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Abstract
Cotter, C. 2023. Evaluating and optimizing surveillance and response strategies for malaria
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Malaria case investigation and reactive case detection (RACD) activities are widely
implemented in low transmission settings to identify additional malaria infections and gather
surveillance information, but with varying degrees of success. Challenges in conducting
RACD include poor diagnostic sensitivity (particularly for low density and asymptomatic
infections), knowledge gaps among those conducting RACD, financial and resource constraints,
and operational and logistical difficulties. To improve infection detection and better target
individuals at highest risk for infection, RACD strategies need to be evaluated and optimized
to provide quality and nuanced surveillance information.

To support more effective surveillance and response strategies, this PhD project focused on
evaluating RACD strategies to improve and optimize malaria surveillance in low transmission
settings in the Asia Pacific region. Using a standardized monitoring and evaluation (M&E) tool,
case investigation and RACD indicators were assessed, including the knowledge and practices
of the staff conducting RACD. This PhD project explored the utility of molecular diagnostics
and genotyping and targeted sociobehavorial RACD strategies for increasing infection detection
and to understand the relatedness of infections identified during RACD. Also, the acceptability
and feasibility of a presumptive treatment-based strategy to reduce malaria (referred to as
reactive drug administration (RDA)) was evaluated.

Results revealed gaps in case investigation and RACD reporting completeness and timeliness
and that staff were not always equipped with the appropriate documentation or have accurate
knowledge on how to conduct RACD. Molecular diagnostics used in RACD in Thailand
identified an additional 12 (0.6%) infections compared to no RACD-identified infections
detected by microscopy. Of the four confirmed infections, only one (25%) was genetically
related to the index case. In Indonesia, a sociobehavorial RACD strategy targeting high risk
populations and work venues was able to identify 180 individuals for RACD yielding 8
infections compared to only one infection during household-based RACD. Shared risk factors
between sociobehavorial RACD individuals and index patients include being male, 30-45 years
of age, and occupation of logging or mining. In Thailand, an RDA strategy targeting within
and around the household and forest-going co-workers was found to be acceptable by those that
participated and feasible to be implemented by the malaria staff.

The quality of malaria case investigation and RACD activities and the knowledge of those
implementing it can be improved using a standardized M&E tool. The molecular and genotyping
findings may be useful for malaria programs in low transmission settings to increase infection
detection in persistent malaria foci or among high-risk populations and to characterize local
transmission patterns. When the highest risk individuals for malaria can be identified, a strategy
like RDA may be useful to target and eliminate malaria to accelerate elimination efforts.
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1 Introduction 

1.1 Historical background on malaria control efforts 
Malaria control and elimination efforts began in the late 19th century when re-
searchers discovered the mechanism of malaria transmission: the Plasmodium 
parasite was transmitted by the anopheline mosquito.(1) This discovery laid a 
pathway for the development of tools to control malaria, namely personal pro-
tection, vector control targeting mosquito breeding sites and adult mosquitoes, 
as well as therapeutic and prophylactic drugs.(2) However, between 1900 and 
1950, nearly 180 countries in the world still had endemic malaria. 

Very little progress was made during this time due to two world wars, other 
global health pandemics (e.g., cholera, influenza)(3), and a lack of a coordinated 
global effort to aggressively control malaria. By the end of the 2nd world war, 
indoor residual spraying (IRS) and important drugs to treat and prevent malaria 
(e.g., chloroquine, amodiaquine, etc) were being used to limit the impact of ma-
laria. In fact, in 1942 the Office of Malaria Control in War Areas was established 
to mitigate the impact of malaria and other vector-borne diseases during World 
War 2 around military training bases in the southern United States (US) and its’ 
territories battling malaria.(4–6) This organized effort to control malaria estab-
lished the Centers for Disease Control and Prevention (CDC) in the United 
States by 1946.  

The National Malaria Eradication Program, an effort by state and local health 
agencies in the southern US, was started in 1947 by using IRS with dichloro-
diphenyl-trichloroethane (DDT), but also by draining mosquito breeding areas 
and conducting aerial sprayings.(7) By 1950, nine countries in Europe had 
achieved malaria elimination with the US soon to follow when it ultimately 
eliminated malaria in 1952.(8) This achievement, as well as in other countries 
with temperate climates in Europe and the northern hemisphere applying similar 
malaria control interventions, increased the hope for eventual malaria eradica-
tion. (See Box 1 on definitions.) 

In response to the positive achievements of eliminating malaria in several 
countries by the early 1950s, and armed with effective drugs and vector control 
tools at the time, the World Health Organization (WHO) launched the Global 
Malaria Eradication Programme (GMEP) at the eighth World Health Assembly 
in 1955(9) to “...provide technical advice, and encourage research and coordi-
nation of resources in the implementation of a program having as its ultimate 
objective the worldwide eradication of malaria...”(10) in all parts of the world, 
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except for Africa.(1) During the GMEP period, important lessons were learned 
on improving population coverage for interventions, the development of 
stronger community-based volunteer health workers, the use of local maps to 
guide malaria control activities, and improved quality of malaria surveillance 
systems.(11) Active case detection and treatment was another key intervention 
that helped to identify and treat malaria infections in the community. 

 
Box 1 Key definitions 

During the GMEP period, 68 countries successfully eliminated malaria, includ-
ing Europe (37) and the Americas (22), compared to the rest of the world.(10) 
The GMEP effort brought about significant reductions in morbidity and mortal-
ity due to malaria; however, by 1969, fourteen years after announcing the launch 
of the GMEP program, the campaign was discontinued when WHO determined 
that malaria eradication was not achievable in many areas due to administrative, 
financial, and technical issues.(9,12) It was at this point that the WHO General 
Assembly re-examined the strategy and recommended a return to malaria con-
trol for countries still facing endemic malaria. 

During the next three decades, most countries that had eliminated malaria 
were able to maintain their malaria-free status, and a few were able to continue 
on their path to elimination.(13) A total of 10 countries were able to eliminate 
malaria between 1979 and 2009, primarily in the Eastern Mediterranean (6), as 
well as small islands such as the Maldives and Seychelles. However, many of 
the countries that were not able to eliminate malaria experienced devastating 
disease resurgences (14) due to a lack of international financing and resources, 
demotivated and reduced number of malaria program staff, as well as drug and 
DDT resistance.(15,16) During the GMEP, many malaria elimination programs 
adopted a vertical organizational structure, outside of the routine public health 
system, and therefore were difficult to sustain.(9) 

In the late 1990s the malaria control winds began to shift. Momentum was 
gaining for a new push for burden reduction through increased malaria control 
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efforts. An initiative by the WHO, the World Bank, and other United Nations 
agencies was launched in 1998 to re-invigorate malaria control efforts globally, 
called the Roll Back Malaria (RBM) initiative, with the aim to halve the suffer-
ing caused by malaria by 2010.(17) The RBM initiative was a social movement 
to stimulate international donors to invest money into achieving newfound gains 
in malaria control.(18) To highlight the political will supporting RBM and to 
discuss strategies to combat malaria in Africa, on April 25, 2000, African Heads 
of State and governments gathered in Abuja, Nigeria to attend the ‘Summit on 
Malaria’.(19) In the early 2000’s, international support for a renewed effort to 
control and eliminate malaria developed momentum and led to the creation of 
the Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM), in addi-
tion to other international organizations such as vaccine development (PATH 
Malaria Vaccine Initiative, PATH MVI), medicines to overcome drug resistance 
(Medicines for Malaria Venture, MMV), and new and improved insecticides to 
overcome mosquito resistance (Innovative Vector Control Consortium, IVCC). 
In 2006, the US President’s Malaria Initiative (PMI) began investing in malaria-
endemic countries to strengthen their malaria programs and respond to other 
public health threats by improving malaria and other disease surveillance.(20) 

During the 2000s, when enormous sums of international funding was being 
raised for malaria control, malaria programs were deploying a package of 
proven malaria control interventions to attain high levels of population coverage 
with the goal of achieving maximum health benefits. Evidence showed that by 
scaling up multiple interventions simultaneously with high population coverage 
nationwide, optimal health effects can be achieved.(21) This strategy known as 
“Scale Up For Impact” (SUFI) was endorsed by the RBM initiative and was 
shown to reduce child mortality by more than 20% in some settings. 

In 2007, the Bill and Melinda Gates Foundation (BMGF) put their weight 
and wallet behind a redefined effort to include eradication as an explicit 
goal.(22) Soon after the Gates’ support for eradication was announced, momen-
tum for malaria elimination and ultimately eradication was back on the table and 
up for debate as to whether it was feasible within a generation.(23–25) In 2015, 
three important documents advocated for malaria elimination and eradication 
and outlined key operational, technical, and financial strategies to achieve pro-
gress toward malaria eradication: WHO’s Global Technical Strategy for Ma-
laria 2016-2030, RBM Partnership’s Action and Investment to defeat Malaria 
2016-2030, and From Aspiration to Action: What Will It Take to End Malaria?. 
By 2019, a Lancet Commission on Malaria Eradication was convened to con-
sider whether malaria eradication is feasible, affordable, and worthwhile.(26,27) 

1.2 Global malaria burden 
An estimated 150 million to 300 million lives have been lost to malaria during 
the 20th century alone. Although malaria control and elimination over the last 
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century has been uneven globally, an estimated 50% of the world’s population 
live in malaria-free areas, compared with only 30% in 1950.(28,29) The 2022 
WHO World Malaria Report estimates that in 2021 there were 247 million ma-
laria cases in 84 malaria endemic countries and territories.(30) Malaria case in-
cidence was an estimated 59 cases per 1000 population at risk. Globally, esti-
mated malaria-related deaths reduced steadily between 2000 and 2021 from 
897,000 to 619,000, respectively. 

The highest burden of malaria remains to be in sub-Saharan Africa where an 
estimated 95% of global malaria cases occur, accounting for 234 million cases 
in the WHO African Region in 2021.(30) Although the true burden remains dif-
ficult to measure given the complexity of malaria,(31,32) estimates of malaria 
cases and deaths overall were declining prior to the COVID-19 pandemic, but 
progress slowed during the pandemic.(33) The majority of the malaria burden 
in Africa remains to be in the youngest children (< 5 years);(30) however, recent 
modeling shows the most impacted age group in Africa rising slightly to chil-
dren older than 5 years.(34–36) This suggests that the increased protection for 
children under 5 is keeping the youngest alive until they are older, but also that 
older children are increasingly vulnerable to disease and maintaining control 
measures will be critical.  

Malaria is commonly associated with poverty (37–40) and poverty exacer-
bates malaria given the increased healthcare costs (including travel to a health 
facility), lost ability to work due to illness, and increased malnutrition and dis-
ease susceptibility (especially in young children).(41,42) Malaria impacts coun-
tries economically, including with foreign investment and human productivity, 
therefore increasing the financial toll on the population affected.(43,44)  

Every year more malaria-endemic countries make progress toward reducing 
their malaria burden and some achieving malaria elimination, further shrinking 
the malaria map. In 2000, there were 108 malaria-endemic countries compared 
with 84 in 2021. During that same period, countries reporting fewer than 100 
indigenous cases increased from 6 to 27.(30) As a result of this continued pro-
gress, the epidemiology of malaria shifts – malaria is increasingly imported, 
caused by Plasmodium vivax in settings outside of sub-Saharan Africa, and clus-
tered in small geographical areas or clustered demographically into subpopula-
tions, which are often predominately adult men.(45) 

This progress has been largely driven by international funding from wealthier 
countries financially supporting the GFATM,(46) as well as direct financial sup-
port provided to endemic countries from the US PMI,(20) the United Kingdom’s 
Department for International Development (DFID),(47) and the Australian De-
partment of Foreign Affairs and Trade (DFAT).(48) Private foundations and or-
ganizations also donate funding for malaria including research, such as the 
BMGF,(49) or provide in-country support for malaria endemic countries, such 
as the Carter Center.(50) Bolstered by WHO’s Global Technical Strategy for 
Malaria 2016-2030, regional and country-level targets for malaria control and 
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elimination also provide political, financial, and technical support for coun-
tries.(51) 

As malaria control interventions support a reduction in malaria morbidity and 
mortality and malaria transmission decreases, the goals of the malaria program 
and their interventions will need to adapt.(52) In areas of high transmission, 
monitoring and evaluation of control activities are based on aggregate numbers, 
and actions are designed to ensure that entire populations have access to malaria 
services. In areas of low and moderate transmission, the distribution of malaria 
is more heterogenous, and interventions need to be targeted toward populations 
that are most severely affected by the disease. In pre-elimination and elimination 
areas, ensuring efficient detection of and response to new malaria cases and foci 
is critical. Individual cases of infection or clusters of cases should be investi-
gated to identify risk factors and eliminate foci of transmission. 

Regional and cross-border initiatives to control and eliminate malaria are 
supporting reductions in the burden of malaria. These include the Elimination 8 
in southern Africa,(53) the Asia Pacific Malaria Elimination Network,(54) and 
initiatives in Mesoamerica and Hispaniola.(55,56) In areas with contiguous bor-
ders and a shared challenge of combating malaria, cross-border collaborations 
have been initiated.(57–59) Progress in reducing the malaria burden have also 
been driven by lessons learned through program implementation and operational 
research.(23) An important component of progress in controlling malaria is 
through sharing of experiences and lessons learned among similar settings or 
adapting strategies for malaria from one setting to another.(60–63) 

Challenges to eliminate malaria remain, and historically have led to signifi-
cant malaria resurgences.(14) The reasons for these malaria resurgences are 
many, and not limited to: drug(6,64,65) and insecticide resistance,(6,64,66,67) 
international donor complacency,(64,68–70) human migration,(71,72) resource 
constraints,(64,70,73,74) war and conflict areas,(75–79) and accessing hard-to-
reach areas and mobile populations,(64,65,80) among others.  

1.3 The malaria parasite 
Malaria is a disease caused by the Plasmodium parasite transmitted by the bite 
of an infected Anopheles mosquito. Malaria has existed alongside humans for 
over a millennia,(2,81) killing more humans than all wars and conflicts com-
bined.(82) Over 200 species of Plasmodium exist, however only five infect hu-
mans. The Plasmodium species has two important stages: one lifecycle in a 
blood-feeding insect host (e.g., a mosquito) and a second lifecycle in a verte-
brate host (e.g., mammals). (Figure 1) The malaria parasite is transmitted from 
an infectious mosquito to a human by inadvertently injecting sporozoites into 
the host during a blood meal. Once injected, the sporozoites search for soft tissue 
within the host, typically the liver, and invade hepatocytes. During the vertebrate 
host phase, the parasite emerges from the liver as merozoites and enter the blood 
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stream, infecting red blood cells (RBCs) and go through continuous asexual cy-
cles of erythrocyte infection within the RBCs resulting in disease (known as 
malaria).  
 
 

 
Figure 1 Malaria parasite lifecycle 
 

Source: “Life Cycle of the Malaria Parasite” by NIAID is licensed under CC BY 2.0. To view a copy of this 
license, visit https://creative commons.org/licenses/by/2.0/?ref=openverse. 

A small percentage of merozoites flowing through the host blood stream do not 
infect the RBCs, and instead differentiate into a sexual stage called gameto-
cytes.(83,84) The gametocytes picked up by the mosquito host during a blood 
meal travel to the mosquito’s midgut where they develop into male and female 
gametes, which fertilize each other, and form a zygote.(83,85) The zygotes de-
velop into ookinetes, penetrating the wall of the midgut. The ookinete then em-
beds itself into the guts’ exterior membrane and develops into an oocyst. These 
oocysts produce large numbers of sporozoites which migrate to the salivary 
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glands of the mosquito where they can be injected into the blood of the next 
mammal host, continuing the cycle of transmission.(85) 

Plasmodium falciparum, most widespread in sub-Saharan Africa and south-
east Asia causes the greatest number of deaths, especially in malaria immune-
naive children under the age of five. P. vivax is more geographically widespread 
than P. falciparum and less severe.(31) P. vivax is typically a milder form of 
malaria, though far from benign. More recent evidence has shown severe P. vi-
vax to be more frequent, including high prevalence of severe anaemia associated 
with the disease.(86,87) Additionally, evidence on the impacts on an individu-
als’ health show that if P. vivax is not treated properly, it can sustain itself as a 
chronic infection contributing to poor health overall.(88) P. vivax is more com-
mon in Latin America and Asia, and not largely present in sub-Saharan Africa, 
particularly outside the Horn of Africa. This is due in part to the Duffy antigen 
and erythrocytic properties in the blood that prevent the P. vivax parasite from 
infecting the human RBCs.(89) RBCs that lack the receptor for the Duffy gly-
coprotein are relatively resistant to invasion by P. vivax. Furthermore, develop-
ment of P. vivax within the mosquito gut can occur at lower temperatures than 
other Plasmodium species making it feasible to transmit in greater geographical 
climes and facilitate longer transmission seasons.(90) Other species such as P. 
ovale and P. malariae are also widespread in all areas with malaria transmission, 
but tend to be mild and not a dominant parasite species.(91) A newly-recognized 
fifth Plasmodium species prevalent in southeast Asia is P. knowlesi, which has 
also been identified in macaques as an additional host.(92) 

1.4 Malaria transmission and epidemiology 
1.4.1 Vector 
Malaria transmission depends on the interaction between the host (typically hu-
mans) and the Anopheles mosquito at a time when malaria parasites are available 
to be transferred between hosts. There are around 40 Anopheles dominant vector 
species that commonly transmit malaria, despite more than 450 being formally 
recognized.(93) Male Anopheles mosquitoes do not transmit the malaria parasite 
and are primarily for mating. Adult female mosquitoes are directly responsible 
for transmitting malaria during blood meals. Both male and female Anopheles 
feed on sugar sources; however, females require a blood meal for the develop-
ment of eggs.(84) After 2-3 days of resting following a blood meal, the female 
Anopheles will lay her eggs in water for further development as larva and pupae. 
It takes approximately 10-14 days for an egg to develop into an adult mosquito 
which can fly and continue the cycle of transmission by seeking out a host. Hu-
mans and animals have many similar odours and skin-derived compounds that 
attract mosquitoes.(94) Research has shown that female mosquitoes actively 
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carrying malaria parasites are significantly more attracted to human breath and 
odours than uninfected mosquitoes.(95) 

The footprint of the Anopheles species spans nearly the entire planet from the 
northern parts of Russia and Europe in the northern hemisphere down to the 
northern tip of Australia and southern parts of the Amazon basin in the southern 
hemisphere. The Anopheles species vary geographically and depend on the local 
ecology to survive.(93) In Meso- and South America there are 8 dominant vector 
species (DVS) of which some include: An. albimanus, An. albitarsis s.l., An. 
darlingi, and An. pseudopunctipennis. In Africa there are only 3 DVS in total, 
and include: An. arabiensis, An. funestus, and An. gambiae, with many geo-
graphical areas having significant overlap where the DVS co-exist. In the Asia 
Pacific region there are 16 DVS, highlighting the incredible diversity of Anoph-
eles species and include, but are not limited to, An. culcifacies s.l., An. dirus s.l., 
An. lesteri, An. minimus s.l., An. sinensis, and An. stephensi.(93) 

Not only is there enormous diversity of the Anopheles species, the habitats in 
which the mosquitoes prefer for feeding, resting, and breeding are also di-
verse.(84) The presence of water is essential for mosquito breeding and larval 
development, and different water bodies attract different types of mosqui-
toes.(96) Mosquito feeding habits are endophagic (indoors) or exophagic (out-
doors). After a blood meal, mosquito resting habits are either endophilic (in-
doors) or exophilic (outdoors). These factors, along with the time of day when 
the Anopheles mosquito is active (dusk, dawn, or at night) can influence the 
transmission of malaria between mosquitoes and humans, particularly when 
there is substantial overlap and exposure. In low transmission and prevention of 
re-establishment settings, these factors are particularly important where ecolog-
ical conditions exist and Anopheles vectors are competent, especially in areas 
with highly mobile populations.(97) 

Even with high levels of coverage of vector control interventions such as IRS 
or insecticide-treated nets (ITNs) meant for sleeping under at night, there are 
important gaps in protection that are often overlooked.(98) For example, ITNs 
have a gap in protection when individuals are outdoors without protection 
against potentially infective mosquito bites, a lack of use and suboptimal cover-
age of ITNs, and insecticide resistance by reducing the effectiveness of the in-
tervention (e.g., the mosquito doesn’t die when it comes into contact with insec-
ticide or is repelled by it). In many malaria-endemic settings, ITNs are provided 
to households by the malaria program for use overnight when mosquitoes typi-
cally feed to protect the individuals sleeping in that residence. However, in set-
tings with exophagic and daytime biting mosquitoes, ITNs are not being used 
but transmission is possible. This would also apply to mosquitoes that feed at 
dawn when an individual may be preparing to go to work or at dusk immediately 
after the sun sets when they are sitting outside unprotected but when a poten-
tially-infected mosquito is seeking a human host. In forested settings where day-
time biting Anopheles vectors exist, gaps in protection are an important chal-
lenge likely increasing the chance for infection. Furthermore, a second residence 
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at a farm or area within the forest are typically open-air structures with fewer 
walls or with no screening over the windows. Additionally, forest goers are not 
likely to have other vector control protection such as ITNs or have the structure 
be sprayed by IRS due to the remote location.  

1.4.2 Human host 
The human genome has evolved alongside the Plasmodium parasite for thou-
sands of years unlike any other infectious disease, and in doing so both humans 
and parasites have evolved. When humans encounter a female Anopheles in-
fected with malaria, a cascade of events occur within the human host. (see Fig-
ure 1 above) With at least one malaria infection some level of acquired immun-
ity is induced; however, adequate protective immunity in a healthy host usually 
requires repeated infections over time.(99,100) Although the immune response 
to malaria is not fully understood, there is a clear age-structure of burden to 
clinical disease in endemic settings as older children and adults have resistance 
to severe morbidity and death due to acquiring natural immunity and surviving 
previous infection. Furthermore, children at the youngest age (birth to 6 months) 
are remarkably resistant to high parasitemia due to the protective immunity ac-
quired with maternal antibodies.(99) It is well known that some humans have 
developed a survival advantage in the presence of malaria.(83) Human blood 
has evolved through developing protective strategies to prevent P. falciparum 
malaria from infecting RBCs, which has led to sickle cell anaemia.(101)  

The presence of malaria symptoms may or may not be causing the dis-
ease.(102) Presence of ‘malaria disease’ is a tip of the ‘malaria infection’ ice-
berg regarding parasite densities in the human host and has implications for in-
fection detection limits. In high burden areas, where individuals can be infected 
with malaria many times throughout the course of a year, large swaths of the 
population have high levels of immunity to the malaria parasite harbouring 
lower parasite densities compared with less-exposed individuals.(103) Adults 
are more likely than children to carry sub-microscopic infections due to repeated 
infections over time. In immune-naive populations, clinical symptoms are al-
most always observed with a P. falciparum infection, even at very low para-
sitemia levels. Parasite density is linked to disease with fewer parasite densities 
translating to less disease.(99)  

Parasite densities may also fluctuate over time.(104–106) Low parasite den-
sity infections also have low gametocyte (sexual stage) densities, restricting the 
ability to transmit malaria given a mosquito must ingest both a male and female 
gametocyte to further the parasite life cycle.(107) Asymptomatic parasite reser-
voirs can persist and maintain an infectious reservoir of infection to sustain 
transmission. P. falciparum asymptomatic reservoirs have been shown to be 
more likely detectable through standard diagnostics compared to P. vivax.(108) 
The relative contribution of low-density infections to onward transmission var-
ies widely in different endemic settings. Some cross-sectional studies have 
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shown that asymptomatic P. vivax carriers are estimated to contribute to a ma-
jority of human-to-mosquito infections; however, individuals with very low par-
asitemias are not likely to contribute significantly to transmission.(109,110)  

To maintain parasite lifecycle endemicity, P. vivax and P. ovale have a 
unique latent form in the host, called hypnozoites, which hide in the liver and 
reactivate when appropriate. Hypnozoites can re-emerge from the liver months 
or years after initial infection, when the conditions are permissible for transmis-
sion, for example when mosquitoes are more abundant during the spring and 
summer months.(90) The majority of P. vivax relapses are likely asymptomatic 
and do not come to the attention of the health system and therefore maintain a 
potentially important infectious reservoir.(111,112) 

1.5 Malaria infection detection and treatment in Asia 
Pacific 

1.5.1 Malaria case presentation 
Generally, individuals present to a health facility and undergo a malaria diag-
nostic test to determine the presence of malaria. If determined to be a positive 
malaria infection it is typically uncomplicated malaria which is an early-stage 
infection.(113) Symptoms of uncomplicated malaria generally include fever, 
chills, headaches, nausea and vomiting, among other symptoms.(114) If uncom-
plicated malaria goes untreated, the infection can develop into a medical emer-
gency known as severe malaria.(115,116) This is particularly true in pregnant 
women,(117) those with spleen issues,(118) malnourished children,(119) and 
the elderly. In hyperendemic malaria settings, severe malaria is predominantly 
a disease of children aged 1 month to 5 years of age. Severe malaria is almost 
always caused by P. falciparum usually 3-7 days after the onset of fever. In 
countries that have little to no malaria, travellers returning from endemic areas 
can develop severe malaria because of a lack of acquired immunity against ma-
laria. 

1.5.2 Malaria diagnosis 
Clinical or presumptive diagnosis of uncomplicated malaria, based off of 
whether the individual has or recently had fever, was once standard practice 
before widespread availability of diagnostic tests.(120,121) A prompt malaria 
diagnosis of a suspected case should be confirmed with a malaria-specific diag-
nostic test before treatment is provided. Clinical malaria diagnosis alone is not 
enough to rule out other bacterial or viral infections.(122) A correct diagnosis 
improves the overall management of patients with febrile illnesses and also 
helps reduce the emergence and spread of drug resistance.(123) Accurate meas-
urement of a malaria infection is also important to define the burden of the 
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disease and understand the impact of control measures.(102) Malaria diagnos-
tics vary in their difficulty of user operation, threshold of parasite detection, time 
for diagnostic result, and need for laboratory equipment and chemical rea-
gents.(See Figure 2 on diagnostics.) There are important advantages and disad-
vantages to differing malaria diagnostics that should be considered depending 
on the setting in which they are being used. 
 

 
Figure 2 Malaria diagnostics and detection limits 

 

1.5.2.1 Light microscopy 
The gold standard to diagnose a malaria infection is optically using light mi-
croscopy,(124) and is the WHO recommended method to confirm a malaria in-
fection.(125) The advantages of microscopy are that it allows for the detection 
of different malaria parasites for accurate treatment prescription, and to identify 
the Plasmodium lifecycle stages, including the presence of gametocytes. Mi-
croscopy is also able to quantify parasite density, and is particularly useful for 
patient follow-up to measure treatment outcome efficacy.(125) The limit of de-
tection for microscopy is 50-200 parasites per µL of blood with parasite quanti-
fication of a blood smear in less than an hour.(126) This is important for low 
transmission and mixed Plasmodium species settings where low parasite density 
infections are more common.(127) 

A small sample of blood is taken from a febrile individual presenting with 
suspected malaria and placed on a glass slide to make a thick and/or thin blood 
smear. Using a microscope, one hundred high powered fields are examined by 
a trained health worker who peers down the lens of a microscope to visually 
examine and identify whether parasites are present with a 3% solution Giemsa-
stained blood slide. The Giemsa solution is the standard solution used to stain a 
blood slide for reading.(128,129) A thick blood smear, a more sensitive ap-
proach, is meant to determine whether a malaria infection is present or not.(126) 
If malaria positive, a thin blood smear is used to detect the morphology of the 
parasite species.  
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Microscopy is not as field friendly a point-of-care diagnostic, but can be op-
erated in resource-limited settings that have limited or no electrical power 
source.(130,131) A disadvantage of microscopy is that it is dependent on the 
ability of the microscopist to read the slide accurately. Therefore, regular mi-
croscopy trainings are important for health staff, particularly as malaria declines 
and in mixed-species settings.(132) Additional skills are needed for microscopy 
including blood smear collection, fixing, staining and storage – all of which can 
alter the integrity of the blood slide sample and result.(133)  

The cost of microscopy per test is fairly inexpensive ($0.12-$0.40 USD), de-
pending on the setting and when excluding labor and the capital expense of the 
microscope. However, labor and human resources are important to consider to 
achieve an accurate diagnosis, but the cost can be shared across other disease 
diagnoses that require microscopy. Furthermore, maintenance of the micro-
scopes is an important factor and potentially additional cost to consider.(134) In 
low transmission and prevention of re-establishment settings where microscopy 
is largely relied upon for malaria diagnosis, it is important to maintain malaria 
training on diagnosis and blood slide preparation, have adequate antimalarial 
stocks in facilities that see few patients, and raise malaria awareness among the 
public and targeted high-risk groups for malaria to encourage treatment seek-
ing.(135,136) 

1.5.2.2 Rapid diagnostic tests 
In resource-limited settings where microscopy may not be feasible, point-of-
care rapid diagnostic tests (RDTs) are a common method to identify malaria 
parasites. RDTs have been instrumental in malaria control and elimination by 
improving access to a confirmatory malaria test for improved differential diag-
nosis.(137) The main advantages of RDTs are that they are field-friendly, simple 
for community health workers to use without much training, have self-contained 
packaging useful for remote settings, and provide a rapid diagnostic result, typ-
ically within 15 minutes. RDTs are commercially available and typically indi-
cate the presence of the parasite without speciation (PAN) or have some species-
specificity to identify P. falciparum or P. vivax species.(138) The limit of de-
tection of RDTs is comparable to that of microscopy at 50-100 parasites per µL 
of blood.  

