoretical framework that guided the
larger study’s data collection and analysis,'* conceptual
and theoretical frameworks were retrospectively applied
after data collection in the analysis phase. Drawing from
a conceptual framework devised by Pai et al,28 the success
of a point-of-care rapid diagnostic test, in this case, the
Biosensor used at the community level, is not merely
about the test itself but how it interacts with the users,
recipients and the health system. Using this lens, Sekhon
et al’s acceptability framework and Bowen et al's feasi-
bility framework were combined to explore the potential
implementation of the Biosensor by VMWs, and a new
framework was derived (figure 2) 2939 The derived frame-
work includes Sekhon et al's acceptability components
of affective attitude, ethicality and the modified compo-
nents of confidence building and added value (figure 2).
Through and after data analysis, Sekhon et al's compo-
nents of self-efficacy (implementers’ confidence) and
coherence (extent of understanding of the intervention)
were redefined as confidence building and added value.
Confidence building was defined as what is needed to
build and maintain confidence, enabling an intervention
to work, including confidence in the health system, in
the infrastructure, in the device and in its users. Added

Prospective feasibility and acceptability of an intervention

Demand

Extent to which a new
intervention is likely to
be used (i.e., how much

demand is likely to
exist?)

Practicality

Extent to which an
intervention can be carri
out with intended

Implementation

Extent to which an means, resources, and
intervention can be
successfully delivered to
intended participants in some
defined, but not fully
controlled, context.

outside intervention.

intervention

Integration

Expansion

Extent to which an
intervention can be
integrated within an existing
system.

Extent to which an
intervention can be expanded
to provide a new program or
service.

1 Altered framework compone

I:I Bowen et al. D Sekhon et al.

participants using existing

circumstances and without

Acceptability
Extent to which an

¢ is perceived as suitable,
i satisfying, or attractive to

Affective
ed Attitude Ethicality
How an The extent to
individual feels which an
about the intervention has a
intervention. good fit with an
individual's value
system.

Confidence building
What is needed to build and
i maintain confidence enabling i

an intervention to work,
including confidence in the

FeaSlblllty program deliverers, i i health system, in the E
mplementers & recipients. i : infrastructure, in the device &
Whether an H b in its users. ;
intervention -’. ........................................
could work.
Added Value
Opportunity Cost

Extent to which benefits, profits, or
values must be given up to engage in the
intervention.

How participants and
different stakeholders
across the health system
attribute and build an
intervention’s value.

Burden

Perceived amount of effort that
is required to participate in the
intervention.

Perceived Effectiveness
Extent to which the intervention is
perceived as likely to achieve its
purpose.

nts

Figure 2 Revised framework for the combined, prospective assessment and exploration of an intervention’s feasibility and

acceptability.
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Table 1 Sociodemographic characteristics of key informant interviews and FGDs
Primary Median age

Participant type*  method n Male Female (IQR, total range) Villages Occupation

Patients (pp) Interviews 35 29 6 30 (20-39, 18-68) 32 Farmer (19), forest product
gatherer (7), daily labourer (2),
forestry administration (2), teacher
(1), environmental officer (1),
construction worker (1), school
director (1),
environmental NGO staff (1)

Patient spouse (ps) Joint interviews 4 0 4 31.5(23.5-31.5, 20-39) 4 Farmer (2), grocery seller (2)

with patients

Village malaria FGDs 49 21 28 50 (39-57, 23-71) 46 Farmer (42), grocery seller (4),

workers (vmw) housewife (1), online seller (1),
unknown (1)

Health centre Interviews 12 8 4 45 (33-54, 26-55) 10 Malaria point person (4), doctor (1),

workers (hc) nurse (2), midwife (2), laboratory (2),
administrative (1)

Referral hospital FGDs 12 7 5 31 (29-52, 26-57) 10 Doctor (1), nurse (7), laboratory (2),

workers (rh) administrative (2)

District malaria Interviews 5) 5 0 33 (30-50, 29-70) 4 Operational district director

officials (do) (2), operational district malaria
supervisor (3)

Provincial malaria Interviews 4 2 2 50 (39-50, 28-50) 3 Provincial health department director

staff (po) (2), provincial malaria supervisor (2)

