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Chapter 1 

Introduction and scope of thesis    

Introduction   

Over the past two decades, malaria morbidity and mortality reduced remarkably across the 

globe. An estimated 212 million cases occurred globally in 2015 leading to 429,000 deaths, 

most of which were children aged under 5 years in sub-Saharan Africa [1]. Between 2000 and 

2015, malaria incidence declined by 41% and the mortality rate by 62%. Approximately 7% of 

all global malaria cases in 2015 were reported from South-East Asia, and 6% of total deaths. 

Malaria incidence decreased by 54% in South-East Asia and 30% in the Western Pacific 

Region between 2010 and 2015. This success was chiefly driven by large-scale deployment 

of malaria control measures. The two most important control measures have been the scaling-

up of long-lasting insecticide treated bed net (LLITN) distribution, and the introduction of highly 

effective artemisinin-based combination therapy (ACT) made widely available through the 

peripheral public and private sectors and via community-based village health worker 

programmes. However, since the millennium antimalarial drug resistance has developed in 

Plasmodium falciparum parasites against several classes of antimalarials [2-4], and most 

worryingly resistance against the most potent antimalarial drug class, the artemisinin 

derivatives [5-7]. The threat of loss of these drugs severely jeopardized recent progress 

against malaria incidence and malaria-related deaths. The recent reports of the spread of 

artemisinin resistant P. falciparum malaria from western Cambodia to neighboring countries 

have raised serious concerns regarding the global elimination effort, as were artemisinin 

resistant parasites to reach high transmission regions such as south Asia or Africa then large 

numbers of deaths may result [8-10]. There is near consensus that elimination of all P. 

falciparum malaria from regions affected by artemisinin resistance is the only way to contain 

artemisinin resistance, since no viable alternative treatment than artemisinin combination 
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therapies are currently available [11]. Thus, urgent steps are needed to define a strategy to 

accelerate elimination of multidrug resistant P. falciparum malaria.  

This chapter provides a brief review of malaria biology, the burden and epidemiological trends 

of malaria in Cambodia, the past history and present status of drug resistant falciparum 

malaria and its associated molecular markers, current understanding of asymptomatic malaria 

infection, and elimination strategies undertaken to combat drug resistance, followed by a short 

overview of the use of mass drug administration as an elimination strategy. Following this, the 

scope of the thesis is discussed. Firstly, studies conducted to fill current gaps in knowledge 

regarding the epidemiology of asymptomatic malaria in low transmission settings. Secondly, 

a clinical trial to evaluate the safety and effectiveness of mass drug administration with 

artemisinin based combination therapy as a strategy to rapidly eliminate multidrug resistant P. 

falciparum malaria. Thirdly, social science conducted to understand the acceptability, 

challenges related to the implementation of MDA as an elimination tool in low transmission 

settings such as western in Cambodia. 

 

Malaria biology and life cycle 

Malaria is a protozoan disease caused by Plasmodium species, and transmitted by female 

Anopheline mosquitoes. Five main species: P. falciparum, P. vivax, P. ovale, P. malariae, and 

P. knowlesi, have been identified to cause malaria infections in humans [12, 13]. P. falciparum 

and P. vivax are the most common and are widely distributed in malaria endemic countries. 

Most malaria deaths occur due to P. falciparum although P. vivax also contributes to malaria-

attributable morbidity and mortality.  

Malaria is transmitted when an infected female Anopheline mosquito bites a human being and 

inoculates Plasmodium sporozoites, which within an hour pass through the systemic 

circulation to invade hepatocytes, where then then produce hepatic schizonts [14]. After 

approximately one week, the hepatic schizont bursts and releases merozoites, which enter 
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the circulation and invade erythrocytes [15, 16], initiating the intraerythrocytic asexual cycle. 

The parasite consumes red cell hemoglobin and grows from ring stage to trophozoites, and 

after several nuclear divisions (mitosis) to schizonts. After a total erythrocytic life span of 

approximately 48 hours (72 hours in P. malariae, 24 h in P. knowlesi), the mature schizont 

bursts and releases merozoites to invade erythrocytes and repeat the cycle [12, 17]. Malaria 

symptoms begin to appear in non-immune subjects when blood parasite density reaches ~ 

50/μL [18]. Some intrahepatic forms in P. vivax and P. ovale infections remain dormant as 

hypnozoites for months (sometimes years) before awakening to cause relapses. After several 

erythrocytic cycles (approximately 8 in P. falciparum), a small proportion of merozoites 

differentiate into male and female gametocytes, the sexual stage of the parasite [19, 20]. The 

parasite life cycle in the mosquito begins when gametocytes are ingested by female 

anopheline during a blood meal. Sexual reproduction (meiosis) begins in the mosquito midgut; 

forming an ookinete, transforming into an oocyst and eventually sporozoites in the mosquito 

salivary glands, which are ultimately injected into a susceptible host at the time of the 

anopheline’s next blood meal, closing the transmission cycle. The incubation period of the 

Plasmodium parasite usually ranges from 10 to 14 days for P. falciparum and from 11 to 22 

days for P. vivax [14, 21]. 

 

Malaria in Cambodia: characteristics and trends of P. falciparum and P. vivax  

All five species of malaria are present in Cambodia, with P. falciparum and P. vivax 

predominating [22-24]. The documented major malaria vectors are An. dirus, An. minimus, 

An. maculatus, and An. sundaicus [25, 26]. Over the past 10 years, Cambodia has achieved 

significant progress towards malaria control and elimination [1]. Massive deforestation, 

standard malaria control measures e.g. early case detection and treatment by village malaria 

workers (VMWs) using artemisinin based combination therapies (ACTs), and large-scale 

insecticide treated bed net distribution have reduced malaria morbidity and mortality 

significantly [26, 27]. According to the Cambodian Ministry of Health’s Health Management 
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Information System (HMIS) [28], treated malaria cases decreased from 112,047 cases in 2011 

to 51,262 cases in 2015 (54.2% decline as compared to 2011), whilst the number of malaria 

deaths decreased from 93 in 2011 to 10 in 2015 (89.2% decline). The remarkable decrease 

in malaria cases between 2009 and 2013 (81%) is primarily attributable to a decline in P. 

falciparum cases. In contrast the number of P. vivax cases increased by approximately 5-fold 

during this 5-year period before again falling by half.  P. vivax was 12% in 2004, then it began 

to rise again from 23% in 2009 to 67% in 2013 [29]. Western Cambodia had observed the 

largest drop of malaria incidence, but in higher transmission settings in the North and East of 

the country the fall in malaria incidence was less prominent [29]. 

 

Drug resistance in falciparum malaria 

The western Cambodia border with Thailand has been the cradle for multi-drug resistant P. 

falciparum malaria. After the deployment of chloroquine in 1945, chloroquine-resistant P. 

falciparum malaria was already detected in the late 1950s in this region of Cambodia; and 

resistant parasites emerged independently in South America [30, 31]. One of the main drivers 

of resistance may have been the large-scale distribution of sea salt-spiked chloroquine as a 

malaria control measure [2]. Chloroquine resistance spread from Asia to Africa during the 

1980s, which did not prompt in time a change in first-line treatment for P. falciparum malaria 

and was later recognized to have possibly caused millions of malaria deaths, mainly in African 

children [32]. Not until widespread resistance was reported from East Africa, did several 

countries switch first-line antimalarial therapy to sulfadoxine-pyrimethamine (SP) [2-4, 30, 33]. 

Shortly after deployment, resistance to sulfadoxine-pyrimethamine and mefloquine was 

reported on the Thai-Cambodian and Thai-Myanmar border regions borders in the late 1960s 

and by the late 1980s, respectively [3]. To address the emergence of -drug resistant P. 

falciparum malaria, combinations of drugs used at the same time were proposed and 

artemisinin-based combination therapies (an artemisinin derivative combined with a long 

acting partner drug) became the mainstay of treatment for P. falciparum malaria throughout 
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the malaria-endemic world [34]. Artemisinin and its derivatives have been highly effective 

against multi-resistant strains of P. falciparum, have broader effect on the asexual parasite 

stages compared to other antimalarials [35], and are active against the early sexual 

gametocyte stages, thus reducing malaria transmission [36]. In large clinical trials, parenteral 

artesunate was proven to be superior to quinine in reducing severe malaria mortality by 22·5% 

in Africa and 34·7% in Asia, which eventually led to a change in the WHO guidelines for the 

treatment of severe malaria [37, 38].  

 

The current progress in controlling malaria is threatened by the emergence of artemisinin 

resistant P. falciparum, first reported, once again, from western Cambodia [8, 39, 40]. A 

number of mutations in the parasite Pfkelch13 gene have been associated with the artemisinin 

resistant phenotype of delayed parasite clearance [41, 42]. Per P. falciparum parasite strain, 

only one single mutation in the Pfkelch13 so-called propeller region has been observed; 

indicating that multiple mutations are likely not viable for the parasite. Artemisinin resistant P. 

falciparum has now been reported from multiple locations across mainland Southeast Asia 

[42]. Genetic epidemiological studies show that Pfkelch mutated artemisinin resistant 

parasites have arisen multiple times in different geographical areas [43]. However, more 

recent studies show that over time, the Kelch C580Y mutation becomes dominant, and a 

single artemisinin-resistant P. falciparum C580Y lineage which was detected in western 

Cambodia has now spread to Northeastern Thailand Southern Laos, and Southern Viet Nam, 

outcompeting other parasites [44]. The most worrying signs are the reports of emerging 

resistance to the partner drugs in addition to artemisinin resistance in recent clinical trials in 

western Cambodia, the Thai-Myanmar border and Viet Nam [45-49].   

Currently six ACTs are listed by WHO, namely artemether-lumefantrine, artesunate-

amodiaquine, artesunate-mefloquine, artesunate-sulphadoxine-pyrimethamine (ASSP), 

dihydroartemisinin-piperaquine (DHA-PPQ) and pyronaridine-artesunate, of which five now 

show high failure rates in patients with P. falciparum malaria in western Cambodia [50]. 
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Disappointingly, a recent study of a newly-introduced sixth ACT, pyronaridine-artesunate in 

western Cambodia showed a PCR corrected ACPRs (adequate clinical and parasitological 

response) of only 82.1% on day 42, which is below the WHO-recommended efficacy threshold 

of 90%; although the efficacy of pyronaridine-artesunate is high elsewhere in Asia and Africa 

[51]. The reason for this low efficacy in western Cambodia remains unclear, as pyronaridine-

artesunate had not previously been used in Cambodia but may be related to cross-resistance 

genes. New combinations of antimalarial drugs will not become available soon enough to 

replace ACTs [52] and keep cases of malaria declining and elimination goals on target. 

Options for treatment policies include switching combinations after a certain period of time in 

order to relieve the drug pressure on the long-acting partner drugs of ACTs with prolonged 

use, or use of triple therapy by combining artemisinin derivatives with two long-acting 

antimalarial drugs [53]. Following several reports of DHA-PPQ resistance in western 

Cambodia and adjacent areas [45, 47, 54], artesunate-mefloquine was reintroduced in 

Cambodia as first-line treatment in 2015-16, since the proportion of P. falciparum strains with 

multiple Pfmdr1 copy numbers (the marker for mefloquine resistance) was minimal; probably 

related to the absence of drug pressure. Studies with artesunate-mefloquine conducted 

between 2014 and 2016 reported 100% efficacy, even though 94.2% of parasites were found 

to carry the K13 C580Y mutation. It is unclear how long the efficacy will last, since PfMDR1 

amplification is easily induced under mefloquine drug pressure in artemisinin resistant parasite 

strains. Continuous monitoring of clinical and parasitological responses along with molecular 

markers remains vital for determining appropriate treatment guidelines at the national and sub-

national level. 

Molecular markers for antimalarial resistance can be a useful tool to monitor the spread of 

resistance. Well-defined molecular markers for drug resistance are currently available for 

chloroquine, sulfonamides, pyrimethamine, cycloguanil, atovaquone, mefloquine, piperaquine 

and artemisinins. Chloroquine resistance is associated with pfcrt mutations while sulfadoxine-

pyrimethamine resistance is associated with mutations in the dhfr and dhps genes. 
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Polymorphisms in pfmdr1 have been associated with resistance to chloroquine, mefloquine, 

and quinine [3], with pfmdr1 gene amplification identified as the marker of mefloquine 

resistance. Mutations in the PF3D7_143700kelch propeller domain (Pfkelch-propeller) are 

associated with artemisinin resistance [45]. In a recent study in Cambodia, piperaquine 

resistance was strongly associated with amplification of the plasmepsin 2–3 gene [45]. 

Surveillance of these molecular markers facilitates the early detection of resistance foci and 

monitoring of the evolution of drug-resistant malaria. They constitute a useful epidemiological 

tool, particularly when used together with conventional in vivo and in vitro drug sensitivity 

assessments.   

 

Asymptomatic malaria infection 

Malaria symptoms include fever, chills and rigors, along with other non-specific symptoms like 

myalgia, headache, nausea, and vomiting. As the disease progresses to become severe, 

clinical signs can include severe metabolic acidosis, jaundice, renal failure, respiratory distress 

(including acute respiratory distress syndrome), severe anemia, confusion, coma, and 

convulsions. However, not all Plasmodium infections are symptomatic. A proportion of 

individuals may carry malaria parasites in their body without symptoms, particularly in high 

transmission areas where immunity develops from repeated exposure to malaria infections 

during childhood. Asymptomatic malaria is generally defined as parasitaemia of any density 

in an individual who does not have fever or any other acute symptoms, and who has not 

received recent antimalarial treatment [14]. In high-transmission areas in Africa, a significant 

proportion of the population with asymptomatic malaria can be detected by conventional 

methods such as microscopy, rapid diagnostic test (RDTs) and also molecular methods 

applied to DNA extracted from dried blood spots [14, 55]. In contrast, in low transmission areas 

particularly in South-East Asia and the Western Pacific region, it is unusual to detect 

asymptomatic infections by conventional diagnostic methods, because parasitemia tends to 

be lower in the asymptomatic carriers in low transmission settings [56]. 
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However, a recent development of highly sensitive molecular technique named ultrasensitive 

polymerase chain reaction (uPCR) can detect parasites at a level as low as ~22 parasites per 

ml from a sample of 1mL venous blood. This is approximately 2,500 times more sensitive than 

conventional microscopy and 50 times more sensitive than currently used PCR methods from 

filter paper blood spots to detect malaria parasites [57]. A recent study in the Greater Mekong 

Subregion showed a 20 % parasite prevalence detected by uPCR against only 4% by RDT, 

and 5 % by microscopy, respectively [58]. 

Asymptomatic malaria may not be always benign in nature. Several studies in Africa and Asian 

regions suggest that asymptomatic malaria infections are associated with chronic anemia, 

maternal and neonatal mortality, and co-infection with invasive bacterial disease [59]. 

Although not necessarily indicating a causal relationship, prevalence survey in Kinshasa, 

Democratic Republic of Congo, found that a significant proportion of asymptomatic infected 

children under the age of five had anemia and chronic malnutrition [60]. On the Indonesian 

island of Sumba, children and adults with asymptomatic parasitaemia were found to have 

increased C-reactive protein levels. In addition, children also had lower platelet counts and 

haemoglobin (Hb) levels and higher levels of von Willebrand factor and platelet factor 4 [61]. 

These findings suggest that asymptomatic malaria infections might have negative health 

consequences and should not be regarded as benign, although more evidence is needed from 

low-transmission settings.  

Gametocytes are essential for the onward transmission of parasites. At least one male 

gametocyte's progeny and one female macrogamete are required in a mosquito blood meal 

(approx 2–5 μl, depending on the Anopheles species) for sexual reproduction in mosquito and 

thus, gametocyte densities of 1/μl may be sufficient to infect vectors [62]. QT-NASBA 

(quantitative nucleic acid sequence-based amplification) PCR method is around 2- to 3-fold 

more sensitive to detect gametocytes than conventional microscopy, which has a detection 

limit of approximately 10–20/μl [63]. A report on a membrane feeding experiment in a high 

malaria transmission area in Ouagadougou, Burkina Faso found a strong association between 
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QT-NASBA gametocyte density and infection rates. Submicroscopic gametocyte carriage was 

common compared to microscopically detected carriage and was responsible for 24.2% of the 

malaria transmission in that population [64]. In another study in western Kenya, venous blood 

from children with and without gametocytes detected by microscopy was used to feed 

mosquitoes. The study found submicroscopic gametocytaemia was more common than 

microscopic gametocytaemia, and was estimated to contribute 45.3% to overall transmission. 

Moreover, of those children who were gametocyte-negative with both microscopy and PCR 

(QT-NASBA), 32.0% were infectious to mosquitoes and contributed approximately 10% to the 

total transmission; confirming that gametocytes below detection thresholds of conventional 

methods (microscopy) can still result in onward malaria transmission [65]. In a study in 

Thailand, submicroscopic gametocytes were able to infect 10% A. dirus mosquitoes, one of 

the main malaria vectors in Asia. From the above-mentioned studies it appears that 

submicroscopic gametocytaemia is an important source of malaria transmission, but has a 

lower density threshold. Although submicroscopic malaria can be infectious, these infections 

contain far fewer gametocytes than are seen in clinical infections and are therefore less likely 

to infect feeding mosquitoes at any given moment [66]. Further research is needed to address 

this issue, which will have to take into account the persistent Plasmodium infections have 

oscillating densities over time, making it probable that low-density infections will progress to 

higher-density infections, which then will become infectious [67]. In the context of the urgency 

of accelerated malaria elimination from the Greater Mekong Subregion, it is therefore 

important that malaria elimination initiatives should not focus on treatment of symptomatic 

infections only but also address elimination of asymptomatic infections.  

 

Elimination strategies 

Current malaria control and elimination efforts in Cambodia  include active case detection 

(ACD) and passive case detection (PCD) by conventional methods, treatment with standard 

artemisinin-based combination therapy and widespread Long-Lasting Insecticide-Treated Net 
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(LLIN) usage, which together have proven to be effective to reduce mortality and morbidity of 

malaria in the area [27, 68-70]. Deployment of a community-based VMWs network since 2004 

has played a key role in the delivery of the malaria control programmes [27]. Active case 

detection such as focus screening and treatment (FSAT) by using molecular method from filter 

paper was conducted during 2010 in western Cambodia, which involved screening of every 

individual in selected areas (based on malaria incidence), and treatment was provided to those 

who tested positive [70].  The study showed that only 0.9% of individuals were infected with 

P. falciparum by nested PCR obtained from dried blood spot filter papers. In another study 

designed as reactive case detection (RACD), which is a form of Focused Screening and 

Treatment (FSAT) to specifically target positive malaria index cases identified by VMWs during 

passive case detection and to identify asymptomatic malaria cases by screening its 

neighbouring households with conventional methods. The study was evaluated in western 

Cambodia in 2013-14. This study identified only 2 P. falciparum infections out of 1898 tests 

by RDT and 2 P. falciparum infections out of 1596 tests by filter paper molecular method [69]. 

These findings confirm that asymptomatic malaria was not well detected by conventional 

methods, including conventional PCR, and not well suited for implementation of an ACD 

strategy. In absence of highly sensitive malaria detection methods, ACD may thus not be a 

useful tool to target the asymptomatic parasite reservoir [71]. 

There is growing consensus that current malaria control interventions may not be sufficient for 

rapid malaria elimination and that additional strategies need to be considered [72]. While 

malaria mortality and morbidity are declining, multidrug-resistant malaria is emerging in 

western Cambodia and spreading throughout the Greater Mekong region, which severely 

jeopardizes the effort to eliminate malaria in this region. Since asymptomatic carriers will not 

actively seek treatment, mass use of antimalarial drugs could be an option to target the 

reservoir of asymptomatic malaria infection to reduce the transmission of malaria between 

humans and mosquito vectors. Targeting asymptomatic malaria infections may interrupt 

malaria transmission, and therefore, an intervention such as mass drug administration to 
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target this parasite reservoir may be needed to speed up the malaria elimination in areas of 

multidrug resistance P. falciparum malaria in low-transmission areas [73]. 

Mass drug administration against malaria 

Mass drug administration (MDA) as a malaria elimination strategy has been practised for 

around a century in several malaria endemic countries in both high and low transmission 

settings in an effort to eliminate malaria transmission [74-76]. A wide range of antimalarial 

drugs has been used based on their safety, tolerability, efficacy, and availability during the 

period of implementation. Chloroquine, pyrimethamine, and sulfadoxine-pyrimethamine were 

the most commonly used drugs for MDA in the past, with or without the 8-aminoquinolines 

primaquine as a gametocytocidal adjuvant [75]. In the majority of studies in Africa, MDA 

reduced parasite prevalence only temporarily, and transmission returned to pre-intervention 

levels shortly after drug administration [77-79]. This occurred even after multiple rounds of 

MDA, combined with vector control, or in combination with an 8-aminoquinoline. However, 

there are also several examples in which MDA interrupted malaria transmission in low 

transmission areas in Asia [80]. Malaria was successfully eliminated from Aneityum [81], 

Lanyu [82], and Nissan [83], small island settings where population movements were limited 

and closely observed. Similar success was seen in relatively remote and geographically 

isolated mainland village settings [22, 84, 85]. 