A small sample of blood is taken from a febrile individual presenting with 
suspected malaria and placed on the RDT. RDTs are designed to detect antigens 
by using an immunochromatographic strip where blood is placed on one end 
and the results are displayed by lines on a surface strip after placing reagent on 
the RDT.(138) Parasite antigens are detected when the blood sample and rea-
gents are combined on the strip. 

One disadvantage of RDTs, like microscopy, is their lack of sensitivity, par-
ticularly in low malaria transmission settings. This is true of infections that are 
low and very low density.(139) The lack of species identification in low-density 
infections limits the ability for an accurate diagnosis, and therefore appropriate 
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treatment regimen. Furthermore, RDTs are unable to be used for treatment fol-
low up to determine whether an individual is still malaria positive, and may lead 
to false positives because the RDT detects malaria antigens which can remain 
in the blood for up to 30 days after treatment.(126) RDTs also require certain 
conditions to transfer and store the diagnostic as high temperatures and humidity 
can contribute to poor diagnostic performance.(140) The cost per unit is slightly 
more expensive than microscopy at around $0.85 USD per test when excluding 
labor. Ultra-sensitive RDTs are being evaluated in research settings and suggest 
that they may be more sensitive than standard RDTs and particularly in asymp-
tomatic populations.(141) 

1.5.2.3 Nucleic acid amplification  
Malaria detection can be done through molecular methods, but are not imple-
mented as part of routine diagnosis, largely due to the higher costs and resources 
associated compared to standard diagnostics.(142) However, molecular meth-
ods do provide a number of advantages over microscopy and RDTs in that these 
methods are more specific in identifying mixed infections and more sensitive to 
detect lower parasite densities.(143,144) The limit of detection of molecular 
methods can be as low as 1 parasite per µL of blood.(145) This is particularly 
important in low transmission settings where a majority of the infections are 
asymptomatic and sub-microscopic.(103,105) Similar to microscopy, some fac-
tors can affect the accuracy of detecting infections using molecular methods, 
such as methods for the collection and storage of blood samples. Furthermore, 
selecting appropriate primers and extraction methods can affect diagnostic per-
formance. 

There are several different types of molecular methods currently available, 
although the process for each is similar. For molecular detection, the parasite 
DNA or RNA must be extracted from the sample (whole blood or from a dried 
blood spot), then amplified using certain laboratory equipment, and finally de-
tected and/or quantified depending on the method used. There are some differ-
ences between the types of molecular methods including related to the costs, 
infrastructure needed, field applicability, sample preparation and extraction, 
turnaround time for a result, and the detection limit.(146)  

The disadvantages to using molecular methods compared to standard diag-
nostics includes the high cost of the equipment and laboratory facilities needed, 
consumables such as reagents and filter tips, as well additional training required 
for lab personnel. In addition, the turnaround time for a diagnostic result is 
longer for molecular methods, typically at least 12-24 hours.(146) Laboratory 
facilities are also likely to be far from rural and remote areas. The storage of 
blood samples for molecular detection is also important to prevent the degrada-
tion of the DNA sample collected, and therefore the loss of diagnostic sensitiv-
ity, particularly in hot and humid environments.(147) 
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1.5.2.3.1 Polymerase chain reaction 
The most commonly used molecular detection method for malaria and other dis-
eases is polymerase chain reaction (PCR), developed in the early 1980s.(148) 
PCR methods are very sensitive using DBS or whole blood, although the latter 
has been shown to reach a limit of detection of 0.022 parasites per µL when 
using higher blood volumes (1 mL).(149) In this thesis, the methods for analysis 
was nested PCR or real-time PCR targeting the 18S ribosomal(r)RNA gene that 
was developed by Snounou et al to identify the four human species of ma-
laria.(143) Additional real-time quantitative PCR methods (qPCR) have been 
developed since.(150) Because study III is located in a mixed-species setting 
with known P. knowlesi transmission, a P. knowlesi-specific PCR test was 
used.(151) Having the appropriate set of primers can support the identification 
of all five Plasmodium species, particularly important for mixed-species set-
tings.  

PCR is frequently used to determine malaria prevalence at a point in time in 
a defined area when conducting community-based surveys to monitor disease 
burden and to measure the impact of malaria control interventions.(152) While 
not field-friendly for application in a routine setting, there are some ways in 
which PCR has been evaluated to improve its applicability in low transmission 
and mixed-species settings by increasing its throughput (numbers of samples 
able to be analyzed),(153) or using pooling strategies in low transmission set-
tings where few infections are found overall to make PCR a more-efficient and 
cost-effective approach and still maintain diagnostic sensitivity.(152) Other ef-
forts to improve the field applicability of PCR have resulted in the development 
of several different assays, all of which maintain low sensitivity thresholds, but 
remain limited in practice due to the need for a PCR amplification step.(146) 

1.5.2.3.2 Loop-mediated isothermal amplification 
A more recently developed molecular method to detect Plasmodium malaria and 
other diseases is loop-mediated isothermal amplification (LAMP).(154) Similar 
to PCR, LAMP has shown its ability to detect low-level malaria and asympto-
matic infections with sensitivity thresholds down to around 1 parasite per µL 
depending on the blood volume being tested.(155) LAMP has been shown to 
identify all human Plasmodium species,(156) including P. knowlesi. (157,158) 
Loopamp kits are commercially available (Eiken Chemical co) and were used 
in this thesis for studies II and III, along with PCR methods for validation. 
Loopamp kits currently available have been validated for the detection of P. 
falciparum,(159) but can only indirectly detect P. vivax or other Plasmodium 
species using a combination of PAN-genus and P. falciparum-specific LAMP 
primers.(160) Currently, this lack of commercially available kits is a disad-
vantage compared to PCR in mixed Plasmodium species settings, but P. vivax-
specific kits are being developed and evaluated.(161,162)  
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An advantage of LAMP compared to PCR is that less laboratory equipment 
is required to process samples. Loopamp kits use a cheaper and quicker boil and 
spin method for DNA extraction and requires a centrifuge. A simple heat block 
or water bath can be used for the LAMP reaction and does not require a PCR 
machine, which can be cost prohibitive.(163) Using a boil and spin method for 
DNA extraction speeds up the turnaround time for a LAMP result, making it 
potentially more field-friendly.(162,164) Furthermore, the Loopamp kits come 
pre-packed with a set of tubes that already contain reagent mixtures. However, 
like PCR, LAMP requires knowledgeable technicians to manage DNA contam-
ination protocols, reliable electricity, a facility for preparing basic assays, ide-
ally with separate work stations to avoid DNA cross-contamination.(162,165) 
Although cost of the commercially-available Loopamp kits remains a limiting 
factor in their uptake, compared to standard diagnostics,(166,167) there may be 
some appropriate settings, particularly in very low transmission areas that have 
high proportions of asymptomatic and low-density infections where LAMP may 
be useful.(146) 

1.5.2.3.3 Microsatellite genotyping 
Microsatellite genotyping is an important molecular identification tool that stud-
ies the genetic relatedness of Plasmodium infections. This technique increas-
ingly is being used to investigate the population structure of malaria parasites, 
and to better understand the sources of transmission.(168–170) Purposes of gen-
otyping for malaria include: 1) monitoring drug resistance;(171–173) 2) evalu-
ating treatment outcomes; 3) characterizing parasite flow between re-
gions;(174,175) and 4) distinguishing imported from locally transmitted infec-
tions. Microsatellite (short tandem repeat or STR) analysis was used in study II 
to compare allele repeats at specific loci in the DNA between samples. A STR 
is a microsatellite with repeat units that are 2 to 7 base pairs in length, highlight-
ing the diversity of repeats among individuals.(176) Genotyping in study II was 
performed using fluorescently labelled PCR primers for a set of nine selected 
standardized microsatellite loci for P. vivax. Amplification of the microsatellite 
by PCR is used to determine how related the primers are to the Plasmodium 
DNA sample obtained. Genotyping is particularly important for Southeast Asia 
where P. falciparum-resistant malaria was discovered, sparking fears that ma-
laria endemic countries would lose their first-line malaria treatment, artemis-
inin-based therapies, among others.(172,177)  

As malaria transmission declines and the distribution of malaria infections 
becomes increasingly heterogenous within villages, and even among particular 
groups of individuals, hotspots of transmission are more easily detected and fuel 
transmission during the high malaria transmission seasons.(178) Additionally, 
in areas with high mobility of its population, passively detected malaria case 
data may not accurately characterize local transmission patterns. Importation of 
malaria cannot always be confirmed even when a travel history is accurate.(175) 
To characterize transmission, combining parasite genetic data with anonymized 
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mobile phone data, malaria epidemiological case data, and travel survey data 
has been shown to distinguish between imported and local transmission and es-
timate the direction and intensity of parasite flows.(174) By including a combi-
nation of human mobility and parasite genetic data it is feasible to show the 
connectivity of malaria parasite populations over great distances and between 
countries that have eliminated malaria and those with remaining endemic ma-
laria.(179) However, there are inherent biases and limitations in epidemiological 
and genetic datasets, and these types of analyses can be prohibitive for malaria 
programs to perform. 

Additional malaria infections detected near an index patient are assumed to 
be related by transmission to the primary index case infection. Research in P. 
falciparum-dominant areas have shown evidence of such infection cluster-
ing;(110,180–183) however, for P. vivax, some evidence has shown household 
infection clustering,(184) but in other studies that included genotyping, evi-
dence of relatedness between index and additional infections identified was not 
clear.(185,186) Clustering of infections is an important factor when conducing 
any type of response to an index patient. In settings where infection clustering 
is evident (e.g., within the index patient household or nearby households) then 
conducting follow-up testing around the index patient could be an effective ap-
proach to identifying additional infections. However, in settings where infection 
clustering is not evident, follow-up of individuals nearby the index patient may 
not be an effective approach to identifying additional infections. Genotyping 
can help determine parasite relatedness by providing important information on 
whether parasites are from a common source (with shared risk factors such as 
behavior) or genetically different and the source is unrelated, possibly from ei-
ther a new or relapse infection.(187) 

PCR is required for genotyping, making it a cost-prohibitive method for most 
malaria endemic settings, particularly for routine use. However, many low trans-
mission settings are conducting research trials in endemic areas within their bor-
ders, and therefore expertise in molecular genetics exists and could be lever-
aged. Including parasite genotyping into malaria program strategies for control 
and elimination face several barriers without a one-size-fits-all approach.(188) 
The challenges of integrating molecular technologies in Africa have been dis-
cussed;(189) however, in the Asia Pacific, the challenge of non-falciparum ma-
laria is pervasive and is currently the epicentre of the emergence of resistance 
against frontline anti-malarials.(123) In the Asia Pacific region, there is consen-
sus that data sharing and knowledge exchange across national borders is needed. 
Furthermore, establishing local laboratory expertise, collaborative research in-
volving local and international research teams, and exploring the cost-effective-
ness of genetic epidemiology for different use cases can support the expansion 
of genetics for more routine use in malaria programs. Importantly, engagement 
and data sharing between national malaria programs and local researchers work-
ing in this space will be needed.(188) Harnessing available expertise and using 
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it to characterize transmission dynamics in persistent or recurring malaria foci 
may help to accelerate elimination.(190,191) 

1.5.3 Malaria treatment  
Malaria cases are typically identified through the passive surveillance system at 
a health facility, malaria clinic, or hospital. Upon confirmation of a malaria di-
agnosis, antimalarial treatment should be initiated immediately based on the di-
agnostic result and in line with the recommended local malaria treatment guide-
lines. Treatment depends on five main factors: 1) infecting Plasmodium species; 
2) clinical status of the patient (uncomplicated or severe); 3) drug susceptibility 
of the infecting parasite(s); 4) previous use of antimalarials; and 5) following 
local malaria treatment guidelines.(192) Antimalarial treatment dosage is differ-
ent for adults and children, and is based on the weight of the patient. The objec-
tive of antimalarial treatment is to cure the infection (eliminate all parasites from 
the body) as rapidly as possible and to prevent progression to severe dis-
ease.(192) Appropriate treatment in an infected patient helps to prevent onward 
transmission of the infection to others and to prevent the emergence and spread 
of resistance to antimalarial drugs.(193) 

1.5.3.1 Artemisinin-based combination therapies 
Artemisinin-based antimalarial therapies are vitally important for malaria con-
trol and elimination. Using artemisinin treatment alone will compromise the 
drug effectiveness and increase the chance for drug resistance to emerge. There-
fore, artemisinins are combined with partner medicines to prevent this selective 
pressure on the parasite. Artemisinins, and new quinoline derivates that are now 
used as partner molecules, were discovered by Chinese scientists in the 1970s 
through the 523 research programme.(194) By the late 1990s, international re-
search scientists were raising the alarm about drug resistant malaria and advo-
cating strongly to combine malaria drugs to prevent mutations from arising, pro-
moting greater parasite resistance to malaria drugs.(195) Artemisinin and its 
derivates had the most potent and rapidly acting properties of the antimalarial 
drugs available at that time. 

The WHO recommends artemisinin-based combination therapies (ACTs) to 
achieve parasitological cure of a malaria infection and to prevent drug re-
sistance.(196) There are at least half a dozen combinations of ACTs for the treat-
ment of uncomplicated P. falciparum malaria. Duration of treatment is typically 
3-days, covering two asexual cycles to ensure most parasites are eliminated, al-
lowing for the partner drug to finish clearing any remaining parasites. In low 
transmission P. falciparum areas, a single low dose of primaquine (0.25 mg/kg) 
is given along with an ACT to reduce P. falciparum transmission by clearing 
any potential hypnozoites hiding in the liver.(197) In P. vivax areas, malaria 
treatment aims to cure the acute blood stage infection and to clear hypnozoites 
from the liver to prevent future relapses (also known as ‘radical cure’).(196) 
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ACTs are also highly effective at treating (but not curing) P. vivax malaria, even 
when the patient has a mixed species infection. For P. vivax and P. ovale infec-
tions, unless the patient is also treated with primaquine, relapses commonly fol-
low. 

1.5.3.2 8-Aminoquinolines 
Quinine, the world’s oldest treatment for malaria was discovered in the 17th cen-
tury in Peru derived from the bark of the Cinchona calisaya tree, which grows 
high in the Andes mountains far from areas with endemic malaria.(198) Quinine 
is an active component in many other antimalarial drugs, including chloroquine, 
which was developed in the 1930s.(199) Following World War II, chloroquine 
became a major antimalarial drug. Chloroquine is an effective antimalarial ther-
apy that is used to radically cure parasites from the body by clearing the dormant 
liver stage of P. vivax and P. ovale malaria, also known as hypnozoites.(200) 
By 1960, P. falciparum resistance to chloroquine began to emerge in Southeast 
Asia and South America and quickly spread across the world.(15) In areas that 
still have extensive resistance to chloroquine, primaquine (PQ) is used as an 
effective anti-relapse therapy.(201) A newer 8-aminoquinoline known as 
tafenoquine, has been recently introduced as another potential antimalarial drug 
for the treatment of relapsing malaria.(202) 

To prevent relapses of P. vivax and P. ovale infections, a 14-day course of 
PQ (0.25 mg/kg) is recommended by the WHO in all transmission settings (ex-
cept in the few populations with contraindications such as pregnant women, in-
fants less than 6 months, people with G6PD deficiency, etc). Recent research 
has shown that a 7-day course of PQ with a larger dose per day (0.5 mg/kg) is 
feasible and well-tolerated to prevent relapse infections (except in the few pop-
ulations with contraindications previously noted).(203) With the introduction of 
tafenoquine (300 mg) more recently, there is renewed hope that this anti-relapse 
therapy can improve treatment compliance because it is only a single dose treat-
ment.(202) However, a major patient safety concern with any 8-aminoquinilines 
is the haemolytic toxicity in G6PD-deficient individuals as well as the general 
toxicity experienced in all patients.(204) G6PD-deficiency is an inherited X-
linked genetic defect caused by mutations in the G6PD gene.(205) Where 
G6PD-deficiency is most common is also where P. falciparum malaria is en-
demic suggesting that G6PD-deficiency possibly provides a protective effect 
against malaria.(206) 

Radical cure is important in low transmission settings where the goal is to 
interruption malaria transmission.(207) However, there are challenges for 
achieving safe and effective radical cure, including: a reliable point-of-care di-
agnostic that is inexpensive and easy to use, logistics of delivering diagnostics, 
ensuring appropriate training and quality control practice, and promotion of the 
need for G6PD testing, among others.(208) The effectiveness of radical cure can 
be limited because healthcare providers are reluctant to provide PQ without 
prior G6PD testing due to the risk of drug-induced haemolysis in individuals 
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with G6PD-deficiency.(209) The rates of G6PD-deficiency in the Asia Pacific 
region range from 0.1% (range of 0.0-0.4) to as high as 22.3% (range of 15.7-
30.9).(210) In P. vivax and P. ovale dominant areas, G6PD testing is an im-
portant factor when deciding if PQ can be administered. Both qualitative and 
quantitative G6PD diagnostics are commercially-available for use in endemic 
settings.(211,212) Other barriers exist to wider implementation of G6PD diag-
nostics and their effectiveness, including: 1) perceived low risk of drug-induced 
haemolysis; 2) the perception that P. vivax malaria is benign and treatment with 
PQ was not a priority; and 3) the additional costs of introducing routine test-
ing.(213) 

1.5.3.3 Treatment follow-up and adherence 
Antimalarial treatment follow up is determined by the parasite species infection, 
treatment provided, and patient accessibility. Adherence to the antimalarial 
medications depend on the side effects experienced while taking medicines and 
the patient tolerability of those side effects. There are ways to mitigate the side 
effects of antimalarial drug toxicity, including taking medications with 
food.(214) The duration of the antimalarial treatment course can also have an 
impact on adherence to the full course, an important consideration for longer 
duration treatment regimens such as 14-day PQ.(215) Even with a higher dose 
during a 7-day PQ course, the tolerability profile in a recent study was similar 
to the longer 14-day course, highlighting the potential to improve treatment ad-
herence in G6PD-normal patients.(203) 

Effectiveness of the malaria treatment, particularly with regard to relapsing 
malaria, is dependent upon adherence to the full treatment course,(216) typically 
when a large number of treatment courses are not directly supervised by health 
staff.(217) Without directly observed therapy (DOT), unsupervised antimalarial 
treatment regimens have little success at preventing recurrent infec-
tions.(218,219) Several factors can be the cause of poor medicine adherence, 
including: poor understanding of the treatment instructions, patient forgetting to 
take the medication, loss of the tablets or saving tablets for other family mem-
bers in case of another infection once they are feeling better, and occurrence of 
side effects. DOT has been shown to be an effective way to support patients 
taking a full treatment course. However, this poses a challenge by requiring 
health staff to conduct DOT, which is not practical in most settings due to costs 
associated, including a lack of trained personnel and transport. In some settings, 
a community case management approach to malaria diagnosis and follow up has 
been shown effective.(220–222) Where resources exist, malaria cases are fol-
lowed up by a health or malaria worker, sometimes a community-based worker 
or village volunteer, who can provide greater equity in accessing healthcare ser-
vices, particularly in hard-to-reach areas.(223,224) 

Acceptability is an important factor in taking malaria medicines, depending 
on whether the medicines are for malaria treatment or prophylaxis. Acceptabil-
ity increases when known and trusted health care providers are involved in the 
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follow up process and recipients are given appropriate information about treat-
ment adherence.(225,226) A study from Thailand showed that those who were 
adherent to antimalarial medication were significantly more knowledgeable of 
malaria and its aetiology than non-adherent individuals.(227)  

1.6 Malaria control interventions 
1.6.1 Vector control 
Interventions that target the mosquito have been key factors in the control and 
elimination of malaria.(228,229) The purpose of vector control (VC) is to limit 
contact between mosquitoes and humans to prevent the transmission of the ma-
laria parasite, thus interrupting the parasite life cycle.(230,231) Indoor residual 
spraying (IRS), or the application of insecticides on the interior housing surfaces 
(walls, ceiling) is a main VC intervention that has seen great reductions in ma-
laria transmission. IRS was the main VC intervention during the GMEP era 
(1955-1969) and up until the introduction of more modern VC tools such as 
protective bednets while sleeping. 

Bednets have been instrumental in reducing malaria globally.(232,233) Bed-
nets are hung over a sleeping space and can accommodate several individuals 
overnight during peak mosquito biting times (between 10pm and 6am). Once 
insecticide was added to bednets, an additional protective effect enabled the kill-
ing of mosquitoes that landed on the nets, and further reduced the opportunity 
for transmission. Insecticide-treated nets (ITNs) and long-lasting insecticidal 
nets (LLINs) are a common form of bednets to protect those while sleeping or 
resting.(233) For those who work or travel in forested or forest-fringe areas and 
stay overnight in high-risk areas for malaria,(234–236) hammock ITNs are a 
convenient way to sleep off the ground and have additional VC protection from 
mosquito bites.(237) There is some evidence that insecticide-treated clothing 
(ITC) can reduce the incidence of malaria,(238) and has been shown to be highly 
acceptability among high-risk populations (rubber tappers) in Myanmar.(239) 

Although VC using insecticides has been widely effective in reducing ma-
laria morbidity and mortality, there are disadvantages to its use, including: in-
secticide resistance,(240) mosquito behavior change,(241,242) the need to re-
apply insecticides to walls and bednets,(243) human behaviors and the use of 
bednets,(244) and environmental considerations,(245), all of which may reduce 
the effectiveness of the VC intervention. In the United States, particularly during 
the GMEP era, the screening of porches, windows, and doors was another op-
portunity to provide human hosts additional protection from mosquitoes, espe-
cially during peak mosquito biting hours. Innovative housing designs for differ-
ent settings have been evaluated to reduce the way in which mosquitoes and 
humans come in contact to prevent malaria transmission.(246–249) Even the 
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use of technology via lasers set up around the home are being evaluated for 
use.(250) 

Water has a direct influence on aquatic habitats necessary for Anopheles lar-
vae to survive and develop, as well as the impacts of temperature and humidity 
on their mortality rates.(251) Reducing the mosquito populations through lar-
vaciding, thereby adding chemicals to common stagnant water areas (such as 
ponds or swamps) to kill the malaria parasite in its larval stages preventing its 
development, is another VC method used currently as well as during the GMEP 
period.(252) Larvaciding can be used in tandem with other VC methods such as 
IRS and ITNs to tackle persistent malaria foci. However, the disadvantage to 
this approach, as is similar to IRS, is the use of insecticides within the environ-
ment and risks posed in terms of resistance and ecological damage.(245) 

Drainage of stagnant water is another method to reduce local mosquito pop-
ulations to reduce malaria, but also for Dengue, Zika, and other vector borne 
illnesses. Finally, many consumer products are available that can be applied di-
rectly to the skin or sprayed on clothing,(96) as well as spatial repellents to deter 
mosquitoes.(253) Predicting larval habitats with remote sensing is another tech-
nique that has been developed to identify larval habitats for malaria control and 
elimination.(254) 

1.6.2 Surveillance and response 
Surveillance is the cornerstone of any successful disease reduction and public 
health program.(255) Surveillance contributes the data and information to char-
acterize and assess the burden and distribution of adverse health events and iden-
tify emerging public health threats. The surveillance information gathered is 
then used to prioritize a public health response and monitor the impact of that 
response. Effective surveillance and response for malaria requires accurate mon-
itoring of malaria cases and deaths, key entomological indicators, and the ma-
laria control actions that were taken, relying on data and information from mul-
tiple sources.(30,256) To achieve a desired result, such as effective malaria bur-
den reduction and elimination, a robust surveillance data collection system and 
a framework for using these data for action need to be in place and operational-
ized.(257) 

Malaria surveillance and response systems are based on a number of factors 
such as the level at which details are recorded, promptness of reporting and in-
vestigations, and the frequency of analysis and response.(258) As transmission 
decreases, malaria becomes focal, and the intensity (level of detail) and fre-
quency of reporting increases. Aggregate case data are reported on a monthly 
basis from large catchment areas in high transmission settings and as malaria 
transmission reduces to medium and low transmission, malaria reporting be-
comes near-real-time at the individual case level in small geographical areas 
(such as village or sub-village). Several factors impact the ability of a 
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surveillance response system to function, including: the level of transmission in 
a defined area, strength of the health system, and availability of resources. 

As transmission decreases, heterogeneity in the malaria epidemiology be-
comes more evident.(45) The objectives of a malaria surveillance and response 
system and what is feasible to be conducted will need to evolve as the epidemi-
ology changes. Surveillance and response becomes an integral part of the ma-
laria program, much like ITNs, IRS, and malaria treatment have are main inter-
ventions during the high malaria transmission phase. The re-orientation of a ma-
laria program from high levels of intervention coverage to prevent morbidity 
and mortality to a focus on completeness and timeliness of surveillance and re-
sponse activities to seek out infections more effectively is a major challenge. 
Investments in a malaria surveillance system will be needed for immediate case 
notification (e.g., rapid reporting by mobile phone) and data analysis for deci-
sion-making.(259,260) For malaria surveillance and response systems to 
properly function, there needs to be a process whereby malaria data are being 
used for a response and incoming data are continually being analyzed to adapt 
to a changing epidemiological situation as transmission decreases. (See Figure 
3 on the flow of health information.) 

 
Figure 3 Flow of health information 
 
Source: Adapted from Malaria surveillance, monitoring & revaluation: a reference manual. Geneva: 

 World Health Organization; 2018. Licence: CC BY-NC-SA 3.0 IGO. 
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1.6.2.1 Passive case detection 
In malaria endemic areas, a febrile individual visits a health facility or clinic that 
provides malaria diagnostic testing to determine if a malaria infection exists. 
Passive case detection (PCD) is the main way that index patients are identified 
for case confirmation and treatment. Upon visiting the health facility, blood is 
taken by fingerprick and either placed on a glass slide or a RDT to determine a 
diagnosis. If a positive result (typically uncomplicated malaria), the appropriate 
malaria treatment will be provided based on the Plasmodium parasite identified 
and the national malaria treatment guidelines. The patient is sent home and some 
basic information is typically obtained for treatment follow-up. If a febrile pa-
tient is determined to not have malaria based on the diagnostic test, a differential 
diagnosis should be made.(122,261) Differential diagnoses become more com-
mon in areas with declining malaria burdens, making it important to conduct 
regular malaria trainings for microscopists and health workers to maintain their 
diagnostic capacity to identify malaria and diagnose alternative causes of fever 
as well.(135)  

PCD has several inherent challenges in the detection of all new infec-
tions(262) and underestimates the true magnitude of infections in a popula-
tion.(263,264) One challenge of PCD is that it requires access to healthcare ser-
vices, which may be difficult in remote and rural areas.(120) PCD also relies on 
treatment-seeking behaviors which can vary among malaria endemic set-
tings.(265,266) In low transmission settings, where a large number of infections 
may be asymptomatic, infections may not always lead to clinical manifestations 
and no treatment is sought. In asymptomatic P. vivax carriers, there is some ev-
idence that these individuals do contribute to a majority of human-to-mosquito 
infections.(109,110) Lastly, private sector health clinics and pharmacies are not 
typically included in the reporting structure for malaria surveillance; however, 
in countries where there is a strong private health sector, including their malaria-
related diagnosis and treatment data would support malaria programs.(267) 

 

1.6.2.1.1 Case investigation 
As malaria transmission reduces, case investigations may be feasible to collect 
additional information on the index patient to bolster the malaria surveillance 
system for a potential response. The aim of case investigation is to determine 
whether an infection was acquired locally and the likely location of that infec-
tion. This information can help to determine whether local malaria transmission 
or other factors may lead to onward transmission. Some basic information is 
gathered from the index patient during the initial visit to a health facility, such 
as contact information, gender, age, diagnostic test result, date of fever onset 
and information on probable time and place of infection. A case investigation is 
carried out by a trained health worker and conducted typically within three days 
of initial index case presentation at the health facility.(60) Additional 
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information is collected during the case investigation including travel history 
and locations, occupation and other factors that may lead to onward transmis-
sion. This information, combined with the confirmatory diagnostic information 
(such as Plasmodium parasite species), and subsequent classification as either 
an imported or indigenous (or local) infection, is critical to identify an appropri-
ate response.(262) 
 If the index patient lives in a non-malaria endemic area but reported recent 
travel history to an endemic area (within or outside of their country of resi-
dence), a health worker may conclude the index patient contracted malaria else-
where, and that there is little risk of spreading that infection in the non-malaria 
area. However, even if there is no travel history but the conditions are favorable 
to transmit malaria (e.g., competent vectors exist) then the case investigation 
may have enough evidence to assume malaria was contracted locally (an indig-
enous infection). In lower transmission settings, where competent mosquito vec-
tors exist, WHO recommends that case investigations be conducted.(262) There 
are challenges to completing a case investigation, particularly in areas with 
highly mobile and migrating populations.(268) Also, case reporting complete-
ness to notify the surveillance staff that a case investigation is warranted, as well 
as the timeliness of case reporting, can make it difficult to complete case inves-
tigations.(269) 

1.6.2.2 Active case detection 
PCD identifies only a fraction of the malaria infections circulating in the popu-
lation as it relies solely on a febrile patient visiting a health facility to determine 
a diagnosis.(262) To overcome the limitations of PCD, active case detection 
(ACD) strategies are important for detecting symptomatic individuals that are 
not detected by PCD and asymptomatic infections in the community. ACD is 
widely used to target the community- and household-level that are considered 
to be at high risk (e.g., occupational groups) by conducting large- and small-
scale testing and treatment campaigns to identify additional malaria infec-
tions.(270) ACD complements PCD by targeting geographic areas of known 
malaria transmission and/or individuals who may be at high-risk of contracting 
malaria.(271) There are proactive and reactive strategies to detect additional in-
fections in the population. Proactive and reactive strategies can be combined to 
tailor ACD strategies to high-risk populations and geographic areas.(272) ACD 
strategies can be more expensive than routine PCD because malaria staff will 
need to travel to the target areas, incurring greater human resource and travel 
costs, but the yield of infections detected may be higher than PCD. 