Policymakers (cnm) Interviews = = NMCP officials (3)

Implementation Interviews 42 (34-50, 34-50) 3 Central-level partner (1), district-level

partners (cnmp) partner (2)

EFFORT study staff Interviews 15 7 8 31 (28-34, 24-57) 10 Doctor (4), nurse (4), laboratory (4),

(et, etd, etl) administrative (3)

Total - 142 85 57 36 (29-51, 18-71) 108 -

*Participant codes in parentheses are used in the remainder of the Results section to link presented results to participant type. For EFFORT study staff, et denotes
EFFORT trial general staff, etd denotes EFFORT trial doctor, etl denotes EFFORT trial lab technician. When participant ID is not known for FGDs, participant type

and FGD number are specified.

FGD, focus group discussion; NGO, non-governmental organisation; NMCP, National Malaria Control Program.

value was defined as how participants and different stake-
holders across the health system attribute and build an
intervention’s value, which includes Sekhon et al’s accept-
ability components of opportunity cost, burden and
perceived effectiveness. In the derived framework, these
components of acceptability inform feasibility, which also
includes Bowen et al’s other feasibility framework compo-
nents of implementation, practicality, integration, expan-
sion and demand.

RESULTS
Participants
Across the two rounds of data collection, 142 respond-
ents participated in 67 interviews and 19 FGDs (table 1).
22 participants were included in follow-up interviews or
discussions. The median age of respondents was 36 (IQR:
29-51, range: 18-71), and 59.9% of participants were
male. Respondents came from 108 different villages. Of
the 84 patients and VMWs, 72.6% (61/84) were farmers.
The results are presented according to the acceptability
and feasibility framework components and divided into six
main sections: (1) value of the VMWSs conducting G6PD
testing, (2) affective attitudes, (3) confidence building
for VMWs to conduct G6PD testing, (4) implementation

and practicality, (5) integration and expansion, and (6)
demand (table 2).

Value of and value creation for VMWs conducting G6PD
testing

Respondents across participant type attributed value to
VMWs conducting G6PD testing. In line with the inter-
vention’s intended purpose, they foresaw it as a means
to providing testing and treatment at initial point of care
(vmw10,26,29,32,36, cnm3, rhl2, etd3) and ensuring
access to radical cure and accelerating malaria elimina-

tion (hcb, etd2).

In fact, the goal of eliminating malaria at the national level
is 2025. If the principle of eliminating malaria fails or is
unstoppable, it can be done with what you have mentioned
about providing a VMW G6PD device to help with the com-
plete treatment, which is even better. (hcb)

Valuing the intervention as a means to enable malaria
elimination means that respondents believed the inter-
vention would work and reflects what Sekhon et al define
as the intervention’s perceived effectiveness (hcb, etd2).
For it to work, have value and enable malaria elimination,
the intervention would need to include both G6PD testing
and administration of primaquine. Yet, some VMWs did
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Table 2 Factors impacting the acceptability and feasibility of VMWs conducting G6PD testing based on the revised feasibility

and acceptability framework

Revised framework component Findings

(Added) value
Adapted from Sekhon et al’s coherence

Stakeholders attribute value to the intervention beyond its intended purpose:
» Perceived effectiveness for patient outcomes and malaria elimination

(intended purpose).
» Reducing opportunity costs for patients and VMWs (added value).
» Reducing burden on health centres (added value).
» Trust building with community (added value).

Affective attitude

Fears around VMW’s knowledge rooted in fears of haemolysis:

» Concerns about test performance.
» Concerns about incorrect treatment provision.

Fears were surmountable for health providers and VMWs outweighed by VMWs
wanting to help their community and make it easier for patients:

» Commitment to community.

» Desire to support the national programme.

Fears more pronounced among policymakers.

Confidence building
Adapted from Sekhon et al’s coherence
self-efficacy

Acceptability includes building and maintaining confidence in the intervention,
including the diagnostic and user:
» Confidence could be built for patients, VMWs and health providers.

» More is required to build policymakers’ confidence.

Factors affecting confidence in the G6PD test (Biosensor):
» Test’s limitations and intricacies.

