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Abstract

Member countries of the Asia Pacific Malaria
Elimination Network are pursuing the regional goal of
malaria elimination by 2030. The countries are in
different phases of malaria elimination, but most have
demonstrated success in shrinking the malaria map in
the region. However, continued transmission in
hard-to-reach populations, including border and forest
malaria, remains an important challenge. In this arti-
cle, we review strategies for improving intervention
coverage in hard-to-reach populations. Currently
available preventive measures, including long-lasting
insecticidal nets and long-lasting insecticidal ham-
mocks, and prompt diagnosis and treatment need to be
expanded to hard-to-reach populations. This can be
done through mobile malaria clinics, village volunteer
malaria workers and screening posts. Malaria surveil-
lance in the hard-to-reach areas can be enhanced
through tools such as spatial decision support systems.
Policy changes by the malaria programs will be
required for implementing the strategies outlined in
this article. However, strategies or tools may be suitable
for some population groups but difficult to implement
in other groups.
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1 | BACKGROUND

The Asia Pacific Malaria Elimination Network (APMEN) was established in 2009 by
10 countries pursuing the national goal of eliminating malaria. These countries are Bhutan,
China, Democratic People's Republic of Korea (DPR Korea), Indonesia, Malaysia, the
Philippines, Republic of Korea, Solomon Islands, Sri Lanka and Vanuatu. It has now expanded
to 21 countries including Afghanistan, Bangladesh, Cambodia, Lao People’'s Democratic
Republic (Lao PDR), India, Myanmar, Nepal, Papua New Guinea, Thailand, Timor-Leste and
Vietnam (Gosling et al., 2012; Wangdi & Clements, 2018). These countries encompass the
largest number of malaria cases outside the sub-Saharan African region. APMEN liaises with
the Ministries of Health and with regional partners from the academic, development, non-
governmental and private sectors, and global agencies including the World Health Organization
(WHO), to address the unique challenges of malaria elimination in the region. APMEN works
through leadership, advocacy, capacity building, knowledge exchange and building evidence to
support more effective, sustained malaria elimination programs across the region (Asia Pacific
Malaria Elimination Network [APMEN], 2014).

Each member state has defined elimination goals based on malaria transmission trends.
Countries with a low incidence of malaria are targeting elimination at the national level, while
countries with a higher incidence are planning to eliminate malaria at the sub-national level
before pursuing elimination at the national level. However, all countries are committed to elim-
inating malaria in the Asia-Pacific region by 2030 (Department of Foreign Affairs and
Trade, 2014). Sri Lanka eliminated malaria in 2012 and WHO certified Sri Lanka a malaria-free
nation in 2016 (World Health Organization [WHO], 2016a). Bhutan, Bangladesh, China,
Malaysia, the Philippines and Vanuatu plan to eliminate malaria by 2020; and the Republic of
Korea aims to be malaria free by 2023 (WHO, 2020). DPR Korea, Cambodia, Lao PDR and
Papua New Guinea are planning to eliminate by 2025, and Nepal by 2026; finally India,
Indonesia, Thailand and Vietnam plan to eliminate malaria by 2030 (APMEN, 2016).