1.6.2.2.1 Mass and targeted testing and treatment 
One type of ACD strategy is mass testing and treatment (MTaT), whereby par-
asitological examination of all individuals, symptomatic and asymptomatic, in 
a population (typically a catchment area) is targeted. In this scenario, screening 
for malaria is done by microscopy or RDTs. The impact of conducting MTaT in 
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reducing malaria incidence and prevalence is marginal if any in most set-
tings,(273–277) and typically conducted during national malaria indicator sur-
veys to better understand community-wide malaria prevalence.(152) Some evi-
dence has shown it can be beneficial to reduce asymptomatic malaria, particu-
larly among older populations that may have some acquired immunity.(278) 
Furthermore, coverage of the MTaT population (the ability to reach every indi-
vidual in a target catchment area) can have an impact on the results. This is 
particularly true if MTaT screening misses certain individuals in the target pop-
ulation who are more likely to carry an infection compared to the average indi-
vidual in that population. MTaT can be costly although more research is needed 
on its cost-effectiveness compared to other screening strategies.(273) 

Another type of ACD strategy is targeted testing and treatment (TTaT), 
whereby ACD can be proactively guided spatially by malaria prevalence risk 
maps, persistent malaria foci or may target certain high-risk groups, for exam-
ple, individuals who may be exposed to infectious mosquitoes when working in 
the forest overnight.(271) This strategy also targets all individuals, symptomatic 
and asymptomatic, in these populations. Research from Cambodia showed that 
populations living in villages within the forest have significantly higher risk of 
infection compared to living outside of it, and that nearly all infections detected 
by PCR were asymptomatic and sub-patent.(279) Some evidence has shown that 
these high-risk populations can be targeted for testing and treatment;(234,280–
283) however, the impact of such targeting is unclear. TTaT can also be done at 
border crossings to identify symptomatic and asymptomatic populations travel-
ing and has been used to monitor P. falciparum artemisinin-resistance in the 
Greater Mekong Subregion (GMS).(284) Similar to MTaT, the cost-effective-
ness for the TTaT strategy largely depends on the yield of infections detected 
compared to those tested and require more standardized costing methods for 
comparison.(285) Therefore, targeting in either space or time, such as areas of 
well-known seasonality, may have the greatest impact on transmission. 

Missed individuals during ACD include refusals and may have an impact on 
the results. Reasons for not participating in ACD, include but are not limited to 
not being present at the time of testing or not having time/too busy to participate, 
being afraid of the needle, not wanting to provide blood with the fear that it will 
be tested for something other than a malaria infection (e.g., narcotics), not be-
lieving they are at risk of malaria or do not have an infection, or recently partic-
ipated in ACD and provided a blood sample, but was not told the test result. It 
is important for any ACD campaign to be carried out by trusted health workers 
and staff and provide sufficient information about the reasons why ACD is being 
implemented to the target participants to reduce refusals and increase participa-
tion in the intervention. 

1.6.2.2.2 Reactive case detection 
In low transmission areas, where feasible and adequate resources are available, 
a follow-up visit is conducted to ascertain whether there is ongoing local 
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transmission in the index patient household or neighboring households to deter-
mine if additional vector control measures need to be undertaken to prevent po-
tential onward transmission.(271) This strategy, known as reactive case detec-
tion (RACD), is conducted by health or malaria surveillance workers from the 
district- or subdistrict-level, and is an extension of the malaria case investiga-
tion. RACD is also an opportunity to check-up on the index patient treatment 
adherence and tolerability. RACD is not intended to impact malaria transmis-
sion, although there no evidence to date evaluating this. RACD is implemented 
in many low transmission settings with practices varying widely from country 
to country.(270) 

RACD is conducted when suspected local malaria transmission has occurred 
and/or when competent vectors in that area are known to exist with the aim to 
detect additional infections and determine what vector control interventions 
need to be updated (e.g., providing new ITNs or updating household 
IRS).(52,271) RACD can also be used to investigate a malaria outbreak, such as 
when an above-normal number of index cases are passively-detected in a period 
of time.(52) RACD is typically conducted within a target range of 3 to 7 days 
after an index patient is identified through PCD, and depending on local re-
sources available.(60,286) (See Figure 4 on RACD process.) 

 
Figure 4 Overview of the RACD process 
Source: Cotter C, et al. Piloting a programme tool to evaluate malaria case investigation and reactive case 
detection activities: results from 3 settings in the Asia Pacific. Malar J. 2017 Aug 22; 16(1):347 
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During RACD, a health or malaria surveillance worker conducts fever screening 
and diagnostic testing at the index patient household and surrounding house-
holds either with a RDT or by microscopy. Although the RACD screening ra-
dius should depend on local epidemiological and geospatial factors, the radius 
typically ranges from a few hundred meters up to 2 kilometers and depends on 
a number of factors including: household density, breeding sites, host availabil-
ity for blood meals, and other ecological factors. RACD and the screening radius 
is also dependent on the financial resources available and the number of index 
cases that are required to have RACD follow-up conducted. If an RDT is used, 
a result can be identified at that time of the visit. If microscopy is used, the health 
worker typically must return to the health facility, process the slide for reading, 
and read the slide to determine a diagnosis. Anyone testing malaria positive is 
typically notified by phone or in-person so that an appropriate treatment course 
can be provided. 

The RACD strategy takes advantage of the spatial and temporal aspects of 
malaria by focusing the screening activities within a specific time frame after an 
index patient is identified and at a particular location (typically the index patient 
household residence and surrounding households). A time-bound set of targets 
helps to guide the RACD activities and provides a clear set of indicators to mon-
itor the implementation of RACD. Based off of China’s ‘1-3-7’ RACD strat-
egy,(60) many malaria programs have adopted a similar framework for imple-
menting RACD and has since been endorsed by the WHO.(258) In the ‘1-3-7’ 
strategy, passively-detected cases are encouraged to be reported as sus-
pected/confirmed malaria within one day of case presentation to the district-or 
higher-level depending on whether a rapid reporting system is available. A case 
investigation should be completed within three days and includes: 1) case con-
firmation, and 2) case classification (whether imported or local). Cases are typ-
ically ‘confirmed’ when a second diagnostic test (usually microscopy) is com-
pleted (quality assured PCR would be ideal if feasible to confirm species type). 
Lastly, a response (RACD) is conducted within seven days of initial index case 
presentation, whereby the index patient household and surrounding neighbors 
are visited to conduct malaria testing and determine what vector control inter-
ventions need to be updated. 

Although the ‘1-3-7’ timeframe is what most malaria programs intend to do, 
several factors and challenges influence the ability to achieve them. RACD is 
resource intensive mainly due to the human resources and travel costs required 
to visit the index patient household and surrounding neighbors, which may be 
in remote or rural areas.(287) Importantly for low transmission settings, poor 
diagnostic sensitivity to identify infections in low density and asymptomatic in-
dividuals is another challenge limiting the effectiveness of 
RACD.(127,139,180,185) A lack of complete and timely reporting and follow-
up of index cases can lead to further decay of the effectiveness of RACD.(262) 
(See Figure 5.) Additionally, the utility of RACD can by influenced by Plasmo-
dium species composition due to factors related to parasite development in the 
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mosquito gut and the local ecology (e.g., temperature) and affect the parasite 
lifecycle stages and their development making it more difficult to know exactly 
when RACD should be conducted.(288) In settings with P. vivax, the challenge 
of relapsing malaria when the infection has not been completely cured is a chal-
lenge and could affect how and when RACD should be conducted.  

 

 
Figure 5 Decay in program effectiveness in RACD 

Coverage of the intended target population during RACD is another major chal-
lenge that may impact the ability to detect additional infections and reduces the 
cost-effectiveness of the strategy.(286) RACD is typically conducted during 
working/business hours when government staff and vehicles are available, 
therefore likely missing some individuals who are away at work. By only 
screening those individuals at home during RACD increases the screening bias 
to mostly women and children. The missed individuals may likely be working 
elsewhere and be conducting activities which put them at higher risk for malaria 
(e.g., forest work). Ensuring full screening coverage of those individuals who 
reside nearby an index patient may require government staff to work after nor-
mal business hours and on weekends to ensure full coverage for maximum im-
pact. Refusals for RACD can also have an impact on the target population 
screened. Reasons for refusing to participate in RACD, include but are not lim-
ited to: not having time/too busy to participate, being afraid of the needle, not 
wanting to provide blood with the fear that it will be tested for something other 
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than malaria infection (e.g., narcotics), not thinking they are at risk of malaria 
or do not have an infection, or recently participated in RACD due to a separate 
nearby index case and provided a blood sample, but was not told of the testing 
result. RACD that is carried out by trusted health workers and staff may help to 
reduce refusals and increase uptake of RACD. Given that RACD is resource and 
time intensive, it is important that the RACD reaches everyone in the intended 
target population. 

Despite widespread implementation of RACD in low transmission settings, 
there were no standardized metrics or tools available to monitor and evaluate 
(M&E) malaria case investigation and RACD activities until recently. As with 
any intervention it is important to monitor and evaluate RACD-related activities 
to focus resources where necessary. To fill this gap a RACD M&E tool was 
developed and piloted in three settings in the Asia Pacific (related to study 
I),(289). As more malaria programs are implementing RACD, evaluations are 
being increasingly carried out on the reporting and timeliness of their RACD 
activities, as well as improving the knowledge and practices of malaria and 
health worker staff conducting RACD.(287,290–295)  

RACD is typically initiated in a pre-elimination setting (medium to low trans-
mission areas) when some follow-up is feasible with the aim to find additional 
infections around an index patient. However, without a critical evaluation of 
whether and when RACD should be incorporated (if at all) and if a timely and 
complete case investigation and RACD follow-up is feasible, RACD will not 
likely provide the surveillance intel that programs can benefit from. Given the 
financial and human resources required for RACD to be conducted, RACD can 
initially be a mechanism for additional surveillance intel if that information is 
used to identify a risk profile of those with the highest risk of infection and 
therefore be targeted with interventions. Conducting RACD prematurely in ar-
eas where the burden is too high for a timely and complete response may lead 
to a waste of resources and not support the aim of additional infection detection 
and gathering surveillance. Furthermore, as malaria transmission decreases, the 
use of molecular diagnostics in RACD may be necessary as there will likely be 
a larger proportion of low density and asymptomatic individuals missed using 
standard diagnostics. 

1.6.2.2.2.1 Household-based RACD 
RACD is typically conducted at the household-level, including the neighboring 
households of the passively-detected index case.(52) Procedures for household-
based RACD (HH-RACD) include the screening of all eligible household mem-
bers residing or visiting the index case household as well as the neighboring 
households within a particular geographic radius (determined by local policies). 
HH-RACD is the standard form of RACD in low transmission settings. A diag-
nostic test is conducted and basic demographic information is collected on 
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standardized reporting forms then input into a malaria surveillance system data-
base, whether online or electronically.(260) 

HH-RACD is conducted around an index case residence due to spatial and 
temporal aspects of malaria infections and clustering.(271,178) Research in P. 
falciparum-dominant areas have shown evidence of such infection clustering; 
(180–182,186) however, for P. vivax dominant areas some evidence has shown 
household-level infection clustering,(184) but in other studies that included gen-
otyping, evidence of relatedness in P. vivax settings was not clear.(185,186) The 
lack of evidence of parasite relatedness may be because the RACD-identified 
infections are unrelated to the index case infection or either a new or relapse 
from a previous infection.(187) The unrelated infection could be an individual 
who shares infection risk with the index patient (e.g., forest goers), but did not 
contract malaria at the same time or place. To better understand whether RACD-
identified infections are related, genotyping of the infections detections could 
provide additional epidemiologic surveillance.(296)  

One challenge of HH-RACD in low transmission settings is that the risk of 
infection is often not related to where an individual lives, but what that individ-
ual does, linked to occupation or other behavioral factors. Contacting individu-
als at high-risk for malaria is difficult because these individuals may be working 
or traveling to/from occupational or forested areas as RACD is typically con-
ducted during daytime working hours when government health staff are availa-
ble. Further, the individuals being screened during RACD are those at the resi-
dence at the time of the visit, typically women and children, and not adult men 
who are at work, the latter of which may be the population at risk of infec-
tion.(297) Additionally, RACD is expensive due to travel and human resource 
costs, so applying HH-RACD to a low-risk population may not be cost-effec-
tive, and therefore improved targeting of RACD may be a better approach in 
terms of infection yield and costs per infection identified. In elimination settings 
the cost per infection identified will increase – fewer infections are available to 
be found as the total number of individuals being screened increases. However, 
if the goal is elimination, adequate resources need to be available to support it. 

In addition to the challenges of RACD being costly, and having limitations 
using standard diagnostics,(286) some evidence has shown that in low transmis-
sion settings the use of molecular diagnostics (such as PCR and LAMP) in 
RACD may have the added benefit of identifying subpatent and asymptomatic 
infections. Although these molecular methods can be more costly,(166,298) in-
fections below the threshold of standard diagnostic detection may be responsible 
for up to 50% of malaria transmission.(109,110) Therefore, the added cost by 
using molecular methods and the increased yield of subpatent infections de-
tected (and treated) could potentially make RACD using molecular methods a 
more cost-effective approach in the final stages of elimination.(166) 

The value of conducting HH-RACD depends on the local epidemiological 
situation, particularly where exposure to malaria occurs away from the residence 
or community (e.g., in forested areas).(299) Research in the GMS suggests that 
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given the low yield of infections, high demand for resources, and limited evi-
dence for impact on transmission, HH-RACD may not be worth the cost.(300) 
However, in Latin America, also a dominant P. vivax setting, HH-RACD was 
found to be more effective for identifying infections where malaria transmission 
is variable and unstable.(185) In medium transmission settings, HH-RACD can 
yield anywhere from 2-32% RACD-identified positives by RDT or microscopy 
among those screened. In low and very low transmission settings, HH-RACD 
can yield anywhere from 0-13% and 0-3.4% RACD-identified positives by RDT 
or microscopy among those screened, respectively. (Personal communications 
with Michelle S. Hsiang) 

1.6.2.2.2.2 Sociobehavorial RACD 
In addition to the spatial and temporal dynamics of malaria transmission, target-
ing other risk factors, including behaviors, has been shown to yield more 
RACD-identified infections compared to HH-RACD alone.(301) Research in 
both P. falciparum and P. vivax/mixed species settings has shown the im-
portance of other risk factors for malaria to consider, particularly in forested 
settings.(281,282,297,302–304) As malaria transmission declines and becomes 
increasingly clustered in specific populations due to various social, occupa-
tional, and behavioral risk factors, targeting interventions to effectively identify 
and track these populations is important.(283,305) Furthermore, understanding 
the complexity of mobile and migrant populations (MMPs) and different social 
and occupational groups in any endemic setting is important to enable more ef-
fective targeting of interventions.(234,280,281,306,307) 

Conducting RACD focused on targeting high-risk groups and including so-
cial and occupational groups, including in areas like the GMS with forest-related 
malaria transmission and forest goers, is referred to as sociobehavorial RACD 
(SB-RACD). A SB-RACD strategy originates from other diseases such as HIV 
and tuberculosis that rely on contact tracing-related infection strategies.(305) 
Although the disease is different, there are overlapping factors in their dynamics 
which include: focalized in high-risk populations, barriers to proper testing and 
treatment, long infectious and asymptomatic periods, and may be missed by tra-
ditional surveillance measures. Among the SB-RACD strategy there can be a 
peer-referral focus (PR-RACD), such as co-travellers or co-workers, and/or a 
venue-based focus (VB-RACD), whereby RACD, and its associated activities 
including vector control, is conducted at a known venue in the forest, forest-
fringe, or high-risk location. 

A SB-RACD strategy helps to overcome the challenges faced with conduct-
ing standard HH-RACD. A SB-RACD strategy is important for several reasons: 
1) HH-RACD will likely miss these MMPs and forest goers because they are 
frequently away from their households; 2) individuals with the greatest exposure 
to potentially-infective mosquitoes may likely develop partial immunity result-
ing in asymptomatic or sub-clinical infections and may be less likely to seek 
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care;(308,309) 3) high-risk individuals may be conducting illicit forest work or 
are undergoing undocumented travel;(234) and 4) most passive malaria surveil-
lance systems capture only limited data necessary to identify behavioral risk 
factors and risk groups.(280) China developed a novel MMP-targeting strategy 
along the China-Myanmar border area and evaluated a grid-based surveillance 
strategy to increase the effectiveness of community-based malaria case manage-
ment and identify and target high-risk populations for malaria screening.(310) 
The grid-based strategy is a grassroots governance approach that shifts admin-
istrative resources at the community level to areas with the most need and pro-
vides necessary training to community members on controlling diseases of im-
portance. This strategy was developed during the 2003 SARS crisis and is main-
tained by the Chinese government. The grid-based strategy, adapted for low ma-
laria transmission settings, is a useful community-based and surveillance 
strategy to increase the local stakeholder ownership in delivering malaria elim-
ination activities and maximize resources from all sectors involved in malaria 
delivery strategies. 

As with HH-RACD, there are inherent challenges to conducting SB-RACD. 
Firstly, coverage of the intended target group is a challenge, particularly if illicit 
forest work or undocumented travel exists and the individuals do not want their 
identities, or their work location discovered. Second, and similar to HH-RACD, 
human resources and travel costs make up a large share of the total RACD 
cost,(166) but likely even more so with SB-RACD due to longer distances and 
more difficult travel conditions. Third, standard diagnostics, and their limita-
tions in diagnostic sensitivity to identify infections in low density and asympto-
matic individuals, is another challenge. Fourth, it may be difficult to return to 
the forest location and provide treatment if an infection is identified through SB-
RACD because microscopy requires a basic laboratory, and the individual may 
have moved on from that work location or communication with that individual 
is hampered by poor mobile connectivity due to the remote location. 

1.6.2.2.3 Treatment-based strategies and prophylaxis 
1.6.2.2.3.1 Mass drug administration 
Mass drug administration (MDA) for populations in malaria-endemic areas is 
another malaria control and elimination strategy that has been implemented 
since the early 1900s.(311) MDA is the administration of a full therapeutic 
course of antimalarial medicine to a defined population residing in a defined 
geographical area, irrespective of the presence of malaria symptoms or infection 
(excluding individuals whom the medicine could be harmful).(312) Several 
other tropical diseases regularly use MDA as one of their main control and elim-
ination strategies, including lymphatic filariasis,(313) onchocerciasis,(314) and 
schistosomiasis.(315) The purpose of implementing MDA for malaria is to re-
duce or interrupt transmission, reduce morbidity and mortality, or prevent reoc-
currence and resulting malaria transmission.(312) MDA is designed to clear the 
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human parasite reservoir by administering a curative antimalarial dose, provid-
ing a treatment effect to clear any malaria parasitemia as well as a temporary 
prophylactic effect to prevent new blood stage infections. 

The impact on parasite prevalence when MDA is implemented is significant 
and shows large decreases in malaria initially before reverting back to pre-MDA 
levels within 1-3 months (depending on incidence levels and seasonality) once 
MDA is stopped.(312,316) There has been one exception to this observation on 
Aneityum Island, Vanuatu, when eight rounds of MDA with chloroquine, sul-
fadoxine-pyrimethamine, and primaquine, in conjunction with ITNs, interrupted 
malaria transmission.(317) In China, large-scale MDA campaigns have been 
implemented since the GMEP era for the control of P. falciparum and P. vivax 
malaria treating tens of millions of people.(318) More recently, China imple-
mented what is referred to as ‘Spring Treatment’ in high-risk individuals to 
eliminate any potential P. vivax liver stage parasites just prior to the transmis-
sion season.(319,320) In the GMS, where multidrug resistance exists, 3-monthly 
rounds of MDA reduced malaria incidence and prevalence over a 1-year period, 
but P. falciparum infections quickly returned once the intervention ceased, 
largely because malaria infections were reintroduced from surrounding ar-
eas.(321)  

The implementation of MDA is complex and requires significant investment 
of resources and careful planning. Conducting MDA on a large scale is opera-
tionally difficult, largely because high levels of population coverage are re-
quired.(312) Due to antimalarial contraindications a proportion of the popula-
tion will be excluded. And like RACD, individuals may be absent during the 
MDA campaign, and there will be refusals to participate. The use of MDA is 
currently recommended by the WHO for P. falciparum elimination in areas of 
multidrug resistance in the GMS, in areas approaching elimination that still have 
P. falciparum transmission, and during epidemics and complex emergen-
cies.(316) However, for MDA to be have an impact on transmission it must be 
repeated regularly for sustained effect and be combined with other vector con-
trol interventions such as IRS.(320,322,323) Additionally, the efficacy of the 
drug regimen is important for MDA to be successful. Furthermore, community 
acceptability of MDA is critical and supports achieving higher intervention cov-
erage of the population.(324–326) 

Another important challenge with MDA is the administration of antimalarial 
medications to individuals without having symptomatic malaria.(326) Rigorous 
pharmacovigilance should be implemented during a MDA campaign to monitor 
the safety of those participating. This is particularly true in P. vivax endemic 
settings where G6PD-deficient populations are prevalent (327) and longer 8-
aminoquinoline drug regimens are used for radical cure of P. vi-
vax.(216,326,328) Concerns around treating G6PD-deficient individuals can be 
mitigated with point-of-care G6PD diagnostics that have a reported accuracy of 
around 90%,(212) although barriers to routine rollout of G6PD testing ex-
ist.(213) Another challenge to sustaining post-MDA gains once reducing 
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malaria is human and mosquito migration into areas that have successfully in-
terrupted transmission, as was experienced in Costa Rica after their successful 
MDA campaign.(329) This is certainly a challenge for any post-elimination ar-
eas that are trying to prevent the re-establishment of malaria. Having the neces-
sary prevention of re-establishment approaches in place, including entomologi-
cal surveillance and a sensitive malaria surveillance system that is quick to re-
spond to any infections identified (imported or local) is critical to sustain the 
MDA gains achieved. 

1.6.2.2.3.2 Reactive drug administration 
To overcome the challenges described previously for RACD, including im-
portantly the detection limits of standard diagnostics in asymptomatic and sub-
clinical infections, a reactive drug administration (RDA) strategy is a novel ap-
proach that has been shown to reduce malaria transmission in a P. falciparum 
dominant setting,(323) and was recently evaluated in a P. vivax dominant set-
ting.(330) Much like RACD, RDA targets the spatial and temporal aspects of 
malaria by providing presumptive malaria treatment to household and nearby 
community members of a passively-identified index patient. The eligible target 
population for RDA is offered an ACT (plus an 8-aminoquinoline) based on the 
location and following guidance by the national malaria medicine committee. In 
P. vivax settings, the target population should also be tested for G6PD function 
by taking a small blood sample and using a quantitative handheld testing de-
vice.(211) If G6PD-normal (males ≥ 4 IU/g Hb, females ≥ 6 IU/g/ Hb), health 
or malaria surveillance staff should provide a 14-day course of PQ per national 
drug policy. For patient safety purposes, individuals testing G6PD-intermediate 
or G6PD-deficient should only be provided the recommended ACT, per national 
drug policy. 

Concerns over haemolysis and, until recently, the lack of availability of 
point-of-care G6PD diagnostic tests have contributed to low rates of PQ uptake 
for the cure of P. vivax malaria in endemic settings.(209) G6PD testing is critical 
when implementing an RDA strategy to increase the safety of those individuals 
targeted. A pharmacovigilance tool initially developed in a P. falciparum setting 
for the rollout of single low dose PQ was found to be a feasible strategy to pro-
mote safe medicine administration using 8-aminoquinolines.(331) In the Asia 
Pacific region, there is evidence that single low dose PQ is tolerable among pa-
tients infected with P. falciparum.(332) Patient safety is important,(333) partic-
ularly in P. vivax settings, where the malaria medicine regimen is prolonged due 
to the use of 14-day PQ.(216)  

As with a MDA campaign, the acceptability of a RDA strategy among the 
community is critically important to support population coverage, and therefore 
potentially greater intervention impact.(227,326,334,335) In areas of declining 
malaria transmission with low-density (127,336) and asymptomatic infec-
tions,(180,185) a low perceived threat of malaria may outweigh the risk of 
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taking medicines presumptively.(337) Evidence has shown that understanding 
the target populations and providing appropriate and tailored information may 
support the uptake of the intervention.(226) 

RDA may have some additional logistical benefits to its implementation 
compared to RACD, including the need for reduced human resources and travel 
costs associated with follow up if only a single visit is required by malaria sur-
veillance staff. This assumes that the necessary features for drug adherence and 
monitoring of adverse events is in place and functional, likely by community or 
village-based volunteers for malaria treatment follow-up and management.(220) 
Rigorous pharmacovigilance should be implemented during RDA to monitor 
the safety of those participating. 

Like HH-RACD, RDA implemented at the household level introduces bias 
in who is being provided the intervention relative to who is most at risk of in-
fection. Individuals typically available when RDA is being implemented at 
home during the day, women and children, may not be the population at highest 
risk of infection. Instead, adult men who are at work or elsewhere may be a 
better target for RDA. RDA can be targeted to high-risk populations and known 
groups of individuals with exposure to malaria (i.e., forest goers) when an index 
patient with similar risk factors is identified, similar to the targeting of SB-
RACD. Implementing RDA among high-risk populations, particularly forest-
goers, may help eliminate asymptomatic and sub-clinical reservoirs of infection, 
and provide antimalarial prophylactic effects when staying in the forest for 
longer periods. RDA should be appropriate for the epidemiology of the local 
malaria transmission context to target the groups that are at highest risk for ma-
laria transmission. Should RDA be implemented, it must be carefully thought 
through to ensure maximum resources are available for its implementation to be 
done well with the highest coverage possible among the population targeted. 
Strengthening the capacity of local village and health workers would be needed, 
including ensuring acceptability of the RDA intervention among high-risk pop-
ulations.(338) 

As with any mass malaria drug campaign there is potential risk for increased 
selective pressure on the Plasmodium parasite and therefore increased risk of 
parasite resistance.(224,324) Given that RDA would be implemented within a 
select group of individuals at higher risk of having an infection and geograph-
ically or behaviourally linked with the index patient, development of parasite 
resistance is possible. Therefore, it is important that if RDA is conducted among 
higher risk groups of malaria infection, it must be done well to reduce the chance 
for drug resistance development by ensuring complete cure of the infection. Ad-
ditionally, complete drug adherence to the antimalarial drug regimen could be 
supported by DOT,(339) mHealth platforms to improve adherence and support 
health workers, and/or quality improvement strategies embedded within malaria 
program activities. (340,341)  
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2 Rationale and aims of the thesis 

2.1 Rationale 
Malaria case investigation and reactive case detection (RACD) activities are 
widely implemented in low transmission settings with varying degrees of suc-
cess. This is due to the challenges faced in conducting a quality response to iden-
tify additional malaria infections around a passively-identified index patient to 
gather additional surveillance information. Challenges include poor diagnostic 
sensitivity (particularly for low density and asymptomatic infections), 
knowledge gaps among health workers conducting RACD, financial and re-
source constraints, and operational and logistical difficulties, among others. To 
improve infection detection and better target individuals at highest risk for infec-
tion, RACD strategies need to be evaluated and optimized to provide quality and 
nuanced surveillance information. To support more effective surveillance and re-
sponse strategies, this PhD project focused on evaluating RACD strategies to 
improve and optimize malaria surveillance in low transmission settings in the 
Asia Pacific region. We generated new data evaluating malaria case investigation 
and RACD indicators and RACD-related activities using a standardized moni-
toring and evaluation (M&E) tool, including assessing the knowledge and prac-
tices of the staff conducting RACD. This PhD project explored the utility of mo-
lecular diagnostics and genotyping and targeted sociobehavorial RACD strate-
gies for increasing infection detection and to understand the relatedness of infec-
tions identified during RACD. Also, the acceptability and feasibility of a 
presumptive treatment-based strategy to reduce malaria (referred to as reactive 
drug administration (RDA)) was evaluated. The research conducted during this 
PhD project provides important tools and evidence for low malaria transmission 
settings to consider and explore as they scale-up and implement more targeted 
malaria surveillance and response strategies to accelerate elimination efforts. 
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2.2 Aims 
• To evaluate malaria case investigation and RACD-related activities in 

three settings using a novel standardized monitoring and evaluation pro-
gram tool to determine its feasibility and reliability to identify key gaps in 
reporting of malaria indicators, and knowledge and practices among 
health and malaria staff. (study I) 

 
• To determine the utility of using molecular testing and genotyping in 

RACD in Thailand: 1) to assess the yield of using LAMP versus micros-
copy to detect Plasmodium infections; 2) and to assess the use of microsat-
ellite genotyping to determine the relatedness of index and additional in-
fections detected by RACD. (study II) 

 
• To evaluate sociobehavorial RACD strategies (venue-based and peer-re-

ferral) that target high-risk populations in Aceh Province, Indonesia: 1) to 
determine whether a sociobehavorial RACD (SB-RACD) strategy can ef-
fectively identify individuals who have recently had contact with an index 
case and identify elevated risk of malaria infection compared to house-
hold-based RACD (HH-RACD); and 2) to compare parasite prevalence 
of RACD-identified infections through SB-RACD to HH-RACD. (study 
III) 

 
• To evaluate the acceptability and feasibility of RDA among key public 

health staff, village health volunteers, and community members in Thai-
land, and to identify the necessary improvements in RDA activities and 
operational considerations required for future scale-up. (study IV) 
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3 Materials and methods 

3.1 Study sites and population 
This thesis includes manuscripts that are a result of two prospective surveillance 
studies, and one feasibility and reliability and one acceptability and feasibility 
evaluations. A feasibility and reliability evaluation was conducted across three 
study provinces in China, Indonesia, and Thailand (one province in each coun-
try) between 2013 and 2015 and provided data for study I. Two prospective 
surveillance studies were conducted and provided data for study II in Thailand 
in 2016 (two provinces included) and for study III in Indonesia between 2017-
2018 (two districts included). A qualitative acceptability and feasibility evalua-
tion was conducted in Thailand (two provinces included) between 2021-2022 
and provided data for study IV. 