Artemisinin-based combination therapy has become the drug of choice for MDA over the past 

two decades [22, 77-79, 86, 87]. A full course of the ACT will clear the parasitemia, whereas 

the longer lasting partner drug will provide a post-treatment prophylactic effect. The use of 

artemisinin-based combination therapy was of mixed success. In a high-transmission area in 

a rural area of The Gambia, following MDA with sulfadoxine pyrimethamine (SP) combined 

with a single dose of artesunate (AS), malaria incidence returned to pre-MDA levels within two 

months of drug administration despite high participation rates [78]. The reason for the absence 

of an impact on malaria transmission was probably due to high infectious bite rates in the 

region, and a single AS dose was inefficacious against mature gametocytes within the 
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population. In another large-scale MDA, two rounds of artesunate–amodiaquine (ASAQ) was 

administered covering >2.7 million people in the districts in Sierra Leone, a country hardest 

hit by the Ebola epidemic, during December 2013 to January 2015. There was a temporary 

effect, but this lasted for only a few weeks before malaria intensity returned to pre-MDA levels. 

The intervention did help to reduce patient case-loads at the severely strained health services 

at the peak of the Ebola outbreak and malaria transmission [77]. In a recent cluster-

randomized controlled trial in Zambia, two rounds of MDA with DHA-PPQ showed a decrease 

of parasite prevalence from 8% at baseline to 0.5% after MDA in lower-transmission areas, 

resulting in an 87% reduction compared with controls while no difference between treatment 

groups was observed in areas of high transmission [79]. 

In Southeast Asia, several small clinical trials of MDA have shown to be more successful. In 

a low-transmission setting in Cambodia in 2003-2004, MDA with artemisinin-piperaquine for 2 

consecutive days and low dose primaquine at 10-day intervals for six consecutive months, 

irrespective of glucose-6-phosphate-dehydrogenase (G6PD) status, found that malaria 

incidence rates were dramatically reduced from 52% to 3% after three years. Among children, 

P. falciparum incidence decreased from 37% to 1.4%, reaching full absence of cases in eight 

out of 17 villages. In a second field study in nine villages, with two rounds of mass treatment 

of artemisinin-piperaquine along with low-dose primaquine, the P. falciparum rate in children 

was reduced from 21% to 0% within six months [22]. No major adverse effects were observed. 

In another study a remote village on the Thai-Myanmar border, the inhabitants received three 

rounds of DHA-PPQ chemoprevention at one-month intervals starting from June 2012. The 

sub-microscopic reservoir of P. falciparum malaria prevalence fell from 7% to 0% during the 

six-month follow-up period. Clinical cases of P. falciparum were approximately six times lower 

during June to October 2012 (rainy season) than in the previous year [88]. MDA with DHA-

PPQ was effective, even though 62% of P. falciparum infections carried single point mutation 

in the Pfkelch protein. 
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Thesis scope  

The emergence and spread of multidrug resistant P. falciparum malaria has caused serious 

concern to current global elimination initiatives [9, 10, 42]. If not eliminated, resistant parasites 

could eventually spread to Africa, as it has happened in the past with chloroquine and 

pyrimethamine resistant parasite strains [30]. Current strategies, e.g. ACD, PCD and LLIN 

distribution, have so far failed to contain and eliminate drug resistant P. falciparum malaria 

[89]. Therefore, more aggressive strategies are needed to rapidly eliminate P. falciparum 

malaria from the Greater Mekong sub-region to avert another disaster [32]. The focus of 

current strategies might now be shifting towards including targeting asymptomatic malaria, 

which may function as a hidden parasite reservoir sustaining transmission. In low 

transmission settings, conventional methods e.g. microscopy, RDTs, and molecular 

techniques using low volume blood samples on filter paper are not sensitive enough to detect 

most of the asymptomatic cases [90]. However, the epidemiology of asymptomatic malaria is 

not completely understood and there are still important unknowns that need to be addressed. 

These include: 

 

1. What is the nature and importance of the asymptomatic Plasmodium reservoir (in the pre-

elimination setting of western Cambodia)? : 

a. What is the prevalence of asymptomatic Plasmodium species, how much does this 

vary between villages and areas? 

b. How are asymptomatic infections related to clinical infections, and what is their 

relationship to transmission? 

c. What are the factors associated with asymptomatic malaria e.g. age, sex and 

occupation? 

d. What are the parasite genetic profiles of asymptomatic infections; are they the same 

as clinical infections, what are the implications of treating them? 

e. Are submicroscopic Plasmodium infections harmful to the host? 
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2. What is the effect of removing the asymptomatic reservoir by mass drug administration? : 

a. What is the efficacy & effectiveness of MDA with DHA-PPQ against clinical & 

asymptomatic infections? 

b. Depending on the setting, how long does this interrupt transmission?  

c. What is the safety and tolerability of MDA? 

d. What is the efficacy of MDA against multi-drug resistant parasites? 

e. What level of MDA coverage can be achieved? 

 

3. How to implement MDA and what is the role for MDA for malaria elimination? : 

a. What is the best way to implement MDA: how important are seasonal timing, delivery 

models, number of rounds, and treatment of newcomers into the village, what is the 

best health messaging and organization, and what should be the scale of MDA 

implementation (individual village vs larger areas)? 

b. What factors affect MDA coverage and acceptability? 

c. What is the role of community engagement and mobilization in implementing MDA? 

To address these outstanding issues we designed and conducted a series of studies in 

western Cambodia. The results of these studies are presented in this thesis in three sections:  

 

Section I: Epidemiology of asymptomatic malaria 

This part of the thesis aims at describing the epidemiology of asymptomatic malaria infections. 

The development of a highly sensitive molecular technique (uPCR) [57, 58] has greatly 

enhanced the capability to identify the hidden parasite reservoir in low transmission settings 

[90]. We used uPCR to survey the entire population of three villages for 1 year (2013-2014) at 

three-monthly intervals in western Cambodia. A cohort of adult asymptomatic malaria positive 

participants was also followed-up monthly over the same period. The aim was to determine 
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the prevalence of Plasmodium species by uPCR in compare to current detection methods e.g. 

microscopy, RDT, to characterize the risk factors associated with asymptomatic carriage and 

to determine the prevalence of artemisinin-resistant parasites in P. falciparum-asymptomatic 

carriers. We also assessed the persistence of parasite species, and the dynamics of parasite 

densities over one year in the cohort individuals (Section I Chapter 2). While the malaria 

burden is decreasing, the remaining parasites are becoming more resistant to antimalarial 

drugs [91], and most of the currently available ACTs are no longer efficacious in western 

Cambodia [92]. It is unknown to what extent sub-clinical parasitaemias originate from recent 

or older clinical episodes. We hypothesized that individuals with submicroscopic parasitaemia 

may have had multiple episodes of treated drug resistant clinical malaria in the past. 

Therefore, we aimed to explore the association between past clinical episodes of malaria in 

individuals with subsequent sub-clinical parasitaemia (Section I, Chapter 3). Immune 

response to asymptomatic malaria has been poorly understood in low transmission areas. 

Asymptomatic infections might sustain immunity against clinical malaria and have been 

considered benign for the host, but if they are associated with chronic low-grade inflammation 

this could be harmful [93]. We further explored the association between asymptomatic malaria 

and C-reactive protein (CRP), an established biomarker of inflammation. Therefore, plasma 

CRP concentration was measured in parasitaemic individuals and compared with the same 

individual’s value at the first time point when they had no detectable parasites; and with those 

free of Plasmodium infection (Section I, Chapter 4). In low-transmission settings, the micro-

geographical epidemiology of both clinical malaria and asymptomatic Plasmodium infections 

at village level and the role of population movement in malaria transmission are not well 

understood. We investigated the potential associations between subclinical Plasmodium 

infections and clinical malaria, between travelling or spending the night in the forest and 

malaria infection, and for spatial and spatio-temporal clustering of malaria cases within villages 

in Cambodia (Section I, Chapter 5).  
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Section II: Targeted mass drug administration: safety, efficacy and effectiveness 

This part of the thesis includes targeted mass drug administration with DHA-PPQ. Molecular 

detection methods are expensive and labor intensive. Delay in obtaining of results makes 

these methods less applicable for large-scale implementation to rapidly identify and treat 

asymptomatic malaria. A feasible way to estimate the hidden parasite reservoir is desirable to 

design a successful and less labor-intensive large-scale intervention. We hypothesized that 

incidence of malaria may correlate positively with parasite prevalence measured by uPCR. To 

address the research objectives, we conducted cross-sectional surveys in 2015 in 20 villages 

in western Cambodia. Blood was tested for Plasmodium infections by uPCR, microscopy and 

RDT. Positive samples were analysed by nested PCR to determine the Plasmodium species. 

Malaria case records were collected from Provincial Health Department and VMWs to 

determine the incidence and migration status (Section II, Chapter 6).To find a rapid 

elimination strategy, we conducted a cluster-randomized controlled trial of MDA with DHA-

PPQ in western Cambodia to combat against multi-drug resistant malaria. The aim of the study 

was to evaluate safety, efficacy and effectiveness of MDA with DHA-PPQ as a strategy to 

interrupt malaria transmission particularly targeting P. falciparum in an area of multidrug 

resistance. DHA-PPQ has shown excellent tolerability and efficacy in several studies in other 

areas [22, 79, 86, 88, 94]. In our clinical trial, four malaria-endemic villages were randomized 

according to size and geographical proximity. We conducted three, monthly rounds of MDA 

starting in July 2015 (intervention villages) or July 2016 (control villages). Each round consist 

of a three-day regimen of DHA-PPQ and was administered to the village population. 

Prevalence of Plasmodium by uPCR was conducted at three-month intervals for twelve 

months. Clinical malaria treatment records including travel histories were collected by VMWs 

and rates of asymptomatic and clinical P. falciparum malaria were calculated (Section II, 

Chapter 7).   
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Section III: Community engagement: strategy and evaluation of MDA acceptability 

This part describes the engagement strategies and evaluation of MDA acceptability. In low-

transmission areas, MDA may not be feasible due to low burden of malaria as recommended 

[72], and it also essentially depends on the high participation of target population. In the 

absence of any symptoms, it is a real challenge to persuade individuals to take drugs. Nearly 

the whole community needs to take the drug in order to achieve the desired effect [72]. This 

is an enormous obstacle to implement MDA. There is very limited evidence of how best to 

engage communities and motivate them to join in these kinds of activities. We therefore, 

presented the  approaches to engage the community in MDA e.g. collaboration with the local 

health authorities, village leaders, and village malaria workers, formation of a team of 

volunteers to explain MDA and to provide support during implementation, public mobilization 

events featuring drama and music (Section III, Chapter 8). To what extent MDA like activities 

would be acceptable among the healthy population was unclear given that malaria is no longer 

a major health concern in this area. Understanding community perceptions of mass drug 

administration was important to adjust the engagement strategy. Qualitative data were 

collected through semi-structured interviews and focus group discussions with villagers, in-

depth interviews with study staff, trial dropouts and refusals, and observations in the 

communities. This qualitative study explored the acceptability and attitude of the community 

towards MDA and the factors, which influenced the drug administration coverage thus 

identifying the barriers which could be useful for future MDA implementation planning (Section 

III, Chapter 9).  

 

In summary, Section I of this thesis describes the epidemiology of asymptomatic malaria, and 

Section II presents the safety, efficacy and effectiveness of MDA with DHA-PPQ in an area 

of multidrug resistant falciparum malaria to interrupt malaria transmission. Finally, Section III 

presents the strategies undertaken to engage the community and the evaluation of MDA 

acceptability in low transmission settings.  
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Abstract 
 

Background 

Subclinical Plasmodium parasitaemia is an important reservoir for the transmission and 

persistence of malaria, particularly in low transmission areas.  

 

Methods  

Using ultrasensitive quantitative PCR (uPCR) for the detection of parasitaemia, the entire 

population of three Cambodian villages in Pailin province were followed for one year at three-

monthly intervals. A cohort of adult participants found initially to have asymptomatic malaria 

parasitaemia was followed monthly over the same period. 

 

Results 

The initial cross sectional survey in June 2013 (M0) of 1,447 asymptomatic residents found 

that 32 (2.2%) had Plasmodium. falciparum, 48 (3.3%) had Plasmodium vivax, 4 (0.3%) had 

mixed infections and in 142/1,447 (9.8%) malaria was detected but there was insufficient DNA 

to identify the species (Plasmodium. species). Polymorphisms in the ‘K13-propeller’ 

associated with reduced susceptibility to artemisinin derivatives (C580Y) were found in 17/32 

(51%) P. falciparum strains. Monthly follow-up without treatment of 24 adult participants with 

asymptomatic mono or mixed P. falciparum infections found that 3/24 (13%) remained 

parasitaemic for two to four months, whereas the remaining 21/24 (87%) participants had 

cleared their parasitaemia after one month. In contrast, 12/34 (35%) adult participants with P. 

vivax mono-infection at M0 had malaria parasites (P. vivax or P. sp.) during four or more of 

the following 11 monthly surveys.  

 

Conclusions 
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This longitudinal survey in a low transmission setting shows limited duration of P. falciparum 

carriage, but prolonged carriage of P. vivax infections. Radical treatment of P. vivax infections 

by 8-aminoquinoline regimens may be required to eliminate all malaria from Cambodia. 

 

Trial registration  

ClinicalTrials.gov NCT01872702 

 

Keywords: malaria, persistance, cohort, plasmodium, falciparum, vivax, clearance, 

artemisinins, resistance, Pailin, Cambodia, PCR  
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Background 

 

Deforestation and standard malaria control efforts including early, appropriate case 

management and distribution of insecticide-treated bed nets have reduced malaria prevalence 

to historically low levels in much of Western Cambodia. Unfortunately these control measures 

have failed to contain the emergence of anti-malarial drug resistant strains of Plasmodium 

falciparum in an expanding geographical area [1, 2]. In areas with very low malaria 

transmission the large majority of malaria infections were thought to be symptomatic and 

hence accessible to passive detection and curative treatment[3]. Yet malaria has historically 

been difficult to eliminate even when most symptomatic patients received highly effective anti-

malarial treatments. Symptomatic infections as a sole source of transmission cannot explain 

the virtual disappearance of malaria cases each year during the cool dry season and prompt 

return with the onset of rains. A significant sub-patent reservoir of P. falciparum carriers does 

explain both the epidemiology of malaria in these areas of seasonal malaria and why the 

current control and containment activities fail to contain resistant malaria[4, 5].  To understand 

and eliminate such a reservoir it is not only important to understand the prevalence at any one 

point in time but also the duration of individual infections.   

 

Apparently healthy people who migrate to regions without malaria transmission and later give 

blood donations can remain infected asymptomatically with P. falciparum for up to 13 years 

[6]. Information on the distribution of persistent infections usually comes from cohort studies. 

Observational studies of untreated malaria patients were not uncommon during the last 

century. Lowe followed 16 people with untreated malaria in India 1934 [7]. Hill and co-workers 

followed 22 children with falciparum, malariae and/or vivax infections at weekly intervals during 

1937 and 1938 in Aguas de Moura, Portugal who were only treated if symptomatic [8]. Earle 

et al. followed 76 mostly untreated children in weekly intervals in Puerto Rico in 1939 [9]. 

McGregor and co-workers studied falciparum infected, untreated children in The Gambia 
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during the 1950s [10]. Bruce Chwatt reported a cohort study of a group of West African adults 

in 1963 [11]. Bruce et al. reported a study conducted in 1992 in which 70 people from a single 

village in Papua New Guinea (PNG) were sampled for up to 61 days [12]. The advent of PCR 

based molecular diagnostics on low volume capillary blood spots allowed the documentation 

of persistent low-density P. falciparum infections in Sudan over more extended periods [8]. In 

1997, a cohort of 43 recently malaria-infected Sudanese, aged from 9 to 53, agreed to donate 

fortnightly blood samples for the next nine months. Of the 43 individuals, 16 (37%) were found 

to maintain chronic P. falciparum infections for the follow-up period of nine months. Together 

these studies demonstrated that individual patients can carry P. falciparum infections for 

weeks to years. 

 

These historical field studies in endemic countries are not only limited by the detection 

threshold of light microscopy (the exception being the study in Sudan) but also by uncertainty 

regarding re-infections. The risk of reinfection is much reduced in very low or no transmission 

areas. A substantial contribution to the current understanding of the natural history of 

Plasmodium infections comes from the malaria therapy of neurosyphilis.  In well-documented 

treatments patients with neurosyphilis were infected with P. falciparum or P. vivax in South 

Carolina and Georgia, USA during the period 1940 to 1963 [13, 14]. P. falciparum infections 

persisted (by microscopy) for a mean of 222 days the longest being 480 days[15]. Malaria 

naïve patients who received sporozoite-induced vivax  infections and no anti-malarial therapy 

were found to have waves of parasitaemia during the follow-up period of 108 days[16]. In 

contrast to P. falciparum infections the dynamics of vivax infections are complicated by the 

liver reservoir of P. vivax hypnozoites, which cause periodic relapses and so contribute to the 

chronicity of parasitaemia[14].  

 

The development of high volume ultra-sensitive qPCR (uPCR) allows as few as 22 parasites 

per mL to be measured accurately compared to ~1,000 parasites per mL using conventional 

low volume PCR methods[17]. Using uPCR for the detection of parasitaemia, the entire 
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population of three Cambodian villages in Pailin province were followed over a year in order 

to describe the reservoir of sub-patent Plasmodium infection. 

 

 

Methods 

Study site and population 

Pailin is an agricultural province adjacent to the Thailand border in western Cambodia. The 

villages are farming communities which grow cash crops and fruit. Nearby forests are used as 

a source of plants and fruit, small game, bamboo and wood. Containment efforts in Cambodia 

have resulted in a marked decline in the incidence of clinical malaria over the last decade. 

Between 2004 and 2013 a 145-fold reduction in P. falciparum cases and a 4.8-fold reduction 

in P. vivax cases was observed[18]. Malaria control in Pailin has been based on case 

management by village health workers (VHW) or village malaria workers (VMW) and the 

distribution of long-lasting insecticide-treated bed nets (LLIN). There has been substantial 

replacement of forest by agriculture and rubber plantations, which could have contributed to 

the reduction in malaria transmission. Historically P. falciparum has been the dominant 

Plasmodium species causing malaria but more recently P. vivax infection has become 

predominant[18].  Malaria transmission is low and seasonal with entomological inoculation 

rates below one infectious bite/person/year [19, 20].  

Western Cambodia has been the epicentre for the emergence of P.falciparum strains resistant 

against a range of anti-malarial drugs including chloroquine, sulfadoxine/pyrimethamine, 

artemisinins and piperaquine [21-26]. The first-line treatment for falciparum malaria through 

December 2013, the first six months of the study, was atovaquone/proguanil (Malarone©) 

which temporarily replaced artesunate-mefloquine, and was itself replaced in January 2014 

with dihydroartemisinin/piperaquine (DHA/piperaquine) [27]. Vivax malaria is treated with a 

schizontocidal drug which is usually an artemisinin combination therapy (ACT). Radical cure 

for vivax malaria with primaquine after G6PD testing is recommended but as G6PD tests are 
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unavailable this is seldom used. In the Pailin area the primary health care providers for febrile 

illness are the VMWs who are supervised by the local government health centre. The VMWs 

stock rapid diagnostic tests (RDTs) and ACTs.  Primary healthcare from VMWs is intended to 

be available 24 hours a day and is free. Patients with a diagnosis other than malaria are 

referred to or go directly to a local health centre, which is approximately 6km from the study 

villages and serves other villages in the surrounding area. Those who require hospitalization 

travel to the Pailin Referral Hospital, which is roughly 30km from the study site. Malaria 

treatment by the private sector is prohibited in Pailin but pharmacies and drug sellers do stock 

anti-malarial drugs. In practice patients who believe that a malaria diagnosis is unlikely bypass 

the VMW.  

In 2013, the Cambodian National Centre for Parasitology, Entomology and Malaria Control 

(CNM) and Mahidol-Oxford Tropical Medicine Research Unit (MORU) formed a research team 

based in Pailin Referral Hospital to investigate the prevalence of subclinical parasitaemia. 

Three study villages were selected for participation in the study on the basis of high relative 

incidence of clinical falciparum malaria in the village malaria worker records.  

Study procedures 

In each village, a study committee was formed consisting of village leaders, VMWs, and 

volunteers. The committee assisted the study team in organizing the study and in engaging 

and mobilising the community. All households were geo-referenced by GPS and given a 

unique household number. In a census in April 2013 all residents were recorded, assigned a 

unique identification number and linked to a household number. In June 2013, the first of five 

cross-sectional surveys (M0) was conducted, followed by further surveys in October 2013 

(M3), January 2014 (M6), April 2014 (M9) and June 2014 (M11). Before each survey the 

population residing in the village at the time, including temporary residents and migrants were 

invited to participate. People moving into the villages between surveys for more than 2 weeks 

were included in the study. 
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Individual informed consent was obtained from adults and from parents or guardians of 

children aged less than 16 years. Information on demographics and household relationships 

were collected with a brief history of recent illness and travel. The tympanic temperature, 

weight, and height of all participants were measured. A venous blood sample (3mL) from all 

individuals aged ≥5 years was collected in EDTA tubes, or 500μL from children aged ≥6 

months to 5 years. Participants with fever ≥37.5°C were tested for malaria by rapid diagnostic 

test (Healgen malaria P. falciparum/Pan one-step RDT, Zhejiang Orient Biotech, China), and 

if positive were treated according to national guidelines[27]. 