In the elimination phase when total numbers of malaria cases are declining, transmission
tends to occur sporadically within distinct foci (Clements et al., 2013; Feachem et al., 2010;
Kelly et al., 2012; WHO, 2012b). These distinct foci are often hard-to-reach areas including
international border and forested areas. Malaria control in these areas can be difficult to man-
age due to political, economic and geographic constraints (Cui et al., 2018; Gueye et al., 2012;
Kar et al., 2014; Wangdi et al., 2016; Xu & Liu, 2012). In addition, poor access to healthcare and
control measures including long-lasting insecticidal nets (LLINs) and frequent movement of
populations leave space for malaria reservoirs (Cotter et al., 2013; Dharmawardena et al., 2015;
Pindolia et al., 2012). This is further aggravated through poor adherence to preventive measures
(Canavati et al., 2019; Grietens et al., 2010). Hard-to-reach populations can act as a source of
infection, which can derail the gains made in reducing malaria cases in the general population.
Therefore, a policy change in managing malaria in these hard-to-reach areas needs to be under-
taken in earnest. The success of malaria elimination in the APMEN states will greatly enhance
the global drive towards malaria elimination. The APMEN countries include the current global
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epicentre of artemisinin resistance—Cambodia, China (Yunnan Province), Lao PDR, Myanmar,
Thailand and Vietnam (WHO, 2016a)—and the elimination of malaria in this region will be a
major step towards dealing with the burgeoning problem of antimalarial drug resistance.
Therefore, this narrative review aims to identify the challenges of malaria elimination in mobile
populations in the APMEN countries and propose strategies for improving intervention
coverage in hard-to-reach populations.

2 | CHALLENGES FOR MALARIA ELIMINATION IN
HARD-TO-REACH POPULATIONS

Nearly 2.1 billion people in the Asia-Pacific region live in areas where there is a risk of malaria
transmission, with 16.8% of the Asia-Pacific total population living in high-risk areas
(APLMA, 2017; WHO, 2016b). These high-risk areas include settlements located in remote parts
of endemic countries, particularly in border areas. Many of these high-risk areas are
characterised by forest and forest-fringe environments with high malaria transmission, poor
geographical accessibility, high population mobility and low human density (Thomson
et al., 2019). Many of these areas are inhabited by ethnic minorities, refugees and displaced peo-
ple who have difficulties in accessing healthcare and often experience a high degree of poverty
(Bui et al., 2011; Erhart et al., 2005).

Additionally, these areas are frequented by people engaged in activities with increased risk
of malaria exposure, such as tourism and pilgrimages, and forest-related work including log-
ging, gem-mining, latex harvesting, fishing, road construction and other industrial occupations
(Erhart et al., 2004; Erhart et al., 2005; Grietens et al., 2012; Liu et al., 2014; Pichainarong &
Chaveepojnkamjorn, 2004). Some forest-goers have described how it is inconvenient to carry
bed nets with them and other essential items are prioritised instead (Grietens et al., 2010;
Lyttleton, 2016). New to the community, they often have limited knowledge of public health
services in the area, including ways to prevent malaria, and many seek antimalarial drugs from
unregulated, private vendors (Grietens et al., 2015). These forest-goers, mostly males, can come
from malaria-free regions with little or no immunity to malaria (Dysoley et al., 2008). Malaria
transmission in forest areas is a complex process involving an interplay between topographical,
entomological, parasitological and human factors.

Most current malaria control programs are not resourced to integrate approaches such as
mobile malaria workers, village malaria workers and screening posts through the implementa-
tion of outreach clinics in remote areas or target hard-to-access population groups as part of
routine services. Limited studies on such approaches have shown to be effective in reducing
malaria in remote and far-flung areas (Wang et al., 2016). This is challenging to many countries
in the region as they struggle to provide routine health services for their citizens (McMichael &
Healy, 2017). It is further aggravated by shortages and high attrition rates of health workers in
remote communities (Kanchanachitra et al., 2011). The hard-to-reach populations often have
unofficial status and few economic resources and can be difficult to locate for effective imple-
mentation of malaria control and management strategies (Stern, 1998). Poor adherence to mea-
sures which prevent contact with vectors, for example LLINs, long-lasting insecticidal
hammocks (LLIHs) and mosquito repellents (Grietens et al., 2010), puts them at an increased
risk of acquiring malaria.

