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Abstract

In Southeast Asia malaria elimination is targeted by 2030. Cambodia aims to achieve this by 2025, driven in large part
by the urgent need to control the spread of artemisinin-resistant falciparum malaria infections. Rapid elimination
depends on sustaining early access to diagnosis and effective treatment. In much of Cambodia, rapid elimination will
rely on a village malaria worker (VMW) network. Yet as malaria declines and is no longer a common cause of febrile
illness, VMWs may become less popular with febrile patients, as VMWs do not diagnose or treat other conditions

at present. There is a risk that VMWs become inactive and malaria rebounds before the complete interruption of trans-
mission is achieved.

During 2021-23 a large-scale operational research study was conducted in western Cambodia to explore how a VMW
network could be sustained by including health activities that cover non-malarial illnesses to encourage febrile
patients to continue to attend. 105 VMW:s received new rapid diagnostic tests (including dengue antigen—antibody
and combined malaria/C-reactive protein tests), were trained in electronic data collection, and attended health edu-
cation packages on hygiene and sanitation, disease surveillance and first aid, management of mild illness, and vacci-
nation and antenatal care.

In August 2023 the National Malaria Control Programme of Cambodia convened a stakeholder meeting in Battam-
bang, Cambodia. Findings from the study were reviewed in the context of current malaria elimination strategies. The
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discussions informed policy options to sustain the relevance of the VMW network in Cambodia, and the potential
for its integration with other health worker networks. This expansion could ensure VMWSs remain active and relevant

until malaria elimination is accomplished.

Keywords Malaria, Community health workers, Village malaria workers, Roles, Malaria elimination

Background
Community health workers (CHWs) are critical to
improving the health and well-being of remote rural
populations in low-resource settings [1-3]. The roles
and contributions of CHWs have evolved over the
years based on disease epidemiology, health system
priorities, and available resources [4]. Specific cad-
res of CHWs for malaria in Cambodia are referred to
as village malaria workers (VMWs). They are trained
to provide malaria diagnosis, treatment, referral, sur-
veillance, and preventive activities [5-7]. The VMW
programme in Cambodia was established in 2004 and
later expanded to include mobile malaria workers who
can provide services to remote and underserved com-
munities [8]. Approximately 3500 VMWs have been
deployed in rural areas of Cambodia where malaria is
endemic. The VMW programme has been linked to a
significant decrease in malaria cases in recent years [9].
This decline was first noticeable among Plasmodium
falciparum infections and later vivax malaria as well [7,
10, 11]. The programme’s success in providing conveni-
ent treatment options has been identified as a major
factor contributing to this downward trend in malaria
incidence [5, 7, 12]. In 2020 alone, VMWs contributed
substantially to malaria case management, conducting
73% of malaria tests and detecting 61% of confirmed
malaria cases in the country [13].

Over the last two decades, the decline of malaria in
Cambodia has been remarkable and the country is

now moving towards the stage at which it will certify
the elimination of malaria at a sub-national level. The
current trends in malaria incidence provide optimism
that the National Malaria Control Programme of Cam-
bodia (CNM) will reach its goal of malaria elimina-
tion. Cambodia plans to achieve the elimination of all
four predominantly human malarias (P falciparum,
Plasmodium vivax, Plasmodium ovale, and Plasmo-
dium malariae) by 2025, but while navigating the pre-
elimination phase, different tools and strategies remain
under consideration [14]. Although the reported inci-
dence of falciparum malaria has been reduced to 392
cases in 2022, vivax malaria cases (n=3566 out of a
total of 4021 of all malaria confirmed cases) still remain
a stubborn challenge and require a revised strategy for
elimination [15]. Approximately 94% of Cambodian
malaria cases were caused by P. vivax in the first quar-
ter of 2023 [16].