» Monthly quality control at PoC.

» VMW follow-up of patients.

» Discussions of G6PD testing results with colleagues.

Factors affecting confidence in VMWs:

>
>
» Practice.
>
>
>

Implementation and practicality

Training on G6PD and treatment provision.
Refresher training.

Attentiveness and work diligence.
Previous exposure to blood collection procedures.
Trust-building activities with the community.

Regulatory and infrastructural barriers prevent implementation, need for more

resources and approvals:

» Refrigeration of Biosensor test supplies (infrastructural).

» WHO prequalification (regulatory).

» Cost of community G6PD testing (economic).

Device-level and supporting factors can facilitate implementation:
» Simplification of user steps (device level).

» Monitoring, supervision and open communication (supporting).

Integration and expansion

Intervention can be integrated:

» Leveraging existing VMW network and knowledge.
» Expanding VMW scope work.
» VMW health system integration and compensation.

Demand
» Cost.

Factors impacting demand:

» Alternative options not needing confidence building.

G6PD, glucose-6-phosphate dehydrogenase; PoC, Point of care; VMW, village malaria worker.

see value in providing G6PD testing without the admin-
istration of treatment. From their point of view, testing
in the community would spare G6PD-deficient patients
from travelling to the health centre (vmw16,22,26).
Beyond this intended purpose of increasing access
to radical cure, many participants identified an added
value that G6PD testing in the community would bring,

namely reducing the opportunity cost for patients who
have to travel to the health centre (vimw29,32,35,31, eth,
rh8, rh(fgd7), cnmpl, etd3, hc8,9, cnm3) and reducing
the workload for health centre workers (vinw8,31, rh8).
Although VMWs would have to G6PD test and treat, some
VMWs perceived the intervention as time-saving since
they would have to accompany fewer patients to health
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centres (vmw26,32). Lastly, the value of the intervention
for some VMWSs was in its contribution to trust building
in the community (vmw19,18,20,23, vmw (fgd3)).

If we have this machine, the patients will trust us more,
so it is very good. If we go to the forest and we have this
machine, the patients will think that we test them well
and accurately. The villagers will trust us more and more.
(vmw23)

Affective attitudes

Most respondents reported positive attitudes towards
VMWs’ conducting G6PD testing; however, some stake-
holders expressed concerns about VMWs’ limited knowl-
edge (cnml,2, po2,4, vmwl4, etll, et4, etdl, hcl,5,12).
These concerns included fear about test performance but
also extended to fear aboutincorrect treatment provision,
either because of mistakes in the testing process or incor-
rectly interpreting test results (cnmp2,3, vmw8,15,17,
cnml,2, po2,3, etdl, hc2,3,5, rhb, rh(fgd7)), which could
ultimately lead to haemolysis (cnmp2,3, vimw8,11,15,17,
cnml,2, po2,3, etdl, hc2,3,5, rh5, rh(fgd7)). One VMW
alluded to VMWs’ limited knowledge preventing them
from providing treatment by stating, “We are not bachelor
doctors” (vmw15), when asked about VMWs being allowed
to provide primaquine.

For several policymakers and implementation part-
ners, the risks were perceived as significant (cnml,2,
cmpn2,3), given that patients could die if G6PD activity
were not tested correctly (cnml). This fear was shared by
an implementing partner who suggested that providing
VMWs with a lower dose of primaquine would facilitate
VMWs administering treatment (cnmp3). VMWs also
feared haemolysis if they were to provide treatment after
using the Biosensor (vimw8,15,17).

The patients are in different conditions, so I am so scared
to provide the treatment. Sometimes, I had a bad dream
the whole night because I am so scared that they have hae-
molysis or something like that. It is not that easy, I think. I
am afraid that the patients will be in serious danger [...].
(vmw8)

However, for many VMWs, their fear was outweighed
by their commitment to their community and desire to
support the national programme (vmw8,15,17). More
broadly, except for two participants (cnml, hcl2), all
participants stated that these fears could be overcome,
and confidence could be built in VMWs conducting
G6PD testing.