Vector control in these areas is difficult due to the behavioural characteristics of
Anopheles dirus (exophagic, exophilic and early biters), which limits the effectiveness of
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LLINs, LLIHs and indoor residual spraying (IRS) for these populations (Jacobson et al., 2017;
Trung et al., 2005). Therefore, effective tools to prevent malaria transmission in the early eve-
ning and in the early morning, when LLINs cannot be used, need to be developed (Van Bortel
et al., 2010). The presence of the highly efficient forest malaria vector An. minimus s.s. leads to
intense transmission of malaria in remote areas (Dev et al., 2003, 2004; Sanh et al., 2008;
SEARO, 2017). New interventions based on insecticide-treated materials need to be urgently
evaluated (Erhart et al., 2004; Gryseels et al., 2015). Deforestation and control measures are
associated with residual transmission by secondary vectors when the primary vectors such as
An. dirus or An. minimus are reduced (Durnez et al.,, 2013; Hawkes et al., 2019; Saxena
et al., 2014; Wang et al., 2015; Wongsrichanalai et al., 2007; Yasuoka & Levins, 2007). Further-
more, deforestation increases malaria risk by creating mosquito-breeding sites in the stumps of
trees, ditches and puddles on the ground. In the deforested areas, there is increased human
activity, such as for logging, collecting of wood for fuel, mining and agriculture, which increases
exposure to bites from mosquitoes and transmission of malaria (Gryseels et al., 2015; Guerra
et al., 2006).

Cross-border movement of populations is another underlying reason for the maintenance of
‘hotspots’ of high transmission along international borders (Dhiman et al., 2010; Wangdi
et al.,, 2011, 2015, 2016b) and has been a major driver of the spread of drug-resistant malaria
along the international border of Thailand and Cambodia (Bhumiratana et al., 2013). Therefore,
cross-border data sharing on insecticide resistance, blood testing at the border areas and treat-
ment of symptomatic cases should be prioritised (Edwards et al., 2015; Gueye et al., 2012). Such
cross-border initiatives in the region have led to significant reductions in malaria burden in
some areas (Xu et al., 2016).

2.1 | Malaria control in hard-to-reach populations

Improved access to malaria diagnosis and care, and preventive interventions such as LLINs, are
essential to achieving malaria elimination in the Asia-Pacific region. Equity in access to services
including prompt detection and radical treatment of malaria cases in hard-to-reach populations
is critical for malaria elimination and sustaining malaria elimination efforts. Improving access
to prompt diagnosis and treatment is one of the core aims of the WHO Global Technical Strat-
egy for Malaria 2016-2030 (WHO, 2015a).

Commonly used vector control measures such as IRS are not possible in many hard-to-reach
areas because of logistical difficulties. The benefits of a high coverage of LLINs in the general
population in reducing malaria is well known (Fokam et al., 2016; Wangdi et al., 2018;
WHO, 2007). However, the provision of LLINs to mobile and migrant populations, especially in
hard-to-reach areas, remains a challenge (WHO, 2015b). Prompt diagnosis and treatment
in hard-to-reach populations, including mobile and migrant populations, are not routinely done
in most countries in the APMEN region (Wen et al., 2016).

Mobile malaria clinics offer a promising solution to these challenges. Studies have shown
that such initiatives are effective in getting malaria services to the hard-to-reach population
(ALIMA, 2017; Kheang et al., 2018; United Nations Development Programme, 2013). Mobile
teams can complement routine health facility-based and community-based malaria testing and
treatment services. A study in Myanmar has shown that a mobile malaria clinic was able to
service more people with malaria services and malaria information with wider geographical
coverage (Kheang et al., 2018). Mobile malaria clinics can use mobile phone tracking to find
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hard-to-reach populations particularly in remote forest areas. However, this approach needs
further operational studies to be adopted by the ministries of health in the region.