3.1.1 Study sites 
3.1.1.1 Study sites in Thailand (study I, II, IV) 
Thailand is a low malaria transmission country in the GMS bordering Cambodia 
and Laos to its east, Myanmar to its west, and Malaysia to its south. The total 
population in Thailand is estimated to be 71 million with just over 13 million 
population (18%) at risk for malaria, predominantly along its borders.(30) Thai-
land has 77 provinces in total, 35 (45%) of which have ongoing local malaria 
transmission. Malaria transmission is low overall and occurs seasonally with 
peaks from April to June and September to November with some variation of 
those periods between provinces. P. vivax is the dominant species responsible 
for 90% of local malaria cases in 2016. The dominant vector species are An. 
dirus s.l. and An. minimus s.l..(93) 

Malaria incidence in Thailand reduced from 3.57 per 1000 population in 2012 
to 0.58 per 1000 population in 2016, although some areas along its borders re-
main persistently high.(30,293) This steep overall reduction in malaria was due 
to a number of factors starting with The Artemisinin Resistance Containment 
Project from 2008 – 2012, a precursor to real-time electronic capture of malaria-
related data at the national level.(342) With substantial national government 
support, as well as from donors such as the GFATM and US PMI, Thailand 
launched their National Malaria Elimination Strategy (NMES) in 2017 and 
adopted China’s ‘1-3-7’ strategy for malaria case reporting, investigation, and 
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response to focus on the rapid identification of infections and using timely and 
active surveillance and response to prevent infections from spreading.(343)  

Study site selection in Thailand was based on whether the malaria program 
was currently conducting case investigation and RACD activities, the study tim-
ing and duration of the study activity, availability of program staff and data to 
conduct the studies, and recent malaria caseload to ensure an adequate number 
of malaria cases. Participants that provided secondary data for the feasibility 
evaluation (study I) were district- and provincial-level (Ranong Province) ma-
laria program staff involved in surveillance and response activities. Study site 
selection for the prospective surveillance study (study II) was based on recent 
malaria case data in the provinces and districts with the highest malaria inci-
dence (Chanthaburi Province: Pong Nam Ron, Kang Hang Maew and Soi Dao 
districts; Kanchanaburi Province: Zaiyok district). The annual parasite inci-
dence (API) of malaria in 2015 just prior to study start was 0.21 and 1.38 per 
1000 population for Chanthaburi and Kanchanaburi Provinces, respectively. 
Participants for study II included confirmed malaria index cases reported from 
four district-level malaria clinics (vector borne disease units or VBDUs) and 
their household members, and neighbors residing within a one-kilometer radius 
of the index case (up to a maximum of 75 individuals or minimum of the five 
nearest households). Figure 6 identifies the study provinces and districts in-
cluded in their respective studies. (I, II, IV) 

 
Figure 6 Thailand 

Study sites for the qualitative study (study IV) were selected from two of the 
four study provinces (Kanchanaburi and Tak) that had the highest number of 
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response events in the parent RCT (registered at clinicaltrials.gov: ID 
NCT05052502). Sub-districts with at least three malaria cases between October 
2018 and September 2019 were eligible for inclusion in the parent RCT and 
stratified based upon API (high/low), total population (high/low), and geogra-
phy (east/west). Study participants for the qualitative interviews were individu-
als in the parent trial that were key malaria and health staff or community mem-
bers and high-risk populations that received the RDA intervention during the 
RCT.  

3.1.1.2 Aceh Province, Indonesia (study I, III) 
Indonesia is a highly diverse archipelago in Southeast Asia and Oceania con-
sisting of over 5,000 inhabited islands.(72) The total population in Indonesia is 
estimated to be 273 million with nearly 17 million (6%) of the population at 
high risk for malaria, predominately in eastern Indonesia bordering Papua New 
Guinea and in Borneo to the north.(30) In 2010, 450 districts reported suspected 
malaria, and was reduced to 266 districts by 2018.(72) Malaria transmission is 
medium to low overall. Malaria incidence in Indonesia reduced from 2.89 per 
1000 population in 2007 to 0.9 per 1000 population in 2017, a 3-fold reduction. 
All five Plasmodium species exist in Indonesia, and particularly in Aceh Prov-
ince located on Sumatra Island in the far most western part of the country.(344–
346) Indonesia has up to 20 dominant and secondary Anopheles vector species, 
including An. balabacensis, An. latens, and An. leucosphyrus, among oth-
ers.(347)  

Reductions in malaria have been due to strong subnational action supported 
by evidence-based policy and advocacy. This spurred the national government 
to pass a National Ministerial Decree on Malaria Elimination in 2009 and pro-
vided decentralized authority to the provinces and districts to have locally tai-
lored approaches to malaria control and elimination.(72) Similar to China, In-
donesia adopted a surveillance and response strategy of ‘1-2-5’ for malaria case 
reporting, investigation, and response.  

Study sites in Aceh Province were chosen based on the malaria program cur-
rently conducting case investigation and RACD activities and recent malaria 
caseload to ensure an adequate number of malaria cases. The study district of 
Aceh Besar was chosen for the feasibility evaluation (study I) and included five 
sub-districts: Aceh Besar, Aceh Timur, Banda Aceh, Bireun, and Sabang. Par-
ticipants selected for study I were provincial-, district-, and sub-district-level 
health staff involved in malaria surveillance and response activities. Figure 7 
identifies the study provinces and districts included in their respective studies 
(I, III). 

Due to declining levels of malaria in Aceh Besar sub-districts, study III areas 
were expanded to include the highest burden sub-districts, including the neigh-
boring district of Aceh Jaya bordering the south. Sub-districts for study III in-
cluded: three sub-districts in Aceh Besar district (Kuta Cot Gli, Lembah Seula-
wah (Saree), and Lhoong) and two sub-districts in Aceh Jaya district (Krueng 
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Sabe, Sampoiniet). The API of malaria in 2016 just prior to the study starting 
ranged from 0.26 in Lembah Seulawah sub-district to 4.1 in Krueng Save sub-
district.  

 
Figure 7 Indonesia 

Participants for study III were confirmed malaria index cases reported from five 
sub-district-level health facilities (puskesmas) with a recent history of forest 
work (previous 60 days), household members and neighbors residing within a 
one-kilometer radius of the index case (up to a maximum of 25 individuals or 
minimum of the five nearest households), and referrals of those index cases who 
worked together with the index case in or near the forest.  

3.1.1.3 Jiangsu Province, China (study I) 
The Republic of China, a country with 1.4 billion population, was previously a 
high malaria transmission country averaging 60,000 malaria cases per year in 
2006.(318) Malaria case incidence reduced from 0.46 per 10,000 population to 
0.2 per 10,000 between 2006 and 2008. An important component of this incred-
ible decrease in malaria cases was a focus on improving surveillance and re-
sponse for malaria.(61) Starting in 2010, China launched its National Action 
Plan for Malaria Elimination and set a goal for countrywide elimination by 
2020.(63) Between 2010 – 2016, while malaria incidence overall greatly re-
duced, the proportion of P. falciparum malaria increased relative to the total, 
particularly imported malaria cases from exported labour groups returning from 
overseas.(348) By 2017, no indigenous cases were reported, although imported 
malaria remains a concern.(349) Despite no local transmission occurring, China 
does have competent vector species for malaria including, An. lesteri and An. 
sinensis.(93) 
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Figure 8 China 

Study sites in China were chosen based on the malaria program having recently 
conducted case investigation and RACD activities. Jiangsu Province, just west 
of Shanghai, was chosen for the feasibility study (study I). The participants se-
lected that provided secondary data were Jiangsu Provincial-level and county 
CDC staff who conducted malaria surveillance and response activities. At the 
time of the feasibility evaluation, indigenous malaria case counts were zero as 
well as malaria incidence; however, imported infections did occur. This pro-
vided an opportunity to conduct the evaluation in an area that was in the malaria 
prevention of re-establishment phase in a setting with only imported malaria. 
Figure 8 identifies the study province included in study I. 

3.2 General methodologies 
Description of the general and specific study methodologies are detailed in the 
methods section of the respective study papers. Below, some brief methodolo-
gies are included.
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3.2.1 Feasibility and reliability evaluation 
Study I assessed key malaria case investigation and RACD indicators, and 
knowledge and activities using a standardized M&E program tool. Between 
2013 and 2015, the M&E tool was implemented by provincial- and district-
level health and malaria staff in two low transmission settings (Aceh Province, 
Indonesia and Ranong Province, Thailand) and one prevention of re-establish-
ment setting (Jiangsu Province, China) using the most recent 12 months of 
program data (Indonesia evaluated 3 months of program data). Table 1 pro-
vides a summary of pilot study areas. 

Study I included secondary data collected through health facility patient 
registers and malaria information systems on malaria case reporting, case in-
vestigation and RACD activities. Specific outcomes include: availability of 
key malaria documents such as notification forms, SOPs, or documentation to 
support implementation activities, malaria case reporting completeness and 
timelines, case investigation and RACD completeness and timeliness, and 
RACD positivity. Standardized questionnaires were used to assess the 
knowledge and practices of health facility and malaria program staff on case 
reporting, case investigation and RACD activities. Summary statistics and 
proportions were analyzed to determine results. 
 

 
Table 1 Summary of study I areas 
 

Location Data 
collection 
period 

Tool 
implementation 
period 

Program 
phase 

Pilot scale No. of  
facilities  
reporting 

No. of staff 
that  
provided  
responses 

Aceh, 
Indonesia 

June- 
September 
2013 

June-September 
2013 

Elimination 5 Districts1 34 34 

Jiangsu, 
China 

January- 
December 
2012 

June-August 
2013 

Prevention 
of reintro-
duction 

3 Counties2 6 10 

Ranong, 
Thailand 

January- 
December 
2014 

January-March 
2015 

Elimination 5 Districts3 10 15 

1Aceh Districts: Aceh Besar, Aceh Timur, Banda Aceh, Bireun, Sabang  
2Jiangsu Counties: Baoying, Gulou (Nanjing City), Haimen 
3Ranong Districts: Kapoe, Kraburi, Laun, Meaung, Suksamran 
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3.2.2 Prospective surveillance studies 
Studies II and III were prospective surveillance studies performed through the 
passive and RACD malaria program activities in Thailand (2016) and Indone-
sia (2017-2018). Individuals presenting to malaria clinics, malaria posts, or 
border malaria posts (study II) or health facilities (study III) with suspected 
malaria were asked to provide a fingerprick blood sample, and thick and thin 
smears for microscopy were prepared. Microscopy-confirmed malaria index 
cases were invited to participate in the studies and per national treatment 
guidelines appropriate treatment was provided. Per local surveillance guide-
lines, a team of health or malaria staff conducted RACD within 7 days of index 
case diagnosis. Household members of the index case and neighboring house-
holds were targeted for RACD (study II and III).  

In study III, in addition to household-based RACD screening, index cases 
with a recent history of forest work (previous 60 days) and referrals of those 
cases who worked together with the index case in or near the forest were also 
invited to participate in the study population. Enrolment of a malaria index 
case in sociobehavorial-RACD (SB-RACD) triggered one of two reactive re-
cruitment responses to enroll individuals who work, or who have recently 
worked, at the index case’s recent work sites. A peer referral-based RACD 
(PR-RACD) response targeted the specific co-workers or co-travellers who 
were with the index case at forest or forest fringe work sites and spent the 
night there in the previous 60 days. A venue-based RACD (VB-RACD) re-
sponse targeted individuals directly from the work sites identified by the index 
case (the work venues), as accessible, so long as they spent at least one night 
there in the previous 60 days. 

In consenting individuals, blood was collected by finger prick and used to 
prepare thick and thin smears for microscopy as well as dried blood spots 
(DBS) on filter paper (3MM; Whatman). For all malaria cases identified, 
whether index case or during RACD, up to an additional 250 μL of blood by 
fingerprick was captured in a microtainer (study II) or up to 3mL (based on 
participant age) of venous blood in a heparinized tub (or EDTA) (study III) 
and stored for genotyping. Household- and individual-level questionnaires 
were developed in English, translated into local language (Thai or Bahasa), 
and administered by health facility malaria surveillance staff using Google 
Nexus tablet computers for the index case as well as household, community 
members, and forest-goers. 

3.2.3 Qualitative study 
Study IV was a qualitative study performed as part of a prospective two-arm 
cluster randomized controlled trial (RCT) to evaluate the effectiveness of re-
active drug administration (RDA), targeting high-risk villages and forest 
workers, compared to standard RACD for reducing sub-district incidence and 
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prevalence of P. falciparum and P. vivax malaria in Thailand.(330) The RCT 
was carried out between November 2020 and November 2021 in four of the 
remaining provinces with active foci in Thailand (Kanchanaburi, Mae Hong 
Son, Tak, Ubon Ratchathani). 

Target participants for study IV were individuals in the two provinces with 
the highest number of RDA events conducted during the RCT period (Kan-
chanaburi and Tak). Study participants were key malaria and health staff or 
individuals who received the intervention during the parent RCT and were 
invited to participate in focus group discussions (FGDs) and key informant 
interviews (KIIs). FGDs were conducted among Health Promotion Hospital 
(HPH) staff and Village Health Volunteers (VHVs) with a target of six indi-
viduals per FGD. 

For study IV, FGDs and KIIs were conducted from December 2021 – Feb-
ruary 2022 in the intervention sub-districts. Interview guides were developed 
in English and translated to Thai, and were tailored to each respondent group, 
which explored: 1) their roles and responsibilities in RDA; 2) perceptions and 
knowledge of G6PD testing and referral; 3) drug adherence and tolerability; 
4) acceptability of and attitudes toward RDA; and 5) feasibility and barriers 
to implementing RDA.  

3.3 Study specific methodologies 
3.3.1 Blood sampling and storage 
During RACD for studies II and III, microscopists collected blood smears and 
transported them in closed slide boxes for further examination. Slides were 
fixed and stained with 3% Giemsa and examined in triplicate at three levels: 
sub-district or district, provincial, and national. Thick smears were examined 
to determine the presence of Plasmodium parasites in 100 high-powered fields 
and if no parasites were seen then that smear would be considered negative. If 
Plasmodium parasites were identified in a thick smear, an additional 100 high-
powered fields on the thin smears were examined to determine species. Qual-
ity assurance for microscopy was performed by an expert level-certified mi-
croscopist at the provincial level (study III) and the national level (study II) 
for all positive cases and 10% of randomly selected negatives, per national 
microscopy guidelines. 

In study II, all DBS samples collected were dried overnight at the malaria 
clinic then stored in sealed plastic bags with desiccant before being trans-
ported to the national laboratory in Nonthaburi, Thailand for DNA extraction 
and LAMP and PCR analysis. DBS were stored at 4°C within one week of 
collection and microtainers 4°C starting the same day of collection. All DBS 
and microtainers were then stored at -20°C within one month of collec-
tion.(147) 
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In study III, all DBS samples collected were dried overnight at the sub-
district health facilities then stored in sealed plastic bags with desiccant before 
being transported to the Provincial Hospital in Banda Aceh for DNA extrac-
tion and LAMP analysis. DBS were stored at 4°C within one week of collec-
tion and then stored at -20°C within one month of collection. Venous blood 
samples were stored at 4°C for up to one week after collection, then were 
transported to Eijkman Institute in Jakarta for DNA extraction and then stored 
at -20°C. 

3.3.2 DNA extraction 
In study II, DNA extraction from the DBS was performed using the Sapo-
nin/Chelex method.(350) Using 15 μL of Chelex-extracted DNA, Pan-LAMP 
testing followed by P. falciparum-LAMP-specific testing for Pan-LAMP pos-
itive samples was performed using a commercial Loopamp detection kit in 
accordance with the manufacturer’s instructions (Eiken Chemical, Co., Ltd., 
Japan). Low parasitemia controls (down to 1 p/μL) were used and Pan-LAMP 
was duplicate tested.(351,352) Using 5 μL of Chelex-extracted DNA, all Pan-
LAMP positive samples and 10% of randomly selected LAMP negative indi-
viduals from RACD were tested by the Mahidol University laboratory using 
real-time PCR targeting the 18S rRNA gene.(150) For PCR, low parasitemia 
positive controls were also used (down to 0.4 p/μL).  

In study III, DNA extraction from the DBS was performed using the Sap-
onin/Chelex method. Using 15 μL of Chelex-extracted DNA, Pan-LAMP test-
ing followed by P. falciparum-LAMP-specific testing for Pan-LAMP positive 
samples was performed using a commercial Loopamp detection kit in accord-
ance with the manufacturer’s instructions (Eiken Chemical, Co., Ltd., Japan). 
Low parasitemia controls (down to 1 p/μL) were used and Pan-LAMP was 
duplicate tested. Using 5 μL of Chelex-extracted DNA, all Pan-LAMP posi-
tive samples and 10% of randomly selected LAMP negative samples were 
tested by the Eijkman Institute malaria laboratory using nested PCR targeting 
the 18S rRNA gene with species-specific identification.(151) 

3.3.3 Genotyping to determine interrelatedness 
Microsatellite (short tandem repeat or STR) analysis was performed in study 
II to compare allele repeats at specific loci in the DNA between samples. Gen-
otyping was performed using fluorescently labelled PCR primers for a set of 
nine selected standardized microsatellite loci for P. vivax (1.501, 3.27, 3.502, 
MS1, MS5, MS6, MS7, MS8, MS16) using published protocols.(353,354) P. 
vivax microsatellite genotyping markers were included in a cluster analysis 
using Network 10 software (http://www.fluxus-engineer-
ing.com/sharenet.htm), which is based on median joining algorithms. 
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3.3.4 Qualitative analysis 
In study IV, FGDs and KIIs were led by experienced facilitators supported by 
trained notetakers. Audio recordings of the FGDs and KIIs were transcribed 
into Thai, then translated into English. The transcriptions were reviewed, 
coded by two separate researchers, and gathered into key themes using an in-
ductive approach. A codebook was developed with both a priori codes from 
the interview guides and themes that emerged from reviews of the interview 
summaries and notes. Dedoose qualitative data analysis software (version 
9.0.62) was used to perform content analysis to obtain study results. 
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4 Ethical considerations 

Study I was approved by the malaria programs of the three pilot study areas. 
The Committee on Human Research at the University of California San Fran-
cisco (UCSF), USA determined this study to be a program improvement ac-
tivity (14-13399) because only secondary data analysis was being used. 

Study II was reviewed and approved by the Committee on Human Research 
at UCSF (13-10988), the Institutional Review Board at the University of 
Texas Southwestern Medical Center (STU 052016-041), and the Ethics Com-
mittee for Research in Human Subjects at the Department of Disease Control 
in Thailand (41/2558). Written informed consent was obtained from all sub-
jects. For individuals under the age of 18, written informed consent and risk 
factor questionnaires were administered to a parent or guardian. 

Study III was reviewed and approved by the Committee on Health Re-
search Ethics of the National Institute of Health Research and Development 
in Indonesia (LB.02.01/2/KE.083/2017), and the UCSF Committee on Human 
Research (16-20220). Written informed consent was obtained from all study 
participants. For individuals under the age of 18, written informed consent and 
risk factor questionnaire were administered to a parent or guardian. For par-
ticipants between the ages of 12-17, written informed assent was also ob-
tained. 

Study IV was reviewed and approved by the Ethics Committees for Re-
search in Human Subjects at the Office of the Permanent Secretary Ministry 
of Public Health in Kanchanaburi Province (Kor Chor 0032.002/2185), 
Maehongson Province (MHS REC 030.2563), Tak Province (009/63), and 
Ubon Ratchathani Province (SSJ.UB 090), and the UCSF Committee of Hu-
man Research (19-28060). Written informed consent was obtained from all 
participants. The parent trial for study IV was registered at clinicaltrials.gov 
(NCT05052502). 
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5 Results and discussion 

5.1 Study I: Evaluating malaria case investigation and 
RACD activities 

This study was an evaluation of malaria case investigation and RACD activi-
ties, which are widely implemented in low transmission settings, yet no stand-
ardized metrics or tools exist to monitor and evaluate these activities. Through 
the use of a standardized M&E program tool, this study: 1) assessed whether 
key documents and personnel involved in the RACD process were available 
and in use; 2) assessed a minimum set of indicators on index case notifica-
tion/reporting, case investigation, and RACD timeliness and completeness at 
health facility and district levels to identify gaps in reporting; and 3) evaluated 
the knowledge and practices of health facility and malaria program staff on 
case reporting, case investigation, and RACD activities. 

This study obtained secondary data from 50 health facilities in the study 
areas. Program data were entered manually into Microsoft Excel to determine 
summary statistics and proportions. 71.8% (97/135) of the proper notification 
and reporting forms and 20% (27/135) of the standard operating procedures 
(SOPs) for case investigation and RACD were available. Gaps in reporting 
key malaria data on the completeness for case reporting/notification (98.8%; 
min 93.3-max 100%), case investigations (65.6%; min 61.8-max 78.4%), and 
RACD follow-up that was required (70%; min 64.7-max 100%) were re-
ported. In addition to reporting gaps identified, the timeliness of malaria case 
reporting/notification highlighted the time bounds set for many study areas 
were unable to be met. All study areas have a policy for RACD follow-up of 
7 days from index case notification, and 84.7% of required RACD events were 
followed up within that time frame. Of note, the study area in China (Jiangsu 
Province), a prevention of malaria re-establishment setting, had 100% report-
ing for both completeness and timeliness of the malaria indicators evaluated. 

A total of 59 health and malaria staff provided responses to the standardized 
questionnaire on the knowledge and practices of malaria case reporting, case 
investigation, and RACD activities. Questions focused on ‘who should be 
screened when conducting RACD?’ and ‘what is the radius to screen around 
an index case household?’, as examples. Results highlighted that RACD prac-
tices varied widely, even among the health or malaria staff within the same 
study area. A notable difference was identified related to the minimum 
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geographic screening radius for RACD: no study area evaluated had a major-
ity correct response with 40% (4/10) in China, 44% (15/34) in Indonesia, and 
18% in Thailand identifying the correct policy for RACD screening radius. 
 
Key takeaways from this study 

 
• Prior to this study there were no standardized M&E tools or approaches 

to help malaria programs identify gaps in reporting completeness and 
timeliness. Through the use of a novel standardized RACD M&E tool 
during this study, programs can now evaluate the performance of, and 
aspects related to, malaria case reporting, case investigation and RACD 
follow-up. Here we’ve demonstrated that it is feasible and reliable to 
apply this M&E program tool in a variety of low transmission and pre-
vention of re-establishment settings and can be used as a template to 
introduce basic malaria case reporting, investigation and RACD princi-
ples and related M&E activities. Gaps in malaria reporting complete-
ness and timeliness identified through use of the RACD M&E tool can 
be appropriately addressed. 
 

• Health and malaria staff did not always have the reporting forms and 
materials they need at the health facility to ensure proper and timely 
malaria-related reporting to the district level. This includes SOPs and/or 
guidelines to support their activities for reporting, case investigation and 
RACD follow-up. In the prevention of re-establishment study site 
(Jiangsu Province, China), all key documents and forms were available. 
This audit of key documents highlights the uneven distribution of proper 
forms and SOPs, particularly in areas with remaining malaria transmis-
sion. Having the reporting tools and materials available, providing reg-
ular trainings on their use, and conducting regular documentation audits 
may help to improve reporting practices for malaria notification, partic-
ularly in areas of underreporting. 
 

• Gaps in malaria case reporting/notification, case investigations and 
RACD follow-up were identified in study areas with ongoing local ma-
laria transmission. The key case investigation and RACD indicators 
evaluated in this study did show gaps in reporting completeness in In-
donesia and Thailand study areas (low transmission sites) compared to 
China (prevention of re-establishment of malaria site), which reported 
100% of all cases, investigations, and RACD. This is likely due to the 
China study setting (Jiangsu Province) not having ongoing local malaria 
transmission (imported cases only) at the time of data collection, and 
overall having a much smaller case burden compared to other study ar-
eas evaluated. Importantly, China has mandatory malaria case reporting 
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laws in place which require any malaria case to be reported (local or 
imported) within 24 hours of presentation to a health facility.(60) 
Timely reporting can also be facilitated by having an online reporting 
system, which both China and Thailand are using. 
 

• A lack of timeliness for health or malaria staff to conduct case investi-
gations and RACD follow-up was identified in study areas with ongoing 
local malaria transmission. All study areas have a policy for case inves-
tigation and RACD follow-up from index case notification to comple-
tion of RACD screening of individuals around the index patient. In this 
study, 84.7% of RACD required events were followed up within 7 days 
of case notification. China study areas conducted RACD follow-up 
within 7 days 100% of the time. This difference is again likely associ-
ated with a higher case burden in low transmission study sites in Indo-
nesia and Thailand. Given the temporal dynamics of malaria transmis-
sion, a timely RACD response may support the detection of additional 
infections, some infections that may possibly be related to the primary 
index case or others that can be identified by chance. As the malaria 
case burden reduces in some settings, the timeliness of the RACD re-
sponse should improve. And ensuring adequate resources are available 
for malaria staff to conduct follow-up may bolster a quicker response. 

 
• Standardized questionnaires of key activities related to malaria case in-

vestigations and RACD showed that both the knowledge and practices 
varied widely, even among the health or malaria staff within the same 
study area. Standard questions on the target individuals to screen during 
RACD, how often to screen household members of the index case, trig-
gers for conducting RACD, geographical radius to screen around an in-
dex case household, and the minimum number of individuals to screen 
during RACD, as examples, highlighted the differences between staff 
knowledge and practices. Regular use of a standardized questionnaire 
to evaluate the knowledge of health and malaria staff may be useful to 
identify where gaps in knowledge can be improved, as they relate to the 
standard surveillance guidelines. This data can be used to document pro-
gress in knowledge attainment over time and after malaria surveillance 
trainings. 

5.2 Study II: RACD using molecular detection and 
genotyping in Thailand 

This was a prospective surveillance study performed through the passive and 
RACD program in a low transmission setting with predominantly P. vivax. 
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This study aimed to: 1) assess the yield of using LAMP versus microscopy to 
detect Plasmodium infections during RACD; and 2) assess the use of mi-
crosatellite genotyping to determine the relatedness of primary and additional 
infections detected by RACD. The study was conducted over a 9-month pe-
riod and included three districts in Chanthaburi (Pong Nam Ron and Kang 
Hang Maew) and Kanchanaburi Provinces (Zaiyok), the highest malaria bur-
den districts in each respective province. 

A total of 27 malaria index patients reported through the passive surveil-
lance system in study areas triggered 27 RACD events. Twenty (74%) of the 
microscopy-positive index patients were due to P. vivax, five (19%) due to P. 
falciparum, and the remaining two (7%) mixed P. falciparum/ P. vivax infec-
tions (all confirmed by PCR). A total of 1,973 household members and neigh-
bors who resided in the target screening area were interviewed for household 
and other malaria risk factors and provided blood samples on filter paper for 
malaria testing by microscopy and LAMP. Whole blood for any positively-
identified individuals (index and RACD-identified) was collected in a micro-
tainer for molecular genotyping and stored at -20°C within one month of col-
lection until further analysis. 
 
Key takeaways from this study 

 
• No positive infections were detected in RACD by microscopy after test-

ing a total of 1,973 household members and neighbors residing around 
the index patient, likely due to low parasite densities undetectable by 
standard diagnostics. However, 12 (0.6%) confirmed or probable infec-
tions were detected in RACD by molecular testing using LAMP. Of the 
27 RACD events, 9 (33%) had at least one additional confirmed or prob-
able infection suggesting: a) the possibility of local transmission; and b) 
RACD using molecular detection methods can increase the detection of 
confirmed and probable infections making it a more effective strategy 
to identify infections in the community compared to microscopy alone. 