Since 2020, the number of malaria cases treated by
VMWs has been progressively decreasing in line with
the overall decline in malaria transmission (Fig. 1). The
decrease in the proportion of fevers caused by malaria
represents an opportunity to upskill VMWs to help
manage non-malarial febrile illnesses that contrib-
ute to significant morbidity and mortality in Cambo-
dia [17]. Expanding their roles helps to preserve these
locally available health workers, recognized as the core
of the primary healthcare system [5, 18]. In addition to
their capability to manage malaria, the local presence
of VMWs within a community means they are ideally
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Fig. 1 Progressive decline in the number of malaria cases treated by village malaria workers from 2020 to 2023. The figure was derived from CNM's
online malaria information system available online at https://mis.cnm.gov.kh/
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positioned to provide primary healthcare for various ill-
nesses beyond malaria [19]. CNM has been undertaking
discussions around how to expand VMW’ roles and inte-
grate them into the health system including the uptake of
evidence from operational research.

From 2021 to 2023 an operational research project
was conducted under the Regional Artemisinin-resist-
ance Initiative 3E (RAI3E) in Cambodia, Lao People’s
Democratic Republic and Thailand to assess the poten-
tial for VMWs to be sustained through expanding their
roles and/or integration into the wider health system.
Operational research is a form of embedded health sys-
tem study that utilizes existing resources (e.g., health
structures, service providers, and service recipients) to
improve programme operations and thereby deliver more
effective care [20-22]. The approaches embedded in
operational research can address effective targeting, fea-
sibility, and optimization, bridging the gap between tra-
ditional research methods and the more practical side of
service and programme implementation [20-23]. Often
the findings from operational research are followed by
stakeholder meetings where findings are discussed to
guide policies.

In Cambodia, the RAI3E operational research project
included two studies, Work Package A, a stakeholder
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analysis of the roles of CHWs in Southeast Asia; and
Work Package B, the operational research implemented
in villages within Battambong province. The prelimi-
nary findings of Work Package B were presented in the
meeting followed by discussions with the meeting par-
ticipants. This was supervised by CNM and implemented
by the Provincial Health Departments (PHD) in Battam-
bang and Pailin and Action for Health and Development
(AHEAD; a community development non-governmental
organization), with technical support from the Mahidol
Oxford Tropical Medicine Research Unit (MORU). The
work was conducted in 82 villages in Battambang and
Pailin provinces in western Cambodia and evaluated
a range of interventions that included the use of novel
rapid diagnostic test kits for febrile illness and health
education modules (Fig. 2). Over a period of 18 months,
VMWs were trained and provided with background
knowledge of the diseases and the instructions for the
use of test kits and their interpretations.

In August 2023, a meeting was held with the main
objective to review the specific VMW roles and activi-
ties evaluated by the RAI-funded operational research in
Cambodia and to discuss national and regional context,
operational requirements, and conditions for implemen-
tation. For this, 20 participants convened at Battambang
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PHD representing stakeholder organizations that
included the President’s Malaria Initiative (PMI), Univer-
sity Research Company (URC), United Nations Office for
Project Services (UNOPS), Clinton Health Access Initia-
tive (CHAI), the Cambodia Malaria Elimination Project
(CMEP), and United States Agency for International
Development (USAID). This report summarizes the dis-
cussions at the meeting. The meeting discussions were
accompanied by the findings presented by the RAI3E
investigators, and relevant partners who shared experi-
ence around potentials of expanding the roles of VM Ws.
In this report, the results of the meeting are presented
based on the major topics that were extensively dis-
cussed, and were mostly focused on RAI3E findings, their
practicalities and relevance to policy (Fig. 3).