Confidence building for VMWs to conduct G6PD testing

The acceptability of VMWs conducting G6PD testing and
overcoming the described fears requires building confi-
dence in both the G6PD test and VMWs as end users of
the test.

Confidence in the G6PD test (Biosensor)
Confidence in the Biosensor could be built among
current end users despite being aware of the test’s

limitations. Biosensor users at referral hospitals and
health centres understand that small differences in the
testing procedure can impact the results (online supple-
mental appendix 4) (cnml, po4, etll,2,4, etb, etd2,3,
hc2,3,5,6,7,9,12, vmw3, cnmp1,2, rh4,5, do4,5). This was
described by a health centre worker as “/...] it would be
ervors a lot, for us, even I do it and he does it the same but some-
times the result not the same, it’s slightly different” (hcl12).

Knowing the test’s margin for error, however, does not
prevent the health centre workers from using the test
results to administer treatment. This is because there
are established mechanisms to build confidence in the
results, including monthly quality control at the point of
care and VMW follow-up of patients (po4, hc). Addition-
ally, some referral hospital nurses, who are less involved
in routine malaria case management, experienced in a
research study context that GGPD numerical results can
vary, requiring an extra step of discussing G6PD results
before providing treatment (rh4,5). They highlighted
that since VMWs work alone, this discussion and confir-
mation regarding test results and appropriate treatment
is not possible (rh4,5).

Similarly, a central-level official emphasised there is
always the chance of false results and adverse events that
a volunteer would not be able to manage: “The machine is
not 100% perfect. There will be something is wrong. So if some-
thing wrong [adverse event] happens at the community level,
it’s very hard because the volunteer cannot manage it” (cnm2).
This policymaker’s concerns stem from their fear of
primaquine-induced haemolysis, which is perceived
as not manageable at the community level. The policy-
maker did emphasise that their confidence in the test
and VMWSs’ ability to perform it could be built through
more evidence generation on the ground regarding their
ability (cnm?2).

Confidence in VMWs

Acceptability is influenced by the confidence that
different actors (VMWs, providers and patients) have in
VMWs.

For VMWs, the key to building confidence in their
own ability to conduct G6PD testing and provide radical
cure was training on testing procedures and admin-
istration of treatment (vmwl6,17,20). A VMW who
had previously been trained to use the Biosensor also
emphasised the importance of practice in reaching
proficiency with the test (vmw4). Therefore, with the
appropriate initial training per suggestions by VMWs
(table 3), frequent refresher training and repeated use
of the test, VMWs could build confidence in their own
ability to perform the G6PD test and provide primaquine
(vmw14,17-20,23-26,29,30-32).

For healthcare providers, formal training of VMWs
prior to a scale-up was central to building confidence
(hcl,3,4,7, rh3,4, et5,6, etd1,2). Additionally, conducting
monthly refresher training would assuage some of their
fear around the management of adverse events and
haemolysis when VMWs perform the test and prescribe
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Table 3 Participant training recommendations

Training
characteristic Recommendation Participant(s)
Content Not just G6PD testing vmw16,17,20
procedure but equal focus
on result interpretation and
treatment administration
Length Range from 1day to 1 week vmw10-
13,17,18,26,
hc9, etd2
Support Provision of VMW job aids vmw16,17,19,20
mechanisms  py,yision of VMW job aids in  vmw15,16
Khmer
Trainer Effective and able trainer etl2

These recommendations would build the confidence required for the
implementation of the Biosensor.

G6PD, glucose-6-phosphate dehydrogenase; VMW, village malaria
worker.

radical cure (hc7, rh(fgd7), po4, cnmp3). Some health-
care providers’ confidence in VMWs performing G6PD
testing was lowered because they perceived a lack of
attentiveness and work diligence in VMWs (hc2,3,5,12,
rhb, etll).

On the other hand, VMWSs’ previous exposure to
blood collection procedures enhanced the confidence
that both VMWs and providers had in VMWs’ ability to
perform G6PD testing. In Cambodia, VMWs are often
recruited to participate in research projects, given that
they are community members trained in malaria case
management and are close to patients (vmw29). As part
of these projects, VMWs have been trained in different
blood collection techniques, including dried blood
spots and blood smears (hcl, vmw8,13,29); and some
have been trained to test for glucose levels as part of
diabetes care provision (vmw18, hc7). This prior knowl-
edge of and exposure to diagnostic devices and testing
instils confidence (hcl). Means of building confidence
in VMWs’ knowledge were not identified among policy-
makers (cnm1,2,3).