 

Blood samples were stored on wet ice in the field and then transported within nine hours to a 

local laboratory in Pailin. Blood was centrifuged at 1,500g for 10 minutes (Heraeus labfuge 

400) to separate plasma and buffy coat from packed red blood cells (pRBC). 500 μL pRBC 

samples for uPCR analysis were then frozen and stored at -80°C. Batches of frozen samples 

were transported monthly on dry ice to the Molecular Tropical Medicine laboratory in Bangkok, 

Thailand for uPCR analysis as described previously [17].  

Participants aged 16 years and older who were found to be parasitaemic by uPCR were 

informed of their status and invited to join a study cohort. Cohort members were tested monthly 

for parasitaemia. The first survey (M1) was in August 2013. Subsequent cohort surveys were 

conducted in September 2013 (M2), November 2013 (M4), December 2013 (M5), February 

2014 (M7), March 2014 (M8) and May 2014 (M10). After the study closed, the local health 

centre provided free treatment according to national guidelines to all participants with 

persistent parasitaemia. 

Laboratory methods 

A detailed description, evaluation and validation of the high-volume ultrasensitive qPCR 

(uPCR) methodology has been reported previously [17]. Briefly, the DNA template for 

detection and quantification of Plasmodium by PCR is purified from thawed pRBCs. The 

presence of malaria parasites and an estimate of the parasite numbers (genomes) in each 
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sample are assessed by an absolute quantitative real-time PCR method using primers 

targeting the gene for 18S rRNA. A Quanti-Tect Multiplex PCR No ROX® Kit (QIAGEN, 

Germany) was used for this purpose with the PCR reaction mixture and the cycling conditions 

as per manufacturer’s instructions. The probes used in the assay have been validated and are 

highly specific for Plasmodium species [28]. The lower limit of detection of this method is 22 

parasites /ml of whole blood[29]. For samples containing parasite DNA by uPCR analysis, 

Plasmodium species detection was attempted using nested PCR protocols specific to P. 

falciparum (microsatellite marker Pk2), P. vivax (microsatellite marker 3.502) and P. malariae 

(18s rRNA) as described previously[28, 30, 31]. Samples for which Plasmodium species could 

not be determined were reported as Plasmodium species.  

To detect polymorphisms associated with reduced susceptibility to artemisinin derivatives the 

open-reading frame of the PF3D7_1343700 kelch propeller domain was amplified using a 

nested PCR protocol [1, 32]. Purified PCR products were sequenced at Macrogen, Republic 

of Korea and analysed using BioEdit version 7.1.3.0. using the 3D7 kelch13 sequence as 

reference (Accession: XM_001350122.1). The definition of single nucleotide polymorphisms 

(SNPs) was based on analytical approaches described previously [1, 33]. 

Data management and Statistical analyses 

Data were collected on smartphones using ODK software[34] and then managed by importing 

into OpenClinica [35]. 

Definitions 

a. At each quarterly survey, the numbers of residents and participants in the study 

villages changed as residents moved away, refused to participate, travelled, died, 

joined the village, were born or returned from travel. Reasons for non-participation 

were categorized as: moved away for more than one month, short travel (defined here 

as less than one month), refusal, unable, not known, or ineligible. Because the 

categories short travel, unable to attend and refusal can overlap, they were combined. 
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b. The ineligible category included the severely ill, children less than six months of age 

or participants who did not consent to a blood draw. 

c. A participant was defined as an individual who participated in the survey and agreed 

to give a blood sample.  

d. Coverage was estimated as the percentage of residents who provided a blood sample 

for uPCR analysis (numerator) divided by the number of invited residents 

(denominator). The invited residents represent the de facto population in the village at 

the time of the respective survey. 

e. Cohort participants were those aged 16 years and older who were found to be 

parasitaemic at M0 and followed monthly during the study period.  

f. Carriers were a subgroup of the cohort defined for the purposes of this study as being 

parasitaemic during four or more surveys. The definition was derived from the 

frequency distribution. Carriers represent the top quartile of the frequency distribution, 

75% of the cohort had fewer than four episodes. 

To determine independent predictors for parasitaemia within the adult cohort, a logistic 

regression model was developed wherein the order of observations for each subject was 

considered by month (M0-11). Each member of the cohort was fitted as a random effect to 

adjust for any dependence of repeated events. Risk factors investigated included, village, sex, 

occupation (farmer or not), and age (continuous). Time-varying risk factors (which were asked 

at each survey) included self-reported history of fever, self-reported history of malaria, travel 

(0/1), and bednet use (0/1). Potential interactions between covariates were also explored. To 

ensure good model fit, the quadrature approximation used in the random-effects estimators 

was checked. A p-value <0.05 was considered statistically significant. All analyses were 

performed using Stata, version 13 (StataCorp, College Station, TX, USA). 

Additional data sources 
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Daily rainfall and maximum/minimum temperature data were collected from the Pailin 

Meteorological Office. Information on clinical (symptomatic) malaria episodes were collected 

by village malaria (VMW), health workers (VHW) and primary health centres for 2013-14. 

Ethics approval  

The study was approved by the Cambodian National Ethics Committee for Health Research 

(0029 NECHR, dated 4th March 2013) and the Oxford Tropical Research Ethics Committee 

(1015-13, dated 29th April 2013). 

 

 

Results 

Study population 

Details of 1,758 residents were collected in the April 2013 census. Between June 2013 and 

June 2014 five surveys were conducted targeting all village residents. By the end of the 

surveillance period in June 2014 the number of residents who had been registered in the 

villages had increased to 2,330. Over the same period many people had moved out of the 

villages, hence the number of people invited to the final M11 survey (1,501) was similar to the 

number invited to the M0 survey (1,540). Coverage in prevalence surveys ranged from 80-

94% of those present in the village at the time. The numbers of residents who were invited to 

participate, who participated or who did not participate are shown in Table 1. 

 

Participant characteristics 

Data were collected on 2,330 people residing during the whole or part of the study period in 

three participating villages. The median age was 22 years (range three months to 83 years). 

Overall, 52% of residents were male, 39% were children <16 years old and 15% were ≤5 years 

old. There were 419 households with a median household size of 5 people. Most houses 

consisted of a large single room used for both daytime activities and for sleeping. More than 

97% of permanent villagers reported sleeping under a bed net at the time of each survey. The 
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median time of residence was six years (range one month to 38 years). Demographic 

characteristics of the 2,330 participants by uPCR result are shown in Table 2. 

 

Seasonal distribution of parasitaemia 

The seasonal distribution of P. falciparum, P. vivax and all Plasmodium infections, including 

infections in which the species could not be identified (P. species) are shown in Figure 1. 

Based on uPCR in June 2013 (M0) 32/1447 (2.2%) residents had P. falciparum infections, 48 

(3.3%) had P. vivax infections, 4 (0.3%) had mixed infections, and 142 (9.8%) had malaria 

infection but the species could not be identified. No species other than P. falciparum or P. 

vivax were identified. The P. falciparum malaria prevalence dropped below 1% by October 

2013 (M3) and remained below 1% during the following three surveys (M6, M9, M11). In 

contrast, P. vivax prevalence remained stable between 3% and 5% during the study period. 

Overall the highest parasite prevalence (16%; all species) was seen in June 2013 (early in the 

rainy season) and dropped to 5% to 7% for the rest of the study period. Figure 2 (a, b, c) 

illustrates, the relation between parasite prevalence estimated using uPCR, clinical cases 

diagnosed by village malaria (VMW), health workers (VHW) and primary health centres and 

meteorological variables. There was no detectable correlation between Plasmodium 

prevalence and rainfall or temperature. 

 

Resistance markers 

The mutation C580Y in the PF3D7_1343700 kelch propeller domain which is associated with 

reduced susceptibility to artemisinin derivatives was found in 17/32 (51%) P. falciparum 

strains. No other kelch polymorphisms were detected. The C580Y mutation was distributed 

heterogeneously between villages; it was found in 15/15 (100%) samples from PDB village 

but in only 2/17 (12%) samples from KL village. 

  

Cohort survey 
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136 villagers age 16 or older were found to be infected with P. falciparum, P. vivax, or P. 

species by uPCR in June 2013 (M0); 24 were infected with P. falciparum, 34 with P. vivax and 

in the rest the Plasmodium species could not be identified (n=78).  These 136 villagers were 

followed monthly for the 12 months surveillance period from June 2013 (M0) to June 2014 

(M11).  Of the 24 cohort members with mono or mixed P. falciparum infections at M0, three 

remained parasitaemic over two to four months, five were found have P. vivax parasitaemia 

during the follow-up period and four had Plasmodium infections in which the species could not 

be determined. The persistence of P. falciparum infections is illustrated in Figure 3. Figure 4 

shows the 34 cohort members with P. vivax mono-infections at M0; 12/34 (35%) who were 

parasitaemic with P. vivax or P. species in more than half of the following surveys. The 

Plasmodium species of 78 participants found to be parasitaemic on M0 could not be 

determined (Additional file 1). Three of those 78 participants with P. species infections at M0 

were parasitaemic with either P. vivax or P. species in at least half of the following surveys. 

 

The risk of being positive for malaria by uPCR was investigated in the adult cohort (n=136). 

The odds of carrying subpatent parasites decreased over time (AOR 0.82, 95% CI 0.76 to 

0.87). Being male and a self-reported history of malaria were the only two significant risk 

factors associated with a positive uPCR result (Table 3). Overall, a subgroup of 37 of the 136 

cohort members was parasitaemic during 4 or more monthly surveys. Compared to other 

cohort members the carriers (Table 4) were significantly more likely to be male (26/37 vs. 

45/99, p = 0.010) and were slightly older (median age 35 years) compared to 33 years in other 

cohort members (p = 0.373). All carriers were farmers by occupation (compared with 92/99 

among non-carriers, p = 0.189).    

 

Sub patent parasite densities 

The individual parasite densities of the 37 carriers over the 12 months study period are shown 

in Additional file 2. Over the 12 months study periods parasitaemias were cleared between 

zero and four times (mean 3.3, Standard Deviation 1.3) and recurred between 0 and 4 times 
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(mean 3.1  SD 1.2). Parasitaemia episodes lasted between 0 and 12 months (mean 2.8 SD 

2.1). The periods of clearance in this cohort lasted between 1 and 8 months (mean 2.1 SD 

1.8). In 3 carriers (KH10807, KH30276, KH21144; see Additional file 2), all male, parasites 

were detected in 12 sequential visits (Figure 4). The three persistent carriers controlled the 

parasite densities within 2 to 4 logs (log parasites/ml). Two of the three carriers (KH10807, 

KH30276) had a sporadic co-infection (PV+PF) during the study period. Frequently parasites 

became undetectable during the study period either to stay undetectable during the remainder 

of the study period or to reappear at a later stage. 

 

 

Discussion 

The availability of a new diagnostic tool, highly sensitive PCR (uPCR) provides a new 

perspective on the epidemiology of malaria, allowing characterization of the subclinical and 

submicroscopic Plasmodium reservoir [17].  The limit of parasite detection in this study is 

approximately 50 times lower than with the extensively employed capillary blood filter paper 

based PCR methods [36]. This is sufficient to identify the majority of infected individuals [37].  

Approximately four times more asymptomatic infected individuals were identified in these 

studies with this method than with conventional microscopy or rapid diagnostic tests [36].  

The study was conducted in an area of low seasonal malaria transmission at a time of 

strengthening malaria control and environmental change. The prevalence of P. falciparum 

infections was already low and declined further while the prevalence of P. vivax remained 

relatively stable. During the one year of follow up no obvious seasonality was detected. This 

disparity between the incidence of malaria and the prevalence of asymptomatic parasitaemia 

is also seen in areas of much higher transmission, such as the sub-Sahel, where there is also 

marked seasonality in the incidence of clinical malaria yet much less variation in asymptomatic 

carriage [38, 39]. This illustrates the importance of asymptomatic malaria as the transmission 
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reservoir infecting increasing numbers of anopheline vectors as vectorial capacity rises 

abruptly at the beginning of the rainy season.  

Ongoing molecular studies strongly suggest that the observed low densities of parasites are 

alive as they are expressing RNA. There is debate whether low-density parasitaemias are 

transmissible [4]. Several studies from sub-Saharan Africa, Asia, South America, and Pacific 

Islands have demonstrated that submicroscopic falciparum as well as vivax infections can be 

transmitted to mosquitoes [40-47]. These discussions usually revolve around the transmission 

potential at the time of sampling, but would be more epidemiologically relevant if they 

considered the transmission potential of an individual over time. An individual may have a low-

density non-transmissible infection on one day, but later densities may rise and infect biting 

anopheline mosquitoes. A recent study conducted in Papua New Guinea detected P. 

falciparum in 19% and P. vivax in 13% of 2083 samples using conventional PCR. 

Gametocytes could be detected in 60% of P. falciparum-positive and 51% of P. vivax-positive 

samples by detection of pfs25 and pvs25mRNA transcripts [48]. Gametocytaemia is probably 

present in all chronic infections but densities fluctuate out of phase with asexual parasitaemia 

waves.  

A cohort of adults with Plasmodium parasitaemia at the time of the first survey was followed 

over a 12 months period in monthly intervals. In this cohort P. falciparum infections were short 

lived; three participants remained infected for two to four months. By contrast a third of the 

participants with P. vivax infections remained parasitaemic for more than half of the following 

surveys. Three different patterns of persistence were observed. First, the infection could be 

cleared within the first months of the study period and did not reoccur. Second, no 

parasitaemias were detected during one or two months, only to reappear during subsequent 

months. Third, in a minority of participants persistent parasitaemias could be detected during 

each survey. Changes in genotype profiles over time within individual participants are currently 

under investigation.   
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In participants who control their infections relatively well, as illustrated by three participants 

who remained parasitaemic and asymptomatic during 12 surveys, the parasite densities 

remain low and the oscillation amplitude was less than one hundred fold. Oscillating parasite 

densities have been described previously in vivax as well as falciparum malaria therapy for 

patients with neurosyphilis [14, 49] and a more recent study conducted in an area of PNG with 

very high P. falciparum, P. vivax and P. malariae prevalence [12].  In PNG 70 asymptomatic 

villagers were sampled every third day for a period of 61 days. Infections often lasted for 

several weeks in young children but generally for only a few days in adults. The periodicity of 

infections observed in PNG was attributed to sequestration of synchronously replicating P. 

falciparum parasites as reported elsewhere [50]. Periodic oscillation of P. falciparum densities 

has also been reported in asymptomatic children in rural Tanzania sampled daily for 14 days 

[51]. It seems more likely that parasite multiplication varies over time, controlled by 

mechanisms such as antibody responses to variant surface antigens [52,53]. 

The decline in P. falciparum prevalence observed in this study could be short-lived. Half of the 

P. falciparum strains had a mutation (C580Y) in the gene coding for the K-13 propeller which 

is associated with reduced susceptibility to artemisinin derivatives. Artemisinins used in 

combination with a partner drug are the global first line treatment for uncomplicated malaria. 

In the presence of artemisinin resistance P. falciparum strains with reduced susceptibility of 

the partner drug emerge and spread rapidly [22,23,54]. The complete replacement of wild type 

with C580Y mutant strains in one village suggests a need for urgent action to interrupt the 

transmission of the remaining P. falciparum strains [55,56]. 

The study also shows a shift in malaria burden from P. falciparum to P. vivax which is 

increasingly responsible for malaria related morbidity and mortality in the region. The radical 

cure of patients with persistent vivax infections has a high priority not only for the benefit of 

the patient but to minimize the transmission of this infection. Radical cure of vivax infections 

requires use of 8-aminoquinolines such as primaquine. Fear of haemolysis in G6PD deficient 
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patients and the absence of a practical, low-cost rapid diagnostic test to diagnose G6PD 

deficiency have so far obstructed the wider use of this class of drugs.  

Conclusion 

 

Malaria control in western Cambodia has been highly successful resulting in a more than a 

hundred-fold reduction in P. falciparum cases and a more modest five-fold reduction in P. 

vivax cases in the study sites. The slower reduction in P. vivax than in P. falciparum 

transmission is likely due to the hypnozoite reservoir which is resistant to current control 

measures. A new technology, uPCR, provides insights into the dynamics of asymptomatic, 

subpatent Plasmodium infections. The findings suggest that the elimination of submicroscopic 

reservoirs is an essential step in the eradication of malaria. The inclusion of hypnozoiticidal 

drugs such as primaquine in the first line treatment of P. vivax malaria will be necessary to 

accellerate the elimination of vivax malaria. 
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Tables 

Table 1: Assembly of study participants and coverage (see methods for definitions) 

Survey Cumulative 

enrolment/ 

census 

Moved 

away >1 

month 

Invited

* 

Travel**, 

Unable 

Refused 

Reason 

not 

known 

In-

eligible 

Participated

† 

Coverag

e††(%) 

M0 1,758 218 1,540 69 0 24 1,447 94% 

M3 1,992 469 1,523 88 4 46 1,385 91% 

M6 2,125 573 1,552 263 0 44 1,245 80% 

M9 2,230 845 1,385 100 4 36 1,245 90% 

M11 2,330 829 1,501 193 0 41 1,266 84% 

 

* Includes all villagers who were not away from the village for more than 1 month; **short travel 

away for <1 month; † provided a blood sample; † † coverage = participated/invited 
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Table 3: Comparison of variables associated with qPCR positivity in cohort members (n=136) 

 N OR_crude 95% CI OR_adj* 95% CI 

Village; 

     KL 

     OK 

     PDB 

 

60 

17 

59 

 

Ref. 

0.99 

0.90 

 

 

0.42 to 2.35 

0.50 to 1.63 

  

Male 136 2.07 1.21 to 3.56 2.38 1.12 to 5.05 

Age (median years; range) 136 1.00 0.98 to 1.02   

Farmer 136 2.72 0.76 to 9.70   

Bednet use (n=124) 136 0.53  0.13 to 2.08   

History of fever 136 1.63 0.60 to 4.42   

History of malaria 136 99.0 32.1 to 306 92.1 29.3 to 290 

Travel 131 3.88 1.60 to 9.41 2.63 0.92 to 7.56 

Village*age 

     KL 

     OK 

     PDB 

 

60 

17 

59 

 

Ref. 

0.98 

0.98 

 

 

0.91 to 1.05 

0.94 to 1.03 

  

Sex*travel 131 2.27 0.66 to 7.85   

Farmer*age 136 1.01 0.92 to 1.12   

* * Includes only variables that were significant in univariate analysis 
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Table 4: Comparison of cohort members who were prolonged parasite carriers and non-

carriers 

 Non- carriers % Carriers  % Total  p-value 

N 99 73% 37 27% 136  

Village; 

     KL 

     OK 

     PDB 

 

43 

11 

45 

 

71.7 

64.7 

76.3 

 

17 

6 

14 

 

28.3 

35.3 

23.7 

 

60 

17 

59 

 

 

 

0.62* 

Male 45 45.5% 26 70.3% 71 0.010 

Age (median years; range) 33 16 to 72 35 16 to 65 34 0.37 

Farmer 92 92.9% 37 100% 129 0.19 

*2 df 
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Figures 

Figure 1: parasite prevalence at 3-monthly surveys of the entire village 
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Figure 2: Prevalence of asymptomatic plasmodium infections in relation to clinical malaria 

and seasonality. 
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Figure 3: The persistence and transitions of P. falciparum infections in an adult cohort 

(ordered by number of episodes) 
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Figure 4: The persistence and transitions of P. vivax infections in an adult cohort (ordered by 

number of episodes) 
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Figure 5: Log parasite densities (log parasites /ml) in three participants with persistent P. vivax 

infections.  
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Supplementary figures  

Figure 1 (supplement): The persistence and transitions of Plasmodium infections in which 

the species could not be identified. 