New diagnostics for village malaria workers

As a part of Work Package B, new diagnostics were
offered to VMWs by AHEAD under the supervision of
CNM and supported technically by MORU. A total of 105
VMWs were trained in 82 villages in the use of new diag-
nostics. These included dengue antigen—antibody RDTs
(Additional file 1), combined malaria/CRP tests, and
multiplexed biosensors (Additional file 2). Multiplexed
biosensors were designed to test malaria (four Plasmo-
dium species, using pLDH and HRP2), dengue virus,
zika virus, chikungunya virus, leptospirosis, Rickettsia
typhi, Burkholderia pseudomallei, and Orientia tsutsuga-
mushi. [24]. The full report on the deployment of novel
RDTs is under preparation (Visser et al. 2023). In brief,
the preliminary results showed that 1511 malaria/CRP
RDTs were performed by VMWs, of which 58 (3.8%)
were positive (55 positive for raised CRP and three posi-
tives for malaria). A total of 917 dengue RDTs were per-
formed by VMWs, of which 34 patients tested positive,
28 (3.1%) for NS1/IgM (representing an acute infection),
and 6 (0.7%) were IgG positive only (representing past
infections). All patients with positive results for raised

Fig. 3 AVMW uses a Dengue Duo Rapid diagnostic test on a patient in the village
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CRP or acute dengue were referred to the local health
centres for further management, and all malaria cases
were managed by VMWs with or without onward refer-
ral based on existing practices. No deaths were recorded
during the study among the enrolled population.

Work Package B aimed to explore the feasibility of
point-of-care tests to diagnose acute febrile illnesses in
primary care settings. As a part of the study, workshops
and focus group discussions were held at nine health cen-
tres to explore the practicalities related to multiplexed
biosensors, malaria/CRP, and dengue antigen—antibody
tests [24]. In Battambang, some barriers to deploying
the new diagnostics were reported. There were techni-
cal difficulties and concerns over the increased time and
material requirements, and the need to draw large blood
volumes. Some features were inconvenient, for instance,
the number of steps and multiple sampling tools, buft-
ers, and wells (leading to errors during test performance).
RDTs could be improved if they were labelled better, for
example, if they were equipped with distinct colours/
numbers and in the local language. This was a limita-
tion in deploying them to VMWs who lack the training of
nurses and laboratory technicians. There was dissatisfac-
tion from patients regarding the blood volume required
for the dengue test (110 pl vs 15 ul for malaria/CRP),
which was seen by some patients as potentially harm-
ful and may affect the future acceptability of the test.
Overall, dengue tests were not found to be convenient
in comparison to malaria RDTs by the health centre staff
[24]. In summary, the majority of VMWs could perform
RDTs appropriately and follow management algorithms.
VMWs were enthusiastic about alternative diagnostics
despite their concerns and febrile patients continued to
attend VMWs despite the low incidence of malaria, sup-
porting ongoing elimination efforts. VMWSs showed keen
interest in new training, education, and additional roles.
The RAI3E operational research received excellent sup-
port from local stakeholders and authorities.
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New health education packages for VMWs

A separate report on the health education modules has
been published [25]. Briefly, VMWs were trained with
four health education packages that included 1. Hygiene
and sanitation; 2. Management of mild illnesses; 3. Dis-
ease surveillance and first aid; and 4. Immunization and
antenatal care. The health education sessions were held at
nine health centres. The practical recommendations from
the evaluation of health education packages included
simplification needed for health education materials to
make them understandable to the communities, consid-
ering the low literacy level. VMWs recommended offer-
ing incentives to community members to compensate for
their time and expenses when they attend health educa-
tion sessions. Among the four packages, disease surveil-
lance and first aid were preferred for utility and potential
benefits to the community. Some minor challenges to
delivering health education were identified including the
perceived inadequacy of the incentives by community
members when they participated in health education ses-
sions. VM Ws also perceived the inadequacy of the incen-
tives when undertaking responsibilities particularly when
they have other occupation essential to support their
livelihoods. Some of the incentives suggested by commu-
nity members included snacks or tangible items such as
money, and/or soap. While some community members
showed interest in attending such sessions, others had
conflicting household responsibilities. Since males often
had to prioritize the overall responsibilities related to
livelihood, health education sessions were dominated by
female participation.