 
• Four of the 12 LAMP-identified infections in RACD were confirmed 

by PCR, all four of which were P. vivax. Among these four, microsat-
ellite genotyping showed that one (25%) was genetically related (7/7 
markers matched) to the index case (and not living in/around the same 
residence) suggesting that most transmissions in this study may have 
occurred away from the household or residential area. The remaining 
three RACD-identified infections were unrelated and either new or a 
relapse from a previous P. vivax infection. In low transmission and P. 
vivax dominant settings, the evidence for clustering of infections is lim-
ited. RACD using genotyping can provide important surveillance infor-
mation for malaria programs by determining if infections found in a 
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particular area have similar or different genotypes. If parasites are sim-
ilar, a focused response on the active foci could be deployed. If the par-
asites are different, a response may be better targeted by providing in-
terventions among individuals with shared risk factors (e.g., behaviors). 

5.3 Study III: Sociobehavorial RACD targeting high 
risk populations in Indonesia 

This was a prospective surveillance study performed through the passive and 
RACD program in a low transmission, mixed-species setting with predomi-
nantly P. vivax and P. knowlesi. This study aimed to: 1) determine whether a 
sociobehavorial RACD (SB-RACD) strategy can effectively identify individ-
uals who have recently had contact with an index case and identify elevated 
risk of malaria infection compared to household-based RACD (HH-RACD); 
and 2) compare parasite prevalence of RACD-identified infections through 
SB-RACD to HH-RACD. The study was conducted over an 18-month period 
from March 2017 to August 2018. The highest malaria burden sub-districts in 
each respective district were included in the study: three sub-districts (Kuta 
Cot Gli, Lembah Seulawah (Saree), and Lhoong) in Aceh Besar district and 
two sub-districts (Krueng Sabe, Sampoiniet) in Aceh Jaya district.  

A total of 34 malaria index patients reported through the passive surveil-
lance system in study areas triggered 34 HH-RACD events. Twenty-one 
(62%) and 10 (29%) of the microscopy-positive index patients were due to P. 
knowlesi and P. vivax, respectively, with the remaining three (9%) undeter-
mined (all confirmed by PCR). Of the 34 index patients, 33 SB-RACD events 
were conducted resulting in 21 peer referral-RACD (PR-RACD) (64%) and 
12 venue based-RACD (VB-RACD) (36%) events. A total of 847 household 
members and neighbors who resided in the target screening area were enrolled 
in HH-RACD and provided a blood sample on filter paper. In SB-RACD, a 
total of 180 individuals enrolled and provided a blood sample on filter paper 
(59 in PR-RACD and 121 in VB-RACD). A total of 8 (4.4%) confirmed or 
probable infections were identified through SB-RACD using LAMP com-
pared to 1 (0.1%) confirmed or probable infection through HH-RACD. La-
boratory testing on blood samples was conducted by microscopy, LAMP, and 
PCR. 
 
Key takeaways from this study 
 

• A SB-RACD strategy identified individuals who have recently had con-
tact with an index case and identify elevated risk of malaria infection 
compared to HH-RACD. Of the 34 HH-RACD events, 33 had a recent 
history of forest or forest-fringe work, and therefore SB-RACD was also 
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conducted either at the worksite of the index case (n=12 VB-RACD 
events) or among the co-workers/travellers (n=21 PR-RACD events) of 
the index case. SB-RACD yielded an additional 180 individuals to 
screen during RACD, many of whom had an increased risk of malaria 
infection due to shared behaviors such as working in the forest and stay-
ing overnight. 

 
• Targeting the sociobehavorial contacts of malaria index cases when 

conducting RACD was able to detect more RACD-identified LAMP-
positive infections compared to HH-RACD alone. A total of 8 (4.4%) 
confirmed or probable infections were identified through SB-RACD (5 
from PR-RACD and 3 from VB-RACD) using LAMP compared to 1 
(0.1%) confirmed or probable infection through HH-RACD (P-value= 
<0.001). PCR-corrected LAMP positive infections identified during 
SB-RACD yielded a total of 3 VB-RACD (2.5%) infections compared 
to 1 from HH-RACD (0.1%) (P-value= 0.018). These data highlight that 
although the overall yield of infections is very low in this setting, SB-
RACD yielded more PCR-corrected LAMP positive infections com-
pared to HH-RACD (3 versus 1). 

 
• In this setting, there are important factors that are shared by SB-RACD 

screened individuals and index cases, potentially highlighting important 
risk factors for malaria infection. These include: 1) men having a higher 
likelihood of being an index case and being screened during SB-RACD; 
2) being between 30-45 years of age; 3) occupation of logging, mining 
or other outdoor labor compared to farming or other; 4) having slept in 
the forest or family members with forest exposure in the past 60 days; 
5) and having a traditional housing type as their main residence. All 
these factors may be important to consider for improved targeting of 
high-risk populations for malaria. 

5.4 Study IV: Acceptability and feasibility of RDA in 
Thailand 

This was a sub-study from the parent RCT to evaluate the effectiveness of 
RDA, targeting high-risk villages and forest workers, compared to standard 
RACD for reducing incidence and prevalence of malaria in Thailand. This 
qualitative study aimed to: 1) evaluate the acceptability and feasibility of RDA 
among key public health staff, village health volunteers (VHV), and commu-
nity members in two provinces in Thailand; and 2) to identify the necessary 
improvements in RDA activities and operational considerations required for 
future scale-up.  
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The parent RCT was conducted from November 2020 – November 2021, 
while study IV was conducted from December 2021 – February 2022. Target 
areas for this study were the two provinces with the highest number of RDA 
events conducted during the parent RCT (Tak and Kanchanaburi). A total of 
13 KIIs and 8 FGDs were completed with 61 participants from the study areas 
(13 KII and 48 FGD). Dedoose qualitative analysis software (version 9.0.62) 
was used to perform the content analysis. 

 
Key takeaways from this study 
 

• In this study setting, RDA targeting within and around the household 
and forest-going co-workers/travellers was well accepted by the indi-
viduals that participated and the VHVs and HPH staff who implemented 
RDA. Community participation was driven by: 1) a fear of contracting 
malaria; 2) the individual- and community-level prophylactic protection 
of the malaria medicines; and 3) the increased access to health care in 
the community. In low transmission settings, a low perceived threat of 
malaria may outweigh risk of taking medicines, although refusals to en-
roll in this study were low (1.1%). The reasons provided by individuals 
who refused RDA include: 1) not wanting to have their blood drawn for 
G6PD testing or to take medicines, particularly without symptoms; or 
2) they did not recently visit the forest and typically stay near the house-
hold residence. 
 

• VHV and HPH staff noted the feasibility of implementing RDA. How-
ever, staff highlighted that it would be important to transfer some of the 
malaria-related duties from the HPH staff to the VHVs to optimize pub-
lic health operations. The VHVs are closer to the communities that they 
serve, and therefore by transferring some of the malaria-related roles it 
could provide potential cost-savings by needing less transport by the 
HPH staff to go to the field and could support building greater capacity 
in disease control and elimination. Furthermore, a quicker response may 
be feasible as HPH staff have other public health priorities and there 
may be greater trust among the community to receive the intervention 
if done by VHVs. That would require more training be provided to the 
VHVs on malaria-related duties, including on-the-ground practice to 
support integration of malaria activities into community-based activities 
led by VHVs. With appropriate training for VHVs, HPH staff could 
transition to more of a supervisory role. 
 

• More community and healthcare provider education and sensitization 
was perceived to be important, particularly on the purpose of RDA due 
to concerns raised about being asked to take malaria medicines without 
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having illness. Effectiveness of an intervention such as RDA depends 
largely on target population coverage, strong community engagement, 
and adherence to the full treatment course. In low transmission areas, 
where infections are largely asymptomatic and low-density, providing 
information in an appropriate format (such as radio, public health ser-
vice announcements, local theatre, through village leaders, etc) for the 
target populations may support the uptake of RDA. 
 

• Participant safety was a concern highlighted, particularly when under-
lying diseases (e.g., hypertension) exist. G6PD testing prior to admin-
istration of any 8-aminoquinilines was shown to be feasible, but VHVs 
noted fear of mis-reading the G6PD test results and were not confident 
in their abilities to manage this activity without further training. Provid-
ing more training and having the HPH staff provide supervision of 
G6PD testing and medicine dispensation may support the uptake of 
RDA. 
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6 Conclusions 

• Improving the quality of the RACD activities being implemented can en-
hance its effectiveness by increasing the completeness and timing of fol-
low-up and improve the knowledge and practices of those conducting the 
RACD activities. Malaria programs conducting case investigation and 
RACD, or those that are considering implementing or scaling-up these 
activities, should establish a minimum set of reporting and coverage indi-
cators and simple-to-follow standard operating procedures to monitor and 
evaluate the performance of surveillance activities. In doing so, malaria 
surveillance personnel can improve reporting practices and provide timely 
reporting of malaria data. Furthermore, setting up policies for mandatory 
reporting and monitoring systems, including possibly providing incen-
tives, may support uptake and improve reporting and follow-up practices. 
Ensuring an appropriate and complete target population is screened during 
RACD, particularly those most at-risk for malaria, will support effective 
implementation of RACD. 

• To increase malaria infection detection and potential treatment, the use of 
molecular diagnostics in RACD, particularly in non-falciparum and low 
transmission settings, should be considered by malaria programs where 
feasible. Inclusion of molecular diagnostics will increase the detection of 
additional infections in RACD, making RACD a more effective approach 
at identifying infections around an index patient. Although there are addi-
tional costs to consider for molecular methods, such as PCR or LAMP, 
their inclusion in low transmission settings may accelerate malaria elimi-
nation efforts by providing more information on where sub-patent infec-
tions exist within persistent malaria foci or among certain high-risk pop-
ulations. This additional information can be used for improved targeting 
of interventions. If diagnosis and treatment can be provided quickly, it 
may help to reduce the infectious reservoir and accelerate progress to-
wards elimination. 

• To help characterize local epidemiological transmission patterns, particu-
larly in non-falciparum and low transmission settings, the use of genotyp-
ing in RACD should be considered by malaria programs where feasible. 
The inclusion of genotyping in RACD can provide important surveillance 
information to distinguish imported from locally transmitted infections, 
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characterize parasite flow between geographic regions, and identify im-
portant drivers of transmission. The additional costs of including genotyp-
ing should be considered. However, when genotyping is used in residual 
malaria foci or in areas that have recently eliminated malaria, the addi-
tional information may be useful to determine an appropriate response (if 
any is needed). Genetic intelligence, in combination with other epidemio-
logical surveillance, may help to focus a response, whether it is targeted 
in a geographic area or among individuals with shared risk factors such as 
high-risk behaviors. 

• Targeting sociobehavorial risk factors with RACD compared to house-
hold RACD only, may likely yield a greater number of malaria infections 
detected by microscopy. The demographic and behavioral characteristics 
of index cases and their socially- or occupationally-related contacts may 
highlight important shared factors that increase the risk for malaria infec-
tion and can be targeted. There will likely be additional costs to consider 
when targeting these sociobehavorial-related individuals, such as at their 
work sites in remote locations. But in doing so, malaria programs may 
identify additional infections therefore making RACD a more effective 
intervention. Also, malaria programs may be able to provide other inter-
ventions such as ITNs or hammock nets, or targeted IRS to reduce the 
opportunity for future infection. By including a molecular diagnostic, such 
as LAMP or PCR when targeting forest-goers and travellers associated 
with an index patient, an even greater number of infections may be de-
tected, making SB-RACD even more effective and may possibly elimi-
nate important reservoirs of infection among individuals with a higher risk 
of infection. 

• Implementation of a drug-based strategy such as RDA when following-up 
a positive index case is feasible to be conducted by VHVs and acceptable 
by the household and community members nearby to the index case in this 
study setting. If RDA were to be implemented in a program setting, a rig-
orous safety monitoring system should be implemented, including ade-
quate training to be provided to VHVs to maximize the safety and accept-
ability of RDA among participants and malaria-endemic communities. 
Supervision of the local VHVs by trained public health professionals 
should be incorporated into the patient safety monitoring system. While 
there are important risks associated with taking malaria medicines, imple-
menting an RDA strategy using community- and village-based health 
workers/volunteers may help to streamline public health activities, in-
crease trust among the community to receive the intervention, save costs 
on transport to the communities being served, build capacity at the com-
munity-level, and increase treatment adherence if DOT was included.   
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7 Personal reflections and future perspectives 

Based on the research outlined above, future areas of research to improve the 
ways in which RACD is conducted and to explore how RACD may be opti-
mized, include: 
 
1. Better understanding of why and when RACD as part of a case investiga-

tion can be introduced in different malaria endemic settings, particularly 
in medium-burden catchment areas as they transition toward elimination. 
What surveillance information is gathered during RACD, how is it used, 
and can this detail be improved in different settings. This intel should help 
programs find out more about who to target. Furthermore, establishing the 
importance of monitoring and evaluation systems, program tools, and in-
dicators to monitor practices and knowledge of these activities among 
those involved. Considerations should include the malaria case incidence 
and prevalence, human resources available, and capability of surveillance 
system and reporting requirements. 

 
2. More research elucidating and evaluating sociobehavorial-related strate-

gies for RACD in different settings to identify infections in the commu-
nity and gather more surveillance information (such as demographic and 
behavioral risk factors) to improve targeting of interventions. This re-
search would consider and evaluate the heterogeneity within high-risk 
populations in different settings and the different sociobehavorial-related 
strategies for RACD to be most effective at detecting infections. Can a 
RACD response be better targeted to focus on certain demographic or be-
havioral factors or ecological settings to increase the potential for addi-
tional infections to be detected? 

 
3. In low transmission non-falciparum species setting, is there value in con-

ducting RACD at all, given the increased likelihood of an infection being 
a relapse infection? How can reactive infection detection strategies be im-
proved to better target non-falciparum malaria settings? Can serial testing 
with molecular diagnostics in persistent malaria foci help to understand 
and better target malaria in these areas?  
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4. More research on the utility of molecular diagnostics in RACD in a pro-
gram context, particularly in low transmission and mixed-species settings, 
given the limitations of detecting low-density and asymptomatic infec-
tions with standard diagnostics (microscopy and RDTs). Inclusion of mo-
lecular diagnostics, such as in areas with persistent malaria foci, can iden-
tify sub-patent infections, thereby providing more surveillance infor-
mation (such as demographic and behavioral risk factors) to improve tar-
geting of interventions among the population. And if those individuals 
were treated quickly, it may help to reduce the infectious reservoir. 

 
5. More research on the benefit of incorporating genotyping in RACD in a 

program context, particularly in low transmission and mixed-species set-
tings to characterize local epidemiological transmission patterns. The in-
clusion of genotyping can help to provide more surveillance data and ev-
idence to further improve targeting of interventions by understanding par-
asite relatedness and flows between regions, distinguishing local versus 
imported malaria, and identifying important drivers of transmission. In 
low transmission settings where research institution capacity exists, can a 
genetic surveillance system be combined with epidemiological infor-
mation to improve program activities by better targeting of interventions? 

 
6. Should RDA be found effective at reducing malaria within a program-

matic setting in Thailand, further evaluating the safety, acceptability, and 
feasibility of implementing drug-based strategies for malaria reduction, 
like RDA, particularly in mixed-species settings will be critical. With the 
epidemiological and genetic surveillance and evidence on the most at-risk 
populations better understood, RDA can be targeted to those individuals 
for greater impact on transmission reduction. Including forest-goers and 
MMPs in RDA will be essential due to the challenges associated with test-
ing and returning for treatment. Evaluating the safety and use of different 
8-aminoquiniline treatment regimens will be important. 

 
7. In areas already conducting RACD, including more programmatic costing 

data would be helpful to better understand and compare the cost-effective-
ness of different RACD strategies, including household- versus sociobe-
havorial-based responses. Some evidence on the costs of RACD exists, 
but costing and cost-effectiveness data would be helpful for malaria pro-
gram managers and policy makers when deciding to implement (or not 
implement) RACD and how the RACD strategy could be optimized. This 
would apply to settings considering RDA as a response strategy as well. 
There is very little costing and cost-effectiveness evidence available on 
the use of molecular diagnostics in RACD and none on RDA in a program 
setting. 

 



 

71 

8 Acknowledgements 

To my life partner and love, Sun – thank you for all of the love and support 
you provided me during this entire process – whether it was giving me the 
space to write on nights and weekends or taking care of our young boys while 
I was away traveling, and in the final months and days, and for all the other 
small things you did to give me more time to focus. I wouldn’t have been able 
to do this without you. I can’t thank you enough for ALL of your support. 
Looking forward to all of our upcoming adventures. 
 
To my two young boys who came into this world during my PhD journey, 
Zander (6) and Dax (3). Thank you for allowing me to travel to Sweden and 
other faraway places to conduct this work and for all of the pictures and 
facetiming while I was away. Thank you especially for all the hugs and cuddle 
time upon my return. 
 
To my parents and family who would check in on me during my PhD journey 
and inquire about my progress. Thank you for all of your encouragement over 
the years and for unknowingly reminding me I need to get back to work. 
 
To my main supervisor, Professor Andreas – your positive energy and per-
spective motivated me throughout this process, especially during our regular 
check-ins and in the final months when it seemed that the writing and analysis 
would never end (Bon Courage!). Your humor and calm helped keep this ex-
perience more ‘enjoyable’ and in the end achievable. Your critical review 
helped me to become a better researcher and critical thinker. Thank you for 
your patience to see me through to the end and with your flexibility in chang-
ing timelines. I’m very grateful to have taken this journey with you and look 
forward to future endeavors working alongside you. 
 
To my co-supervisors – Drs Roly, Kim, Adam – who have been with me dur-
ing this journey. Thank you for your mentorship, critical feedback, encour-
agement, and all of the check-ins along the way: 
 

Roly – thank you for the initial match-making with Andreas/Anders and 
for pushing me to explore taking on a PhD. Your feedback on this body 
of work has been incredibly helpful. You helped spark my research 



72 

interests in surveillance and response when you sent me to South Africa 
to evaluate their malaria case reporting and RACD activities a decade ago. 
You also guided me through my first first-author paper in 2013 (changing 
epi) and showed me how to write a scientific article – albeit with a lot of 
editing and improvements from your end! You also taught me how im-
portant it is to synthesize the work and results in a way that is simple and 
understandable for all. I hope I’ve done that here. 
 
Kim – thank you for always being available to meet, for always checking-
in on me and my progress, providing helpful feedback, and for your in-
credible warmth and encouragement during the process. Your perspective 
and feedback on this body of work has been greatly appreciated.  
 
Adam – thank you for providing very important and critical feedback on 
the thesis and research papers over the years. I am grateful. Thank you for 
allowing me to take on some of this research and including it as part of 
my PhD. Now hopefully, I’ll have more time for skiing. 

 
A heartfelt thank you to all our collaborators and researchers in Thailand, In-
donesia, and China and all across the Asia Pacific region and elsewhere who 
are doing the hard work every day to control and eliminate malaria through 
important research and national program support. I can’t thank you enough 
for always welcoming me and my colleagues during our visits to your splendid 
countries over the years. Thank you, Dr Prayuth, Dr Meen, Dr Rung, and Dr 
Mallika in Thailand, and Dr Farah, Dr Rintis, Dr Iqbal, and Dr Herdiana in 
Indonesia, and Prof Jun Cao, Prof Gao Qi and Prof Duoquan Wang in China. 
It’s been an absolute pleasure working with you. 
 
I am deeply grateful to all of those who provided support for in-country coor-
dination and implementation of this work. We would not have been able to 
conduct this research without your incredible dedication, coordination, com-
munication, humor, and attention to detail over the years and projects. To Iska, 
Gercie, Yuanyuan, Guoding, Jintana, Dr Pook, Bo, and the many others who 
helped make these projects possible – thank you. 
 
To the many study participants who gave their time for interviews and were 
willing to provide blood samples for analysis, this work would not have been 
possible without your gracious participation – thank you. 
 
To all of the in-country sub-district, district, and provincial health offices and 
their incredible staff in the study areas that welcomed this body of work with 
open arms, supported its successful implementation, provided time for meet-
ings to discuss study activities, and ensured we went to all of the best local 
restaurants and eateries – thank you so much. 



 

73 

To Hanna and Karin at the department – I can’t thank you enough for your 
guidance and support during my PhD journey. For all of the coordinating lo-
gistics, answering my many emails, and for sending me important reminders 
– I am really grateful for your help. 
 
To my fellow PhD students at Uppsala (now with PhDs – congratulations!) – 
thank you for all of your encouragement and support over the years and for 
sharing from your experiences. I really appreciate your quick replies to my 
random emails. Thank you, Dr Edward, Dr Gmebi, and Dr Nick. 
 
To Dr Codell – thank you for your encouragement, motivation, and advice 
during this journey. I appreciate you checking in on me and for regularly send-
ing me photos of your outdoor adventures that we can now do more of to-
gether. Ski bike here I come. 
 
To my current and former MEI colleagues at UCSF. Dr Michelle H – thank 
you for being such an inspiring mentor and tireless researcher who always 
provided me time to meet and discuss papers and interesting research ques-
tions. Thank you for always bringing a positive perspective to our conversa-
tions, particularly when responding to manuscript reviewers. 
 
To Dr Q – I appreciate all the time and feedback you provided during my PhD 
journey and all the check-ins over cappuccinos. Your inputs on my research 
outlines and brainstorming new research questions on surveillance and re-
sponse were always motivating. Thank you. Let’s find some time for golf now. 
 
Many thanks to Drs Jenny, Michelle R, Cara, and Emily – all of whom have 
previously gone through this journey. Although my eyes always rolled when 
you asked me how my writing was going, I appreciate you checking in on my 
progress and for your encouragement….to keep writing. Thank you, Katie G 
and Allison T, for providing me the space and time to work on papers, for your 
regular check-ins on my PhD and professional growth, and for your encour-
agement over the years. To other MEI colleagues and fellow researchers who 
helped me collect data, conduct trainings, run analyses, and review papers – 
thank you. 
 
Thank you to Lori RS, who helped me navigate and prioritize the final two 
years of my PhD process, papers, and personalities. Without your incredible 
support, encouragement, guidance, and steady hand during this time I would 
not be where I am today. Thank you. Looking forward to working with you 
during my next stage. 
 
 



74 

Finally, to my opponent, Dr Arantxa Roca-Feltrer, who has been a leader and 
prominent researcher in the field of malaria surveillance and response for 
many years, and partly why I was hoping she would agree to be the opponent 
for my defence. Thank you in advance for all of your critical feedback and 
hard questions during my coming defence. And thank you to everyone else 
that has been involved so far and/or will be involved in my public defence, 
including my Examining Committee Members, Chairperson, Examiner, Re-
search Training Committee member, and Head of the Department. I appreciate 
your time and participation.  



 

75 

9 References 

1. Feachem RGA, Phillips AA, Hwang J, Cotter C, Wielgosz B, Green
 wood BM, et al. Shrinking the malaria map: progress and prospects. 
 Lancet. 2010 Nov 6;376(9752): 1566–78.  
2. Feachem RG, Phillips AA, Targett GAT, Malaria Elimination Group, 
 University of California, San Francisco, editors. Shrinking the malaria 
 map: a prospectus on malaria elimination. 1st ed. San Francisco: Global 
 Health Group, UCSF Global Health Sciences; 2009. 187 p.  
3. Piret J, Boivin G. Pandemics Throughout History. Front Microbiol. 
 2021 January 15; v11. doi.org/10.3389/fmicb.2020.631736 
4. Yeo IS. U.S. military administration’s malaria control activities (1945-
 1948). Korean J Med Hist. 2015 Apr;24(1): 35–65.  
5. Centers for Disease Control and Prevention. CDC - Malaria - About  
 Malaria - History - Elimination of Malaria in the United States (1947-
 1951) [Internet]. 2019 [cited 2023 Feb 24]. Available from: 
 https://www.cdc.gov/malaria/about/history/elimination_us.html 
6. Mendis K, Rietveld A, Warsame M, Bosman A, Greenwood B, 
 Wernsdorfer WH. From malaria control to eradication: The WHO 
 perspective. Trop Med Int Health. 2009;14(7): 802–9.  
7. L. L. Williams Jr. The Extended Malaria Control Program. Public Health 
 Rep 1896-1970. 1945;60(17): 464–9.  
8. Williams LL. Malaria Eradication in the United States. Am J Public 
 Health Nations Health. 1963 Jan;53(1): 17–21.  
9. Nájera JA, González-Silva M, Alonso PL. Some Lessons for the Future 
 from the Global Malaria Eradication Programme (1955–1969). PLoS 
 Med. 2011 Jan 25;8(1): e1000412.  
10. UNICEF. Statement read by the Regional Director before the Executive 
 Board at its September Meeting. The Americas Regional Office Pro-
 gramme Progress Report; 1955.  
11. Bridges DJ, Winters AM, Hamer DH. Malaria elimination: surveillance 
 and response. Pathog Glob Health. 2012 Aug;106(4): 224–31.  
12. World Health Assembly 22. Re-examination of the global strategy of ma
 laria eradication [Internet]. World Health Organization; 1969 [cited 2023 
 Feb 24]. Report No.: WHA22.39. Available from: 
 https://apps.who.int/iris/handle/10665/91264 



76 

13. Smith DL, Cohen JM, Chiyaka C, Johnston G, Gething PW, Gosling R, 
 et al. A sticky situation: the unexpected stability of malaria elimination. 
 Philos Trans R Soc B Biol Sci. 2013 Aug 5;368(1623): 20120145.  
14. Cohen JM, Smith DL, Cotter C, Ward A, Yamey G, Sabot OJ, et al.  
 Malaria resurgence: a systematic review and assessment of its causes. 
 Malar J. 2012 Apr 24;11(1): 122.  
15. Packard RM. The Origins of Antimalarial-Drug Resistance. N Engl J 
 Med. 2014 Jul 31;371(5): 397–9.  
16. Najera JA. Malaria and the work of WHO. Bull World Health Organ. 
 1989;67(3):229–43.  
17. Nabarro D. Roll Back Malaria. Parassitologia.1999 Sep;41(1–3):501–4.  
18. Yamey, G. Roll Back Malaria: a failing global health campaign. BMJ. 
 2004 May 6;328(7448): 1086-7. 
19. Yamey G. African heads of state promise action against malaria. BMJ. 
 2000 May 6;320(7244): 1228.  
20. President’s Malaria Initiative. About Us [Internet]. PMI. [cited 2023 Feb 
 24]. Available from: https://www.pmi.gov/about-us/ 
21. Steketee RW, Campbell CC. Impact of national malaria control scale-up 
 programmes in Africa: magnitude and attribution of effects. Malar J. 
 2010 Oct 27;9(1): 299.  
22. Bill and Melinda Gates Call for New Global Commitment to Chart a 
 Course for Malaria Eradication [Internet]. Bill & Melinda Gates  
 Foundation. [cited 2023 Feb 24]. Available from: 
 https://www.gatesfoundation.org/ideas/media-center/press-re
 leases/2007/10/chart-a-course-for-malaria-eradication 
23. Newby G, Bennett A, Larson E, Cotter C, Shretta R, Phillips AA, et al. 
 The path to eradication: a progress report on the malaria-eliminating 
 countries. Lancet. 2016 Apr 23;387(10029): 1775–84.  
24. Tanner M, de Savigny D. Malaria eradication back on the table. Bull 
 World Health Organ. 2008 Feb;86(2): 82.  
25. malERA – A Research Agenda for Malaria Eradication [Internet]. PLOS 
 Collections. 2021 [cited 2023 Feb 24]. Available from: https://collec
 tions.plos.org/collection/malera/ 
26. Feachem RGA, Chen I, Akbari O, Bertozzi-Villa A, Bhatt S, Binka F, et 
 al. Malaria eradication within a generation: ambitious, achievable, and 
 necessary. The Lancet. 2019 Sep;394(10203): 1056–112.  
27. Chen I, Cooney R, Feachem RGA, Lal A, Mpanju-Shumbusho W. The 
 Lancet Commission on malaria eradication. Lancet. 2018 
 Apr;391(10130): 1556–8.  
28. Hay SI, Guerra CA, Tatem AJ, Noor AM, Snow RW. The global distri
 bution and population at risk of malaria: past, present, and future. Lancet 
 Infect Dis. 2004 Jun;4(6): 327–36.  
 