For patients, confidence in VMWs has been built
through prior experience with VMWSs’ ability to conduct
prevention activities, diagnose malaria and provide schi-
zontocidal treatment. However, confidence in VMWs’
ability to implement a new device, such as the Biosensor,
would also need to be built (rh4) since community
members might not immediately trust VMWs with added
responsibilities. Some patients, especially if they live close
to the health centre, suggested that they prefer seeking
care from the health centre given the health centre
workers’ more advanced knowledge and understanding
of health and ability to provide more comprehensive
care (pp25,26,28, ps2). To expand patients’ trust and
confidence in VMWs conducting G6PD testing, referral
hospital workers suggested that local authorities be part
of trust building between patients and VMWs. To facili-
tate this, village authorities, in the presence of community

3

members, would need to recognise and acknowledge the
training and ability of VMWs (rh4).

Implementation and practicality

The feasibility of VMW G6PD testing is characterised by
the extent to which it can be successfully delivered to
intended participants (implementation) and whether
it can be carried out with existing means and resources
(practicality). Factors affecting both include expertise
building (tables 2 and 3), device level and supporting
factors, as well as higher level regulatory, economic and
infrastructural considerations.

Device-level factors: complexity of Biosensor user steps
Simplifying the Biosensor testing procedure would ease
test use and, therefore, implementation. Doctors, health
centre workers and malaria officials have indicated
that mixing the blood sample with the buffer would be
especially difficult for VMWs (cnm1,2,3, po4, rh(fgd7),
hcl, vimw9,14, etd2,4), as it also remains a challenge for
health centre workers (po4, hcl2). The feasibility and
acceptability of the test being conducted by VMWs would
improve without this step (cnm1,2,3, po4, rh(fgd7), hcl,
vmwY,14). Some specifically mentioned adjusting the
GO6PD test so that it would be more like a glucose test
where the blood sample is applied directly to the sample
well without needing a mixing step (rh(fgd7), etd2,4).
A VMW also described how the multiple steps involved
in the testing process might cause them to make errors
(chwl4).

Supporting factors: monitoring, supervision and open
communication

Respondents identified monitoring, supervision and
open communication lines between VMWs and health
centre workers as facilitators for the implementation of
VMW G6PD testing (cnmp3, dol, hc2). A health centre
worker highlighted the importance of monitoring the
device, as “It [VMWs using the Biosensor] is possible, but the
device must be checked from the upper level’ (hc2).

A district malaria official identified general support
from the health centre as important (dol). Open commu-
nication lines between VMWSs and health centre workers
were seen as essential in mitigating risk and assuaging the
fear involved in VMWs providing radical cure treatment,
as “They have to work closely with HC staff and VMWs because
if they test and the results are not accurate and they provide the
treatment, we will have problems” (dol). This sentiment was
echoed by a VMW who wanted to have support from the
health centre to be able to prescribe primaquine treat-
ment given the side effects. He stated, “It is better to have
the clarification from the HC whether we can provide the treat-
ment or not because we don’t really trust ourselves” (vimw8).

Infrastructural factors: refrigeration of Biosensor test supplies

Policymakers, malaria officials, implementation partners
and healthcare providers identified the storage require-
ments of the analyser’s consumables as a main challenge
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(cnm?2,3, cnmp2, po4, hcl, vmw8,9,11-13, rh(fgd7),
dol).

Per the NMCP’s guidelines, the testing supplies (test
devices and buffer) need to be refrigerated to ensure
testing quality, given the temperature in Cambodia
often exceeds 30°C. The manufacturer recommended
test device storage temperature range is between 2 and
30°C.”!

The concern about maintaining recommended
temperatures and keeping the device safe in the commu-
nity where reliable refrigeration is absent (cnml,3,
cnmp?2) was shared among subnational malaria officials
and healthcare workers from referral hospital staff to the
VMWs. Because of these requirements, VMWs thought it
would be inappropriate for them to have the G6PD test at
their home (vmw8,9).