National and regional context of community health
workers and malaria elimination

The preliminary findings of Work Package B were dis-
cussed to explore their alignment with the CNM’s policy
on expanding VMWS5’ roles and responsibilities. Meeting
participants considered VMWs as the essential pillars of
malaria elimination efforts in Cambodia and around the
region [7]. CHWSs have remained an essential pillar for
early diagnosis and treatment of malaria, surveillance,
and preventive activities. While CHWs are valuable
resources for disease management in the community,
they are also one of the most overlooked elements of
health services, partly because they are not included in
the formal health system structure or are simply periph-
eral. VMWs in Cambodia are a vital community resource
for malaria case detection and management, and other
malaria-related work. Nonetheless, with recent declines
in total cases and proportional increase in vivax malaria,
their role in vivax malaria management has been under-
going discussions. Following a presentation on expanding
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the roles of VMW related to vivax malaria management
that entailed point of care Glucose 6 Phosphate Dehydro-
genase (G6PD) test using biosensor in a neighboring Kra-
vanh district, participants shared some of the practical
considerations such as the need to have more local and
regional evidence on the application of biosensors includ-
ing the improvement in product. The latter included dis-
cussions around the field feasibility of biosensors, such as
their performance in hot and humid temperatures, and
product related restrictions; and thus implied the need to
have product competition to develop newer generation
biosensors [26].

G6PD testing is recommended by the World Health
Organization (WHO) before giving 8-aminoquinolones
for radical cure of P. vivax but this has only been rolled
out to health centres and hospitals in Cambodia. Admin-
istering 8-aminoquinolones in G6PD-deficient patients
can cause haemolysis [27-30]. Although there are vari-
ous options for G6PD enzyme assessment, point-of-
care tests are seen as the most promising and are being
implemented [31-36]. With these additional challenges,
the roles and contributions of VMWs have been under
discussion.

Maintaining VMWs in post is a major challenge. Addi-
tional resources for supervision and training are essen-
tial. Convening with VMWSs monthly represents a major
challenge for CNM, specifically because of the lack of
incentives [37]. Meeting attendees accepted that VMWs
are essential for malaria elimination and that it would be
premature to phase out VMWs before malaria elimina-
tion is achieved.

Discussion

The main objective of the meeting was to discuss the
specific roles and responsibilities assigned to VMWs as
a part of RAI-funded operational research in Cambo-
dia and explore the feasibility and policy implications.
The meeting was led by CNM and PHD in collabora-
tion with AHEAD and MORU and was attended by 20
delegates from national and international non-govern-
mental organizations in Battambong Provincial Depart-
ment Hall. In addition, a few participants also attended
the meeting online through Microsoft Teams. The meet-
ing was structured by the agenda and presentations, fol-
lowed by adequate time for discussions at the end of each
presentation (Additional file 3). Below, the major discus-
sions of the meetings, specifically on the practicalities of
expanding roles of VMWs aligning with the current pol-
icy of CNM are reported.

In the current Cambodian context of declining malaria
incidence, the discussion was mostly focused on the ben-
efits of the RAI studies, and their policy implications.
This RAI3E operational research has offered insights
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into the feasibility and practicalities of expanding the
roles and responsibilities of VMWSs. An operational study
showed the potential of VMWs in executing additional
roles, particularly in acquiring new knowledge and tech-
niques about disease diagnosis and primary manage-
ment. Although VMWs were able to use rapid diagnostic
kits, the practical difficulty in using the dengue test was
identified early on and may have important implications
[24]. While any new techniques would inevitably require
adequate and repeated training and supervision, some of
the roles and responsibilities are difficult to implement
and thus require careful consideration for the future [38].
In another operational study to explore the practicali-
ties and feasibility of VMWs using biosensors to measure
G6PD, the need for repeated training and supervision
was found to be the key feature for optimal outcomes [5,
26, 39]. When these findings were discussed in the meet-
ing, it was clear that health education-related roles and
responsibilities were found to be more feasible for VMWs
in future.