 

77 

29. Guerra CA, Gikandi PW, Tatem AJ, Noor AM, Smith DL, Hay SI, et al. 
 The limits and intensity of Plasmodium falciparum transmission: 
 implications for malaria control and elimination worldwide. PLoS Med. 
 2008 Feb;5(2): e38.  
30. World malaria report 2022 [Internet]. [cited 2023 Feb 24]. Available 
 from: https://www.who.int/teams/global-malaria-programme/re
 ports/world-malaria-report-2022 
31. Battle KE, Baird JK. The global burden of Plasmodium vivax malaria is 
 obscure and insidious. PLOS Med. 2021 Oct 7;18(10): e1003799.  
32. Snow RW. Sixty years trying to define the malaria burden in Africa: have 
 we made any progress? BMC Med. 2014 Dec 12;12(1): 227.  
33. Despite continued impact of COVID-19, malaria cases and deaths  
 remained stable in 2021 [Internet]. [cited 2023 Feb 24]. Available from: 
 https://www.who.int/news/item/08-12-2022-despite-continued-impact-
 of-covid-19--malaria-cases-and-deaths-remained-stable-in-2021 
34. Mogeni P, Williams TN, Fegan G, Nyundo C, Bauni E, Mwai K, et al. 
 Age, Spatial, and Temporal Variations in Hospital Admissions with  
 Malaria in Kilifi County, Kenya: A 25-Year Longitudinal Observational 
 Study. PLOS Med. 2016 Jun 28;13(6): e1002047.  
35. Ceesay SJ, Casals-Pascual C, Erskine J, Anya SE, Duah NO, Fulford 
 AJC, et al. Changes in malaria indices between 1999 and 2007 in The 
 Gambia: a retrospective analysis. Lancet. 2008 Nov 1;372(9649):  
 154554.  
36. Bouyou-Akotet MK, Mawili-Mboumba DP, Kendjo E, Mabika-Mam
 foumbi M, Ngoungou EB, Dzeing-Ella A, et al. Evidence of decline of 
 malaria in the general hospital of Libreville, Gabon from 2000 to 2008. 
 Malar J. 2009 Dec 17;8(1): 300.  
37. Bi Y, Tong S. Poverty and malaria in the Yunnan province, China. Infect 
 Dis Poverty. 2014 Sep 1;3(1): 32.  
38. Zhou SS, Zhang SS, Zhang L, Rietveld AEC, Ramsay AR, Zachariah R, 
 et al. China’s 1-3-7 surveillance and response strategy for malaria  
 elimination: Is case reporting, investigation and foci response happening 
 according to plan? Infect Dis Poverty. 2015 Dec 10;4(1): 55.  
39. Sharma VP. Malaria and poverty in India. Curr Sci. 2003;84(4):513–5.  
40. Bharati K, Ganguly NK. Tackling the malaria problem in the South-East 
 Asia Region: Need for a change in policy? Indian J Med Res. 2013 
 Jan;137(1): 36–47.  
41. Tusting LS, Willey B, Lucas H, Thompson J, Kafy HT, Smith R, et al. 
 Socioeconomic development as an intervention against malaria: a  
 systematic review and meta-analysis. Lancet. 2013 Sep 
 14;382(9896): 963–72.  
42. Uyoga S, Macharia AW, Ndila CM, Nyutu G, Shebe M, Awuondo KO, 
 et al. The indirect health effects of malaria estimated from health  
 advantages of the sickle cell trait. Nat Commun. 2019 Feb 20;10: 856.  



78 

43. Gallup JL, Sachs JD. The economic burden of malaria. Am J Trop Med 
 Hyg. 2001;64(1-2 Suppl): 85–96.  
44. Sachs J, Malaney P. The economic and social burden of malaria. Nature. 
 2002 Feb;415(6872): 680–5.  
45. Cotter C, Sturrock HJW, Hsiang MS, Liu J, Phillips AA, Hwang J, et al. 
 The changing epidemiology of malaria elimination: new strategies for 
 new challenges. Lancet. 2013 Sep 7;382(9895):900–11.  
46. Sabin ML. Global Fund secures $14·3 billion from donors. Lancet. 
 2022 Oct 1;400(10358): 1091–2.  
47. The UK announces further support in the fight against malaria [Internet]. 
 GOV.UK. [cited 2023 Mar 27]. Available from: 
 https://www.gov.uk/government/news/the-uk-announces-further-sup
 port-in-the-fight-against-malaria 
48. Australia, China and Papua New Guinea Pilot Cooperation on Malaria 
 Control Project independent midterm review and joint management  
 response [Internet]. Australian Government Department of Foreign  
 Affairs  and Trade. [cited 2023 Feb 24]. Available from: 
 https://www.dfat.gov.au/about-us/publications/Pages/australia-china-
 png-pilot-cooperation-on-the-trilateral-malaria-project-independent-
 mtr-and-jmr 
49. Matthews KR, Ho V. The grand impact of the Gates Foundation. Sixty 
 billion dollars and one famous person can affect the spending and  
 research focus of public agencies. EMBO Rep. 2008 May;9(5): 409–12.  
50. Malaria Control Program [Internet]. The Carter Center. [cited 2023 Feb 
 24]. Available from: https://www.cartercenter.org/health/malaria_con
 trol/index.html 
51. Global technical strategy for malaria 2016-2030, 2021 update [Internet]. 
 [cited 2023 Feb 24]. Available from: https://www.who.int/publications-
 detail-redirect/9789240031357 
52. Global Malaria Program. Malaria surveillance, monitoring & evaluation: 
 a reference manual. [Internet]. World Health Organization; 2018.  
 Available from: https://apps.who.int/iris/bitstream/han 
 dle/10665/272284/9789241565578-eng.pdf 
53. Raman J, Fakudze P, Sikaala CH, Chimumbwa J, Moonasar D. Elimi
 nating malaria from the margins of transmission in Southern Africa 
 through the Elimination 8 Initiative. Trans R Soc South Afr. 2021 May 
 4;76(2): 137–45.  
54. Hsiang MS, Abeyasinghe R, Whittaker M, Feachem RG. Malaria elimi
 nation in Asia–Pacific: an under-told story. Lancet. 2010 May 
 8;375(9726): 1586–7.  
55. Herrera S, Ochoa-Orozco SA, González IJ, Peinado L, Quiñones ML, 
 Arévalo-Herrera M. Prospects for Malaria Elimination in Mesoamerica 
 and Hispaniola. PLoS Negl Trop Dis. 2015 May 14;9(5): e0003700.  



 

79 

56. Musset L, Pelleau S, Girod R, Ardillon V, Carvalho L, Dusfour I, et al. 
 Malaria on the Guiana Shield: a review of the situation in French Guiana. 
 Mem Inst Oswaldo Cruz. 2014 Aug;109(5): 525–33.  
57. Lin Z rui, Li S gang, Sun X dong, Guo X rui, Zheng Z, Yang J, et al. 
 Effectiveness of joint 3 + 1 malaria strategy along China–Myanmar cross 
 border areas. BMC Infect Dis. 2021 Dec 14;21(1):1246.  
58. Strengthening Cross Border Collaboration For Malaria Endgame : Asia 
 Pacific Leaders Malaria Alliance Secretariat (APLMA) [Internet]. 
 APLMA. [cited 2023 Feb 24]. Available from: 
 https://www.aplma.org/blogs/strengthening-cross-border-collaboration-
 for-malaria-endgame 
59. Cui L, Yan G, Sattabongkot J, Cao Y, Chen B, Chen X, et al. Malaria in 
 the Greater Mekong Subregion: Heterogeneity and complexity. Acta 
 Trop. 2012 Mar 1;121(3): 227–39.  
60. Cao J, Sturrock HJW, Cotter C, Zhou S, Zhou H, Liu Y, et al.  
 Communicating and Monitoring Surveillance and Response Activities 
 for Malaria Elimination: China’s “1-3-7” Strategy. PLOS Med. 2014 
 May 13;11(5): e1001642.  
61. Cao J, Newby G, Cotter C, Hsiang MS, Larson E, Tatarsky A, et al. 
 Achieving malaria elimination in China. Lancet Public Health. 2021 Dec 
 1;6(12): e871–2.  
62. Wang D, Lv S, Ding W, Lu S, Zhang H, Kassegne K, et al. Could China’s 
 journey of malaria elimination extend to Africa? Infect Dis Poverty. 2022 
 May 16;11(1): 55.  
63. Feng X, Huang F, Yin J, Wang R, Xia Z. Key takeaways from China’s 
 success in eliminating malaria: leveraging existing evidence for a  
 malaria-free world. BMJ Glob Health. 2022 Apr 1;7(4): e008351.  
64. World Health Organization. Regional Office for South-East Asia.  
 Epidemiological considerations for planning malaria control in South-
 East Asia Region [Internet]. WHO Regional Office for South-East Asia; 
 1987 [cited 2023 Feb 24]. Available from: 
 https://apps.who.int/iris/handle/10665/205010 
65. Wijesundere DA, Ramasamy R. Analysis of Historical Trends and  
 Recent Elimination of Malaria from Sri Lanka and Its Applicability for 
 Malaria Control in Other Countries. Front Public Health. 2017 Aug 
 28;5: 212.  
66. The Resurgence of Malaria in Pakistan: A Geographical Evaluation | 
 SpringerLink [Internet]. [cited 2023 Feb 24]. Available from: 
 https://link.springer.com/chapter/10.1007/978-90-481-3358-1_7 
67. Agricultural production and malaria resurgence in Central America and 
 India | Nature [Internet]. [cited 2023 Feb 24]. Available from: 
 https://www.nature.com/articles/293181a0 



80 

68. Mammadov S, Gasimov E, Kurdova-Mintcheva R, Wongs
 richanalai C. Elimination of Plasmodium vivax Malaria in 
 Azerbaijan. Am J Trop Med Hyg. 2016 Dec 28;95(6 Suppl): 78–86.  
69. Ramsdale CD, Haas E. Some aspects of epidemiology of resur
 gent malaria in Turkey. Trans R Soc Trop Med Hyg. 1978;72(6): 570–
 80.  
70. Sharma VP, Mehrotra KN. Malaria resurgence in India: a  
 critical study. Soc Sci Med 1982. 1986;22(8): 835–45.  
71. Tatarsky A, Aboobakar S, Cohen JM, Gopee N, Bheecarry A, 
 Moonasar D, et al. Preventing the Reintroduction of Malaria in 
 Mauritius: A Programmatic and Financial Assessment. PLoS 
 ONE. 2011 Sep 2;6(9): e23832.  
72. Sitohang V, Sariwati E, Fajariyani SB, Hwang D, Kurnia B, 
 Hapsari RK, et al. Malaria elimination in Indonesia: halfway 
 there. Lancet Glob Health. 2018 Jun 1;6(6): e604–6.  
73. Xu BL, Su YP, Shang LY, Zhang HW. Malaria control in  
 Henan Province, People’s Republic of China. Am J Trop Med 
 Hyg. 2006 Apr;74(4): 564–7.  
74. PAHO WHO. Status of malaria programs in the Americas: 
 XXXI report. 1983 [cited 2023 Feb 24]; Available from: 
 https://iris.paho.org/handle/10665.2/26500 
75. Malaria Control and Elimination in Sri Lanka: Documenting 
 Progress and Success Factors in a Conflict Setting | PLOS ONE 
 [Internet]. [cited 2023 Feb 24]. Available from: https://jour
 nals.plos.org/plosone/article?id=10.1371/journal.pone.0043162 
76. Sedda L, Qi Q, Tatem AJ. A geostatistical analysis of the  
 association between armed conflicts and Plasmodium  
 falciparum malaria in Africa, 1997–2010. Malar J. 2015 Dec 
 16;14(1): 500.  
77. Idris IO, Ayeni GO, Iyamu IO, Sina-Odunsi AB, Adebisi YA, 
 Obwoya JG. Factors influencing severity of recurrent malaria  in 
 a conflict-affected state of South Sudan: an unmatched case-
 control study. Confl Health. 2022 Jun 11;16(1): 34.  
78. Hirschfeld K, de Beurs K, Brayfield BP, Melkonyan A. Ethnic 
 conflict as a risk amplifier for resurgent P. vivax malaria in 
 temperate zones: A case study from the Caucasus region. Glob 
 Environ Change. 2022 May 1;74: 102495.  
79. Bagozzi BE. On Malaria and the Duration of Civil War. J Confl 
 Resolut. 2016;60(5):813–39.  
80. Aramburú Guarda J, Ramal Asayag C, Witzig R. Malaria 
 reemergence in the Peruvian Amazon region. Emerg Infect Dis. 
 1999;5(2): 209–15.  
 



 

81 

81. Drugs I of M (US) C on the E of A, Arrow KJ, Panosian C, 
 Gelband H. Saving Lives, Buying Time [Internet]. National 
 Academies Press (US); 2004 [cited 2023 Feb 24]. Available 
 from: https://www.ncbi.nlm.nih.gov/books/NBK215624/ 
 
82. How Mosquitoes Changed Everything | The New Yorker  
 [Internet]. [cited 2023 Feb 24]. Available from: 
 https://www.newyorker.com/magazine/2019/08/05/how-mos
 quitoes-changed-everything 
83. White NJ, Pukrittayakamee S, Hien TT, Faiz MA, Mokuolu 
 OA, Dondorp AM. Malaria. Lancet. 2014 Feb 22;383(9918): 
 723–35.  
84. Centers for Disease Control and Prevention. CDC - Malaria - 
 About Malaria - Biology [Internet]. 2020 [cited 2023 Feb 24]. 
 Available from: https://www.cdc.gov/malaria/about/biol
 ogy/index.html 
85. Cowman AF, Healer J, Marapana D, Marsh K. Malaria:  
 Biology and Disease. Cell. 2016 Oct 20;167(3): 610–24.  
86. Genton B, D’Acremont V, Rare L, Baea K, Reeder JC, Alpers 
 MP, et al. Plasmodium vivax and mixed infections are  
 associated with severe malaria in children: a prospective cohort study 
 from Papua New Guinea. PLoS Med. 2008 Jun 17;5(6): e127.  
87. Alexandre MA, Ferreira CO, Siqueira AM, Magalhães BL, 
 Mourão MPG, Lacerda MV, et al. Severe Plasmodium vivax 
 Malaria, Brazilian Amazon. Emerg Infect Dis. 2010  Oct;16(10): 
 1611–4.  
88. Chen I, Clarke SE, Gosling R, Hamainza B, Killeen G, Magill A, et al. 
 “Asymptomatic” Malaria: A Chronic and Debilitating Infection That 
 Should Be Treated. PLOS Med. 2016 Jan 19;13(1): e1001942.  
89. Dean L. The Duffy blood group [Internet]. Blood Groups and 
 Red Cell Antigens [Internet]. National Center for Biotechnology  
 Information (US); 2005 [cited 2023 Feb 24]. Available 
 from: https://www.ncbi.nlm.nih.gov/books/NBK2271/ 
90. Martin TCS, Vinetz JM. Asymptomatic Plasmodium vivax 
 parasitaemia in the low-transmission setting: the role for a  
 population-based transmission-blocking vaccine for malaria 
 elimination. Malar J. 2018 Feb 21;17(1): 89.  
91. Mueller I, Zimmerman PA, Reeder JC. Plasmodium malariae 
 and Plasmodium ovale – the ‘bashful’ malaria parasites. Trends 
 Parasitol. 2007 Jun;23(6): 278–83.  
92. Human Infections and Detection of Plasmodium knowlesi | 
 Clinical Microbiology Reviews [Internet]. [cited 2023 Feb 24]. 
  Available from: https://journals.asm.org/doi/10.1128/CMR.00079-12 



82 

93. Sinka ME, Bangs MJ, Manguin S, Rubio-Palis Y, Chareonviri
 yaphap T, Coetzee M, et al. A global map of dominant malaria 
 vectors. Parasit Vectors. 2012 Apr 4;5(1): 69.  
94. Smelly Skin Compounds Draw Mosquitoes to Some People 
 More than Others [Internet]. The Scientist Magazine®. [cited 2023 Feb 
 24]. Available from: https://www.the-scientist.com/news-opinion/smell-
 of-carboxylic-acids-from-skin-attracts-mosquitoes-70659 
95. Malaria Infected Mosquitoes Express Enhanced Attraction to Human 
 Odor | PLOS ONE [Internet]. [cited 2023 Feb 24]. Available from: 
 https://journals.plos.org/plosone/article?id=10.1371/jour
 nal.pone.0063602 
96. CDC. Where Mosquitoes Live | CDC [Internet]. Centers for Disease 
 Control and Prevention. 2022 [cited 2023 Feb 24]. Available from: 
 https://www.cdc.gov/mosquitoes/about/where-mosquitoes-live.html 
97. Wang D, Li S, Cheng Z, Xiao N, Cotter C, Hwang J, et al. Transmission 
 risk from imported Plasmodium vivax malaria in the China–Myanmar 
 border region. Emerg Infect Dis. 2015;21(10):1861.  
98. Paaijmans KP, Lobo NF. Gaps in protection: the actual challenge in ma
 laria elimination. Malar J. 2023 Feb 7;22(1):46.  
99. Doolan DL, Dobaño C, Baird JK. Acquired Immunity to Malaria. Clin 
 Microbiol Rev. 2009 Jan;22(1):13–36.  
100. Immune effector mechanisms in malaria - MARSH - 2006 - Parasite  
 Immunology - Wiley Online Library [Internet]. [cited 2023 Feb 24]. 
 Available from: https://onlinelibrary.wiley.com/doi/10.1111/j.1365-
 3024.2006.00808.x 
101. Gonçalves BP, Gupta S, Penman BS. Sickle haemoglobin, haemoglobin 
 C and malaria mortality feedbacks. Malar J. 2016 Jan 12;15(1):26.  
102. Koram KA, Molyneux ME. When Is “Malaria” Malaria? the Different 
 Burdens of Malaria Infection, Malaria Disease, and Malaria-like  
 Illnesses [Internet]. Defining and Defeating the Intolerable Burden of 
 Malaria III: Progress and Perspectives: Supplement to Volume 77(6) of 
 American Journal of Tropical Medicine and Hygiene. American Society 
 of Tropical Medicine and Hygiene; 2007 [cited 2023 Feb 24]. Available 
 from: https://www.ncbi.nlm.nih.gov/books/NBK1711/ 
103. Bousema T, Okell L, Felger I, Drakeley C. Asymptomatic malaria infec
 tions: detectability, transmissibility and public health relevance. Nat Rev 
 Microbiol. 2014 Dec;12(12):833–40.  
104. The temporal dynamics and infectiousness of subpatent Plasmodium fal
 ciparum infections in relation to parasite density | Nature Communica
 tions [Internet]. [cited 2023 Feb 24]. Available from: https://www.na
 ture.com/articles/s41467-019-09441-1 
 
 



 

83 

105. Nguyen TN, von Seidlein L, Nguyen TV, Truong PN, Hung SD, Pham 
 HT, et al. The persistence and oscillations of submicroscopic Plasmo
 dium falciparum and Plasmodium vivax infections over time in Vietnam: 
 an open cohort study. Lancet Infect Dis. 2018 May 1;18(5):565–72.  
106. Björkman AB. Asymptomatic low-density malaria infections: a parasite 
 survival strategy? Lancet Infect Dis. 2018 May 1;18(5):485–6.  
107. Bousema T, Drakeley C. Epidemiology and Infectivity of Plasmodium 
 falciparum and Plasmodium vivax Gametocytes in Relation to Malaria 
 Control and Elimination. Clin Microbiol Rev. 2011 Apr;24(2): 377–410.  
108. Hailemeskel E, Tebeje SK, Behaksra SW, Shumie G, Shitaye G, Keffale 
 M, et al. The epidemiology and detectability of asymptomatic Plasmo
 dium vivax and Plasmodium falciparum infections in low, moderate and 
 high transmission settings in Ethiopia. Malar J. 2021 Jan 22;20(1): 59.  
109. Ferreira MU, Corder RM, Johansen IC, Kattenberg JH, Moreno M, 
 Rosas-Aguirre A, et al. Relative contribution of low-density and asymp
 tomatic infections to Plasmodium vivax transmission in the Amazon: 
 pooled analysis of individual participant data from population-based 
 cross-sectional surveys. Lancet Reg Health - Am. 2022 May;9: 100169.  
110. Tadesse FG, Slater HC, Chali W, Teelen K, Lanke K, Belachew M, et al. 
 The Relative Contribution of Symptomatic and Asymptomatic Plasmo
 dium vivax and Plasmodium falciparum Infections to the Infectious Res
 ervoir in a Low-Endemic Setting in Ethiopia. Clin Infect Dis Off Publ 
 Infect Dis Soc Am. 2018 Jun 1;66(12): 1883–91.  
111. Van den Eede P, Erhart A, Van der Auwera G, Van Overmeir C, Thang 
 ND, Hung LX, et al. High complexity of Plasmodium vivax infections in 
 symptomatic patients from a rural community in central Vietnam de
 tected by microsatellite genotyping. Am J Trop Med Hyg. 2010 
 Feb;82(2): 223–7.  
112. Eede PV den, Soto-Calle VE, Delgado C, Gamboa D, Grande T, Rodri
 guez H, et al. Plasmodium vivax Sub-Patent Infections after Radical 
 Treatment Are Common in Peruvian Patients: Results of a 1-Year Pro
 spective Cohort Study. PLOS ONE. 2011 Jan 28;6(1): e16257.  
113. Grobusch MP, Kremsner PG. Uncomplicated malaria. Curr Top Micro
 biol Immunol. 2005;295:83–104.  
114. Prevention CC for DC and. CDC - Malaria - About Malaria - Disease 
 [Internet]. 2022 [cited 2023 Feb 24]. Available from: 
 https://www.cdc.gov/malaria/about/disease.html 
115. Trampuz A, Jereb M, Muzlovic I, Prabhu RM. Clinical review: Severe 
 malaria. Crit Care. 2003;7(4): 315–23.  
116. White NJ. Severe malaria. Malar J. 2022 Oct 6;21(1) :284.  
117. Menendez C. Malaria during pregnancy. Curr Mol Med. 2006 
 Mar;6(2): 269–73.  



84 

118. del Portillo HA, Ferrer M, Brugat T, Martin-Jaular L, Langhorne J, Lac
 erda MVG. The role of the spleen in malaria. Cell Microbiol. 
 2012;14(3): 343–55.  
119. Gone T, Lemango F, Eliso E, Yohannes S, Yohannes T. The association 
 between malaria and malnutrition among under-five children in 
 Shashogo District, Southern Ethiopia: a case-control study. Infect Dis 
 Poverty. 2017 Jan 13; 6:9.  
120. D’Acremont V, Lengeler C, Mshinda H, Mtasiwa D, Tanner M, Genton 
 B. Time To Move from Presumptive Malaria Treatment to Laboratory-
 Confirmed Diagnosis and Treatment in African Children with Fever. 
 PLOS Med. 2009 Jan 6;6(1): e252.  
121. Um C. Malaria Treatment in Children Based on Presumptive Diagnosis: 
 A Make or Mar? Pediatr Infect Dis Open Access [Internet]. 2016 May 
 17 [cited 2023 Feb 24];1(2). Available from: https://pediatric-infectious-
 disease.imedpub.com/abstract/malaria-treatment-in-children-based-on-
 presumptive-diagnosis-a-make-or-mar-9307.html 
122. Baltzell K, Elfving K, Shakely D, Ali AS, Msellem M, Gulati S, et al. 
 Febrile illness management in children under five years of age: a quali
 tative pilot study on primary health care workers’ practices in Zanzibar. 
 Malar J. 2013 Jan 28; 12:37.  
123. White NJ. Antimalarial drug resistance. J Clin Invest. 2004 Apr 
 15;113(8):1084–92.  
124. World Health Organization, Diseases UBSP for R and T in T. Micros
 copy for the detection, identification, and quantification of malaria para
 sites on stained thick and thin blood films in research settings (version 
 1.0): procedure: methods manual [Internet]. World Health Organization; 
 2015 [cited 2023 Feb 24]. 33 p. Available from: 
 https://apps.who.int/iris/handle/10665/163782 
125. Microscopy [Internet]. [cited 2023 Feb 24]. Available from: 
 https://www.who.int/teams/global-malaria-programme/case-manage
 ment/diagnosis/microscopy 
126. Mbanefo A, Kumar N. Evaluation of Malaria Diagnostic Methods as a 
 Key for Successful Control and Elimination Programs. Trop Med Infect 
 Dis. 2020 Jun 19;5(2):102.  
127. Moreira CM, Abo-Shehada M, Price RN, Drakeley CJ. A systematic re
 view of sub-microscopic Plasmodium vivax infection. Malar J. 2015 Sep 
 22;14(1):360.  
128. Fleischer B. Editorial: 100 years ago: Giemsa’s solution for staining of 
 plasmodia. Trop Med Int Health TM IH. 2004 Jul;9(7):755–6.  
129. Houwen B. Blood film preparation and staining procedures. Clin Lab 
 Med. 2002 Mar;22(1):1–14, v.  
130. Savage B. Keep on operating: how to deal with power cuts. Community 
 Eye Health. 2013;26(84): 75.  



 

85 

131. Meet the Foldscope: A Powerful Origami Microscope | American Asso
 ciation for the Advancement of Science (AAAS) [Internet]. [cited 2023 
 Feb 24]. Available from: https://www.aaas.org/news/meet-foldscope-
 powerful-origami-microscope 
132. Yin J, Li M, Yan H, Zhou S, Xia Z. Laboratory diagnosis for malaria in 
 the elimination phase in China: efforts and challenges. Front Med. 2022 
 Feb;16(1):10–6.  
133. O’Meara WP, Barcus M, Wongsrichanalai C, Muth S, Maguire JD, Jor
 dan RG, et al. Reader technique as a source of variability in determining 
 malaria parasite density by microscopy. Malar J. 2006 Dec 12;5(1): 118.  
134. Payne D. Use and limitations of light microscopy for diagnosing malaria 
 at the primary health care level. Bull World Health Organ. 
 1988;66(5): 621–6.  
135. Ding G, Zhu G, Cao C, Miao P, Cao Y, Wang W, et al. The challenge of 
 maintaining microscopist capacity at basic levels for malaria elimination 
 in Jiangsu Province, China. BMC Public Health. 2018 Apr 12; 18:489.  
136. Ding W, Lu S, Xu Q, Ma X, Wang B, Xue J, et al. Challenges of Sus
 taining Malaria Community Case Management in 81 Township Hospi
 tals along the China-Myanmar Border Region — Yunnan Province, 
 China, 2020. China CDC Wkly. 2021 Apr 23;3(17): 355–9.  
137. Msellem MI, Mårtensson A, Rotllant G, Bhattarai A, Strömberg J, Ka
 higwa E, et al. Influence of Rapid Malaria Diagnostic Tests on Treatment 
 and Health Outcome in Fever Patients, Zanzibar—A Crossover Valida
 tion Study. PLoS Med. 2009 Apr 28;6(4): e1000070.  
138. Wilson ML. Malaria rapid diagnostic tests. Clin Infect Dis Off Publ In
 fect Dis Soc Am. 2012 Jun;54(11): 1637–41.  
139. McMorrow ML, Aidoo M, Kachur SP. Malaria rapid diagnostic tests in 
 elimination settings—can they find the last parasite? Clin Microbiol In
 fect. 2011 Nov 1;17(11): 1624–31.  
140. Prevention CC for DC and. CDC - Malaria - Malaria Worldwide - How 
 Can Malaria Cases and Deaths Be Reduced? - Rapid Diagnostic Tests 
 [Internet]. 2019 [cited 2023 Feb 24]. Available from: 
 https://www.cdc.gov/malaria/malaria_worldwide/reduction/dx_rdt.html 
141. Slater HC, Ding XC, Knudson S, Bridges DJ, Moonga H, Saad NJ, et al. 
 Performance and utility of more highly sensitive malaria rapid diagnostic 
 tests. BMC Infect Dis. 2022 Feb 4;22(1):121.  
142. Tedla M. A focus on improving molecular diagnostic approaches to ma
 laria control and elimination in low transmission settings: Review. Para
 site Epidemiol Control. 2019 Apr 25;6: e00107.  
143. Snounou G, Viriyakosol S, Zhu XP, Jarra W, Pinheiro L, do Rosario VE, 
 et al. High sensitivity of detection of human malaria parasites by the use 
 of nested polymerase chain reaction. Mol Biochem Parasitol. 1993 
 Oct;61(2):315–20.  



86 

144. Coleman RE, Sattabongkot J, Promstaporm S, Maneechai N, Tip
 payachai B, Kengluecha A, et al. Comparison of PCR and microscopy 
 for the detection of asymptomatic malaria in a Plasmodium falcipa
 rum/vivax endemic area in Thailand. Malar J. 2006 Dec 14;5(1):121.  
145. Kho WG, Chung JY, Sim EJ, Kim MY, Kim DW, Jongwutiwes S, et al. 
 A multiplex polymerase chain reaction for a differential diagnosis of 
 Plasmodium falciparum and Plasmodium vivax. Parasitol Int. 2003 Sep 
 1;52(3): 229–36.  
146. Britton S, Cheng Q, McCarthy JS. Novel molecular diagnostic tools for 
 malaria elimination: a review of options from the point of view of high-
 throughput and applicability in resource limited settings. Malar J. 2016 
 Feb 16;15(1): 88.  
147. Schwartz A, Baidjoe A, Rosenthal PJ, Dorsey G, Bousema T, Green
 house B. The Effect of Storage and Extraction Methods on Amplification 
 of Plasmodium falciparum DNA from Dried Blood Spots. Am J Trop M
 ed Hyg. 2015 May 6;92(5): 922–5.  
148. Mullis KB. The Unusual Origin of the Polymerase Chain Reaction. Sci 
 Am. 1990;262(4): 56–65.  
149. Imwong M, Hanchana S, Malleret B, Rénia L, Day NPJ, Dondorp A, et 
 al. High-Throughput Ultrasensitive Molecular Techniques for Quantify
 ing Low-Density Malaria Parasitemias. J Clin Microbiol. 2014 
 Sep;52(9): 3303–9.  
150. Mangold KA, Manson RU, Koay ESC, Stephens L, Regner M, Thomson 
 RB, et al. Real-time PCR for detection and identification of Plasmodium 
 spp. J Clin Microbiol. 2005 May;43(5): 2435–40.  
151. Imwong M, Tanomsing N, Pukrittayakamee S, Day NPJ, White NJ, 
 Snounou G. Spurious Amplification of a Plasmodium vivax Small-Sub
 unit RNA Gene by Use of Primers Currently Used To Detect P. knowlesi. 
 J Clin Microbiol. 2009 Dec;47(12): 4173–5.  
152. Hsiang MS, Hwang J, Kunene S, Drakeley C, Kandula D, Novotny J, et 
 al. Surveillance for malaria elimination in Swaziland: a national cross-
 sectional study using pooled PCR and serology. PloS One. 
 2012;7(1): e29550.  
153. Cheng Z, Wang D, Tian X, Sun Y, Sun X, Xiao N, et al. Capture and 
 Ligation Probe-PCR (CLIP-PCR) for Molecular Screening, with Appli
 cation to Active Malaria Surveillance for Elimination. Clin Chem. 2015 
 Jun 1;61(6): 821–8.  
154. Mori Y, Nagamine K, Tomita N, Notomi T. Detection of loop-mediated 
 isothermal amplification reaction by turbidity derived from magnesium 
 pyrophosphate formation. Biochem Biophys Res Commun. 2001 Nov 
 23;289(1): 150–4.  
155. Roth JM, Korevaar DA, Leeflang MMG, Mens PF. Molecular malaria 
 diagnostics: A systematic review and meta-analysis. Crit Rev Clin Lab 
 Sci. 2016 Mar 3;53(2): 87–105.  