 2013 2014 

 jun aug sept oct nov dec jan feb mar apr may jun 

Subject ID M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 

KH021144 Psp PV PV PV PV PV PV PV PV PV PV Psp 

KH010795 Psp PV PV Neg PV PV PV Neg Neg PV Psp Psp 

KH020727 Psp  Neg               Neg Neg PV PV PV PV PV PV 

KH030079 Psp PV PV PV Neg Psp Psp Neg Neg Neg  Neg 

KH030046 Psp  PV Psp PV PV PV              Neg              

KH030169 Psp PV PV               PV Neg PV              Psp              

KH010702 Psp  PV Neg Neg Psp  PV Neg Neg  Psp 

KH021028 Psp                 Psp  PV Neg Psp  Neg PV 

KH021078 Psp PV Neg PF Neg PV Neg Neg Neg Neg Neg Neg 

KH021060 Psp PV PV PV Neg  Neg  Neg Neg Neg Neg 

KH020735 Psp PV Neg Neg Neg Neg PV Neg Neg Neg Neg Neg 

KH030413 Psp  Neg PV Neg Neg Neg PF Neg Neg Neg Neg 

KH010446 Psp  Neg Psp Neg PV Neg                Neg 

KH010400 Psp  Neg Neg Neg Psp Neg Neg Neg Neg Neg Neg 

KH030286 Psp  PV Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010416 Psp PV Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH030011 Psp PF Neg                 Neg Neg Neg Neg Neg Neg 

KH010648 Psp  PV Neg Neg                              

KH010071 Psp PF  Neg                               

KH010077 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH020340 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010876 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH030330 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH021011 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH030473 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH030334 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH030323 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010623 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH030348 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010584 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010011 Psp  Neg Neg Neg Neg Neg Neg             Neg Neg Neg 
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KH010196 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH020040 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010029 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH030282 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH020231 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010197 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH020239 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH030407 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH020068 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH020937 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010103 Psp  Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg 

KH010270 Psp  Neg Neg Neg Neg  Neg Neg  Neg Neg 

KH010591 Psp  Neg Neg Neg Neg Neg Neg Neg Neg  Neg 

KH010056 Psp  Neg Neg Neg Neg Neg Neg Neg  Neg Neg 

KH030002 Psp  Neg Neg Neg Neg Neg  Neg Neg Neg Neg 

KH010945 Psp  Neg Neg Neg Neg Neg Neg Neg Neg  Neg 

KH021012 Psp  Neg Neg Neg Neg Neg Neg Neg  Neg Neg 

KH010787 Psp  Neg Neg  Neg Neg Neg Neg Neg  Neg 

KH020466 Psp  Neg Neg Neg Neg Neg Neg               Neg 

KH020422 Psp  Neg Neg Neg Neg   Neg  Neg Neg 

KH010718 Psp  Neg Neg Neg Neg Neg Neg              Neg Neg 

KH010596 Psp  Neg Neg Neg Neg Neg Neg Neg Neg              

KH010220 Psp  Neg Neg Neg Neg               Neg Neg Neg 

KH010717 Psp  Neg Neg Neg Neg Neg Neg               Neg 

KH020660 Psp                 Neg Neg Neg Neg             Neg Neg Neg 

KH010218 Psp  Neg                 Neg Neg Neg Neg Neg Neg 

KH020331 Psp  Neg Neg Neg Neg Neg               Neg Neg 

KH010913 Psp   Neg Neg Neg Neg Neg Neg Neg Neg             

KH020970 Psp  Neg Neg Neg  Neg Neg Neg               

KH010049 Psp  Neg Neg Neg                Neg Neg Neg 

KH010070 Psp  Neg Neg Neg                Neg Neg Neg 

KH021048 Psp  Neg Neg Neg Neg Neg Neg                           

KH010912 Psp                 Neg Neg  Neg Neg  Neg Neg 

KH020532 Psp  Neg Neg Neg    Neg   Neg 

KH010260 Psp  Neg Neg Neg Neg Neg                            

KH010073 Psp   Neg Neg Neg               Neg Neg             

KH010873 Psp   Neg Neg Neg                 Neg 

KH010957 Psp  Neg               Neg Neg               Neg              

KH020981 Psp                 Neg   Neg              Neg Neg 
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KH021109 Psp                   Neg                            

KH021046 Psp   Neg                               

KH020786 Psp  Neg                                             

KH021035 Psp                 Neg                              

KH021093 Psp                                               

KH010895 Psp                                               

KH010082 Psp                                               

KH010052 Psp                                               
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Figure 2 (supplement): The log parasite density of all 37 parasite carriers defined here as 

parasitaemic during 4 or more of the 12 monthly surveys (sorted by ID number). Each cell 

represents an individual participant. The three highlighted participants are also shown in 

Figure 5.  

   

  

  

   

   

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010241

PF+PV

Psp

log parasite density

PV
PV

PV
PV

PV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010449log parasite density

PV

PV

PV

PV

PV

PV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010462

PV PF

PVPV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010626

Psp Psp
Psp

log parasite density

PV

PVPV

PV

PV

PV
PVPV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010681

PV

log parasite density

PV
PV

PV
Psp

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PF+PV - KH010698log parasite density

PF +PV PF
PF PF

PV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - KH010702

Psp Psp
Psp

PV
PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010773log parasite density

PV

PV
PV

PV

PV

PV

PV

PV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010782log parasite density

PV

PVPV
PV

PV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010794

PV

log parasite density

PV
PV

PV

Psp

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - KH010795

Psp

PV
PV

PV
Psp

PV
PV

PV

Psp

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010807

PV

Psp

PV
PVPF+PV

PV
Psp

PV
Psp

PV

PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010809

PV PspPVPVPV

PV

PV
PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH010811

PV

PV

PV

PV

PV
PV

PV
PV

PV+PF

Psp

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PF+PV - KH020091

PF+PV

PV PV

Psp Psp

log parasite density



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 64PDF page: 64PDF page: 64PDF page: 64

64 
 

   

   

 

  

  

  

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH020128

PV

PV
PV

PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH020179

PV

PVPV

PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH020222
log parasite density

PV
Psp

PspPV PV PV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH020581

PV

Psp
Psp

Psp

PV
PVPsp

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH020655
log parasite density

PV
Psp

PV
PV

Psp

PV

PV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH020727

Psp Pv

Pv

Pv

PvPv

Pv

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH020936

PV

Psp

PVPV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH021010

PV

PVPV

PV

PVPV

PVPV

Psp

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - KH021028
log parasite density

Psp

PVPV

Psp
Psp

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - KH021060

PV

Psp PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - KH021078
log parasite density

Psp
PV

PF

PV

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - KH021144

PV

Psp

Psp
PV

PV

PV

PV

PV

PV

PV

PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH021145

PV
Psp PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH021146

PV

PVPsp
Psp

PV

PV

PV

PVPV
PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PF - PV - Psp -KH021171

PF
PV

Psp
Psp

Psp
Psp

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH021183

PV

PV
PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - KH030046

Psp PV

Psp

PVPV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - PV - KH030079

Psp

PV

PV

PV

Psp

Psp

log parasite density



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 65PDF page: 65PDF page: 65PDF page: 65

65 
 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

Psp - PV - KH030169

Psp
Psp

PVPV

PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH030276

PV
Psp

PV

PV

PV

PV

PV

PV

PV+PF

Psp

PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH030291

PV
PV

PV

PV

log parasite density

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

PV - KH030490

PV PV

Psp

PVPsp

PV

PV
PV

PV

PVPV

log parasite density



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 66PDF page: 66PDF page: 66PDF page: 66

66 
 

Section 1 Chapter 3 

History of malaria treatment as a predictor of subsequent subclinical 

parasitaemia: a cross-sectional survey and malaria case records 

from three villages in Pailin, western Cambodia 

Peto TJ*1, 3, Kloprogge SE*2, Tripura R1Ɨ, Nguon C4, Sanann N5, Sovann Y6, Heng C1, Promnarate C7, 

Chalk J1, 3, Song N5, Lee SJ1, 3, Lubell Y1, 3, Dhorda M7, Imwong M1, White NJ1, 3, von Seidlein L1, 3, 

Dondorp AM1, 3 

1Mahidol Oxford Tropical Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University, 
Bangkok, Thailand 

2Erasmus University of Rotterdam, Rotterdam, the Netherlands 

3Centre for Tropical Medicine and Global Health, Nuffield Department of Medicine, University of Oxford, 
Oxford, UK 

4National Center for Parasitology, Entomology and Malaria Control, Phnom Penh, Cambodia 

 5Family Health International 360, Phnom Penh, Cambodia 

 6Provincial Health Department, Pailin, Cambodia 

 7World Wide Antimalarial Resistance Network, Churchill Hospital, Oxford, UK 

 

* Contributed equally 

ƗCorrespondence to: Rupam Tripura (Rupam@tropmedres.ac)  

Mahidol University-Oxford Tropical Medicine Research Programme, Faculty of Tropical Medicine, 

Mahidol University, 420/6 Rajvithi Rd, Rajthevee, Bangkok, 10400, Thailand  

Malar J (2016) 15:240 DOI 10.1186/s12936-016-1284-8  



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 67PDF page: 67PDF page: 67PDF page: 67

67 
 

Abstract 

Background 

Treatment of the sub-clinical reservoir of malaria, which may maintain transmission, could be 

an important component of elimination strategies. The reliable detection of asymptomatic 

infections with low levels of parasitaemia requires high-volume quantitative polymerase chain 

reaction (qPCR), which is impractical to conduct on a large scale. It is unknown to what extent 

sub-clinical parasitaemias originate from recent or older clinical episodes. This study explored 

the association between clinical history of malaria and subsequent sub-clinical parasitaemia. 

Methods 

In June 2013 a cross-sectional survey was conducted in three villages in Pailin, western 

Cambodia. Demographic and epidemiological data and blood samples were collected. Blood 

was tested for malaria by high-volume qPCR. Positive samples were analysed by nested PCR 

to determine the Plasmodium species. To identify previous episodes of malaria, case records 

were collected from village malaria workers and local health facilities and linked to study 

participants.  

Results 

Among 1,343 participants, 40/122 (32.8%) with a history of clinical malaria were parasitaemic 

during the cross-sectional survey, compared to 172/1,221 (14.1%) without this history (p 

<0.001). Among the 212 parasitaemic participants in the survey, 40 (18.9%) had a history of 

clinical malaria, compared to 87 out of 1,131 (7.7%) parasite-negative participants; p <0.001, 

adjusted OR 3.3 (95% CI; 2.1-5.1). A history of Plasmodium vivax was associated with sub-

clinical P. vivax parasitaemia in the survey (p <0.001), but this association was not seen with 

Plasmodium falciparum (p=0.253); only three participants had both P. falciparum parasites in 

the survey and a clinical history of P. falciparum. 

Conclusions 

A clinical episode of vivax malaria was associated with subsequent sub-clinical parasitaemia. 

Treatment of P. vivax with artemisinin-based combination therapy without primaquine often 
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resulted in recurrent episodes. Targeting individuals with a history of clinical malaria will be 

insufficient to eliminate the sub-clinical reservoir as they constitute a minority of parasitaemias. 

Keywords  Malaria, Plasmodium falciparum, Plasmodium vivax, Sub-clinical, Epidemiology, 

Quantitative polymerase chain reaction, Cambodia  
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Background 

 

Pailin Province in western Cambodia was the first region where artemisinin-resistant 

Plasmodium falciparum was reported [1, 2]. Subsequently, artemisinin-resistant parasites 

have been found on the Thai-Myanmar border and recently in other parts of Southeast Asia 

[3]. In the past, P. falciparum strains resistant to chloroquine, sulfadoxine-pyrimethamine and 

mefloquine emerged in western Cambodia and spread across Southeast Asia to Africa [3-5]. 

Artemisinin-based therapy is globally the most effective of anti-malarials and first-line drugs 

for malaria. Artemisinin resistance poses a serious threat to malaria control [6]. There is an 

emerging consensus that preventing the spread of artemisinin-resistant malaria requires the 

elimination of all P. falciparum in areas of artemisinin resistance [7-9].  

 

Malaria incidence in Pailin Province has dropped markedly over the last decade [10]. The 

incidence rate of malaria declined from 158/1,000 cases per year in 2004 to 13.1/1,000 in 

2011 (Provincial Health Department, Pailin). Malaria control has improved over this period, 

including early treatment of clinical cases by village malaria workers (VMWs), health education 

to raise awareness about malaria and the distribution of long-lasting, insecticide-treated nets 

(LLINs) [10]. There have been multiple first-line malaria treatments in Cambodia over the past 

decade due to the rapid emergence and spread of resistant P. falciparum parasites [6, 11] 

(Appendix). Dihydroartemisinin-piperaquine is currently the first-line treatment for both 

uncomplicated P. falciparum and Plasmodium vivax in western Cambodia (Cambodian 

National Malaria Control Programme treatment guidelines).  

 

Recent studies demonstrate a large reservoir of sub-microscopic malaria parasites in areas of 

low transmission in Southeast Asia [12, 13], including Pailin [14]. These sub-clinical levels of 

parasitaemia are likely to be an important source of transmission, and to be responsible for 

the surge in clinical malaria at the start of the transmission season when vector capacity 

increases [12]. The estimate of malaria prevalence is dependent on the sensitivity of the 
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detection method used. Parasite densities in asymptomatic carriers can often only be detected 

by polymerase chain reaction (PCR) techniques, which are expensive and time consuming 

[15]. A better understanding of the relationship between clinical malaria incidence and 

asymptomatic malaria parasite prevalence is useful for planning cost-efficient surveillance 

strategies. If a large proportion of sub-clinical parasitaemias originate from previously treated 

malaria cases, then people with a history of malaria could be targeted as part of an elimination 

programme, and incident clinical cases of malaria could become a target for enhanced follow-

up to achieve radical cure. Moreover, knowledge of the relationship between clinical and sub-

clinical parasitaemia might allow an estimation of sub-clinical reservoirs. This study 

investigated to what extent sub-clinical parasitaemia was associated with past clinical 

episodes of malaria. The objective of this study was to describe and assess the association 

between symptomatic malaria and subsequent sub-clinical parasitaemia. 

 

Methods 

Sub-clinical parasitaemia 

A cross-sectional survey was conducted in June 2013 in three villages in Pailin Province in 

western Cambodia to estimate the prevalence of sub-clinical malaria parasitaemia. The 

neighbouring villages of Krachap Leu (KL), O Kting (OK) and Phnom Dambang (PDB) were 

selected because local treatment records indicated the highest malaria incidence within Pailin 

Province in 2012. Public meetings were held to inform the villages about the study and 

individual, written, informed consent was obtained from all participants or their guardians.  

Basic demographic, anthropometric and health history data were collected from everyone 

above six months of age who was in the villages during the three weeks of the study.   

 

Laboratory procedures 

Three ml venous blood samples from participants ≥ five years and 500 μl from children from 

six months up to five years old were collected in EDTA tubes. Samples were stored in a cool 
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box until transport to the Pailin Referral Hospital laboratory where they were centrifuged to 

separate plasma, buffy coat and packed red blood cells (pRBC). Each sample was labelled 

with a barcode to ensure blinding, then stored at -80°C until transport on dry ice to the Mahidol 

University Faculty of Tropical Medicine molecular laboratory in Bangkok, Thailand. 

 

Batches of 500 μl (~100 μl for those from six months up to five years) of pRBC were thawed 

and quantitative PCR (qPCR) was performed to detect malaria parasites. High-volume ultra-

sensitive qPCR (HVUSqPCR) technique (Qiagen, Germany) has a limit of accurate detection 

of 22 parasites/ml. [16] Parasite density was quantified using the Rotor-Gene Q series 

software v 2.0.2. Samples testing positive for Plasmodium were then analysed by nested PCR 

to determine species. [15, 16] 

 

Symptomatic malaria 

In each of the study villages VMWs used rapid diagnostic tests (RDTs) and provided free 

treatment for malaria. They were supported by the mobile malaria workers (MMWs) who 

provided the same services and were responsible for migrants. For each patient, demographic 

information (including whether resident or migrant) and the diagnosis and treatment given 

were recorded. The villages were in the catchment area of one peripheral health facility, 

Krachap Health Centre, which used RDTs to diagnose malaria. Severe cases of malaria were 

managed by Pailin Referral Hospital, the only public hospital in Pailin. The hospital used 

microscopy for diagnoses. All available malaria case records relating to treatment of study 

participants prior to the June 2013 survey were collected from VMWs, MMWs, the Health 

Centre, and the Hospital. The records covered the period June 2005 to June 2013.  

 

Case records were reviewed by two members of staff and then linked carefully to the survey 

participants by matching names, ages, gender, and where relevant, guardian. Correct linkage 

was confirmed by interview with the participant, their guardian, and/or the VMW or MMW who 

treated them. Linkage was finalized while blind to the participants’ parasitaemia status in the 
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June 2013 survey. Participants from the cross-sectional survey who responded that they were 

temporarily resident (and therefore would not reliably appear in local treatment records if 

treated for malaria prior to the survey) were excluded from the analysis.  

 

Definitions 

A case history of malaria was defined as having had clinical malaria at some point prior to the 

cross-sectional survey as identified from the case records. A self-reported history of malaria 

was defined by the survey question “have you ever had malaria in the past?” and this category 

could include people who did not otherwise appear in available malaria treatment records. 

Participants who tested positive for malaria parasites by qPCR in the cross-sectional survey 

were defined as having sub-clinical parasitaemia. Each participant was asked whether they 

were temporarily (not a member of a permanent household) or permanently living in the 

village. 

 

Statistical analysis  

Groups were compared using a Student’s t-test, the Chi-squared test or Fisher’s exact test, 

as appropriate. The analysis was repeated using the proportion of all the survey participants 

who self-reported a history of malaria. The association between a case history of malaria and 

subsequent sub-clinical parasitaemia was quantified using logistic regression. All variables 

that were significant in the univariate analysis at p <0.05 were included in a logistic regression 

model with sub-clinical parasitaemia (Y/N) as the outcome. Using a stepwise approach, risk 

factors that were significant at p <0.05 were identified and retained in the final model. Data 

were analysed using STATA, version 13.1 (StataCorp LP, College Station, TX, USA). 

 

Ethical approval 

Ethics approval was obtained from the Oxford Tropical Research Ethics Committee 

(OXTREC; 1015-13), National Ethics Committee for Health Research Cambodia (0029 

NECHR), and the study was registered on clinicaltrials.gov (NCT01872702).  
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Results 

 

Cross-sectional survey and case histories 

In April 2013, the census population of the three villages was 1,758. In June 2013, malaria 

test results and surveys were obtained from 1,447 villagers (82.3%). One-hundred and four 

migrants were excluded, leaving 1,343 participants for the main analysis (Figure 1). A total of 

410 malaria case records were collected: 258 from VMWs, 96 from the Health Centre, 45 from 

the Referral Hospital (of which 32 were from clinical studies), and 11 from MMWs, dating from 

2005 to June 2013. Of 410 case records, 122 (29.8%) were linked to surveyed villagers. The 

quality of case records improved from 2011 onwards after the strengthening of the VMW 

programme; 81/122 (66.4%) of all the case records linked to survey participants come from 

2011 onwards (Figure 2).  

 

Description of the study population 

There were 212/1,343 (15.8%) participants with sub-clinical parasitaemia at the time of the 

survey, and 122/1,343 (9.1%) had a case history of malaria. Seventeen of 104 (16.3%) of the 

migrants surveyed had sub-clinical parasitaemia. Those who were aged >15 years, male or 

from Phnom Dambang village were more likely to have a history of malaria (Table 1) and also 

sub-clinical parasitaemia during the June 2013 survey [17, 18]. 

 

Recent travel to a forest and being a farmer with their own land were associated with a history 

of malaria (p <0.001 and p=0.002, respectively), but not with sub-clinical parasitaemia 

(p=0.614 and p=0.068, respectively). Mean age, travel history, use of bed nets, history of 

fever, history of illness and low-grade fever (temperature 37.5°C or higher) were not 

associated with a history of malaria. 
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Main outcome 

The prevalence of any parasitaemia during the survey was higher (40/122 (32.8%) among 

those with a recorded history of malaria when compared to those without (172/1,221 (14.1%), 

p <0.001) (Table 2). The majority of people did not have sub-clinical parasitaemia in the survey 

and did not appear in local treatment records (Figure 3). Among those with sub-clinical 

parasitaemia in the survey, the odds ratio for a recorded history of malaria was 3.0 (95% CI; 

2.0-4.5); after adjustment for age group, gender and village, the OR increased to 3.3 (95% CI; 

2.1-5.1). 

 

In 140/212 sub-clinical parasitaemias, the species of malaria could not be determined by 

nested PCR. Where known, the most common species of sub-clinical parasitaemia was P. 

falciparum in those without a recorded history of malaria and P. vivax in those who did have a 

case history of malaria (Table 3). Plasmodium vivax and mixed P. vivax infections in malaria 

case records were strongly associated with P. vivax and mixed P. vivax parasitaemia during 

the survey; p <0.001 (Table 4). This association was not found between P. falciparum and 

mixed P. falciparum case records and P. falciparum and mixed P. falciparum parasitaemia 

during the survey, p=0.253 (Table 5). Only three participants had a history of P. falciparum 

and were positive for P. falciparum in the survey. All of these cases occurred within the six 

months prior to the survey (Figure 2). No association was found between the number of 

recorded malaria episodes and sub-clinical parasitaemia p=0.300.  

 

Self-reported histories of clinical malaria 

Of the participants who were linked to a malaria case record, 98.4% (120/122) also self-

reported having had malaria prior to the survey; 77.7% (418/538) of those who self-reported 

having had malaria did not appear in the available malaria case records. Among these 418 

participants who reported malaria (but for whom no case record was found), there was a 

statistically significant association with sub-clinical parasitaemia during the survey (OR 1.5 
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(95% CI; 1.1-2.0) p=0.023, Table 6). This association was statistically non-significant when 

adjusted for age, gender and village (p=0.100).  