The sustainability of the VMW network can be key to
reaching malaria elimination rapidly. An informative
Southeast Asian case study comes from rural Myanmar
where CHWs were associated with a sharp fall in malaria.
The decrease in malaria was followed by a reduction in
the number of febrile patients seeking care from CHWs.
The subsequent expansion of their remit to general health
care restored the uptake of patients attending CHWSs and
being tested for malaria [40]. In contrast, a large study
with long-term surveillance elsewhere in Myanmar
did not observe such a decline in attendance by febrile
patients, despite a fall of~90% in falciparum malaria
cases over a period of 7 years [41, 42]. The continued
attendance of malaria posts with dedicated malaria work-
ers underscores the fact that sustaining malaria services
at the community level is critical irrespective of the inte-
gration of their roles with additional diseases. In both
scenarios with integrated community health workers or
malaria-only workers, continued access to services, and
community engagement were essential to strengthen
early case detection and treatment when approaching
malaria elimination [40-42].

The Cambodian malaria elimination framework out-
lines continued focus on case detection and treatment,
accelerated efforts towards malaria elimination starting at
the sub-national level, and transforming malaria surveil-
lance and response as a core intervention [43, 44]. Despite
the declining malaria trend, maintaining VMWSs to con-
tinue their roles for malaria diagnosis and treatment even
after the malaria has been eliminated has proven to be
effective. For instance, in Sri Lanka, increased access to
health services for malaria led to improved case detection
and treatment during the pre-elimination phase. This was
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followed by sustained surveillance. Both measures were
key to achieving malaria elimination [45, 46]. In Ane-
ityum island of Vanuatu, community microscopists were
sustained for case detection and treatment after malaria
elimination and this approach was a key to the success-
ful elimination of malaria [47, 48]. More recently, in El
Salvador, the malaria CHW strategy consisted of (1)
data-driven surveillance and response and (2) decentrali-
zation and expansion of community-based case manage-
ment through a network of volunteer collaborators. The
increased local capacity of community case management
and surveillance was key to the achievement of malaria
elimination [49]. Bhutan and Timor-Leste are progress-
ing towards malaria elimination, and experience from
these countries demonstrates that strengthening of com-
munity health services remains a core element [50].

Integrating VMWs into the health system through role
expansion has been discussed in the policy framework
by CNM and the integration plan has been underway
since 2021. The integration was envisaged as a continuum
until malaria elimination in 2025. The plan is to gradually
integrate VMWSs into community health care roles such
as village health support groups to address other vector-
borne diseases in the community. Nonetheless, their
integration is an ongoing process and requires continu-
ous adjustment. The roadmap for VMW role expansion
and integration outlines a framework for how VMWs can
sustain malaria-related activities in addition to taking on
other responsibilities (Fig. 4).

Officially, VMWs are meant to be integrated into the
community-based healthcare system, but not all VMWs
are capable enough to take on additional roles. They
are also affected by the community’s treatment-seeking
dynamics and the endemicity of malaria in the village in
which they work [13, 51]. The current national stratifica-
tion, for example, categorizes villages based on the aver-
age reported annual parasite index (API), percentage of
forest coverage, and distance from the village to health
facilities. Based on the roadmap for VMWs integration
of roles, those villages with higher risks of malaria and
being located further away (>5 km) from the health cen-
tre, along with having difficult road conditions, are rec-
ommended to maintain VMWs in their current roles in
the province, while VMWs working in lower-risk villages
may be proposed for role expansion [13]. This requires
a careful evaluation of which VMWs are willing to, and
are capable of, undertaking new roles and responsibili-
ties, which is critical for integration. Part of the reason
for the lack of definite conclusions on how to integrate
the VMWs was also due to the ongoing development
of the policy and the funding and resources it requires.
It is difficult to imagine that VMWs could continue to
deliver increasingly complex roles without adequate
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education package for vector-
borne disease (VBD)
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community: promoting
improved health practices,
assist HC in outreach activities
Participate in commune
meeting every semester
Include expanded health
promotion package into
integrated VMW'’s scope of
works and training modules
Include other preventative and
curative services, e.g. maternal
and child health (MCH), non-
communicable diseases
(NCDs), based on MoH
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Include other health service
delivery, as required based on
needs and resource
assessment