 

87 

156. Han ET, Watanabe R, Sattabongkot J, Khuntirat B, Sirichaisinthop J, 
 Iriko H, et al. Detection of four Plasmodium species by genus- and spe
 cies-specific loop-mediated isothermal amplification for clinical diagno
 sis. J Clin Microbiol. 2007 Aug;45(8): 2521–8.  
157. Lau YL, Lai MY, Fong MY, Jelip J, Mahmud R. Loop-Mediated Isother
 mal Amplification Assay for Identification of Five Human Plasmodium 
 Species in Malaysia. Am J Trop Med Hyg. 2016 Feb 3;94(2): 336–9.  
158. Iseki H, Kawai S, Takahashi N, Hirai M, Tanabe K, Yokoyama N, et al. 
 Evaluation of a loop-mediated isothermal amplification method as a tool 
 for diagnosis of infection by the zoonotic simian malaria parasite  
 Plasmodium knowlesi. J Clin Microbiol. 2010 Jul;48(7):2509–14.  
159. Hopkins H, González IJ, Polley SD, Angutoko P, Ategeka J, Asiimwe C, 
 Setting: Performance of a New Loop-Mediated Isothermal Amplification 
 Kit in a Remote Clinic in Uganda. J Infect Dis. 2013 Aug 15;208(4):645–
 52.  
160. Vallejo AF, Martínez NL, González IJ, Arévalo-Herrera M, Herrera S. 
 Evaluation of the loop mediated isothermal DNA amplification (LAMP) 
 kit for malaria diagnosis in P. vivax endemic settings of Colombia. PLoS 
 Negl Trop Dis. 2015 Jan;9(1): e3453.  
161. Nolasco O, Infante B, Contreras-Mancilla J, Incardona S, Ding XC, 
 Gamboa D, et al. Diagnosis of Plasmodium vivax by Loop-Mediated Iso
 thermal Amplification in Febrile Patient Samples from Loreto, Perú. Am 
 J Trop Med Hyg. 2020 Oct;103(4): 1549–52.  
162. Morris U, Aydin-Schmidt B. Performance and Application of Commer
 cially Available Loop-Mediated Isothermal Amplification (LAMP) Kits 
 in Malaria Endemic and Non-Endemic Settings. Diagnostics. 2021 
 Feb;11(2): 336.  
163. Lucchi NW, Ndiaye D, Britton S, Udhayakumar V. Expanding the ma
 laria molecular diagnostic options: opportunities and challenges for loop-
 mediated isothermal amplification tests for malaria control and elimina
 tion. Expert Rev Mol Diagn. 2018 Feb;18(2): 195–203.  
164. Soroka M, Wasowicz B, Rymaszewska A. Loop-Mediated Isothermal 
 Amplification (LAMP): The Better Sibling of PCR? Cells. 2021 Jul 
 29;10(8): 1931.  
165. Goyal K, Kaur H, Sehgal A, Sehgal R. RealAmp Loop-Mediated Isother
 mal Amplification as a Point-of-Care Test for Diagnosis of Malaria: Nei
 ther Too Close nor Too Far. J Infect Dis. 2015 May 15;211(10): 1686.  
166. Zelman BW, Baral R, Zarlinda I, Coutrier FN, Sanders KC, Cotter C, et 
 al. Costs and cost-effectiveness of malaria reactive case detection using 
 loop-mediated isothermal amplification compared to microscopy in the 
 low transmission setting of Aceh Province, Indonesia. Malar J. 2018 Jun 
 1;17(1): 220.  
 



88 

167. Cuadros J, Pérez-Tanoira R, Prieto-Pérez L, Martin-Martin I, Berzosa P, 
 González V, et al. Field Evaluation of Malaria Microscopy, Rapid Ma
 laria Tests and Loop-Mediated Isothermal Amplification in a Rural Hos
 pital in South Western Ethiopia. PloS One. 2015;10(11):e0142842.  
168. Transmission T malERA RCP on C the R and M. malERA: An updated 
 research agenda for characterising the reservoir and measuring transmis
 sion in malaria elimination and eradication. PLOS Med. 2017 Nov 
 30;14(11): e1002452.  
169. Batista CL, Barbosa S, Da Silva Bastos M, Viana SAS, Ferreira MU. 
 Genetic diversity of Plasmodium vivax over time and space: a commu
 nity-based study in rural Amazonia. Parasitology. 2015 Feb;142(2): 
 374–84.  
170. Roh ME, Tessema SK, Murphy M, Nhlabathi N, Mkhonta N, Vilakati S, 
 et al. High Genetic Diversity of Plasmodium falciparum in the Low-
 Transmission Setting of the Kingdom of Eswatini. J Infect Dis. 2019 Sep 
 13;220(8): 1346–54.  
171. Patel JC, Taylor SM, Juliao PC, Parobek CM, Janko M, Gonzalez LD, et 
 al. Genetic Evidence of Importation of Drug-Resistant Plasmodium fal
 ciparum to Guatemala from the Democratic Republic of the Congo. 
 Emerg Infect Dis. 2014 Jun;20(6): 932–40.  
172. Pickard AL, Wongsrichanalai C, Purfield A, Kamwendo D, Emery K, 
 Zalewski C, et al. Resistance to Antimalarials in Southeast Asia and Ge
 netic Polymorphisms in pfmdr1. Antimicrob Agents Chemother. 2003 
 Aug;47(8):2418–23.  
173. Wongsrichanalai C, Pickard AL, Wernsdorfer WH, Meshnick SR. Epi
 demiology of drug-resistant malaria. Lancet Infect Dis. 2002 Apr 
 1;2(4): 209–18.  
174. Chang HH, Wesolowski A, Sinha I, Jacob CG, Mahmud A, Uddin D, et 
 al. Mapping imported malaria in Bangladesh using parasite genetic and 
 human mobility data. Ferguson NM, Wenger EA, Brady O, editors. 
 eLife. 2019 Apr 2;8: e43481.  
175. Wesolowski A, Stresman G, Eagle N, Stevenson J, Owaga C, Marube E, 
 et al. Quantifying travel behavior for infectious disease research: a com
 parison of data from surveys and mobile phones. Sci Rep. 2014 Jul 
 14;4(1): 5678.  
176. Han J, Munro JE, Kocoski A, Barry AE, Bahlo M. Population-level ge
 nome-wide STR discovery and validation for population structure and 
 genetic diversity assessment of Plasmodium species. PLoS Genet. 2022 
 Jan;18(1): e1009604.  
177. Amato R, Pearson RD, Almagro-Garcia J, Amaratunga C, Lim P, Suon 
 S, et al. Origins of the current outbreak of multidrug-resistant malaria in 
 southeast Asia: a retrospective genetic study. Lancet Infect Dis. 2018 
 Mar;18(3): 337–45.  



 

89 

178. Bousema T, Griffin JT, Sauerwein RW, Smith DL, Churcher TS, Takken 
 W, et al. Hitting Hotspots: Spatial Targeting of Malaria for Control and 
 Elimination. PLoS Med. 2012 Jan 31;9(1): e1001165.  
179. Using parasite genetic and human mobility data to infer local and cross-
 border malaria connectivity in Southern Africa | eLife [Internet]. [cited 
 2023 Mar 9]. Available from: https://elifesciences.org/articles/43510 
180. Zemene E, Koepfli C, Tiruneh A, Yeshiwondim AK, Seyoum D, Lee 
 MC, et al. Detection of foci of residual malaria transmission through re
 active case detection in Ethiopia. Malar J. 2018 Oct 26;17(1): 390.  
181. Stresman GH, Kamanga A, Moono P, Hamapumbu H, Mharakurwa S, 
 Kobayashi T, et al. A method of active case detection to target reservoirs 
 of asymptomatic malaria and gametocyte carriers in a rural area in South
 ern Province, Zambia. Malar J. 2010 Oct 4;9(1): 265.  
182. Smith JL, Auala J, Tambo M, Haindongo E, Katokele S, Uusiku P, et al. 
 Spatial clustering of patent and sub-patent malaria infections in northern 
 Namibia: Implications for surveillance and response strategies for elim
 ination. PloS One. 2017;12(8): e0180845.  
183. Stuck L, Fakih BS, Al-mafazy A wahid H, Hofmann NE, Holzschuh A, 
 Grossenbacher B, et al. Malaria infection prevalence and sensitivity of  
 reactive case detection in Zanzibar. Int J Infect Dis. 2020 Aug 1;97: 337–
 46.  
184. Fontoura PS, Finco BF, Lima NF, Jr JF de C, Vinetz JM, Castro MC, et 
 al. Reactive Case Detection for Plasmodium vivax Malaria Elimination 
 in Rural Amazonia. PLoS Negl Trop Dis. 2016 Dec 12;10(12): 
 e0005221.  
185. Molina Gómez K, Caicedo MA, Gaitán A, Herrera-Varela M, Arce MI, 
 Vallejo AF, et al. Characterizing the malaria rural-to-urban transmission 
 interface: The importance of reactive case detection. Akogun OB, editor. 
 PLoS Negl Trop Dis. 2017 Jul 17;11(7): e0005780.  
186. Tessema SK, Belachew M, Koepfli C, Lanke K, Huwe T, Chali W, et al. 
 Spatial and genetic clustering of Plasmodium falciparum and Plasmo
 dium vivax infections in a low-transmission area of Ethiopia. Sci Rep. 
 2020 Nov 17;10(1): 19975.  
187. White NJ. Determinants of relapse periodicity in Plasmodium vivax  
 malaria. Malar J. 2011 Oct 11;10(1): 297.  
188. Noviyanti R, Miotto O, Barry A, Marfurt J, Siegel S, Thuy-Nhien N, et 
 al. Implementing parasite genotyping into national surveillance frame
 works: feedback from control programmes and researchers in the Asia–
 Pacific region. Malar J. 2020 Jul 27;19(1): 271.  
189. Ishengoma DS, Saidi Q, Sibley CH, Roper C, Alifrangis M. Deployment 
 and utilization of next-generation sequencing of Plasmodium falciparum 
 to guide anti-malarial drug policy decisions in sub-Saharan Africa: op
 portunities and challenges. Malar J. 2019 Sep 3;18(1): 267.  



90 

190. Nsanzabana C. Strengthening Surveillance Systems for Malaria Elimi
 nation by Integrating Molecular and Genomic Data. Trop Med Infect Dis. 
 2019 Dec;4(4):139.  
191. Ruktanonchai NW, DeLeenheer P, Tatem AJ, Alegana VA, Caughlin 
 TT, Erbach-Schoenberg E zu, et al. Identifying Malaria Transmission 
 Foci for Elimination Using Human Mobility Data. PLOS Comput Biol. 
 2016 Apr 4;12(4): e1004846.  
192. Centers for Prevention and Disease Control - Malaria - Diagnosis & 
 Treatment (United States) - Treatment (U.S.) - Guidelines for Clinicians 
 (Part 1)  [Internet]. 2023 [cited 2023 Mar 9]. Available from: 
 https://www.cdc.gov/malaria/diagnosis_treatment/clinicians1.html 
193. von Seidlein L, Dondorp A. Fighting fire with fire: mass antimalarial 
 drug administrations in an era of antimalarial resistance. Expert Rev Anti 
 Infect Ther. 2015 Jun;13(6): 715–30.  
194. Faurant C. From bark to weed: The history of artemisinin. Parasite J So
 ciété Fr Parasitol. 2011 Aug;18(3): 215–8.  
195. White N, Nosten F, Looareesuwan S, Watkins W, Marsh K, Snow R, et 
 al. Averting a malaria disaster. The Lancet. 1999 Jun 5;353(9168): 1965–
 7.  
196. World Health Organization. Guidelines for malaria - case management. 
 Section 5 [Internet]. 2022 [cited 2023 Mar 1]. Available from: 
 https://app.magicapp.org/#/guideline/6832 
197. Stepniewska K, Humphreys GS, Gonçalves BP, Craig E, Gosling R, 
 Guerin PJ, et al. Efficacy of Single-Dose Primaquine With Artemisinin 
 Combination Therapy on Plasmodium falciparum Gametocytes and 
 Transmission: An Individual Patient Meta-Analysis. J Infect Dis. 2022 
 Apr 1;225(7): 1215–26.  
198. Mukhtar O. The Miraculous Fever Tree: Malaria, Medicine and the Cure 
 that Changed the World. BMJ. 2003 Jul 19;327(7407):  169.  
199. Chloroquine, Past and Present | Science | AAAS [Internet]. [cited 2023 
 Mar 11]. Available from: https://www.science.org/content/blog-
 post/chloroquine-past-and-present 
200. Diagnostics T malERA CG on D and. A Research Agenda for Malaria 
 Eradication: Diagnoses and Diagnostics. PLOS Med. 2011 Jan 
 25;8(1): e1000396.  
201. John GK, Douglas NM, von Seidlein L, Nosten F, Baird JK, White NJ, 
 et al. Primaquine radical cure of Plasmodium vivax: a critical review of 
 the literature. Malar J. 2012 Aug 17;11(1): 280.  
202. Lu KY, Derbyshire ER. Tafenoquine: A Step toward Malaria  
 Elimination. Biochemistry. 2020 Mar 3;59(8): 911–20.  
 
 



 

91 

203. Taylor WRJ, Thriemer K, von Seidlein L, Yuentrakul P, Assawariyathi
 pat T, Assefa A, et al. Short-course primaquine for the radical cure of 
 Plasmodium vivax malaria: a multicentre, randomised, placebo- 
 controlled non-inferiority trial. Lancet 2019 Sep 14;394(10202): 
 929–38.  
204. Baird JK. 8-Aminoquinoline Therapy for Latent Malaria. Clin Microbiol 
 Rev. 2019 Jul 31;32(4): e00011-19.  
205. Cappellini MD, Fiorelli G. Glucose-6-phosphate dehydrogenase defi
 ciency. The Lancet. 2008 Jan 5;371(9606): 64–74.  
206. Ruwende C, Hill A. Glucose-6-phosphate dehydrogenase deficiency and 
 malaria. J Mol Med Berl Ger. 1998 Jul;76(8): 581–8.  
207. Elimination T malERA RCP on T for M. malERA: An updated research 
 agenda for diagnostics, drugs, vaccines, and vector control in malaria 
 elimination and eradication. PLOS Med. 2017 Nov 30;14(11): e1002455.  
208. Thriemer K, Ley B, Bobogare A, Dysoley L, Alam MS, Pasaribu AP, et 
 al. Challenges for achieving safe and effective radical cure of  
 Plasmodium vivax: a round table discussion of the APMEN Vivax Work
 ing Group. Malar J. 2017 Apr 5;16(1): 141.  
209. Recht J, Ashley EA, White NJ. Use of primaquine and glucose-6-phos
 phate dehydrogenase deficiency testing: Divergent policies and practices 
 in malaria endemic countries. PLoS Negl Trop Dis. 2018 Apr 
 19;12(4): e0006230.  
210. Howes RE, Piel FB, Patil AP, Nyangiri OA, Gething PW, Dewi M, et al. 
 G6PD Deficiency Prevalence and Estimates of Affected Populations in 
 Malaria Endemic Countries: A Geostatistical Model-Based Map. PLOS 
 Med. 2012 Nov 13;9(11): e1001339.  
211. Ley B, Satyagraha AW, Rahmat H, Fricken ME von, Douglas NM, Pfef
 fer DA, et al. Performance of the Access Bio/CareStart rapid diagnostic 
 test for the detection of glucose-6-phosphate dehydrogenase deficiency:
 A systematic review and meta-analysis. PLOS Med. 2019 Dec 
 13;16(12): e1002992.  
212. Ley B, Satyagraha AW, Kibria MG, Armstrong J, Bancone G, Bei AK, 
 et al. Repeatability and reproducibility of a handheld quantitative G6PD 
 diagnostic. PLoS Negl Trop Dis. 2022 Feb 17;16(2): e0010174.  
213. Ley B, Thriemer K, Jaswal J, Poirot E, Alam MS, Phru CS, et al. Barriers 
 to routine G6PD testing prior to treatment with primaquine. Malar J. 
 2017 Aug 10;16(1): 329.  
214. Taylor WRJ, White NJ. Antimalarial Drug Toxicity. Drug Saf. 2004 Jan 
 1;27(1): 25–61.  
215. Pereira EA, Ishikawa EA, Fontes CJ. Adherence to Plasmodium vivax 
 malaria treatment in the Brazilian Amazon Region. Malar J. 2011 Dec 
 13;10: 355.  
216. Chu CS, White NJ. The prevention and treatment of Plasmodium vivax 
 malaria. PLOS Med. 2021 Apr 23;18(4): e1003561.  



92 

217. Yeung S, White NJ. How do patients use antimalarial drugs? A review 
 of the evidence. Trop Med Int Health TM IH. 2005 Feb;10(2): 121–38.  
218. Gomes M, Wayling S, Pang L. Interventions to improve the use of anti
 malarials in south-east Asia: an overview. Bull World Health Organ. 
 1998;76 Suppl 1: 9–19.  
219. Price RN, Douglas NM. Expanding the Use of Primaquine for the Radi
 cal Cure of Plasmodium vivax. Clin Infect Dis Off Publ Infect Dis Soc 
 Am. 2018 Sep 14;67(7): 1008–9.  
220. Adhikari B, Tripura R, Peto TJ, Callery JJ, Seidlein L von, Dysoley L, et 
 al. Village malaria workers for the community-based management of vi
 vax malaria. Lancet Reg Health - Southeast Asia [Internet]. 2023 Feb 1 
 [cited 2023 Feb 27];9. Available from: https://www.thelancet.com/jour
 nals/lansea/article/PIIS2772-3682(22)00145-7/fulltext 
221. Pradhan MM, Pradhan S, Dutta A, Shah NK, Valecha N, Joshi PL, et al. 
 Impact of the malaria comprehensive case management programme in 
 Odisha, India. PLOS ONE. 2022 Mar 24;17(3): e0265352.  
222. Marita E, Langat B, Kinyari T, Igunza P, Apat D, Kimori J, et al. Imple
 mentation of community case management of malaria in malaria en
 demic counties of western Kenya: are community health volunteers up 
 to the task in diagnosing malaria? Malar J. 2022 Mar 5;21: 73.  
223. Linn NYY, Tripathy JP, Maung TM, Saw KK, Maw LYW, Thapa B, et 
 al. How are the village health volunteers deliver malaria testing and treat
 ment services and what are the challenges they are facing? A mixed 
 methods study in Myanmar. Trop Med Health. 2018 Aug 2;46: 28.  
224. Linn NYY, Kathirvel S, Das M, Thapa B, Rahman MdM, Maung TM, et 
 al. Are village health volunteers as good as basic health staffs in provid
 ing malaria care? A country wide analysis from Myanmar, 2015. Malar 
 J. 2018 Jun 20;17(1): 242.  
225. Haines A, Sanders D, Lehmann U, Rowe AK, Lawn JE, Jan S, et al. 
 Achieving child survival goals: potential contribution of community 
 health workers. The Lancet. 2007 Jun 23;369(9579): 2121–31.  
226. Pell CL, Adhikari B, Thwin MM, Kajeechiwa L, Nosten S, Nosten FH, 
 et al. Community engagement, social context and coverage of mass anti-
 malarial administration: Comparative findings from multi-site research 
 in the Greater Mekong sub-Region. PLOS ONE. 2019 Mar 
 25;14(3):e0214280.  
227. Khantikul N, Butraporn P, Kim HS, Leemingsawat S, Tempongko 
 MASB, Suwonkerd W. Adherence to Antimalarial Drug Therapy among 
 Vivax Malaria Patients in Northern Thailand. J Health Popul Nutr. 2009 
 Feb;27(1):4–13.  
228. Operational strategies to achieve and maintain malaria elimination - The 
 Lancet [Internet]. [cited 2023 Feb 25]. Available from: 
 https://www.thelancet.com/journals/lancet/article/PIIS0140-
 6736(10)61269-X/fulltext 



 

93 

229. Killeen GF, Tatarsky A, Diabate A, Chaccour CJ, Marshall JM, Okumu 
 FO, et al. Developing an expanded vector control toolbox for malaria 
 elimination. BMJ Glob Health. 2017 Apr 1;2(2): e000211.  
230. Gari T, Lindtjørn B. Reshaping the vector control strategy for malaria 
 elimination in Ethiopia in the context of current evidence and new tools: 
 opportunities and challenges. Malar J. 2018 Dec 5;17(1): 454.  
231. Hemingway J. The role of vector control in stopping the transmission of 
 malaria: threats and opportunities. Philos Trans R Soc B Biol Sci. 2014 
 Jun 19;369(1645): 20130431.  
232. Bhatt S, Weiss DJ, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et 
 al. The effect of malaria control on Plasmodium falciparum in Africa  
 between 2000 and 2015. Nature. 2015 Oct 8; 526(7572): 207–11.  
233. Hemingway J. Malaria: Fifteen years of interventions. Nature. 2015 Oct 
 8;526(7572): 198–9.  
234. Ekawati LL, Johnson KC, Jacobson JO, Cueto CA, Zarlinda I, Elyazar 
 IRF, et al. Defining malaria risks among forest workers in Aceh,  
 Indonesia: a formative assessment. Malar J. 2020 Nov 30;19(1): 441.  
235. Ranjha R, Sharma A. Forest malaria: the prevailing obstacle for malaria 
 control and elimination in India. BMJ Glob Health. 2021 May 
 14;6(5): e005391.  
236. Sanann N, Peto TJ, Tripura R, Callery JJ, Nguon C, Bui TM, et al. Forest 
 work and its implications for malaria elimination: a qualitative study. 
 Malar J. 2019 Nov 27;18(1): 376.  
237. von Seidlein L, Peto TJ, Tripura R, Pell C, Yeung S, Kindermans JM, et 
 al. Novel Approaches to Control Malaria in Forested Areas of Southeast 
 Asia. Trends Parasitol. 2019 Jun;35(6): 388–98.  
238. Banks SD, Murray N, Wilder-Smith A, Logan JG. Insecticide-treated 
 clothes for the control of vector-borne diseases: a review on effectiveness 
 and safety. Med Vet Entomol. 2014 Aug;28 Suppl 1: 14–25.  
239. Crawshaw AF, Maung TM, Shafique M, Sint N, Nicholas S, Li MS, et 
 al. Acceptability of insecticide-treated clothing for malaria prevention 
 among migrant rubber tappers in Myanmar: a cluster-random
 ized non-inferiority crossover trial. Malar J. 2017 Feb 28;16(1): 92.  
240. Richards SL, Byrd BD, Reiskind MH, White AV. Assessing Insecticide 
 Resistance in Adult Mosquitoes: Perspectives on Current Methods.  
 Environ Health Insights. 2020 Sep 2;14: 1178630220952790.  
241. Carrasco D, Lefèvre T, Moiroux N, Pennetier C, Chandre F, Cohuet A. 
 Behavioural adaptations of mosquito vectors to insecticide control.  
 Curr Opin Insect Sci. 2019 Aug 1;34: 48–54.  
242. Sanou A, Nelli L, Guelbéogo WM, Cissé F, Tapsoba M, Ouédraogo P, 
 et al. Insecticide resistance and behavioural adaptation as a response to 
 long-lasting insecticidal net deployment in malaria vectors in the Cas
 cades region of Burkina Faso. Sci Rep. 2021 Sep 2;11(1): 17569.  



94 

243. Threats to the effectiveness of insecticide-treated bednets for malaria 
 control: thinking beyond insecticide resistance - The Lancet Global 
 Health [Internet]. [cited 2023 Feb 26]. Available from: 
 https://www.thelancet.com/journals/langlo/article/PIIS2214-
 109X(21)00216-3/fulltext 
244. Ehiri JE, Anyanwu EC, Scarlett H. Mass use of insecticide-treated bed
 nets in malaria endemic poor countries: public health concerns and rem
 edies. J Public Health Policy. 2004;25(1): 9–22.  
245. DDT as Anti-Malaria Tool: The Bull in the China Shop or the Elephant 
 in the Room? | IntechOpen [Internet]. [cited 2023 Feb 26]. Available 
 from: https://www.intechopen.com/chapters/42219 
246. Lindsay SW, Jawara M, Paine K, Pinder M, Walraven GEL, Emerson P
 M. Changes in house design reduce exposure to malaria mosquitoes. 
 Trop Med Int Health. 2003;8(6): 512–7.  
247. Furnival-Adams J, Olanga EA, Napier M, Garner P. House modifications 
 for preventing malaria. Cochrane Database Syst Rev. 2021 Jan 
 20;2021(1): CD013398.  
248. Ogoma SB, Kannady K, Sikulu M, Chaki PP, Govella NJ, Mukabana 
 WR, et al. Window screening, ceilings and closed eaves as sustainable 
 ways to control malaria in Dar es Salaam, Tanzania. Malar J. 2009 Sep 
 29;8(1): 221.  
249. Massebo F, Lindtjørn B. The effect of screening doors and windows on 
 indoor density of Anopheles arabiensis in south-west Ethiopia: a ran
 domized trial. Malar J. 2013 Sep 12;12(1): 319.  
250. Keller MD, Norton BJ, Farrar DJ, Rutschman P, Marvit M, Makagon A. 
 Optical tracking and laser-induced mortality of insects during flight. Sci 
 Rep. 2020 Sep 9;10(1): 14795.  
251. Smith MW, Macklin MG, Thomas CJ. Hydrological and geomorpholog
 ical controls of malaria transmission. Earth-Sci Rev. 2013 Jan 
 1;116: 109–27.  
252. Choi L, Wilson A. Larviciding to control malaria. Cochrane Database 
 Syst Rev. 2017 Jul 25;2017(7): CD012736.  
253. Achee NL, Bangs MJ, Farlow R, Killeen GF, Lindsay S, Logan JG, et al. 
 Spatial repellents: from discovery and development to evidence-based 
 validation. Malar J. 2012 May 14;11(1): 164.  
254. Youssefi F, Javad Valadan Zoej M, Ali Hanafi-Bojd A, Borahani Dari
 ane A, Khaki M, Safdarinezhad A. Predicting the location of larval hab
 itats of Anopheles mosquitoes using remote sensing and soil type data. 
 Int J Appl Earth Obs Geoinformation. 2022 Apr 1;108: 102746.  
255. Public Health Surveillance Systems: Recent Advances in Their Use and 
 Evaluation | Annual Review of Public Health [Internet]. [cited 2023 Feb 
 26]. Available from: https://www.annualreviews.org/doi/10.1146/an
 nurev-publhealth-031816-044348 



 

95 

256. Mercado CEG, Ekapirat N, Dondorp AM, Maude RJ. An assessment of 
 national surveillance systems for malaria elimination in the Asia Pacific. 
 Malar J. 2017 Mar 21;16(1): 127.  
257. Roca-Feltrer A, Candrinho B, Ndiop M, Prosnitz D, Robertson M, Ye Y. 
 Operationalizing Surveillance as a Malaria Intervention: Data Use for 
 Action. Am J Trop Med Hyg. 2023 Jan 31; 108(2_Suppl):3–3.  
258. Program GM. Malaria surveillance, monitoring & evaluation: a reference 
 manual. [Internet]. World Health Organization; 2018. Available from: 
 https://apps.who.int/iris/bitstream/han
 dle/10665/272284/9789241565578-eng.pdf 
259. Khamsiriwatchara A, Sudathip P, Sawang S, Vijakadge S, Potithavor
 anan T, Sangvichean A, et al. Artemisinin resistance containment project 
 in Thailand. (I): Implementation of electronic-based malaria information 
 system for early case detection and individual case management in prov
 inces along the Thai-Cambodian border. Malar J. 2012 Jul 29;11(1): 247.  
260. Shah JA. Learnings from Thailand in building strong surveillance for 
 malaria elimination. Nat Commun. 2022 May 13;13(1): 2677.  
261. Fernando SD, Paranavitane S, Galappaththy GNL. Malaria is an Im
 portant Differential Diagnosis in Visitors Returning from Sri Lankan Na
 tional Safari Parks. 2011 Sep 1;18(5): 361–2.  
262. Moonen B, Cohen JM, Snow RW, Slutsker L, Drakeley C, Smith DL, et 
 al. Operational strategies to achieve and maintain malaria elimination. 
 The Lancet. 2010 Nov 6;376(9752): 1592–603.  
263. Kigozi SP, Kigozi RN, Sserwanga A, Nankabirwa JI, Staedke SG, Ka
 mya MR, et al. Malaria Burden through Routine Reporting: Relationship 
 between Incidence and Test Positivity Rates. Am J Trop Med Hyg. 2019 
 Jul;101(1): 137–47.  
264. Hay SI, Smith DL, Snow RW. Measuring malaria endemicity from  
 intense to interrupted transmission. Lancet Infect Dis. 2008 Jun;8(6): 
 369–78.  
265. Ghani AC. Can improving access to care help to eliminate malaria? The 
 Lancet. 2018 May 12;391(10133): 1870–1.  
266. Battle KE, Bisanzio D, Gibson HS, Bhatt S, Cameron E, Weiss DJ, et al. 
 Treatment-seeking rates in malaria endemic countries. Malar J. 2016 Jan 
 11;15: 20.  
267. Bennett A, Avanceña ALV, Wegbreit J, Cotter C, Roberts K, Gosling R. 
 Engaging the private sector in malaria surveillance: a review of strategies 
 and recommendations for elimination settings. Malar J. 2017 Jun 
 14;16: 252.  
268. Aung PP, Thein ZW, Hein ZNM, Aung KT, Mon NO, Linn NYY, et al. 
 Challenges in early phase of implementing the 1-3-7 surveillance and 
 response approach in malaria elimination setting: A field study from My
 anmar. Infect Dis Poverty. 2020 Feb 10;9: 18.  