 

 

Discussion 

In Pailin, sub-clinical parasitaemia with any malaria species was three times more common 

among those with a history of malaria. This may be explained chiefly by the persistence or 

relapse of P. vivax parasites among previously treated cases, which suggests that treatment 

of P. vivax without primaquine often fails to result in radical cure. There was no clear 

association between the case records of P. falciparum and subsequent sub-clinical P. 

falciparum parasitaemia in the survey. Only three participants had both a case record of P. 

falciparum and P. falciparum parasitaemia in the survey, and all had been infected within the 

previous six months.  

 

The relationship between malaria incidence and the sub-clinical prevalence of parasitaemia is 

currently poorly defined. There were 55 malaria cases of all species recorded among residents 

of the study villages in 2012 (an annual parasite incidence of approximately 4.1%). The 

parasite prevalence during the HVUSqPCR survey in June 2013 was 15.8%, suggesting an 

approximately four-fold ratio. This information may be of relevance to elimination efforts as it 

could inform areas to target, but will require confirmation from other studies in other 

geographic areas. The origin of the large number of sub-clinical parasitaemias among those 

with no recorded or self-reported history of malaria remains unknown, as does the duration 

and potential infectiousness of sub-clinical P. falciparum parasitaemias in this population. The 

persistence of sub-clinical P. vivax parasitaemia among previously treated cases highlights 

again the critical importance of 8-aminoquinolines for the complete cure. 8-aminoquinolines 

are currently not used widely in Cambodia due to concerns about haemolytic adverse effects 

among people with glucose-6-phosphate dehydrogenase deficiency. 

 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 76PDF page: 76PDF page: 76PDF page: 76

76 
 

Limitations 

Prior to June 2011 VMW treatment records were not systematically collected. This missing 

information implies that this study may underestimate the association between treatment and 

sub-clinical parasitaemia. There is considerable seasonal migration in Pailin and case records 

of residents who received malaria treatment outside of the study area were not collected. 

Records could not be obtained from the private sector, where malaria treatment was common 

practice until it was banned in 2012, and frequently involved the use of ineffective anti-malarial 

drugs [19]. The sources from which case records were available generally followed the 

national guidelines for treatment of malaria, but the paucity of these data meant associations 

between specific anti-malarial drugs and subsequent sub-clinical parasitaemia could not be 

analysed. Data from the follow-up of clinical cases to assess efficacy at day 28 would have 

been informative, but were also unavailable. Lastly, parasite densities of sub-clinical 

parasitaemia may be below the detection threshold of HVUSqPCR and were missed in the 

cross-sectional design. 

 

Conclusions 

Clinical episodes of vivax malaria were associated with subsequent sub-clinical parasitaemia. 

Treatment of P. vivax with artemisinin-based combination therapy without primaquine often 

resulted in recurrent episodes. The at least three-fold risk of sub-clinical parasitaemia among 

those with a recorded case history of malaria suggests an easy-to-identify, high-risk 

population. Other high-risk groups, such as family members of malaria cases or forest 

workers, have been identified by previous studies [14]. None of these groups constitute the 

majority of infections within the village population and many people harbour parasites but have 

no particular risk factors [17]. Therefore, to eliminate all malarias from an area, treatment with 

the aim of interrupting transmission should target the entire community. 
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KL:   Krachap Leu village  
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Appendix 

National Treatment Guidelines, Cambodia National Malaria Control Programme 

Drug policy period P.falciparum P.vivax 

2002-2003 Artesunate-Mefloquine Chloroquine 

2003-2010 DHA-PPQ Chloroquine 

2010-2012 DHA-PPQ DHA-PPQ 

2012-2014 Atovaquone-Proguanil DHA-PPQ 

2014-  DHA-PPQ DHA-PPQ 
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Table 1:  Baseline characteristics of participants from the June 2013 cross-sectional survey, by recorded 
history of clinical malaria (2005-13) 

 Case record of 
clinical malaria 
n=122 (9%) 

No case record of 
clinical malaria 
n=1221 (91%) 

All villagers 
 
n=1343 

p-value* 

Gender (male) 81 (66%) 597 (49%) 687 (51%) <0.001 

Age (years; mean) 26.8 24.1 24.3 0.107 

Age groups (years): 

0-4.9 

5.0-14.9 

15.0-44.9 

≥45.0 

 

2 (2%) 

31 (25%) 

70 (57%) 

19 (16%) 

 

161 (13%) 

334 (27%) 

511 (42%) 

215 (18%) 

 

163 (12%) 

365 (27%) 

581 (43%) 

234 (17%) 

 

 

 

 

<0.001 

Village: 

Krachap Leu 

O Kting 

Phnom Dambang 

 

30 (25%) 

38 (31%) 

54 (44%) 

 

436 (36%) 

240 (20%) 

545 (45%) 

 

466 (35%) 

278 (21%) 

599 (45%) 

 

 

 

0.004 

Occupation: 

Child or student 

Farmer other land 

Farmer own land 

Farm labourer 

Other 

 

35 (29%) 

20 (16%) 

56 (46%) 

8 (7%) 

3 (3%) 

 

525 (43%) 

102 (8%) 

443 (36%) 

101 (8%) 

50 (4%) 

 

560 (42%) 

122 (9%) 

499 (37%) 

109 (8%) 

53 (4%) 

 

 

 

 

 

0.002 

Recent forest visit 11 (9%) 38 (3%) 49 (4%) 0.001 

Recent travel history 23 (19%) 243 (20%) 266 (20%) 0.782 

Bed net use: 

Regular 

Irregular 

 

118 (97%) 

4 (3%) 

 

1193 (98%) 

28 (2%) 

 

1311 (98%) 

32 (2%) 

 

 

0.496 

Low grade fever ≥37.5°C 4 (3%) 69 (6%) 73 (5%) 0.270 

Fever, by self-report at 
survey 

18 (15%) 148 (12%) 166 (12%) 0.401 

Illness, self-report at 
survey 

32 (26%) 371 (30%) 403 (30%) 0.334 

* comparing those with and without a clinical history of malaria.  
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Table 2:   Association between a case history of malaria in local health records (2005-13) 

and sub-clinical Plasmodium parasitaemia in the June 2013 cross-sectional survey* 

 Case history  

of malaria 

No case history  

of malaria 

Total 

 

Subclinical parasitaemia 40 (33%) 172 (14%) 212 (16%) 

No subclinical parasitaemia 82 (67%) 1049 (86%) 1131 (84%) 

Total 122 (100%) 1221 (100%) 1343 (100%) 

*p<0.001    
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Table 3: Plasmodium species among sub-clinical parasitaemias in the June 2013 cross-

sectional survey, by a case history of malaria in local health records (2005-13) 

Plasmodium species Case history of 

malaria 

No case history of 

malaria 

Total 

P.falciparum 

Mixed P.vivax P.falciparum 

P.vivax 

Plasmodium, species not 

defined 

5 (22%) 

1 (25%) 

18 (40%) 

16 (11%) 

18 (78%) 

3 (75%) 

27 (60%) 

124 (89%) 

23 

4 

45 

140 

Total 40 (19%) 172 (81%) 212 (100%) 
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Table 4:  Plasmodium vivax sub-clinical parasitaemia in the June 2013 cross-sectional 

survey by a case history of malaria in local health records (2005-13)* 

 P.vivax 

malaria case 

history 

No P.vivax 

malaria case 

history 

Total 

P.vivax subclinical parasitaemia 15 (18%) 34 (3%) 49 (4%) 

No P.vivax subclinical 

parasitaemia  

70 (82%) 1,224 (97%) 1294 (96%) 

Total 85 (100%) 1258 (100%) 1343 

* p<0.001 
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Table 5: Plasmodium falciparum sub-clinical parasitaemia in the June 2013 cross-sectional 

survey by a case history of malaria in local health records (2005-13)* 

 P.falciparum 

malaria case 

history 

No P.falciparum 

malaria case 

history 

Total 

P.falciparum subclinical 

parasitaemia 

3 (4%) 24 (2%) 27 (2%) 

No P.falciparum subclinical 

parasitaemia  

77 (96%) 1239 (98%) 1316 

(98%) 

Total 80 (100%) 1263 (100%) 1343 

* p=0.253 
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Table 6: Sub-clinical Plasmodium parasitaemia and a self-reported history of clinical 

malaria recorded in the cross-sectional survey, among those who did not have a case 

history of malaria in local health records* 

 

 Self-reported  

history of malaria 

No self-reported history  

of malaria 

Total 

Subclinical 

parasitaemia 

72 (17%) 100 (12%) 172 (14%) 

No subclinical 

parasitaemia 

346 (83%) 703 (88%) 1049 (86%) 

Total 418 (100%) 803 (100%) 1221 

*p=0.023 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 88PDF page: 88PDF page: 88PDF page: 88

88 
 

Figure 1: Study consort diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 89PDF page: 89PDF page: 89PDF page: 89

89 
 

Figure 2:   Time since treatment among those who were parasitaemic in the June 2013 survey 

and who also appeared in local health records as having been previously treated for malaria  
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Figure 3:   Recorded history of clinical malaria 2005-13 and subsequent parasitaemia in the 

June 2013 cross-sectional survey 
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Abstract 

Background:  

Subclinical infections in endemic areas of Southeast Asia sustain malaria transmission. These 

asymptomatic infections might sustain immunity against clinical malaria and have been 

considered benign for the host, but if they are associated with chronic low-grade inflammation 

this could be harmful. We conducted a case-control study to explore the association between 

subclinical malaria and C-reactive protein (CRP), an established biomarker of inflammation. 

 

Methods:  

Blood samples from asymptomatic villagers in Pailin, Western Cambodia were tested for 

malaria by high-volume ultra-sensitive polymerase chain reaction (uPCR) to determine the 

Plasmodium species. Plasma CRP concentration was measured in 328 individuals with 

parasitaemia (cases) and compared with: i) the same individual’s value at the first time point 

when they had no detectable parasites (n=282); and ii) age- sex- and village-matched controls 

(n=328) free of Plasmodium infection. Plasma CRP concentrations were compared against 

thresholds of 3mg/L and 10mg/L. Subgroup analysis was carried out for cases with P vivax 

and P falciparum mono-infections. 

 

Results:  

Median plasma CRP level for all samples was 0.59mg/L (interquartile range:  0.24-1.64mg/L). 

CRP concentrations were higher in parasitaemic individuals compared with same-person-

controls (p=0.050); and matched-controls (p=0.025). 4.9% of samples had CRP 

concentrations above 10mg/L and 14.6% were above 3mg/L. Cases were more likely to have 

plasma CRP concentrations above these thresholds than age/sex matched controls, odds 

ratio 3.5 (95%CI 1.5 - 9.8) and 1.8 (95%CI 1.1 - 2.9), respectively. Amongst cases, parasite 
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density and CRP were positively correlated (p<0.001), an association that remained significant 

when controlling for age and fever. Individuals with P.vivax mono-infections had the highest 

plasma CRP concentrations with the greatest association with parasitaemia. 

 

Discussion:  

In this setting persistent malaria infections in asymptomatic individuals were associated with 

moderately elevated plasma CRP concentrations; chiefly evident in cases with P.vivax mono-

infections. As well as interrupting malaria transmission within the community, treatment of 

asymptomatic malaria infections, in particular radical cure of vivax malaria, may benefit the 

health of infected individuals.  

 

Background 

 

A subclinical reservoir of malaria plays an important role in sustaining transmission in areas 

of seasonal malaria and presents an obstacle to malaria elimination [1]. The size, dynamics, 

and characteristics of this reservoir are still poorly understood [2, 3]. From an evolutionary 

perspective, an optimal strategy in low transmission settings is for malaria parasites to persist 

at a subclinical level within a host [4]. The optimum density would produce sufficient 

gametocytes to allow transmission, but be below the level at which clinical symptoms lead to 

either clearance by activation of the immune system, or the seeking of treatment; either of 

which result in the end of the infection [5]. 

The effects of submicroscopic parasitaemia on the host beyond the risk of developing clinical 

malaria and contributing to splenomegaly and anaemia are not well-understood, as these 

infections are below the level of detection by most standard methods. A recent review of the 

potential burden of subclinical infections beyond clinical cases, implicated these ‘chronic 
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infections’ with higher risk of susceptibility to bacteraemias, anaemia, and all-cause mortality, 

but the underlying biology and causal pathways are not clear [6]. Whether subclinical 

infections induce an inflammatory response, for instance, has been studied in only a few 

places [7-9] and only once in a low transmission setting. It is of potential pathological 

importance as low levels of inflammation are known contributors to leading causes of morbidity 

including myocardial infarction, stroke, diabetes, and metabolic syndrome, as well as an 

increased risk of overall mortality [10].  

If subclinical malaria infection is associated with an inflammatory response this could 

contribute to similar morbidities, particularly if these persist for prolonged periods. It is also 

important to better understand if such associations are more or less evident in different 

Plasmodium species, as this could inform considerations into either radical cure of P.vivax 

infections, and or wide-spread treatment of otherwise healthy individuals with ACTs to help 

achieve P.falciparum elimination. 

C-reactive protein (CRP) is a cytokine-induced acute phase protein and biomarker of 

inflammation and infection. CRP plays a role in host defence by activating the complement 

pathway and as a pro-inflammatory mediator. The median Plasma CRP concentrations in the 

population is 1.5mg/L with an interquartile range of 0.3-3.5mg/L, a range that is stable across 

sex and ethnic groups.  CRP concentrations increase markedly during acute inflammatory 

events [11, 12] notably acute bacterial infections and systemic protozoal infections such as 

malaria. Elevated CRP is also widely used as a predictor of cardiovascular disease with a 

threshold of 3mg/L used to define individuals at high risk [13, 14]. In addition to cardiovascular 

disease, CRP has been shown to be associated with a range of other morbidities including 

diabetes and cancer, and has also been shown to predict all-cause mortality [15]. 

A number of studies have reported a relationship between clinical malaria and CRP [16-18].  

Anti-disease immunity that controls parasite densities and illness might suppress the 

inflammatory response to the infection, but this relationship has not been assessed in detail. 

If subclinical malaria parasitaemia is associated with chronic inflammation this could justify 
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strategies to treat these infections, given the health risks to the individual of persistently raised 

inflammatory proteins [19-21]. Data are available from Ghana showing that in high 

transmission settings (prevalence>85% PCR detected plasmodium infections in apparently 

healthy volunteers aged 8-95), CRP levels were positively associated with P falciparum 

infection [8]. A recent study in Indonesia investigated possible haematological, vascular and 

inflammatory effects of asymptomatic infection and found evidence of all three in children, with 

CRP being elevated in both children and adults [9]. There were insufficient P. vivax cases to 

determine whether there were differences between Plasmodium species. 

A better understanding of plasma CRP concentrations in individuals in malaria endemic 

settings is needed to determine the potential use of CRP as a guide for antibiotics in febrile 

patients with negative malaria tests. In a recent study CRP was found to be a useful biomarker 

for distinguishing between viral and bacterial infections in febrile patients in the Mekong [17]. 

Treatment algorithms based on CRP and malaria RDTs have the potential to guide the rational 

use of antibiotic treatment, but if plasma CRP concentrations in these populations are 

commonly elevated for other reasons this could undermine the utility of such an approach. 

This study therefore addresses the following questions: i) what is the distribution of plasma 

CRP concentrations in apparently healthy individuals in rural Southeast Asian settings? ii) are 

plasma CRP concentrations raised in asymptomatic parasitaemic individuals, and are plasma 

CRP concentrations correlated with parasite loads? iii) is there evidence of a difference in 

CRP concentrations in individuals with P.vivax as compared with P.falciparum subclinical 

infections? 

Results 

 

Of 2151 individual villagers for whom uPCR results were available, 328 (15.2%) were found 

to be positive for malaria parasitaemia in at least one instance with a corresponding plasma 

sample available for CRP testing (Table 1). P.falciparum and P.vivax mono-infections were 
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identified in 12% and 35% of these 328 cases, respectively.  The remaining cases had either 

a Plasmodium infection with indeterminate species (51.5%) or a mixed infection (1.5%). All 

328 cases were assigned a matched control, surveyed in the same month. In 282 cases a 

sample without detectable parasitaemia and with a CRP result was available to act as a same-

person control.  

 

Differences in distribution of plasma CRP concentrations 

The median plasma CRP level for all samples was 0.59mg/L with an interquartile range of 

0.24-1.64mg/L and a full range of 0.02-263mg/L; the data are shown in Fig 1. Plasma CRP 

concentrations were higher in parasitaemic individuals compared to matched-controls 

(p=0.025) and to same-person-controls (p=0.050), with a median value of 0.66mg/L in cases, 

0.52mg/L in age/sex matched controls, and 0.58mg/L in same-person controls; Table 2 and 

Fig 1.  

 

With the age/sex matched controls this difference remained significant when excluding 

individuals who reported an episode of illness in the previous 48 hours (p=0.022) but not 

when excluding individuals with a fever at the time of the survey (while self-reporting as 

being asymptomatic) (p=0.103). In the same-person control comparison the differences were 

not significant once febrile individuals or those with a reported episode of illness were 

excluded from the analysis. 

 

Plasma CRP concentrations were highest in cases with P.vivax infections, with a median of 

0.9mg/L, also significantly higher than their matched and same person controls (p=0.011 and 

0.004 respectively). The differences remained significant also with the exclusion of cases with 

a reported illness in the previous 48 hours and in those with a fever at the time of the survey 

(p=0.018 and 0.014, respectively). There was no significant difference in plasma CRP 
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concentrations between cases with a mono P.falciparum infection and those of either set of 

controls.  

Plasma CRP concentrations in relation to clinical thresholds 

In aggregate, 14.6% of asymptomatic villagers had plasma CRP concentrations above a 

threshold of 3mg/L, and 4.9% had plasma CRP concentrations above a threshold of 10mg/L. 

There was a significant difference between cases and controls (Table 2), with 17% of cases 

having plasma CRP concentrations above the 3 mg/L threshold as compared with 10% in the 

age/sex matched controls (odds ratio 1.8, 95%CI 1.1 - 2.9). In the same-person controls the 

proportion of individuals with elevated plasma CRP above the threshold was similar to that in 

the cases, 16% (odds ratio 1.1, 95% CI 0.7 - 1.8).  

A similar difference was found with the higher threshold of 10mg/L (Table 2), with 7.6% of 

cases having a CRP reading above the threshold as compared with 2.1% in the age/sex 

matched controls (p<0.001) and 5% in the same-person controls (p=0.14).  

In the subgroups of patients with mono-infections, P.vivax cases were more likely to have 

plasma CRP concentrations above the threshold of 3 mg/L as compared with the age-sex 

matched controls (25.2%, with an OR of 2.7 (95% CI 1.3-6.3)). Likewise the OR for plasma 

CRP concentrations being above a threshold of 10mg/L was 9 in the vivax cases as compared 

with their age-sex matched controls (95% CI 2.2-80). No differences were found in the odds 

of having elevated CRP levels above the thresholds in cases with falciparum mono-infections 

as compared with either set of controls (both p>0.3). 

Parasitaemia and CRP 

The geometric mean parasitaemia (95% CI) in cases was 2178/mL (1444 - 3285), Table 1. 

There was a positive correlation between log parasitaemia and log plasma CRP (Pearson’s 

correlation coefficient = 0.26, p <0.001); this result was unchanged by the exclusion of cases 

with fever (correlation coefficient = 0.25, p <0.001). When including only cases with a vivax 

mono-infection the correlation coefficient increased to 0.44 and remained statistically 
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significant (p<0.001), despite the lower number of participants. In a linear regression model, 

while fever was itself significantly associated with elevated CRP (p=0.013), the association 

between parasite count and plasma CRP remained significant after controlling for fever 

(p<0.001) and remained positive when adjusted for age. The data for log transformed parasite 

counts and CRP concentrations and their linear prediction are shown in Fig 2.  

Discussion 

Subclinical malaria infections could have a significant health burden beyond that posed by 

clinical cases [6]. This study found plasma C-reactive protein (CRP) concentrations in 

individuals with subclinical submicroscopic malaria infection to be raised as compared with 

age/sex matched controls, as well as in the same individuals reassessed when they did not 

have detectable parasitaemia. The differences were mostly of small magnitude but may have 

a clinical significance in prolonged infections, particularly in P. vivax, where the differences 

were most pronounced, and due to the persistent nature of the infection.  

The uPCR method used in this study has a lower limit of detection of 22 parasites/mL which 

detects nearly 75% of P.falciparum infections and over 85% of P.vivax infections [5]. There 

was a significant association between parasitaemia and plasma CRP concentrations, which 

remained significant when adjusting for fever. The association was particularly strong in cases 

with a vivax mono-infection, and less apparent in those with a falciparum infection, although 

the latter constituted only a small minority of cases (12%). The higher plasma CRP 

concentrations in vivax malaria might be explained by a heightened inflammatory host 

response as compared with falciparum malaria [22]. 