Fig. 4 CNM roadmap for integrating VMW roles from 2021 to 2025. The figure is adapted from‘A roadmap to integration for village malaria workers
2021-225"by the National Centre for Parasitology, Entomology and Malaria Control 2021

remuneration or better integration within the formal
health system. A systematic review on how commu-
nity health workers could take on integrated roles for
community case management of malaria also identified
challenges related to the need for sustainable financing,
tailoring the training to address the identified gaps, and
improving supply chain management [9, 52]. Integrated
community case management (iICCM) of malaria, pneu-
monia and diarrhoea have been shown to be successful in
the past and could possibly add optimism to Cambodia’s
plan for adding roles related to vector-borne diseases
(VBDs) [53, 54].

The integration of VMWs into the formal CHW sys-
tem to support broader remits such as maternal and
child health, non-communicable diseases, and even
other infectious diseases requires engagement with var-
ious departments within the Ministry of Health. Sub-
sequent policy formulation, resource management (e.g.,
funding), and importantly, training, supervision, and
monitoring of the VMWs for additional responsibilities
were considered complex health system undertakings.
The WHO guideline on optimizing CHW programmes
for integrated roles clearly outlines the need to embed
CHW programmes in health systems and align them
with broader national health and health workforce poli-
cies to optimize the quality of provided services [55].
Currently, among considerations for expanding the

roles of VMWs are adding VBDs that include dengue,
chikungunya, lymphatic filariasis, soil-transmitted hel-
minths, and schistosomiasis. Integrating these VBDs
alone will also require a blend of evidence, resources
for training and supervision, and ultimately adapta-
tion of policy based on the preliminary implementation
[56].

Policy formulation is a complex and iterative process
that often entails balancing the trade-offs between the
available evidence at local, regional, and national levels,
operational characteristics of launching a programme,
budgetary feasibilities, interests and priorities for a
policy against other diseases, and, ultimately, public
relevance and acceptability [57, 58]. Future studies are
critical to monitor policy implementation and evalua-
tion. The current policy overseeing the integration of
VMWs and Village Health Support Groups (VHSGs)
requires more time, resources and adjustments in the
future. In Myanmar, the integration of previous cad-
res of CHWs with new roles has been criticized mostly
because the integration of roles (additional disease
responsibilities) was carried out based on a vertical
governance system alone rather than assessing opera-
tional feasibilities [59]. Integrating roles and responsi-
bilities warrants utilization of all the stages laid out in
policy cycles introducing the policy agenda for initial
discussion, its design, and decision-making, followed
by implementation, evaluation, and adaptation [60].
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Conclusions

Meeting participants agreed on most of the findings
of the RAI Work Package B with the following con-
siderations. VMWs were deemed highly motivated to
undertake new training, receive education, and expand
their roles. The majority VMWs could perform RDTs
and take appropriate action but RDTs should be user-
friendly, selected for locally circulating pathogens, and
result in an actionable output within the context of the
VMW-patient encounter. Disease-specific education
and simple management algorithms must accompany
the RDT rollout. Health education was considered as
a promising and feasible new role for VMWs. VMWs
could be integrated with other CHW programmes and
if feasible this may be an important step in ensuring
the sustainability of community-based malaria man-
agement through the VMW network. Additional prag-
matic monitoring and evaluation would be beneficial if
VMWs take on new roles.
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