96 

269. Dlamini N, Zulu Z, Kunene S, Geoffroy E, Ntshalintshali N, Owiti P, et 
 al. From diagnosis to case investigation for malaria elimination in Swa
 ziland: is reporting and response timely? Public Health Action. 2018 Apr 
 25;8(Suppl 1): S8–12.  
270. Smith Gueye C, Sanders KC, Galappaththy GNL, Rundi C, Tobgay T, 
 Sovannaroth S, et al. Active case detection for malaria elimination: a sur
 vey among Asia Pacific countries. Malar J. 2013 Oct 9;12: 358.  
271. Sturrock HJW, Hsiang MS, Cohen JM, Smith DL, Greenhouse B, 
 Bousema T, et al. Targeting Asymptomatic Malaria Infections: Active 
 Surveillance in Control and Elimination. PLOS Med. 2013 Jun 
 18;10(6): e1001467.  
272. Stratil AS, Vernaeve L, Lopes S, Bourny Y, Mannion K, Hamade P, et 
 al. Eliminating Plasmodium falciparum malaria: results from tailoring 
 active case detection approaches to remote populations in forested border 
 areas in north-eastern Cambodia. Malar J. 2021 Feb 22;20(1): 108.  
273. Kim S, Luande VN, Rocklöv J, Carlton JM, Tozan Y. A Systematic Re
 view of the Evidence on the Effectiveness and Cost-Effectiveness of 
 Mass Screen-and-Treat Interventions for Malaria Control. Am J Trop 
 Med Hyg. 2021 Dec 1;105(6): 1722–31.  
274. Larsen DA, Bennett A, Silumbe K, Hamainza B, Yukich JO, Keating J, 
 et al. Population-Wide Malaria Testing and Treatment with Rapid Diag
 nostic Tests and Artemether-Lumefantrine in Southern Zambia: A  
 community Randomized Step-Wedge Control Trial Design. Am J Trop 
 Med Hyg. 2015 May 6;92(5): 913–21.  
275. Desai MR, Samuels AM, Odongo W, Williamson J, Odero NA, Otieno 
 K, et al. Impact of Intermittent Mass Testing and Treatment on Incidence 
 of Malaria Infection in a High Transmission Area of Western Kenya. Am 
 J Trop Med Hyg. 2020 Apr 27;103(1): 369–77.  
276. Samuels AM, Odero NA, Odongo W, Otieno K, Were V, Shi YP, et al. 
 Impact of Community-Based Mass Testing and Treatment on Malaria 
 Infection Prevalence in a High-Transmission Area of Western Kenya: A 
 Cluster Randomized Controlled Trial. Clin Infect Dis. 2021 Jun 
 1;72(11): 1927–35.  
277. O’Brien KS, Cotter SY, Amza A, Kadri B, Nassirou B, Stoller NE, et al. 
 Mass Azithromycin and Malaria Parasitemia in Niger: Results from a 
 Community-Randomized Trial. Am J Trop Med Hyg. 2017 Sep 
 7;97(3): 696–701.  
278. Singh A, Rajvanshi H, Singh MP, Bhandari S, Nisar S, Poriya R, et al. 
 Mass screening and treatment (MSaT) for identifying and treating 
 asymptomatic cases of malaria-malaria elimination demonstration pro
 ject (MEDP), Mandla, Madhya Pradesh. Malar J. 2022 Dec 
 27;21(1): 395.  
 
 



 

97 

279. Sandfort M, Vantaux A, Kim S, Obadia T, Pepey A, Gardais S, et al. 
 Forest malaria in Cambodia: the occupational and spatial clustering of 
 Plasmodium vivax and Plasmodium falciparum infection risk in a cross-
 sectional survey in Mondulkiri province, Cambodia. Malar J. 2020 Nov 
 19;19(1): 413.  
280. Wen S, Harvard KE, Gueye CS, Canavati SE, Chancellor A, Ahmed BN, 
 et al. Targeting populations at higher risk for malaria: a survey of national 
 malaria elimination programmes in the Asia Pacific. Malar J. 2016 May 
 10;15(1): 271.  
281. Smith JL, Mumbengegwi D, Haindongo E, Cueto C, Roberts KW, Gos
 ling R, et al. Malaria risk factors in northern Namibia: The importance 
 of occupation, age and mobility in characterizing high-risk populations. 
 PLOS ONE. 2021 Jun 25;16(6): e0252690.  
282. Guyant P, Canavati SE, Chea N, Ly P, Whittaker MA, Roca-Feltrer A, 
 et al. Malaria and the mobile and migrant population in Cambodia: a 
 population movement framework to inform strategies for malaria control 
 and elimination. Malar J. 2015 Jun 20;14(1): 252.  
283. Canavati SE, Kelly GC, Quintero CE, Vo TH, Tran LK, Ngo TD, et al. 
 Targeting high risk forest goers for malaria elimination: a novel approach 
 for investigating forest malaria to inform program intervention in Vi
 etnam. BMC Infect Dis. 2020 Oct 15;20(1): 757.  
284. Edwards HM, Canavati SE, Rang C, Ly P, Sovannaroth S, Canier L, et 
 al. Novel Cross-Border Approaches to Optimise Identification of 
 Asymptomatic and Artemisinin-Resistant Plasmodium Infection in Mo
 bile Populations Crossing Cambodian Borders. PLOS ONE. 2015 Sep 
 9;10(9): e0124300.  
285. Conteh L, Shuford K, Agboraw E, Kont M, Kolaczinski J, Patouillard E. 
 Costs and Cost-Effectiveness of Malaria Control Interventions: A Sys
 tematic Literature Review. Value Health. 2021 Aug;24(8): 1213–22.  
286. Perera R, Caldera A, Wickremasinghe AR. Reactive Case Detection 
 (RACD) and foci investigation strategies in malaria control and  
 elimination: a review. Malar J. 2020 Nov 10;19(1): 401.  
287. Cotter C, Sudathip P, Herdiana H, Cao Y, Liu Y, Luo A, et al. Piloting a 
 programme tool to evaluate malaria case investigation and reactive case 
 detection activities: results from 3 settings in the Asia Pacific. Malar J. 
 2017 Aug 22;16(1): 347.  
288. Sato S. Plasmodium—a brief introduction to the parasites causing human 
 malaria and their basic biology. J Physiol Anthropol. 2021 Jan 7;40: 1.  
289. Cotter C, Sudathip P, Herdiana H, Cao Y, Liu Y, Luo A, et al. Piloting a 
 programme tool to evaluate malaria case investigation and reactive case 
 detection activities: results from 3 settings in the Asia Pacific. Malar J. 
 2017 Aug 22;16(1): 347.  
 



98 

290. Wang D, Cotter C, Sun X, Bennett A, Gosling RD, Xiao N. Adapting the 
 local response for malaria elimination through evaluation of the 1-3-7 
 system performance in the China-Myanmar border region. Malar J. 2017 
 Jan 31;16(1): 54.  
291. Feng J, Liu J, Feng X, Zhang L, Xiao H, Xia Z. Towards Malaria Elimi
 nation: Monitoring and Evaluation of the “1-3-7” Approach at the China–
 Myanmar Border. Am J Trop Med Hyg. 2016 Oct 5;95(4): 806–10.  
292. Horst T van der, Al-mafazy A wahid, Fakih BS, Stuck L, Ali A, Yukich 
 J, et al. Operational Coverage and Timeliness of Reactive Case Detection 
 for Malaria Elimination in Zanzibar, Tanzania. Am J Trop Med Hyg. 
 2019 Nov 25;102(2): 298–306.  
293. Sudathip P, Naowarat S, Kitchakarn S, Gopinath D, Bisanzio D, 
 Pinyajeerapat N, et al. Assessing Thailand’s 1-3-7 surveillance strategy 
 in accelerating malaria elimination. Malar J. 2022 Jul 18;21(1): 222.  
294. Cao Y, Cotter C, Wang W, Liu Y, Zhou H, Zhu G, et al. Malaria  
 Elimination in China: Improving County-Level Malaria Personnel 
 Knowledge of the 1-3-7 Strategy through Tabletop Exercises. Am J Trop 
 Med Hyg. 2020 Apr;102(4): 804–10.  
295. Cao Y, Lu G, Cotter C, Wang W, Yang M, Liu Y, et al. Improving the 
 surveillance and response system to achieve and maintain malaria elimi
 nation: a retrospective analysis in Jiangsu Province, China. Infect Dis 
 Poverty. 2022 Feb 21;11(1): 20.  
296. Greenhouse B, Smith DL. Malaria genotyping for epidemiologic surveil
 lance. Proc Natl Acad Sci. 2015 Jun 2;112(22): 6782–3.  
297. Herdiana H, Cotter C, Coutrier FN, Zarlinda I, Zelman BW, Tirta YK, et 
 al. Malaria risk factor assessment using active and passive surveillance 
 data from Aceh Besar, Indonesia, a low endemic, malaria elimination 
 setting with Plasmodium knowlesi, Plasmodium vivax, and Plasmodium 
 falciparum. Malar J. 2016 Sep 13;15: 468.  
298. Ntuku H, Smith-Gueye C, Scott V, Njau J, Whittemore B, Zelman B, et 
 al. Cost and cost effectiveness of reactive case detection (RACD),  
 reactive focal mass drug administration (rfMDA) and reactive focal  
 vector control (RAVC) to reduce malaria in the low endemic setting of 
 Namibia: an analysis alongside a 2×2 factorial design cluster randomised 
 controlled trial. BMJ Open. 2022 Jun 23;12(6): e049050.  
299. Hustedt J, Canavati SE, Rang C, Ashton RA, Khim N, Berne L, et al. 
 Reactive case-detection of malaria in Pailin Province, Western Cambo
 dia: lessons from a year-long evaluation in a pre-elimination setting.  
 Malar J. 2016 Mar 1;15: 132.  
300. Mukaka M, Peerawaranun P, Parker DM, Kajeechiwa L, Nosten FH, 
 Nguyen TN, et al. Clustering of malaria in households in the Greater Me
 kong Subregion: operational implications for reactive case detection. 
 Malar J. 2021 Aug 26;20(1): 351.  



 

99 

301. Rossi G, Van den Bergh R, Nguon C, Debackere M, Vernaeve L, Khim 
 N, et al. Adapting Reactive Case Detection Strategies for falciparum Ma
 laria in a Low-Transmission Area in Cambodia. Clin Infect Dis Off Publ 
 Infect Dis Soc Am. 2018 Jan 6;66(2): 296–8.  
302. Bannister-Tyrrell M, Gryseels C, Sokha S, Dara L, Sereiboth N, James 
 N, et al. Forest Goers and Multidrug-Resistant Malaria in Cambodia: An 
 Ethnographic Study. Am J Trop Med Hyg. 2019 Mar 11;100(5): 1170–8.  
303. Canavati SE, Kelly GC, Quintero CE, Vo TH, Tran LK, Ohrt C, et al. 
 Risk factor assessment for clinical malaria among forest-goers in a pre-
 elimination setting in Phu Yen Province, Vietnam. Malar J. 2019 Dec 
 20;18(1): 435.  
304. Carrasco-Escobar G, Gamboa D, Castro MC, Bangdiwala SI, Rodriguez 
 H, Contreras-Mancilla J, et al. Micro-epidemiology and spatial  
 heterogeneity of P. vivax parasitaemia in riverine communities of the  
 Peruvian  Amazon: A multilevel analysis. Sci Rep. 2017 Aug 14;7(1): 
 8082.  
305. Jacobson JO, Cueto C, Smith JL, Hwang J, Gosling R, Bennett A.  
 Surveillance and response for high-risk populations: what can malaria 
 elimination programmes learn from the experience of HIV? Malar J. 
 2017 Jan 18;16: 33.  
306. Koita K, Novotny J, Kunene S, Zulu Z, Ntshalintshali N, Gandhi M, et 
 al. Targeting imported malaria through social networks: a potential strat
 egy for malaria elimination in Swaziland. Malar J. 2013 Jun 
 27;12(1): 219.  
307. Ly P, Thwing J, McGinn C, Quintero CE, Top-Samphor N, Habib N, et 
 al. The use of respondent-driven sampling to assess malaria knowledge, 
 treatment-seeking behaviours and preventive practices among mobile 
 and migrant populations in a setting of artemisinin resistance in Western 
 Cambodia. Malar J. 2017 Sep 19;16(1): 378.  
308. Macauley C. Aggressive active case detection: a malaria control strategy 
 based on the Brazilian model. Soc Sci Med. 2005 Feb 1;60(3):563–73.  
309. Laishram DD, Sutton PL, Nanda N, Sharma VL, Sobti RC, Carlton JM, 
 et al. The complexities of malaria disease manifestations with a focus on 
 asymptomatic malaria. Malar J. 2012 Jan 31;11(1): 29.  
310. Lu S ning, Ding W, Wang J zhi, Yin S qin, Li S guo, Zhou X wu, et al. 
 Application of an innovative grid-based surveillance strategy to ensure 
 elimination and prevent reintroduction of malaria in high-risk border 
 communities in China. BMC Public Health. 2022 Jul 14;22(1): 1347.  
311. Nadia J, Lu F. Historical experiences on mass drug administration for 
 malaria control and elimination, its challenges and China’s experience: a 
 narrative review. Acta Trop. 2022 Jan 1;225: 106209.  
312. Shah MP, Hwang J, Choi L, Lindblade KA, Kachur SP, Desai M. Mass 
 drug administration for malaria. Cochrane Database Syst Rev [Internet]. 



100 

 2021 [cited 2023 Feb 28]; (9). Available from: https://www.cochraneli
 brary.com/cdsr/doi/10.1002/14651858.CD008846.pub3/full 
313. Gyapong JO, Owusu IO, da-Costa Vroom FB, Mensah EO, Gyapong M. 
 Elimination of lymphatic filariasis: current perspectives on mass drug 
 administration. Res Rep Trop Med. 2018 Mar 6;9: 25–33.  
314. Cupp E, Sauerbrey M, Cama V, Eberhard M, Lammie PJ, Unnasch TR. 
 Elimination of onchocerciasis in Africa by 2025: the need for a broad 
 perspective. Infect Dis Poverty. 2019 Jul 15;8(1): 50.  
315. Ross AGP, Olveda RM, Chy D, Olveda DU, Li Y, Harn DA, et al. Can 
 mass drug administration lead to the sustainable control of schistosome
 asis? J Infect Dis. 2015 Jan 15;211(2): 283–9.  
316. World Health Organization. Guidelines for malaria - mass drug admin
 istration. Section 4.2.6 [Internet]. 2022 [cited 2023 Mar 1]. Available 
 from: https://app.magicapp.org/#/guideline/LwRMXj/section/jmYq4l 
317. Kaneko A, Taleo G, Kalkoa M, Yamar S, Kobayakawa T, Björkman A. 
 Malaria eradication on islands. Lancet. 2000 Nov 4;356(9241): 
 1560–4.  
318. Hsiang MS, Gosling RD. Striding Toward Malaria Elimination in China. 
 Am J Trop Med Hyg. 2015 Aug 5;93(2): 203–4.  
319. Zhang L, Yi B, Xia Z, Huang F. Plasmodium vivax in the Elimination 
 Phase — China, 2013–2020. China CDC Wkly. 2022 Jul 15;4(28): 609–
 13.  
320. Hsiang MS, Hwang J, Tao AR, Liu Y, Bennett A, Shanks GD, et al. Mass 
 drug administration for the control and elimination of Plasmodium vivax 
 malaria: an ecological study from Jiangsu province, China. Malar J. 
 2013 Nov 1;12: 383.  
321. Seidlein L von, Peto TJ, Landier J, Nguyen TN, Tripura R, Phommasone 
 K, et al. The impact of targeted malaria elimination with mass drug ad
 ministrations on falciparum malaria in Southeast Asia: A cluster random
 ised trial. PLOS Med. 2019 Feb 15;16(2): e1002745.  
322. Brady OJ, Slater HC, Pemberton-Ross P, Wenger E, Maude RJ, Ghani 
 AC, et al. Role of mass drug administration in elimination of Plasmo
 dium falciparum malaria: a consensus modelling study. Lancet Glob 
 Health. 2017 Jul;5(7): e680–7.  
323. Hsiang MS, Ntuku H, Roberts KW, Dufour MSK, Whittemore B, Tambo 
 M, et al. Effectiveness of reactive focal mass drug administration and 
 reactive focal vector control to reduce malaria transmission in the low 
 malaria-endemic setting of Namibia: a cluster-randomised controlled, 
 open-label, two-by-two factorial design trial. The Lancet. 2020 Apr 
 25;395(10233): 1361–73.  
324. Kaehler N, Adhikari B, Cheah PY, Day NPJ, Paris DH, Tanner M, et al. 
 The promise, problems and pitfalls of mass drug administration for ma
 laria elimination: a qualitative study with scientists and policymakers. Int 
 Health. 2019 May 1;11(3): 166–76.  



 

101 

325. Adhikari B, Phommasone K, Kommarasy P, Soundala X, Souvanthong 
 P, Pongvongsa T, et al. Why do people participate in mass anti-malarial 
 administration? Findings from a qualitative study in Nong District, Sa
 vannakhet Province, Lao PDR (Laos). Malar J. 2018 Jan 9;17(1): 15.  
326. Newby G, Hwang J, Koita K, Chen I, Greenwood B, von Seidlein L, et 
 al. Review of mass drug administration for malaria and its operational 
 challenges. Am J Trop Med Hyg. 2015 Jul;93(1): 125–34.  
327. Howes RE, Piel FB, Patil AP, Nyangiri OA, Gething PW, Dewi M, et al. 
 G6PD Deficiency Prevalence and Estimates of Affected Populations in 
 Malaria Endemic Countries: A Geostatistical Model-Based Map. PLOS 
 Med. 2012 Nov 13;9(11): e1001339.  
328. Huber JH, Koepfli C, España G, Nekkab N, White MT, Alex Perkins T. 
 How radical is radical cure? Site-specific biases in clinical trials under
 estimate the effect of radical cure on Plasmodium vivax hypnozoites. 
 Malar J. 2021 Dec 20;20(1): 479.  
329. Chaves LF, Huber JH, Rojas Salas O, Ramírez Rojas M, Romero LM, 
 Gutiérrez Alvarado JM, et al. Malaria Elimination in Costa Rica:  
 Changes in Treatment and Mass Drug Administration. Microorganisms. 
 2020 Jun 30;8(7): 984.  
330. University of California, San Francisco. Targeting High-risk Populations 
 With Enhanced Reactive Focal Mass Drug Administration: A Study to 
 Assess the Effectiveness and Feasibility for Plasmodium Falciparum and 
 Plasmodium Vivax Malaria in Thailand [Internet]. clinicaltrials.gov; 
 2022 Mar [cited 2022 Aug 10]. Report No.: NCT05052502. Available 
 from: https://clinicaltrials.gov/ct2/show/NCT05052502 
331. Poirot E, Soble A, Ntshalintshali N, Mwandemele A, Mkhonta N, 
 Malambe C, et al. Development of a pharmacovigilance safety monitor
 ing tool for the rollout of single low-dose primaquine and artemether-
 lumefantrine to treat Plasmodium falciparum infections in Swaziland: a 
 pilot study. Malar J. 2016 Jul 22;15(1): 384.  
332. Dysoley L, Kim S, Lopes S, Khim N, Bjorges S, Top S, et al. The toler
 ability of single low dose primaquine in glucose-6-phosphate deficient 
 and normal falciparum-infected Cambodians. BMC Infect Dis. 2019 Mar 
 12;19(1): 250.  
333. Vilakati S, Mngadi N, Benjamin-Chung J, Dlamini N, Dufour MSK, 
 Whittemore B, et al. Effectiveness and safety of reactive focal mass drug 
 administration (rfMDA) using dihydroartemisinin-piperaquine to reduce 
 malaria transmission in the very low-endemic setting of Eswatini: a  
 pragmatic cluster randomised controlled trial. BMJ Glob Health. 2021 
 Jun;6(6): e005021.  
334. Jaiteh F, Okebe J, Masunaga Y, D’Alessandro U, Achan J, Gryseels C, 
 et al. Understanding adherence to reactive treatment of asymptomatic 
 malaria infections in The Gambia. Sci Rep. 2021 Dec;11(1): 1746.  



102 

335. Saita S, Roobsoong W, Khammaneechan P, Sukchan P, Lawpoolsri S, 
 Sattabongkot J, et al. Community acceptability, participation, and adher
 ence to mass drug administration with primaquine for Plasmodium vivax 
 elimination in Southern Thailand: a mixed methods approach. Malar J. 
 2023 Jan 13;22(1): 17.  
336. McMorrow ML, Aidoo M, Kachur SP. Malaria rapid diagnostic tests in 
 elimination settings--can they find the last parasite? Clin Microbiol In
 fect Off Publ Eur Soc Clin Microbiol Infect Dis. 2011 Nov;17(11): 1624–
 31.  
337. Baltzell KA, Maglior A, Bangu K, Mngadi N, Prach LM, Whittemore B, 
 et al. “We were afraid of the lion that has roared next to us”; community 
 response to reactive focal mass drug administration for malaria in Eswa
 tini (formerly Swaziland). Malar J. 2019 Jul 15;18(1): 238.  
338. Eisele TP. Mass drug administration can be a valuable addition to the 
 malaria elimination toolbox. Malar J. 2019 Aug 22;18(1): 281.  
339. Takeuchi R, Lawpoolsri S, Imwong M, Kobayashi J, Kaewkungwal J, 
 Pukrittayakamee S, et al. Directly-observed therapy (DOT) for the 
 radical 14-day primaquine treatment of Plasmodium vivax malaria on the 
 Thai-Myanmar border. Malar J. 2010 Nov 1;9(1): 308.  
340. Hall CS, Fottrell E, Wilkinson S, Byass P. Assessing the impact of 
 mHealth interventions in low- and middle-income countries--what has 
 been shown to work? Glob Health Action. 2014; 7:25606.  
341. Ikeda DJ, Gosling R, Eliades MJ, Chung A, Murungu J, Agins BD. 
 Bridging the quality gap in diagnosis and treatment of malaria. BMJ. 
 2020 Apr 22; m1176.  
342. Khamsiriwatchara A, Sudathip P, Sawang S, Vijakadge S, Potithavor
 anan T, Sangvichean A, et al. Artemisinin resistance containment project 
 in Thailand. (I): Implementation of electronic-based malaria information 
 system for early case detection and individual case management in  
 provinces along the Thai-Cambodian border. Malar J. 2012 Jul 29;11(1): 
 247.  
343. Lertpiriyasuwat C, Sudathip P, Kitchakarn S, Areechokchai D, Naowarat 
 S, Shah JA, et al. Implementation and success factors from Thailand’s 1-
 3-7 surveillance strategy for malaria elimination. Malar J. 2021 Apr 
 27;20(1): 201.  
344. Elyazar IRF, Gething PW, Patil AP, Rogayah H, Kusriastuti R, Wis
 marini DM, et al. Plasmodium falciparum Malaria Endemicity in  
 Indonesia in 2010. PLOS ONE. 2011 Jun 29;6(6): e21315.  
345. Elyazar IRF, Gething PW, Patil AP, Rogayah H, Sariwati E, Palupi NW, 
 et al. Plasmodium vivax Malaria Endemicity in Indonesia in 2010. PLoS 
 ONE. 2012 May 17;7(5): e37325.  
 
 



 

103 

346. Coutrier FN, Tirta YK, Cotter C, Zarlinda I, González IJ, Schwartz A, et 
 al. Laboratory challenges of Plasmodium species identification in Aceh 
 Province, Indonesia, a malaria elimination setting with newly discovered 
 P. knowlesi. PLoS Negl Trop Dis. 2018 Nov 30;12(11): e0006924.  
347. Elyazar IRF, Sinka ME, Gething PW, Tarmidzi SN, Surya A, Kusriastuti 
 R, et al. The distribution and bionomics of anopheles malaria vector mos
 quitoes in Indonesia. Adv Parasitol. 2013;83: 173–266.  
348. Zhou S, Li Z, Cotter C, Zheng C, Zhang Q, Li H, et al. Trends of imported 
 malaria in China 2010–2014: analysis of surveillance data. Malar J. 2016 
 Jan 25;15(1): 39.  
349. Liu Y, Hsiang MS, Zhou H, Wang W, Cao Y, Gosling RD, et al. Malaria 
 in overseas labourers returning to China: an analysis of imported malaria 
 in Jiangsu Province, 2001–2011. Malar J. 2014 Jan 25;13(1): 29.  
350. Strøm GEA, Tellevik MG, Hanevik K, Langeland N, Blomberg B.  
 Comparison of four methods for extracting DNA from dried blood on 
 filter paper for PCR targeting the mitochondrial Plasmodium genome. 
 Trans R Soc Trop Med Hyg. 2014 Aug;108(8): 488–94.  
351. Aydin-Schmidt B, Xu W, González IJ, Polley SD, Bell D, Shakely D, et 
 al. Loop mediated isothermal amplification (LAMP) accurately detects 
 malaria DNA from filter paper blood samples of low density  
 parasitaemias. PloS One. 2014;9(8): e103905.  
352. Selvarajah D, Naing C, Htet NH, Mak JW. Loop-mediated isothermal 
 amplification (LAMP) test for diagnosis of uncomplicated malaria in en
 demic areas: a meta-analysis of diagnostic test accuracy. Malar J. 2020 
 Jun 19;19(1): 211.  
353. Imwong M, Nair S, Pukrittayakamee S, Sudimack D, Williams JT, 
 Mayxay M, et al. Contrasting genetic structure in Plasmodium vivax 
 populations from Asia and South America. Int J Parasitol. 2007 Jul 
 1;37(8): 1013–22.  
354. Karunaweera ND, Ferreira MU, Hartl DL, Wirth DF. Fourteen  
 polymerphic microsatellite DNA markers for the human malaria parasite  
 Plasmodium vivax. Mol Ecol Notes. 2007;7(1): 172–5.  
 



Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1935

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-499580

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2023


	Abstract
	List of Papers
	Contents
	Abbreviations
	1 Introduction
	1.1 Historical background on malaria control efforts
	1.2 Global malaria burden
	1.3 The malaria parasite
	1.4 Malaria transmission and epidemiology
	1.4.1 Vector
	1.4.2 Human host

	1.5 Malaria infection detection and treatment in Asia Pacific
	1.5.1 Malaria case presentation
	1.5.2 Malaria diagnosis
	1.5.3 Malaria treatment

	1.6 Malaria control interventions
	1.6.1 Vector control
	1.6.2 Surveillance and response


	2 Rationale and aims of the thesis
	2.1 Rationale
	2.2 Aims

	3 Materials and methods
	3.1 Study sites and population
	3.1.1 Study sites

	3.2 General methodologies
	3.2.1 Feasibility and reliability evaluation
	3.2.2 Prospective surveillance studies
	3.2.3 Qualitative study

	3.3 Study specific methodologies
	3.3.1 Blood sampling and storage
	3.3.2 DNA extraction
	3.3.3 Genotyping to determine interrelatedness
	3.3.4 Qualitative analysis


	4 Ethical considerations
	5 Results and discussion
	5.1 Study I: Evaluating malaria case investigation andRACD activities
	5.2 Study II: RACD using molecular detection and genotyping in Thailand
	5.3 Study III: Sociobehavorial RACD targeting high risk populations in Indonesia
	5.4 Study IV: Acceptability and feasibility of RDA in Thailand

	6 Conclusions
	7 Personal reflections and future perspectives
	8 Acknowledgements
	9 References