A malaria partner thought monitoring storage
conditions could ease some of these concerns
(cnmp3). When presented with the potential of a test
not requiring refrigeration, VMWs were open and
interested in performing the G6PD test (vimw8-13)
to help their community by ‘provide[ing] treatment at
our place right away’ (vmw10).

Regulatory factors: WHO prequalification

Among policymakers, a major concern for imple-
menting G6PD testing at the community level, in
addition to its current use at the health centre level,
was the Biosensor’s lack of WHO prequalification.
This presents a liability risk to the NMCP if they
were to implement this policy without prequalifica-
tion. According to this policymaker, the risk to the
NMCP associated with providing VMWs with the
G6PD testing devices outweighs the potential gain of
allowing wider access to radical cure (cnm?2).

But you know the current G6PD quantitative test that we
use it, is not approved by WHO yet, is not prequalified by
WHO [...] so that’s why for me, hesitate that if we are roll
out to the community, firstly, with the product that not
pre-qualified with WHO is something wrong, we may get
more challenges with the Ministry of Health, with the other
health community that they will blame us that product not
prequalify why you are start to roll out to the community
that may take a bit risk. (cnm?2)

Economic factors: cost of G6PD testing at community level

The cost of procuring additional G6PD analysers and
test strips for each VMW is an important considera-
tion, according to an implementing partner (cnmp3).
They highlighted that G6PD testing in the commu-
nity can work but would require additional resources
to equip hundreds of VMWs in high-burden areas
(cnmp3).

A district-level implementing partner also cited the
costs of implementation as a barrier, describing high
costs that would be involved in facilitating adequate
storage and refrigeration for test supplies at VMW’s
homes (cnmp?2).

Integration and expansion
VMWs conducting G6PD testing would leverage the
existing VMW network supporting malaria services. It
would, however, require the expansion of VMWs’ role.
The implementation of testing at the community
level would require additional time and responsibility
for VMWs (po4, vmw9, vmw(fgd9)). VMWs operate
on a volunteer basis with compensation for travel and
consumables (vmw27, po2, cnmp?2). They do not receive
a baseline minimum salary for their routine work and
have to make a livelihood with other work, most of them
as farmers or forest goers (table 1). Some VMWs high-
lighted how they cannot and do not want to do more: “7o
do more work, I don’t really want to do it” (vmw9) and “I dont
have much free time because I am busy with the work at home,
and I am alone at home” (vmw (fgd9) ). A provincial malaria
official acknowledged that making VMWs responsible for
G6PD testing and radical cure treatment would expand
their scope of work from part-time volunteer work to a
full-time job, requiring appropriate compensation (po4).

Demand

There was demand at the policymaking level for solutions
to promote increased access to radical cure. The demand
for enhancing access to radical cure through VMWs
conducting G6PD testing is attenuated by the cost and
the consideration of alternative approaches that bypass
policymakers’ fears and do not require the same level of
confidence building in VMWs.

Specifically, the NMCP is piloting a ‘fingerprinting’
programme, which involves assigning patients a digital
health ID that would allow VMWs to look up patients’
malaria history and previously determined G6PD status
(cnm2). Based on this information, VMWSs would then
be able to provide radical cure. A policymaker suggested
that the NMCP may be slightly favouring this option due
to its broader benefit of patient tracking, recurrence
tracking and continuity of care beyond the provision of
radical cure alone (cnm2). The perceived advantages of
fingerprinting were also expressed by a provincial malaria
supervisor who saw value in making patient history and
information easily available (po4).

DISCUSSION

Stakeholders from policymakers to VMWs attributed
value to VMW G6PD testing, many of them constructing
value beyond the intended purpose of bringing G6PD
testing and treatment with primaquine closer to patients
and enhancing access to radical cure. The identified
added value included decreasing opportunity costs
for patients and reducing workload for health centre
workers. For VMWs and most health providers, confi-
dence in the intervention could be built despite fears
about adverse events. For some policymakers, however,
confidence has not yet been built, and fear of haemolysis
after incorrect treatment outweighed the value attributed
to VMWs performing the test. Other factors contributing
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to the hesitancy of implementing this intervention are
the complexity of the Biosensor testing procedures, and
other practicalities, including costs and infrastructure.
The demand for VMW G6PD testing is weakened by alter-
native strategies that do not require confidence building.