Individuals with acute illness were excluded by design from the malaria survey but some 

participants were found to have a fever and/or reported an episode of illness in the last 48 

hours, and some of the differences in plasma CRP concentrations between cases and both 

groups of controls were no longer significant once these individuals were excluded from the 

analysis. A degree of interdependence between these inflammatory responses to 
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parasitaemia is expected. The frequent presence of fever and/or elevated CRP in individuals 

with detectable parasites in a community setting supports the notion that what are often 

referred to as submicroscopic, ‘asymptomatic infections’ could in fact have a detrimental 

health impact, even if they do not result in health seeking behaviour. 

There was a higher prevalence of elevated plasma CRP and a higher proportion of febrile 

individuals in same-person controls as compared with the age/sex matched controls. This 

might be explained by persisting infections that were not detected by uPCR. There are, 

however, other potential factors that could explain these differences that were not accounted 

for in the matching, such as forest goers that could be at greater risk of other non-malarial 

fevers, as well as other genetic or behavioural predispositions for elevated CRP.  

Regarding the use of CRP to guide the use of antibiotics in febrile patients with a negative 

malaria test, this study confirms that plasma CRP concentrations in this rural, Southeast Asian 

population were above a conservative threshold of 10mg/L in only 4.6% of individuals. This 

threshold is in fact probably lower than is likely to be used in this context; a recent study 

identified 20mg/L as a potential threshold [17], in which case only 2.9% in this study population 

would have higher values than this threshold. This implies that CRP guided treatment in febrile 

patients would not be hindered by a large proportion of ‘false positive’ tests due to high 

prevalence of elevated CRP in the general population.  

Limitations 

While uPCR is the most sensitive test available for these surveys, some infections are still 

undetectable, and some of the controls, particularly in the same-person control group could in 

fact be infected. While this might result in smaller differences in plasma CRP concentrations 

between the groups this would only strengthen the association between parasitaemia and 

elevated CRP. Second, there is a possibility of confounders and reverse causality, whereby 

for instance other causes of fever or elevated CRP might trigger relapse of malaria parasites. 

Larger studies with repeated CRP measurement before and after infection would be needed 
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to explore this. Other possible risk factors and confounders that could be implicated in elevated 

CRP and/or parasitaemia would need to be included in the matching process. Third, the 

thresholds of 3mg/L and 10mg/L used to classify clinically significant elevated CRP 

concentrations are not well defined, although the overall finding of higher risk of elevated CRP 

in cases versus controls is a consistent one irrespective of the specific chosen threshold. 

Fourth, and potentially the most important limitation, was the inability to determine the species 

of 52% of all plasmodium infections, which may introduce bias into the analysis. Species 

determination was chiefly unavailable from low-density parasitaemias. As parasitaemia was 

associated with species the unavailability of results may be non-differential and a potential 

cause of bias.  

Conclusions 

This study finds that subclinical submicroscopic malaria infection is associated with elevated 

plasma CRP concentrations, particularly in P.vivax infections. Prolonged inflammation and 

elevated plasma CRP concentrations have been implicated with cardiovascular disease and 

other common causes of morbidity. If these findings are verified in future studies, this would 

lend further weight to the treatment of subclinical infected individuals for their own health 

benefit, as well as for the community benefits associated with interrupting malaria 

transmission. The findings also reinforce the importance of radical cure of vivax malaria to 

avoid recurrent inflammation during repeated blood stages, even if these do not always 

manifest in clinical episodes. 

 

Materials and Methods 

Ethical approval 

Ethical approval for the survey was obtained from the Cambodian National Ethics Committee 

for Health Research (0029 NECHR), the Oxford Tropical Research Ethics Committee 
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(OXTREC; 1015-13), and the study was registered on clinicaltrials.gov (NCT01872702). The 

informed consent form allowed for use of the stored samples for further investigations to 

characterise malaria infections. We obtained written informed consent from all individuals or 

from the parent or guardian of children. 

The Study Site  

Pailin is an agricultural province on the Thai-Cambodian border to the north of the Cardamom 

Mountains. As elsewhere in Cambodia, Pailin has seen a marked reduction in the incidence 

of malaria over the past decade [23].  Several factors may contribute to this decrease: the 

village malaria worker (VMW) programme which provides early diagnosis and treatment and 

records cases [24], the restriction of antimalarial drug prescription by the private sector and 

prohibition of artemisinin monotherapies [25], increased usage of long-lasting insecticide 

treated bed-nets [26], better health education [27], and environmental changes, chiefly the 

clearing of forested areas [28]. 

The three villages with the highest malaria incidence from the Pailin provincial health 

department’s 2012 records were selected for the study. A study malaria team was formed in 

each village. Meetings were held to mobilize the community to participate and inform the 

villagers about the study. Before enrolment individual informed consent was obtained from all 

participants or their guardian. The study population were self-reportedly healthy individuals; 

people who were acutely sick were not asked to provide blood during surveys. 

Survey methods 

The survey has been reported previously [1]. In brief, over thirteen months in 2013-14 cross-

sectional surveys were conducted in June, October, January, April, and June in three villages 

in Pailin, western Cambodia. The de facto population, including migrants and visitors was 

invited to participate in the survey and coverage averaged 80%. Those with malaria 

parasitaemia in the June 2013 survey were thereafter tested monthly for malaria. During 

surveys tympanic temperature, height, weight, and health status and health history data were 
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collected. A 3ml blood sample was collected by venepuncture from all participants aged 5 

years and above and a 0.5ml venous sample from those aged 6 months up to 5 years. 

Samples were stored in EDTA tubes on ice and transported daily to a hospital laboratory for 

processing.  

Molecular laboratory procedures 

An ultra-sensitive quantitative polymerase chain reaction (uPCR) technique was used to 

detect malaria parasites. Validation and performance characteristics have been reported 

elsewhere [29]. Parasite density was estimated by Rotor-Gene Q software v 2.0.2. This 

measure of the number of parasite genomes was used to approximate parasite density [1, 30]. 

Nested PCR was used to determine the Plasmodium species [31]. Samples with insufficient 

DNA to amplify by nested PCR to determine the species were reported as Plasmodium 

species (P. species). All laboratory tests were blinded to participant malaria and health status. 

C-reactive protein assays 

20ul plasma samples were thawed, split, and tested for CRP by an independent reference 

laboratory (Professional Laboratory Management Corp Co., Ltd, Bangkok, Thailand,  ISO/IEC 

15189 accredited; http://www.prolab.co.th/en/quality-assurance) using a solid phase 

sandwich enzyme-linked immunosorbent assay (ELISA) with conjugated detection antibody. 

CRP tests were performed independently by laboratory staff blinded to all participant data and 

their case-control status.  

Definition of cases and controls 

Cases were defined as villagers who were positive for Plasmodium parasitaemia in at least 

one survey; CRP was measured in the first instance they tested positive. The first available 

sample with a negative result and CRP measurement was assigned as a same-person 

Control. All cases were also assigned an age- (within 5 years) sex- village- matched control 

(uPCR negative for parasites) surveyed in the same month. 
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Statistical analysis and data management 

The study used a cross-over design where each malaria patient served as their own control 

at the next time seen without malaria, as well as having age and sex matched controls from 

the same village. The associations between parasitaemia and plasma CRP concentrations 

were compared between cases and controls using the Wilcoxon matched-pairs signed rank 

test, for each of the control groups separately. The analysis was repeated with the exclusion 

of cases and controls who reported illness in the previous 48 hours and with the exclusion of 

febrile individuals at the time of the survey (in whom plasma CRP concentrations might be 

elevated for other reasons). We then compared the proportions of cases and controls with 

CRP concentrations that exceeded thresholds of 3mg/L and 10mg/L as predictors of 

cardiovascular disease [14] and infection, respectively [11]. We calculated and compared the 

odds ratio of having CRP concentrations above these thresholds using McNemar's chi-

squared test.  

The parasite counts and plasma CRP concentrations were log transformed and the 

correlations between them were estimated (Pearson’s test for correlation); this estimation was 

repeated omitting cases with fever. A linear regression model was used to graph this 

association, as well as the association between the age/sex matched controls and their 

respective plasma CRP concentrations, controlling for the presence of fever.  

These analyses were then repeated for P falciparum and P vivax cases in isolation, excluding 

mixed infections and those where a species could not be identified.  

Data were entered into Open Data Kit (ODK) on smartphones before being exported into Open 

Clinica. Analysis was done in STATA 14.0. 

 

 

 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 104PDF page: 104PDF page: 104PDF page: 104

104 
 

Acknowledgments 

We thank the study participants and communities, village malaria workers, fieldworkers, and 

the local authorities in Pailin. We would also like to thank Ampai Tanganuchitcharnchai, 

Panjaporn Chaichana, Stuart Blacksell and Pak Jansawangkul for facilitating the CRP testing 

of the stored study samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 105PDF page: 105PDF page: 105PDF page: 105

105 
 

References 

1. Imwong M, Nguyen TN, Tripura R, Peto TJ, Lee SJ, Lwin KM, et al. The epidemiology 
of subclinical malaria infections in South-East Asia: findings from cross-sectional 
surveys in Thailand-Myanmar border areas, Cambodia, and Vietnam. Malaria journal. 
2015;14:381. doi: 10.1186/s12936-015-0906-x. PubMed PMID: 26424000; PubMed 
Central PMCID: PMCPMC4590703. 

2. Sluydts V, Heng S, Coosemans M, Van Roey K, Gryseels C, Canier L, et al. Spatial 
clustering and risk factors of malaria infections in Ratanakiri Province, Cambodia. 
Malaria journal. 2014;13:387. Epub 2014/10/02. doi: 10.1186/1475-2875-13-387. 
PubMed PMID: 25269827; PubMed Central PMCID: PMC4190307. 

3. Bosman P, Stassijns J, Nackers F, Canier L, Kim N, Khim S, et al. Plasmodium 
prevalence and artemisinin-resistant falciparum malaria in Preah Vihear Province, 
Cambodia: a cross-sectional population-based study. Malaria journal. 2014;13:394. 
Epub 2014/10/08. doi: 10.1186/1475-2875-13-394. PubMed PMID: 25288380; 
PubMed Central PMCID: PMC4200124. 

4. Narayanasamy K, Chery L, Basu A, Duraisingh MT, Escalante A, Fowble J, et al. 
Malaria evolution in South Asia: Knowledge for control and elimination. Acta tropica. 
2012;121(3):256-66. 

5. Imwong M, Stepniewska K, Tripura R, Peto TJ, Lwin KM, Vihokhern B, et al. The 
numerical distributions of parasite densities in asymptomatic malaria. Journal of 
Infectious Diseases. 2015:jiv596. 

6. 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;13(1):e1001942. doi: 10.1371/journal.pmed.1001942. PubMed PMID: 
26783752. 

7. Imrie H, Fowkes FJ, Michon P, Tavul L, Reeder JC, Day KP. Low prevalence of an 
acute phase response in asymptomatic children from a malaria-endemic area of Papua 
New Guinea. The American journal of tropical medicine and hygiene. 2007;76(2):280-
4. PubMed PMID: 17297036. 

8. Eriksson UK, van Bodegom D, May L, Boef AG, Westendorp RG. Low C-reactive 
protein levels in a traditional West-African population living in a malaria endemic area. 
PLoS One. 2013;8(7). 

9. de Mast Q, Brouwers J, Syafruddin D, Bousema T, Baidjoe AY, de Groot PG, et al. Is 
asymptomatic malaria really asymptomatic? Hematological, vascular and inflammatory 
effects of asymptomatic malaria parasitemia. J Infect. 2015;71(5):587-96. doi: 
10.1016/j.jinf.2015.08.005. PubMed PMID: 26304688. 

10. Ridker PM. Inflammatory biomarkers and risks of myocardial infarction, stroke, 
diabetes, and total mortality: implications for longevity. Nutrition reviews. 
2007;65(suppl 3):S253-S9. 

11. Wu AH. Tietz clinical guide to laboratory tests: Elsevier Health Sciences; 2006. 

12. Macy EM, Hayes TE, Tracy RP. Variability in the measurement of C-reactive protein 
in healthy subjects: implications for reference intervals and epidemiological 
applications. Clin Chem. 1997;43(1):52-8. PubMed PMID: 8990222. 

13. Ridker PM. Clinical application of C-reactive protein for cardiovascular disease 
detection and prevention. Circulation. 2003;107(3):363-9. 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 106PDF page: 106PDF page: 106PDF page: 106

106 
 

14. Yousuf O, Mohanty BD, Martin SS, Joshi PH, Blaha MJ, Nasir K, et al. High-sensitivity 
C-reactive protein and cardiovascular disease: a resolute belief or an elusive link? 
Journal of the American College of Cardiology. 2013;62(5):397-408. 

15. Koenig W, Khuseyinova N, Baumert J, Meisinger C. Prospective study of high-
sensitivity C-reactive protein as a determinant of mortality: results from the 
MONICA/KORA Augsburg Cohort Study, 1984–1998. Clinical chemistry. 
2008;54(2):335-42. 

16. Diez-Padrisa N, Bassat Q, Machevo S, Quinto L, Morais L, Nhampossa T, et al. 
Procalcitonin and C-reactive protein for invasive bacterial pneumonia diagnosis among 
children in Mozambique, a malaria-endemic area. PLoS One. 2010;5(10):e13226. 
Epub 2010/10/27. doi: 10.1371/journal.pone.0013226. PubMed PMID: 20976241; 
PubMed Central PMCID: PMC2954814. 

17. Lubell Y, Blacksell S, Dunachie S, Tanganuchitcharnchai A, Watthanaworawit W, Paris 
D, et al. Performance of C-Reactive Protein and Procalcitonin to distinguish Viral from 
Bacterial and Malarial Causes of Fever in Southeast Asia. BMC Infectious Diseases. 
2015;DOI: 10.1186/s12879-015-1272-6. 

18. Pelkonen T, Albino A, Roine I, Bernardino L, Peltola H. C-reactive protein in children 
with malaria in Luanda, Angola: a prospective study. Trans R Soc Trop Med Hyg. 
2015;109(8):535-7. doi: 10.1093/trstmh/trv046. PubMed PMID: 26065879. 

19. Karin M, Lawrence T, Nizet V. Innate immunity gone awry: linking microbial infections 
to chronic inflammation and cancer. Cell. 2006;124(4):823-35. doi: 
10.1016/j.cell.2006.02.016. PubMed PMID: 16497591. 

20. Schottenfeld D, Beebe-Dimmer J. Chronic inflammation: a common and important 
factor in the pathogenesis of neoplasia. CA Cancer J Clin. 2006;56(2):69-83. PubMed 
PMID: 16514135. 

21. Kuper H, Adami HO, Trichopoulos D. Infections as a major preventable cause of 
human cancer. J Intern Med. 2000;248(3):171-83. PubMed PMID: 10971784. 

22. Yeo TW, Lampah DA, Tjitra E, Piera K, Gitawati R, Kenangalem E, et al. Greater 
endothelial activation, Weibel-Palade body release and host inflammatory response to 
Plasmodium vivax, compared with Plasmodium falciparum: a prospective study in 
Papua, Indonesia. J Infect Dis. 2010;202(1):109-12. doi: 10.1086/653211. PubMed 
PMID: 20497057; PubMed Central PMCID: PMC4313368. 

23. Maude RJ, Nguon C, Ly P, Bunkea T, Ngor P, Canavati de la Torre SE, et al. Spatial 
and temporal epidemiology of clinical malaria in Cambodia 2004-2013. Malaria journal. 
2014;13:385. Epub 2014/10/01. doi: 10.1186/1475-2875-13-385. PubMed PMID: 
25266007. 

24. Cox J, Sovannaroth S, Dy Soley L, Ngor P, Mellor S, Roca-Feltrer A. Novel approaches 
to risk stratification to support malaria elimination: an example from Cambodia. Malaria 
journal. 2014;13:371. Epub 2014/09/23. doi: 10.1186/1475-2875-13-371. PubMed 
PMID: 25233886; PubMed Central PMCID: PMC4177243. 

25. Yeung S, Lawford HL, Tabernero P, Nguon C, van Wyk A, Malik N, et al. Quality of 
antimalarials at the epicenter of antimalarial drug resistance: results from an overt and 
mystery client survey in cambodia. The American journal of tropical medicine and 
hygiene. 2015;92(6 Suppl):39-50. doi: 10.4269/ajtmh.14-0391. PubMed PMID: 
25897063. 

26. CNM. National Treatment Guidelines for Malaria. Cambodian National Malaria Control 
Programme, 2014. 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 107PDF page: 107PDF page: 107PDF page: 107

107 
 

27. Lim S, Yasuoka J, Poudel KC, Ly P, Nguon C, Jimba M. Promoting community 
knowledge and action for malaria control in rural Cambodia: potential contributions of 
Village Malaria Workers. BMC research notes. 2012;5:405. Epub 2012/08/07. doi: 
10.1186/1756-0500-5-405. PubMed PMID: 22863397; PubMed Central PMCID: 
PMC3475080. 

28. von Seidlein L, Dondorp A. Fighting fire with fire: mass antimalarial drug 
administrations in an era of antimalarial resistance. Expert review of anti-infective 
therapy. 2015;13(6):715-30. doi: 10.1586/14787210.2015.1031744. PubMed PMID: 
25831482. 

29. Imwong M, Hanchana S, Malleret B, Rénia L, Day NP, Dondorp A, et al. High-
throughput ultrasensitive molecular techniques for quantifying low-density malaria 
parasitemias. Journal of clinical microbiology. 2014;52(9):3303-9. 

30. Imwong M, Hanchana S, Malleret B, Renia L, Day NP, Dondorp A, et al. High-
throughput ultrasensitive molecular techniques for quantifying low-density malaria 
parasitemias. Journal of clinical microbiology. 2014;52(9):3303-9. Epub 2014/07/06. 
doi: 10.1128/JCM.01057-14. PubMed PMID: 24989601; PubMed Central PMCID: 
PMC4313154. 

31. Mugittu K, Adjuik M, Snounou G, Ntoumi F, Taylor W, Mshinda H, et al. Molecular 
genotyping to distinguish between recrudescents and new infections in treatment trials 
of Plasmodium falciparum malaria conducted in Sub-Saharan Africa: adjustment of 
parasitological outcomes and assessment of genotyping effectiveness. Trop Med Int 
Health. 2006;11(9):1350-9. doi: 10.1111/j.1365-3156.2006.01688.x. PubMed PMID: 
16930256. 

 

 

 

 

 

 

 

 

 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 108PDF page: 108PDF page: 108PDF page: 108

10
8 

 Ta
bl

es
: 

Ta
bl

e 
1.

D
em

og
ra

ph
ic

 d
at

a 
fo

r 
sa

m
e 

pe
rs

on
 c

on
tro

ls
, 

ag
e-

se
x-

vi
lla

ge
 m

at
ch

ed
 c

on
tro

ls
 a

nd
 c

as
es

, 
an

d 
th

os
e 

fo
r 

th
e 

su
b-

gr
ou

ps
 w

ith
 

P
.fa

lc
ip

ar
um

an
d 

P
.v

iv
ax

m
on

o-
in

fe
ct

io
ns

.

C
on

tr
ol

N
ex

t -
ve

 re
su

lt 
in

 

th
e 

sa
m

e 
pe

rs
on

C
on

tr
ol

A
ge

-v
ill

ag
e-

an
d 

se
x-

m
at

ch
ed

C
as

eM
al

ar
ia

 p
ar

as
ite

s 

of
 a

ny
 s

pe
ci

es

C
as

es
 w

ith
 P

. v
iv

ax

m
on

o-
in

fe
ct

io
n

C
as

es
 w

ith
P.

 

fa
lc

ip
ar

um
m

on
o-

in
fe

ct
io

n

n 
(%

 o
f a

ll 
in

fe
ct

io
ns

)
28

2
32

8
32

8
11

5 
(3

5%
)

40
 (1

2%
)

M
ea

n 
ag

e 
(S

D
) (

ye
ar

s)
(s

am
e 

as
 c

as
e)

25
.6

 (1
7)

26
.3

5 
(1

7)
28

 (1
6)

28
 (1

8)

%
 M

al
e 

(n
)

(s
am

e 
as

 c
as

e)
21

0 
(6

4%
)

21
0 

(6
4%

)
81

 (7
0%

)
23

 (5
7%

)

N
o.

 w
ith

 fe
ve

r (
%

)
31

 (1
0.

9%
)*

5 
(1

.5
%

)*
*

44
 (1

3.
3%

)
20

 (1
7.

4%
)

5 
(1

2.
5%

)

M
ea

n 
ty

m
pa

ni
c 

te
m

pe
ra

tu
re

 

(S
D

), 
de

gr
ee

s 
C

37
.0

 (0
.4

0)
36

.9
 (0

.3
3)

37
.1

 (0
.5

0)
37

.1
 (0

.6
0)

37
.2

 (0
.3

0)

R
ec

en
t h

is
to

ry
 o

f i
lln

es
s

33
 (1

1.
6%

)
81

 (2
4.