Village volunteer malaria workers can be used for early diagnosis and prompt treatment of
malaria in hard-to-reach areas. The volunteers need to be trained to identify common signs and
symptoms, do blood-based rapid diagnostic tests (RDTs) and interpret test results. The two main
advantages of this approach are that training is easy and the village volunteers have a strong
network within the community residents (increasing access and compliance). This means they
are readily available to help locals and migrants recognise malaria symptoms, diagnose malaria
with RDTs, treat simple malaria according to national malaria treatment guidelines and moni-
tor treatment adherence. They can also provide malaria education to community members, and
refer complicated cases and pregnant women to the health centres. In addition, they can pro-
vide information to mobile malaria clinic teams on any members of the community who go to
the forest that may need follow up and treatment. However, some of the foreseeable challenges
are stock-outs and ways to ensure all the required RDTs, anti-malarial drugs and preventive
measures are available to the village volunteers.

Screening posts could serve as an important service point for mobile populations. They can
be set up at border crossings and migration portals such as taxi stands, and public bus and boat
terminals. These posts can be used to provide intervention packages such as LLINs and LLIHs,
pamphlets on malaria (signs and symptoms) and possible contact points for malaria diagnosis
and treatment services in the destination area, and education on malaria prevention. Further,
free screening and treatment for asymptomatic malaria can be offered for both returning and
travelling migrants (Edwards et al., 2015). The posts can also be used to collect information on
the destination of the travellers and inform relevant public health officials in the destination
areas for follow up. This can help prevent the introduction of malaria into the communities
when the mobile population return after work-related travel. Furthermore, treatment of asymp-
tomatic cases can reduce sources of infection from fellow workers or travellers at the
destination.

2.2 | Malaria surveillance in hard-to-reach populations

Malaria surveillance systems of countries embarking on malaria elimination need revamping.
There is a shift from population to case-based surveillance as countries progress from the con-
trol to elimination phase (WHO, 2012a, 2012b). Transforming malaria surveillance to core inter-
vention strategies has been outlined in the Global Technical Strategy for Malaria 2016-2030
(WHO, 2015a).

In most countries in the Asia-Pacific region, malaria surveillance is based on passive case
detection. Passive surveillance involves reporting malaria cases by a health facility, which can
be limited by incomplete reporting, healthcare seeking in the private sector (not captured by
government systems) and poor diagnostic capacity, particularly in low transmission settings
and hard-to-reach areas (Singh et al., 2016). Therefore, hard-to-reach populations are not cap-
tured by the routine surveillance system. There is a need for the national malaria program to
initiate strategies for enumerating populations and conducting surveys in these groups includ-
ing mass blood screening and geo-referencing these sites. The information from these activities
can be used for resource mobilisation and to tailor preventive measures.

To support case-based surveillance in the elimination setting, spatial decision support
systems (SDSS) have been used by some countries in the Asia-Pacific region (Kelly et al., 2011;
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Ngo et al., 2019; Wangdi et al., 2016a). SDSS facilitates enhanced surveillance, primarily as a
means for locating malaria transmission, identifying and targeting appropriate foci-specific
interventions and ensuring these interventions are implemented at optimal levels of coverage.
A novel extension of the SDSS framework was implemented in managing remote forest dwellers
in Vietnam (Ngo et al., 2019). This customised SDSS targeted reactive case detection, enumera-
tion of remote area sleeping sites and intervention. Vector control activities, including IRS and
distribution of LLINs and LLIHs, were intensified using the supportive management applica-
tions of the SDSS (Canavati, 2017).

Risk mapping and temporal forecasting of malaria using climatic and environmental factors
as spatial and temporal risk predictors have been routinely undertaken (Hasyim et al., 2018;
Wangdi et al., 2018, 2020). Environmental covariates for geospatial analysis are obtained from
satellite sensors and meteorological stations (Dlamini et al., 2015; Hay et al., 2006; Wangdi
et al., 2010, 2020). Meteorological data can be interpolated with statistical techniques to esti-
mate values of climatic variables, such as rainfall, temperature and humidity, for locations
where meteorological data are not available (Hay & Lennon, 1999). Currently, these approaches
have mainly been used in a research context and more operational research needs to be con-
ducted to establish how these approaches can be of practical benefit to hard-to-reach
populations.