According to Sekhon et al's acceptability framework,
intervention coherence is defined as the extent to which
participants understand the intervention and how it
works.” Our data suggest, however, that participants
across the health system have different understandings
of the intervention and value it differently. For instance,
some understood the value of G6PD testing in the
community to be its intended purpose of bringing testing
and radical cure treatment to patients’ initial point of
care. However, for others, G6PD testing was a tool to
build confidence in their services. Specifically, VMWSs saw
an added value in providing G6PD testing to build their
communities’ confidence in them. At the same time,
VMWs and health centre workers thought it would help
alleviate health centres’ workload.

Our findings suggest that when exploring the accept-
ability of an intervention, the intervention’s intended
purpose should not be predetermined. Instead, the
focus should be on examining how participants and
different stakeholders across the health system attribute
and build the intervention’s value. Our analysis suggests
that implementing an intervention can have added value
beyond the initial objective of the intervention. There-
fore, we suggest that the intervention coherence compo-
nent of the acceptability framework should be replaced
with added value, defined as how different stakeholders
(including those designing, implementing and evalu-
ating an intervention) across the health system attribute
value to the intervention being explored.

Acknowledging the different values thatactors attribute
to an intervention can help discern policy implications
thatare importantfor the successful implementation of an
intervention. In alignment with policymakers’ recognised
value and added value of the intervention, VMWs would
need to be appropriately compensated for their addi-
tional work. VMWs play a crucial role in being a link
between communities and health facilities.'® ** Adding
G6PD testing to their existing tasks would amount to a
full-time commitment. Building on the NMCP’s pending
VMW integration plans,” embedding VMWs into the
health system as full-time integrated health workers who
are compensated as such would facilitate the expansion
of VMWSs’ role while further improving malaria case
management and general health service provision.

The feasibility and acceptability of an intervention are
not solely determined by those tasked with conducting
the intervention, but it is also influenced by the dynamic
interactions between actors across the system, the device
and its user. Sekhon et als framework discusses self-
confidence in performing the intervention.” Our data
suggest that the acceptability of an intervention is not
just about self-confidence but rather about building and
maintaining confidence that allows the intervention to

work, including confidence in the health system, the
infrastructure, the device and its users. For health centre
workers and VMWs, these different aspects of confidence
can be built. For patients, their confidence in VMWs can
be built given their previous experiences. However, more
is required to build policymakers’ confidence. We iden-
tified two main concerns for policymakers: policymakers
perceived the risk of haemolysis at the community level
as unmanageable by VMWs because of weakness in the
health system and primary care infrastructure, and they
saw the weak infrastructure at the community level for
storage of G6PD testing supplies as a main barrier to VMW
G6PD testing. When presented with a ‘refrigeration-free’
option, subnational stakeholders in particular were more
receptive to VMWs conducting testing.

Given the relative complexity of the Biosensor proce-
dures, policymakers fear that VMWs would perform the
test or interpret the results incorrectly, ultimately leading
to haemolysis in some patients. To address the concerns
on the management of haemolysis, confidence building
in the users is required. Similar to findings in the initial
VMW G6PD testing feasibility study, which emphasised
the importance of training and monthly supervision,'’
our data suggest that formal training, monthly refreshers
and routine monitoring and supervision, among other
factors, enable confidence building for some programme
officers, health facility workers and VMWs. However,
this was insufficient for policymakers. There is poten-
tial for confidence building by leveraging the current
use of mobile phones for reporting surveillance data
to deploy mobile health support.®® There are existing
mHealth applications that could be adapted to support
the G6PD testing process, interpretation of results and
providing appropriate treatment regimens.”™” In other
contexts, mobile health support has improved the quality
of community health worker (CHW) services and was
acceptable to CHWs.* %

Refrigeration of Biosensor supplies has been an NMCP
requirement, and refrigerators were provided for all the
health centres participating in the Biosensor feasibility
and pilot studies.” The requirement is based on the
manufacturer’s recommended temperature range of
9-30°C for the test consumables.®! However, to our knowl-
edge, none of the other countries using the Biosensor,
including Lao People’s Democratic Republic and Brazil
(Dr Lacerda, personal communication),” have imple-
mented such a strict policy. Storing test consumables in
temperatures exceeding 30°C would require building
policymakers’ confidence that the quality of test results
is not compromised. Such confidence could only be
built with additional evidence to understand if storage
requirements can be expanded, including real-world
experiences from other countries.