6%
)

85
 (2

5.
8%

)
22

 (1
9%

)
16

 (4
0%

)

G
eo

m
et

ric
 m

ea
n 

pa
ra

si
ta

em
ia

 (9
5%

 C
I) 

/m
L

N
A

N
A

21
78

(1
44

4,
 3

28
5)

35
03

6

(1
76

44
-6

95
67

)

91
17

(2
83

9-
29

27
9)

* p
 =

 0
.3

62
, *

* p
 <

 0
.0

01



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 109PDF page: 109PDF page: 109PDF page: 109

10
9 

 Ta
bl

e 
2:

  C
R

P 
va

lu
es

 a
nd

 d
is

tri
bu

tio
ns

 in
 c

as
es

 a
nd

 c
on

tro
ls

. 

Pl
as

m
a 

C
R

Pc
on

ce
nt

ra
tio

ns
 

C
on

tr
ol

N
ex

t –
ve

 re
su

lt 
in

 

th
e 

sa
m

e 
pe

rs
on

 (n
=2

82
) 

C
on

tr
ol

 A
ge

- v
ill

ag
e-

 

an
d 

se
x -

m
at

ch
ed

 

(n
=3

28
) 

C
as

eM
al

ar
ia

pa
ra

si
te

s 
of

 a
ny

 

sp
ec

ie
s 

(n
=3

28
)  

C
as

es
 w

ith
 P

. v
iv

ax
 

m
on

o -
in

fe
ct

io
n 

(n
=1

15
) 

C
as

es
 w

ith
 P

. 

fa
lc

ip
ar

um
 m

on
o-

in
fe

ct
io

n 
(n

=4
0)

 

M
ed

ia
n 

C
R

P 
m

g/
L 

(IQ
R

; 

ra
ng

e)
 

0.
52

  

(0
.2

4,
 1

.6
7;

 0
.0

5,
 9

8.
3)

* 

0.
58

  

(0
.2

1,
 1

.4
; 0

.0
4,

 

45
.2

)*
* 

0.
66

  

(0
.2

7,
 1

.9
9;

 0
.0

2 
26

3.
1)

 

0.
89

  

(0
.4

4-
3.

31
; 0

.0
4-

26
3)

‡  

0.
43

  

(0
.2

2-
1.

13
; 0

.0
5-

36
.9

) ‡
‡  

N
um

be
r (

%
) o

f s
ub

je
ct

s 

w
ith

 C
R

P>
3m

g/
L 

46
 (1

6.
3%

) 
34

 (1
0.

4%
) 

57
 (1

7.
3%

) 
29

 (2
5.

2%
) 

4 
(1

0%
) 

N
um

be
r (

%
) o

f s
ub

je
ct

s 

w
ith

 C
R

P>
10

m
g/

L  
14

 (5
.0

%
) 

7 
(2

.1
%

) 
25

 (7
.6

%
) 

18
 (1

5.
7%

) 
1 

(2
.5

%
) 

*p
=0

.0
49

7 
fo

r d
iff

er
en

ce
 b

et
w

ee
n 

ca
se

s 
an

d 
sa

m
e 

pe
rs

on
 c

on
tro

ls
 

**
p=

0.
02

48
 fo

r d
iff

er
en

ce
 b

et
w

ee
n 

ca
se

s 
an

d 
sa

m
e 

ag
e-

 s
ex

- m
at

ch
ed

 c
on

tro
ls

 

‡ p
=0

.0
11

 fo
r d

iff
er

en
ce

 b
et

w
ee

n 
P.

vi
va

x 
m

on
o-

in
fe

ct
io

n 
ca

se
s 

an
d 

th
ei

r s
am

e 
ag

e-
 s

ex
- m

at
ch

ed
 c

on
tro

ls
 a

nd
 p

=0
.0

04
 fo

r t
he

 s
am

e-
pe

rs
on

 c
on

tro
l s

am
pl

es
. 

‡‡
p=

0.
25

 fo
r 

di
ffe

re
nc

e 
be

tw
ee

n 
P.

fa
lc

ip
ar

um
 m

on
o-

in
fe

ct
io

n 
ca

se
s 

an
d 

th
ei

r 
sa

m
e 

ag
e-

 s
ex

- 
m

at
ch

ed
 c

on
tro

ls
 a

nd
 p

=0
.4

1 
fo

r 
th

e 
sa

m
e-

pe
rs

on
 c

on
tro

l 

sa
m

pl
es

. 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 110PDF page: 110PDF page: 110PDF page: 110

110 
 

Figure captions 

Fig 1: Distribution of CRP concentrations in both sets of controls, cases, and in cases with 

vivax and falciparum mono-infections 
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Fig 2: Scatterplot and linear prediction for the association between parasitaemia and plasma 

CRP concentrations.   
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Abstract 

 

Background 

The malaria burden is decreasing throughout the Greater Mekong Subregion, however 

transmission persists in some areas. Human movement patterns, subclinical infections and 

complicated transmission patterns contribute to the persistence of malaria. This research 

describes the micro-geographical epidemiology of both clinical malaria and subclinical 

Plasmodium infections in three villages in Western Cambodia.  

 

Methods 

Three villages in Western Cambodia were selected for the study based on high reported 

Plasmodium falciparum incidence. A census was conducted at the beginning of the study, 

including demographic information and travel history. The total population was 1766. Cross-

sectional surveys were conducted every three months from June 2013 to June 2014. 

Plasmodium infections were detected using an ultra-sensitive, high-volume, quantitative 

polymerase chain reaction (uPCR) technique. Clinical episodes were recorded by village 

health workers. The geographic coordinates (latitude and longitude) were collected for all 

houses and all participants were linked to their respective houses using a demographic 

surveillance system. Written informed consent was obtained from all participants. 

 

Results 

Most clinical episodes and subclinical infections occurred within a single study village. Clinical 

P. vivax episodes clustered spatially in each village but only lasted for a month at most. In one 

study village subclinical infections clustered in geographic proximity to clusters of clinical 

episodes. The largest risk factor for clinical P. falciparum episodes was living in a house where 

another clinical P. falciparum episode occurred (model adjusted odds ratio (AOR): 6.9; CI: 2.3 

– 19. 8). Subclinical infections of both P. vivax and P. falciparum were associated with clinical 

episodes of the same species (AOR: 5.8; CI: 1.5 – 19.7 for P. falciparum and AOR: 14.6; CI: 
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8.6 – 25.2 for P. vivax) and self-reported overnight visits to forested areas (AOR = 3.8; CI: 1.8 

– 7. 7 for P. falciparum and AOR = 2.9; CI: 1.7 – 4.8 for P. vivax).  

Discussion 

Spatial clustering within the villages was transient, making prediction of such spatial clusters 

difficult. Interventions that are dependent on predicting spatial clusters (such as reactive case 

detection) would only have detected a small proportion of cases unless the entire village was 

screened within a limited time frame and with a highly sensitive diagnostic. Subclinical 

infections may be acquired outside of the village (particularly in forested areas) and may play 

an important role in transmission.  
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INTRODUCTION  

In much of the Greater Mekong Subregion (GMS) malaria case numbers have been 

decreasing and nations are moving from malaria control to elimination. Village-based 

treatment of malaria is central to elimination strategies [1], however, in many parts of the GMS 

there is no functioning village health worker network, especially in areas near international 

borders [2]. Interventions such as insecticide treated bed nets (LLITNs) are less effective in 

the GMS than in Africa, since most of the important Anopheles vectors feed outdoors and 

during dusk and dawn when few people are sleeping [3]. 

 

Within the remaining malaria endemic areas in the GMS, malaria risk is heterogeneously 

distributed and the complete interruption of malaria transmission has thus far been elusive. In 

many parts of the GMS malaria persists in clusters along international borders as a result of a 

complex combination of political, environmental, and socio-economic factors that are not 

completely understood.  Migration of both mosquitoes and humans can lead to the 

reintroduction of parasites to regions that might otherwise be malaria free [4]. A high 

prevalence of subclinical and submicroscopic Plasmodium infections, even in low 

transmission areas such as the GMS, undermines elimination efforts as these infections 

contribute to transmission and are unlikely to be detected and treated through conventional 

control activities [5–7].  

 

Current elimination efforts are focused on Plasmodium falciparum. Plasmodium vivax 

presents particular problems to control and elimination because liver hypnozoites cause 

periodic relapses. The situation is compounded by safety concerns regarding the two-week 

treatment with primaquine required for the radical cure of hypnozoites [8–10].  

 

Micro-geographical analyses can inform how, when, and where clustering occurs and how it 

relates to transmission patterns [11]. Clustering can occur at multiple levels: within hosts 

(individuals with repeated infections over time) and within populations (groups of hosts that 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 116PDF page: 116PDF page: 116PDF page: 116

116 
 

share exposure sites such as houses, villages, or work environments). Major control and 

elimination strategies (such as targeted mass treatment with or without screening, reactive 

case detection, and focused screening and treatment) rely on being able to identify space-

time clusters of malaria. This clustering can give information about transmission patterns. For 

example, if transmission occurs within villages then cases tend to cluster in particular groups 

of houses [12]. Conversely, if transmission occurs outside of the village then the disease tends 

to cluster in individuals who are exposed to transmission sites [13]. An understanding of local 

clustering patterns can be used to help design or select appropriate interventions. 

 

The main goals of this research were to investigate potential associations between 1) 

subclinical Plasmodium infections and clinical malaria episodes, 2) travelling to or spending 

the night in the forest and malaria infection, and 3) spatial and spatio-temporal clustering of 

malaria cases within villages in Pailin Province, Cambodia. 

  

Methods 

Study sites  

The study area consisted of three villages in Pailin Province, Cambodia, near the international 

border with Thailand (Figure 1). In 2004 Pailin reported some of the highest annual parasite 

incidences (API) in Cambodia, with API above 160/per 1000 people per year for both P. 

falciparum and P. vivax. By 2013 this incidence had fallen to around 10/1000 for P. falciparum 

and 20/1000 for P. vivax. The areas of highest transmission were no longer in the west of 

Cambodia but were now in the north and north east [14]. The dramatic decline of malaria in 

western Cambodia may be attributable at least in part to the increased malaria control efforts 

following the detection of artemisinin resistant P. falciparum [15]  with an important scale-up 

of the village malaria worker programme and improved coverage of insecticide treated bednets 

[16,17]. Deforestation may also play a role [13]. Despite the fall in clinical incidence, a reservoir 

of subclinical malaria remains and is an important target for accelerated elimination strategies 

[5–7,18].  
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The study villages were selected based on P. falciparum incidence in 2012 and are adjacent 

to each other, covering an area approximately ten km long and four km wide.  

 

Data collection 

 

Detailed demographic and geographic surveys were conducted beginning in June 2013 and 

ending in December of 2014. During the study period, first-line treatment for P. falciparum and 

for P. vivax was dihydroartemisinin-piperaquine. Primaquine was not used for P. vivax due to 

a lack of availability of G6PD testing. In addition radical cure of P. vivax with primaquine was 

not recommended in the national treatment guidelines at the time of the study. Individuals who 

agreed to participate in the study had their age and sex recorded and were given an 

identification code. The geographic coordinates (latitude and longitude) for all houses in the 

study villages were recorded and each house was assigned an identification code. All 

participating individuals were linked through a demographic surveillance system to their 

respective houses. All participants provided written informed consent. 

 

Mass blood screenings were conducted in the villages every three months from June 2013 to  

June 2014, (M0 – M12 [7]). During the cross-sectional surveys a mobile clinic was established 

in a central location within each village, usually in the village school. Village volunteers were 

trained to assist in the surveys and they went house-to-house to inform and invite all residents 

to participate. Surveys took place over several days and were usually followed up one week 

later in order to survey participants who were absent during the survey. Within each survey, 

house members attended as groups and passed through a series of desks where they 

provided informed consent, they were registered, weighed, measured, had their tympanic 

temperature taken, completed a short survey form, provided a venous blood sample and 

received a consultation with a nurse if necessary. During the screenings, 3 mL of blood was 

collected from each adult participant (500 uL from children six months to five years old), any 
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malaria symptoms (e.g. fever, chills) were noted, and the blood was analyzed using an ultra-

sensitive quantitative polymerase chain reaction method (uPCR), with a lower level of 

detection of 22 parasites per mL (described in detail in [5]).  

Patients without clinical symptoms who had Plasmodium infection detected by uPCR are 

herein referred to as having “subclinical” infections. Anyone with a temperature of 37.5 or 

above had an RDT performed by the village malaria worker and, if positive for malaria, was 

treated according to national guidelines. 

 

Each village had a village malaria worker (VMW), which is the primary care provider for 

patients with febrile illness. The VMW provided diagnosis and treatment for symptomatic 

malaria cases. Patients who attended the VMW were recorded in a log book and matched to 

their study identification number. Patients were tested for malaria using a rapid diagnostic test 

(CareStart™ Malaria Pf/Pv Combo test) and treated as per national guidelines if found 

infected. Patient outcomes were recorded and for the present analysis were considered 

“clinical” episodes of P. falciparum or P. vivax malaria beginning in June 2013 and running 

through December 2014 (M0 – M18). Both clinical episodes and subclinical infections were 

then linked to houses of residence for analysis. 

 

Brief travel history and bednet usage interviews were also conducted during each of the three-

monthly cross-sectional surveys. Participants were asked if they had travelled to another 

location or spent the night in the forest within the last two weeks. 

 

The original census population was treated as a cohort for this analysis. Some individuals 

moved into the villages during the study period but were not included in this analysis as their 

data do not account for their previous exposures and environments. Participants who moved 

out of the cohort and villages during the study period [7] were included in this analysis. 

 

Analysis 
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The outcome variables for these analyses were clinical episodes (of P. falciparum or P. vivax, 

separately) and subclinical infections (also of P. falciparum or P. vivax separately). Both 

clinical malaria episodes and subclinical infections detected by uPCR during surveys can 

occur multiple times within individual participants and all episodes were included in the 

analysis. It was not possible to determine whether or not recurrent malaria infections in 

individuals were new infections or recrudescences, as the genetic material was typically 

insufficient for genotyping. Also, relapse infections in P. vivax cannot be distinguished from 

recrudescent infection. Therefore, individuals who had either a confirmed clinical episode or 

uPCR-confirmed subclinical infection with malaria (for P. falciparum and P. vivax separately) 

were coded with a “1” regardless of their number of infections. Participants who never 

presented at a clinic with symptomatic malaria and who never had malaria parasites detected 

by uPCR during the study period were coded as “0”. A quantitative variable was included to 

account for the number of screenings attended by individuals, with some individuals only 

attending 1 screening and others attending all 5.  

 

In order to test for house-level clustering of infections, two house level covariates were also 

included to indicate whether or not there were secondary infections within the house: one 

indicating secondary clinical episodes and one indicating secondary uPCR detected 

infections. This covariate excluded the index case. 

 

Categorical predictor variables were created for participant sex and age, with age being 

aggregated into groups based on work behaviors of villagers (age groups 0 – 9; 10 – 45; and 

46 plus). Two predictor categorical variables related to human movement patterns were also 

created, one based on the participant reporting spending the night in the forest (1 = yes; 0 = 

no) and the other based on spending the night away from the village (1 = yes; 0 = no). 

Participants were asked whether or not they had spent 1 or more nights in the forest or 

traveling away from the village within the previous two weeks. A categorical variable was 
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created for self-reported bednet use (1 = reported having regularly used bednets; 0 = reporting 

not regularly using bednets). A continuous spatial variable that measured the distance from a 

house to the nearest house with a clinical infection (for clinical P. falciparum and clinical P. 

vivax) was generated (Figure 2). A categorical variable for village was included both to 

account for unmeasured village-specific factors and clustering at the village level. 

 

Exploratory analysis 

 

Exploratory analyses investigated outcome and predictor variables with regard to outcome 

variables as well as the timing between episodes that occurred within house and within 

individuals. Contingency tables were used to look for associations between subclinical 

infections and clinical malaria episodes, between cases in houses and individuals in those 

houses, and between spending the night in the forest or away from the village and both clinical 

episodes and  subclinical infections. Odds ratios were calculated for binary variables and Chi- 

squared or Fisher’s exact tests were used where appropriate (for variables with multiple 

levels).  

 

Exploratory spatial analysis 

 

Counts of clinical episodes, subclinical infections and population numbers were aggregated at 

the individual house level for spatial analysis. Clinical episodes were aggregated into three-

month periods matching the timing of the cross sectional surveys. Scan statistics were then 

used to investigate the timing, location and sizes of potential clusters of either clinical episodes 

or uPCR detected subclinical infections. Discrete Poisson space-time models were used to 

estimate statistically significant clusters for each of the villages [19]. Clusters that were 

statistically significant denote times and areas within study villages in which the relative risk of 

either a clinical episode or a subclinical infection were higher than expected by chance alone. 

The scan statistics were run on both clinical episodes and subclinical infections, for both P. 
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vivax and P. falciparum, and for each of the villages independently (a total of 12 tests). Scan 

statistics were run using SatScan software (https://www.satscan.org).  

 

Global Moran’s I statistics and Local Indicators of Spatial Autocorrelation (LISA) statistics were 

then used as verification for SatScan results. When clusters were identified using the scan 

statistics, a Moran’s I test was used on the same village and time period to look for 

concordance between the two approaches. The Moran’s I statistic provides an indication of 

spatial clustering, including the absence or presence of clustering and a measure of clustering 

magnitude, but it does not indicate the location of clustering when it exists. LISA statistics were 

therefore used to identify clusters of houses with high numbers of infections. House population 

sizes were used to standardize infection and clinical episodes counts in houses for both the 

Moran’s I and the LISA statistics. Moran’s I and LISA statistics were calculated using ArcMap 

10.5.   

 

Logistic regression 

 

Logistic regression was used to calculate model adjusted odds ratios for predictor variables 

with regard to clinical episodes and uPCR detected subclinical infections of both P. falciparum 

and P. vivax (a total of 4 regressions). All regressions, bivariate and univariate analyses were 

done using R CRAN (http://www.R-project.org/).  

 

 

RESULTS 

 

A total of 1,766 villagers were recorded in the demographic surveillance system, of which 

1,520 responded to interviews regarding bednet use, travel or forest dwelling behavior, and 

1,593 participated in the cross-sectional surveys using uPCR.  
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Of the original 1766 individuals recorded in the baseline census, 82% (1447/1766) participated 

in the screening at M0 and 33% (575/1766) participated in all five of the full village surveys (at 

M0, M3, M6, M9 and M11). Migration in and out of the village influenced the proportion of this 

cohort that participated. For example, 95 of the 1447 who participated in M0 did not participate 

in M3 but did participate in M6 and 49 out of those 95 who missed M3 continued with surveys 

from M6 onward. The median number of full village survey in which cohort members 

participated was 4 (mean 3.14; IQR: 1 – 5). 

 

During the study period 21 participants (21/1,766; 1.2%) were diagnosed with clinical P. 

falciparum episodes and 81 participants (81/1,766; 4.6%) were diagnosed with clinical P. vivax 

episodes. Of those who participated in the blood screening, 3.3% (53/1,593) were found to 

carry subclinical P. falciparum infections and 8.6% (137/1,593) were found to carry subclinical 

P. vivax infections, and 19% (308/1,593) had Plasmodium infections that could not be 

differentiated at the species level because of low parasite densities. Most clinical episodes 

(53/81 for P. vivax and 17/21 for P. falciparum) occurred in one study village (PDB) (Table 1). 

 

During the travel surveys 39.7% (604/1,520) of participants reported having spent the night 

away from the village and 8.6% (131/1,520) reported having spent the night in a forest. Bednet 

use during the night previous to the questioning was reported by 99% (1,516/1,520) of 

interviewed participants. 

 

Both the prevalence of uPCR detected malaria and the incidence of clinical cases decreased 

throughout the study period, during which a well-functioning village malaria worker system 

was maintained. No bednet distributions were undertaken during the study period. 

 

As previously noted, subclinical P. vivax infections in study participants were repeatedly 

detected through successive uPCR screenings, suggesting relatively long-term chronic 

infections up to several months [7]. Some of these P. vivax carriers also presented with clinical 
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episodes during the study period and in between screenings in which they were detected with 

subclinical infections through uPCR. For example, in M1 (July 2014) there were 25 clinical P. 

vivax episodes of which five had submicroscopic P. vivax infections at M0 (June 2014) and 

seven at M3 (September 2014; two at both M0 and M3). During M4 (October 2014) there were 

nine clinical P. vivax episodes, with one patient having an uPCR detected subclinical P. vivax 

infection at the M3 screening (September 2014) and four at the M6 screening (December 

2014; one participant carrying P. vivax parasites at both M3 and M6).   