Traditionally, spatial patterns of malaria risk have been displayed for large geographical
units, such as district, province, national, regional and global scales (Clements et al., 2009;
Hundessa et al., 2016). However, such low resolution may mask more localised underlying pat-
terns of disease through averaging (Haddow et al., 2009). Therefore, use of finer geographic
units may be necessary to observe important local variation in spatial patterns of malaria risk
and to better guide disease control efforts and resource allocation, particularly when transmis-
sion declines to levels favourable to the pursuit of elimination (Clements et al., 2013; Weiss
et al., 2019).

3 | AWAY FORWARD

In the 10 years since APMEN was established, member countries have significantly progressed
in reducing the malaria burden in the region. As countries aspire to eliminate malaria in the
region by 2030 there are foreseeable challenges that are likely to impede the regional goal of
malaria elimination. The challenges include reservoirs of residual malaria in the hard-to-reach
populations and inefficient surveillance systems.

As APMEN countries approach malaria elimination, a sticking point will be malaria bur-
den in the hard-to-reach populations. Malaria control and treatment services need to be
accessible to these hard-to-reach populations. This can be achieved through malaria mobile
clinics, malaria village volunteer workers and screening posts. These innovative approaches
offer a way forward to capture mobile and migrant populations in hard-to-reach areas for
malaria services.

Migrants can be provided with information on malaria risk, services available and pre-
vention methods including LLINs and LLIHs. Information can be provided through pre-
departure and on-the-way education at screening posts (Khamsiriwatchara et al., 2011;
Wangroongsarb et al., 2011) and by mobile malaria clinics. Additional resources such as
short message service (SMS) can be used to disseminate information on malaria prevention
and control.
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Operational challenges include the high cost of providing these services, monitoring of
village health volunteers by health workers (Kheang et al., 2018), and resources and capacity of
the national malaria program (Wen et al., 2016). Another operational issue with outreach
services is the low level of trust of the people in the hard-to-reach areas including forests
towards the government. These populations include hill tribes (Pichainarong &
Chaveepojnkamjorn, 2004), refugees (Lee et al., 2006; Parker et al., 2015) and illegal economic
migrants (Khamsiriwatchara et al., 2011). Because of their unofficial status, they are not only
often hard to reach but may not readily avail themselves of government services (Huguet &
Punpuing, 2005; Stern, 1998). A policy change in addressing this issue is important and timely
so that these vulnerable populations are covered by malaria preventive and control measures
irrespective of their legal status (Harkins, 2019; Inkochasan et al., 2019).

Malaria surveillance systems in the elimination phase aim to detect all infections (both
symptomatic and asymptomatic) and ensure radical cure (WHO, 2012b). Most countries in
the Asia-Pacific region still continue to use surveillance systems designed for the malaria
control phase, which are based on passive case detection and preventive action at the popu-
lation level (WHO, 2012a). Therefore, malaria surveillance should transition to case-based
reporting and case investigation (Jacobson et al., 2017). The national malaria program can
expand the routine surveillance system to capture hard-to-reach populations by initiating
strategies through the enumeration of these populations and conducting surveys. One such
approach would be more targeted active surveillance and interventions using SDSS
(Keenan, 2003; Kelly et al., 2011; Kelly et al., 2012; Wangdi et al., 2016a). Continued opera-
tional research in hard-to-reach populations needs to be incorporated as part of the routine
surveillance system.

4 | CONCLUSION

As countries in the Asia-Pacific region aim to eliminate malaria by 2030, currently available
preventive measures, including LLIN, LLIH, and prompt diagnosis and treatment, need to be
expanded to hard-to-reach populations. This can be done through mobile malaria clinics, village
volunteer malaria workers and screening posts. Malaria surveillance in the hard-to-reach areas
can be enhanced through the development and implementation of SDSS. Policy changes by
national malaria programs of APMEN countries will be required for implementing the strate-
gies outlined here. However, strategies or tools may be suitable for some population groups but
difficult to implement in other groups.
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