In Bowen et als feasibility framework, demand is
defined as the extent to which a new idea, programme or
measure is likely to be used based on expressed interest
or intent.”* Demand for the implementation of VMWs
conducting G6PD testing is mediated by the availability
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of alternatives that do not require confidence building
in the Biosensor and VMWs. Demand is also impacted
by the cost and requirements of external and partner
support.

An alternative to VMWs conducting G6PD testing
currently piloted by the NMCP is ‘fingerprinting’. This
would require testing of individuals and storing their
GO6PD results in a database, avoiding testing at the point
of care. A similar strategy is used in Malaysia and the
Philippines, where G6PD status is determined through
screening of newborns and then leveraged for P. vivax
case management.*” Such a strategy, however, would be
dependent on mass screening and the assumption that
G6PD status remains constant.*! However, G6PD status
may not be this constant, with enzyme levels increasing
during acute malaria.*

The cost of additional analysers and GGPD testing
supplies also impacts demand for the intervention. The
cost of the Biosensor analyser is estimated at between
approximately US$150 and US$380, while the unit cost
of test strips at a health centre for a year is between US$3
and US$4E.43 44 Additionally, there are costs related to
implementation, such as training and financial compen-
sation for VMWs. Prioritisation of high-burden villages
would likely be required. Current funding for G6PD anal-
ysers and testing supplies comes from the Global Fund
with the objective of malaria elimination in the region.™
However, given that Global Fund grants have already
been earmarked for the current grant cycle (2024-2026),
decreased grant size*” and competing priorities,*® cost-
effectiveness data are likely required to obtain partner
support.

Our study has several limitations. First, not all team
members spoke Khmer. However, debriefs across the
data collection team after each interview and FGD were
conducted to ascertain emerging themes and prepare for
the following interviews and FGDs. Second, due to the large
number of recordings, back translation of transcripts was
not possible, and three translators worked on transcribing
recordings in Khmer, which could have resulted in different
understandings of meaning, affecting the resulting tran-
scripts. The study team mitigated this through an iterative
review process of transcripts, which included a discussion
of the intended meaning of unclear wording between the
study team and translators. Third, interviews and FGDs with
patients were shorter and less in-depth, affected by incon-
sistencies in probing patients about VMWs using the test,
resulting in their perspective likely being under-reported
in the study results. However, patients were often present as
implicated actors in interviews and FGDs with other stake-
holders; therefore, insights from patient interviews could
be triangulated with data pertaining to patients from other
stakeholders. Lastly, changes in malaria transmission may
impact the results. Data collection was conducted when P,
vivax case numbers were higher and referral to the health
centre was suboptimal. Since then, the malaria burden has
further decreased, and successful referral to the health
centre has improved.’

CONCLUSION

Overall, our results indicate that the acceptability of an
intervention is not just about the confidence of the actor
implementing the intervention but requires building and
maintaining confidence in the health system, the infra-
structure, the device and its users among stakeholders
across the health system who enable the intervention to
work. Acceptability is also about the additional value the
intervention brings beyond its intended purpose. When
exploring an intervention’s acceptability, its intended
purpose should examine how each stakeholder attributes
value. Knowing this can help discern policy implications
for the intervention’s success. All stakeholders attributed
value to G6PD testing at the community level, though
demand from policymakers was curtailed by alterna-
tive options that did not require confidence building in
VMWs conducting G6PD testing. Overall, health centre
workers and VMWs had confidence that VMWs could
conduct the test and administer treatment given appro-
priate training and support. Additional measures for
policymakers to build confidence in VMWs conducting
G6PD testing should be investigated.
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