 

Several individuals experienced repeated clinical episodes of both P. falciparum and P. vivax 

during the 19 month study period (Table 2). Five villagers experienced repeated P. falciparum 

episodes, with a median (IQR) time between episodes of 29 days (28 to 37); while 29 villagers 

experienced repeated P. vivax episodes with a median (IQR) time between episodes of 74 

(54.5 to 109) days. There were also repeated episodes of symptomatic malaria episodes 

within individual houses. Three houses had multiple episodes of P. falciparum malaria, with a 

median (range) time between episodes of 32 (2.5 to 222) days while 17 houses had repeated 

episodes of P. vivax malaria with a median (IQR) time between episode of 46.5 (23.5 to 124) 

days.   

 

Two-by-two contingency tables indicated associations between subclinical infections and 

clinical malaria cases. Participants with a subclinical P. falciparum infection had 13 times the 

odds (unadjusted odds ratio (UOR):13.0; CI: 4.8 – 34.9) of having a clinical P. falciparum 

malaria episode whereas participants with subclinical P. vivax infections had over 18 times 

the odds (UOR: 18.1; CI: 11.2 – 29.5) of also having a clinical P. vivax malaria episode during 

the 19-month study period. 

 

Individuals who lived in a house with another person who had a clinical P. falciparum malaria 

episode had approximately 15 times higher odds (UOR: 15.2; CI: 6.2 –37.1) of having a clinical 

P. falciparum malaria episode. Participants who had a house member with a clinical P. vivax 
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malaria had three times higher odds (UOR: 2.8; CI: 1.8 – 4.6) of having a clinical P. vivax 

malaria episode. The UOR for an individual with an episode of P. falciparum who lived in a 

house with someone who had a subclinical P. falciparum infection was 7.3 (CI: 3.0 – 17.3). 

The UOR for an individual with a clinical P. vivax malaria episode given that another house 

member had a subclinical P. vivax infection was 2.1 (CI: 1.3 –3.3). 

 

The results indicated a strong, positive association between having travelled to forested areas 

and being detected with subclinical P. falciparum and P. vivax (uPCR P. falciparum UOR: 4.1; 

CI: 2.1 – 8.0; uPCR P. vivax UOR: 3.40; CI: 2.2 – 5.4).  

 

We did not find a statistically significant association between clinical or subclinical infection 

and a history of travel or between clinical malaria and having spent the night in the forest. 

Bednet usage was uniformly high (99% reported using bednets) and was not further analysed. 

 

Exploratory spatial data analysis  

 

Most clinical P. falciparum episodes, clinical P. vivax episodes, subclinical P. falciparum and 

subclinical P. vivax infections (both total counts and proportion positive) occurred within one 

study village: PDB (Figure 3). Conversely, the proportion of villagers reporting having travelled 

or spent the night in the forest was higher in other villages.  

 

There was no statistically significant difference between participants with and without clinical 

falciparum episodes with regard to living near another house with a clinical falciparum 

infection. Participants with a clinical vivax episode lived closer to other houses with clinical 

vivax episodes (a median distance of 48 meters compared to 103 meters for participants 

without a clinical vivax episode; Wilcox rank sum test p-value 0.0062). 
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The scan statistics indicated clusters of clinical P. vivax episodes in each of the study villages 

(Figure 3). The relative risk of infection within these clusters was significantly higher in 

comparison to the population outside of the cluster. Single clusters were found in village KL 

and OK during M6 - M8 (December 2013 – February 2014) and in village PDB during months 

M0 - M2 (June – August 2013). The clusters of clinical P. vivax in KL and OK were not 

confirmed with the Moran’s I statistics. The cluster in village OK consisted of a sing le 

household only, with two P. vivax clinical episodes occurring among five house members. 

There were two statistically significant clusters of clinical P. falciparum in village PDB during 

M0 through M5 (June – November 2013), one of which consisted of a single household with 

four cases among eight inhabitants. Neither cluster of P. falciparum was detected using the 

Moran’s I statistics. PDB was also the only village to have clusters of subclinical Plasmodium 

infections, with a single cluster of subclinical P. falciparum in M0 and a single cluster of 

subclinical P. vivax (in M3 and M6 (September and December 2013) combined). The cluster 

of subclinical P. falciparum was not detected by the Moran’s I statistic but the cluster of 

subclinical P. vivax infections was. The cluster of subclinical P. vivax infections (M3 and M6 

(September and December 2013)) overlapped but was smaller than the cluster of clinical P. 

vivax (M0 – M2 (June – August 2013)), detected by scan statistics, Moran’s I and LISA 

statistics. The cluster of subclinical P. falciparum (M0 (June 2013)) overlapped with one of the 

clinical P. falciparum clusters (M0 – M5 (June – November 2013)). The single house cluster 

of P. falciparum in the village PDB occurred within the spatial clusters with clinical P. vivax 

episodes and uPCR detected subclinical P. vivax clusters (Figure 3).  

 

Logistic regressions and adjusted odds ratios 

 

Clinical P. falciparum and P. vivax malaria episodes 

 

The strongest predictor for clinical P. falciparum malaria episodes was living in a house with 

another person that had a clinical P. falciparum malaria episode. Individuals who lived in a 
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house with someone who had a clinical P. falciparum malaria had 7 times the odds (adjusted 

odds ratio (AOR): 7.15; CI: 2.4 – 20. 5) of having a clinical P. falciparum episode (Table 3). 

Having a subclinical P. falciparum infection (AOR: 5.9; CI: 1.5 – 19.8) and living in a house 

with someone else who had a subclinical P. falciparum infection (AOR: 4.2; CI: 1.5 – 12.1) 

were also strong predictors of clinical P. falciparum malaria during the 19 month study period. 

Participants who lived in village PDB had 6 times the odds (AOR: 6.10; CI: 1.5 – 42.5) of 

having a P. falciparum episode compared to participants living in village KL. There were no 

clear sex or age patterns in clinical P. falciparum episodes. 

 

The strongest predictor for having a clinical P. vivax episode was having a subclinical P. vivax 

infection. Participants who were found to have subclinical infections had over 13 times the 

odds (AOR: 13.3; CI: 7.7 – 23.0) of having a clinical P. vivax episode, after controlling for other 

potentially important factors (Table 4). P. vivax malaria episodes also tended to cluster in the 

10 – 45 age group (AOR: 3.4; CI: 1.6 – 8.1) and in males (AOR: 1.8; CI: 1.0 – 3.2). As with 

clinical P. falciparum episodes, clinical P. vivax episodes were predominantly clustered in 

village PDB. Participants who were from PDB had an AOR of 2.1 (CI: 1.2 – 3.9) when 

compared to village KL. 

 

Distance to the nearest house with a clinical infection showed no statistical significance for 

either clinical P. falciparum or P. vivax episodes after controlling for covariates.  

 

Subclinical P. falciparum and P. vivax infections 

The largest predictors of having a subclinical P. falciparum infection was self-reported traveling 

to the forest (Adjusted Odds Ratio (AOR) = 3.5; CI: 1.6 – 7.1) or having a clinical P. falciparum 

malaria episode during the study period (AOR: 5.7; CI: 1.4 – 19.6) (Table 5).  

 

Several factors were statistically significant predictors of subclinical P. vivax infection. The 

strongest predictor was having a clinical P. vivax malaria episode during the study period 
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(AOR: 14.1; CI: 8.2 – 24.5) (Table 6). Individuals with subclinical P. vivax infections tended to 

be male (AOR: 2.4; CI: 1.6 – 3.8). The risk of being detected with subclinical P. vivax infections 

increased with age, participants above age nine having 2.6 times the odds (CI: 1.5 – 4.9) of 

carrying P. vivax infections and those above age 45 with 2.9 times the odds (CI: 1.4 – 5.9) of 

being detected with subclinical P. vivax infection (both in comparison to the 0 – 9 age group). 

Staying overnight in a forested area also had a strong association with subclinical P. vivax 

infections (AOR = 2.4; CI: 1.4 – 4.1). Cohort members who participated in more surveys also 

had a higher odds of being detected with a subclinical P. vivax infection (AOR = 1.5; CI: 1.3 – 

1.8). 

 

DISCUSSION 

 

This study found clustering of both clinical cases subclinical parasite carriage at multiple 

scales within the villages. While the study villages are within three to four kilometers from each 

other, the majority of clinical malaria episodes and subclinical infections occurred in one village 

(PDB; 67% (70/102) of all malaria episodes and 46% (88/190) of all subclinical infections). 

 

This study found cases clustering at levels below the village at specific times during the 19 

month study period. Clustering of clinical P. vivax episodes was most common, occurring to 

some extent in all three study villages. Clustering of clinical falciparum episodes occurred only 

in one village, and was confined to small geographical areas (one cluster consisted of a single 

house while the other consisted of four neighbouring houses). Clustering of subclinical 

infections only occurred in one village (PDB), with the subclinical vivax cluster overlapping 

with a cluster of clinical vivax malaria cases that occurred at the beginning of the study.  

 

These findings have implications with regard to strategies for elimination and control efforts, 

especially those that use spatial targeting. If an approach of reactive case detection screening 

surrounding households with a sensitive diagnostic had been used it may have occasionally 
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resulted in the detection of other cases within the same index house. This study found that 

clinical P. falciparum cases and subclinical P. falciparum carriers tend to occur within the same 

house during the study period. However, these within-house clusters account for a small 

proportion of all cases. For example, 43% (9/21) of clinical P. falciparum episodes were in 

participants who lived in a household with at least one other villager who had a subclinical P. 

falciparum infection during the study period. Under half of all participants who had clinical P. 

vivax episodes (36/81) shared a house with another villager who had a subclinical P. vivax 

infection. Interventions that targeted index households would therefore have been missed over 

half of all subclinical infections, even if diagnoses had been made using a highly sensitive 

approach and if the timing of those subclinical infections had been properly predicted. Clinical 

episodes of P. falciparum malaria occasionally clustered within individual houses (Table 2 and 

Table 3). In four out of the seven houses with multiple P. falciparum episodes during the study 

period, the timing between episodes was within a month of each other (Table 2). One house 

experienced double episodes (with two house members having clinical P. falciparum episodes 

on the same day) at two different points in time (once in October 2013 and again in November 

2014.) Though there was statistically significant clustering of P. falciparum within houses in 

the study period, household screening and treatment within a month of the index case would 

have detected only 20% of the clinical P. falciparum episodes (four out of a total of 21). 

 

Clinical episodes did not consistently cluster in groups of houses during the study period. The 

logistic regression models indicated that the distance to the nearest neighbor was not a 

statistically significant predictor of an individual having a clinical infection, for either P. 

falciparum or P. vivax. While the scan statistics did indicate spatio-temporal clustering, the 

clustering was not consistent across time and less than half (34/81; 42% P. vivax and 9/21; 

43% P. falciparum) of all clinical episodes were recorded within these detectable clusters. 

Follow up verification of the scan statistics through the use of Moran’s I statistics could only 

verify 2 out of the total of 6 statistically significant clusters (referring to the partially overlapping 

clusters of subclinical P. vivax infections and clinical P. vivax episodes in village PDB). This 
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further supports the limitations of identifying and predicting clustering of infections within 

villages in this setting. Conversely, an intervention treating presumptively one entire village 

(PDB) or using a highly sensitive detection and treatment approach could have accounted for 

most (but not all) of the cases in the three villages (Table 1).   

 

Participants who reported spending the night in a nearby forest were more likely to have 

subclinical infections (both P. vivax and P. falciparum) during the study period when compared 

to participants who did not report a forest visit. This finding, in combination with sporadic and 

transient clustering of cases within the villages, suggests that transmission also occurred 

outside of the village, and warrants specific targeting of forest goers.  

 

These data also suggest that a considerable proportion of individuals in endemic villages may 

have chronic, low-density parasitaemia P. vivax infections [6,7] and that there is a strong 

association between subclinical infections and clinical malaria. The data suggest that 

subclinical infections may eventually become clinical episodes. For example, the cluster of 

subclinical P. falciparum infections (in village PDB) occurred prior to a cluster of clinical P. 

falciparum malaria episodes. Some participants were found subclinically infected by P. vivax 

after having presented with a clinical episode. Also in village PDB, the cluster of subclinical P. 

vivax infections occurred after the cluster of clinical P. vivax malaria episodes. Since curative 

doses of primaquine were not used in the villages at the time of the study, it is plausible that 

these were relapse infections rather than reinfections.   

 

In the presence of viable mosquito vectors, individuals with subclinical infections over long 

periods of time may be important contributors to ongoing transmission in this region. If P. vivax 

is targeted for elimination it will be important to address chronic, subclinical infections. Our 

data suggest that spatial targeting at levels smaller than the village may not adequately 

address this potential reservoir. 
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Finally, both clinical and subclinical P. falciparum infections in these study villages decreased 

to almost zero in all study villages despite the absence of any additional targeted interventions 

other than sustaining a well-functioning village based malaria worker system providing early 

diagnosis and treatment. P. vivax infections also decreased but the decrease was less 

pronounced than that of P. falciparum infections. Village health workers are relatively easy to 

implement, cost efficient and can have a profound effect on P. falciparum incidence [17,20]. 

Other factors may have led to the decline in P. falciparum in these study villages, but they 

occurred in the absence of expensive and labour heavy approaches (e.g. screen and treat 

approaches). In order to see a similar effect on P. vivax incidence it will be necessary to target 

liver stage parasites with radical treatment, as well as subclinical, chronic infections. 

 

There are several limitations to this study. It is possible that some villagers with febrile illness 

attended health facilities outside of the village clinics and these cases would have been missed 

in this analysis. Some of the uPCR detected infections could not be identified at the species 

level. Low numbers of P. falciparum infections, especially clinical P. falciparum cases, made 

sophisticated analyses difficult and led to wide confidence intervals around model predictions. 

However, all significant covariates in the statistical models were also significant in univariate 

analyses and while large odds ratios may be over-predictions they indicate strong correlations. 

Participation in surveys was associated with increased odds of an individual being detected 

with at least one subclinical P. vivax infection. The numbers of people detected with subclinical 

P. vivax infections here may therefore be an underestimate.  

 

Another limitation to this work is reporting bias in bednet use and travel interviews. Participants 

may have forgotten important travel histories or may have been hesitant to admit travelling to 

specific areas (for example, to forests for illegal logging). This type of bias is likely to have a 

stronger influence with regard to false negatives than to false positives. Positive associations 

are likely to remain despite this bias whereas a finding of no correlation may be the result of 

under-reporting. Finally, the variable for having spent the night in the forest within the previous 
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two weeks may be prone to bias in that no specific definition of “forest” was given by either 

interviewer or interviewee. It is therefore possible that different participants have different 

understandings of what constitutes a forest. Furthermore, the question regarding forest stays 

and travelling did not specify the amount of time spent either in the forest or away from the 

village. If forests are an important source of malaria infections then it would be valuable to 

know if longer exposure to forests is associated with higher risk of infection. Future research 

will aim to address this question.  

 

 

CONCLUSION 

 

These data contribute to a growing body of literature that illustrate the inherent difficulties of 

predicting spatio-temporal clustering of malaria at scales above the household level and below 

the village level. While helpful for directly (human-to-human) transmitted diseases with 

relatively short incubation periods, predicting the transmission of this vector borne disease is 

more challenging. This is likely the result of complex transmission patterns and frustrates 

interventions that are based on prediction of space time occurrence of malaria at these scales 

(such as reactive case detection). Finally, elimination of P. vivax will require curative treatment 

of hypnozoites, with subclinical infections potentially playing an important role in P. vivax 

transmission.  
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FIGURES 
 
 
Figure 1:  Map of study villages 
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Figure 2:   Figure indicating distance to the nearest neighbour with a clinical episode for 
houses with a clinical episode (red) and without a clinical episode (grey) 
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TABLE 1: clinical episodes, subclinical infections, reported forest visits and travel history by study 

village 

 

 clinical subclinical 
forest visits 

travel 

history 

total 

participants village P. vivax P. falciparum P. vivax P. falciparum 

KL 23 3 58 24 35 256 657 

OK 5 1 16 4 45 126 359 

PDB 53 17 63 25 51 222 750 

 81 21 137 53 131 604 1766 
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TABLE 2: Timing (in days) between repeated clinical episodes of P. falciparum and P. vivax, 

within houses and within individuals. Some houses and individuals experienced more than one 

repeated episode. “Count” therefore indicates the number of repeated clinical cases (episodes 

occurring after the initial episode within a house or individual) and “Individuals represented” 

indicates the number of either houses or individuals in which there were repeated episodes.  

 

Species Level Min Q1 Median Mean Q3 Max Count 
Individuals 

represented 

P. falciparum house 0.0 2.5 32.0 124.9 222.0 393.0 7 3 

P. vivax house 2.0 23.5 46.5 113.3 124.0 621.0 32 17 

P. falciparum individual 20.0 28.0 29.0 95.8 37.0 365.0 5 5 

P. vivax individual 13.0 54.5 74.0 91.2 109.0 365.0 55 29 
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TABLE 3: Logistic regression for odds of having a clinical P. falciparum episode 

covariate total  Pf episodes UOR UOR CI AOR AOR CI p value 

0 to 9 462 3 0.47 (0.14 - 1.59) comparison group 

10 to 45 1025 16 2.33 (0.85 - 6.40) 2.01 (0.61 - 9.14) 0.2960 

46 Plus 279 2 0.56 (0.13 - 2.41) 0.32 (0.01 - 3.29) 0.3947 

female 865 7   comparison group 

male 901 14 1.93 (0.78 - 4.82) 1.52 (0.55 - 4.48) 0.4227 

did not report staying in forest 1389 17   comparison group 

reported staying in forest 131 3 1.89 (0.55 - 6.54) 1.67 (0.33 - 6.20) 0.4806 

did not report traveling 916 12   comparison group 

reported traveling 604 8 1.01 (0.41 - 2.49) 1.74 (0.62 - 4.77) 0.2804 

no subclinical Pf 1540 15   comparison group 

subclinical Pf 53 6 12.98 (4.82 - 34.94) 5.93 (1.53 - 19.77) 0.0072 

no house member with Pf 

episode 1675 
12   comparison group 

house member with Pf episode 91 9 15.21 (6.23 - 37.12) 7.15 (2.40 - 20.49) 0.0003 

no house member with 

subclinical Pf 1525 
10   comparison group 

house member with subclinical 

Pf 241 
11 7.25 (3.04 - 17.25) 4.23 (1.46 - 12.11) 0.0056 

distance to nearest house with Pf 

episode  
   1.00 (0.99 - 1.01) 0.9165 

Village KL 657 3 0.28 (0.08 - 0.95) comparison group 

Village OK 359 1 0.19 (0.03 - 1.45) 1.46 (0.07 - 16.38) 0.7621 

Village PDB 750 17 5.87 (1.97 - 17.51) 6.10 (1.47 - 42.50) 0.0276 

number of surveys attended         0.86 (0.61 - 1.24) 0.4123 

 

*total of 1,511 participants with full data included in the regression 
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TABLE 4: Logistic regression for odds of having a clinical P. vivax episode 

 

covariate total  Pv episodes UOR UOR CI AOR AOR CI p value 

0 to 9 462 8 0.3 (0.14 - 0.62) comparison group 

10 to 45 1025 67 3.63 (2.03 - 6.51) 3.39 (1.62 - 8.06) 0.0026 

46 Plus 279 6 0.41 (0.18 - 0.96) 1.03 (0.32 - 3.19) 0.9555 

female 865 25   comparison group 

male 901 56 2.23 (1.38 - 3.60) 1.80 (1.04 - 3.17) 0.0384 

did not report staying in forest 1389 70   comparison group 

reported staying in forest 131 10 1.56 (0.78 - 3.10) 0.63 (0.27 - 1.38) 0.2694 

did not report traveling 916 49   comparison group 

reported traveling 604 31 0.96 (0.60 - 1.52) 1.20 (0.70 - 2.03) 0.50347 

no subclinical Pv 1456 37   comparison group 

subclinical Pv 137 44 18.14 (11.17 - 29.47) 13.25 (7.71 - 22.98) <0.0001 

no house member with Pv episode 1460 52   comparison group 

house member with Pv episode 306 29 2.83 (1.77 - 4.55) 1.69 (0.72 - 2.46) 0.1095 

no house member with subclinical Pv 1261 45   comparison group 

house member with subclinical Pv 505 36 2.07 (1.32 - 3.26) 1.34 (0.72 - 2.46) 0.3532 

distance to nearest house with Pv 

episode  
   1.00 (0.99 - 1.00) 0.3483 

Village KL 657 23 0.66 (0.40 - 1.08) comparison group 

Village OK 359 5 0.25 (0.10 - 0.62) 0.50 (0.16 - 1.36) 0.2064 

Village PDB 750 53 2.68 (1.68 - 4.28) 2.11 (1.18 - 3.86) 0.0131 

number of surveys attended         1.08 (0.89 - 1.33) 0.44726 

 

*total of 1,511 participants with full data included in the regression 
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TABLE 5: Logistic regression for odds of having a subclinical P. falciparum infection 

 

covariate total  Pf infections UOR UOR CI AOR AOR CI p value 

0 to 9 430 10 0.62 (0.31 - 1.25) comparison group 

10 to 45 907 31 1.07 (0.61 - 1.86) 1.18 (0.57 - 2.64) 0.6716 

46 Plus 256 12 1.55 (0.81 - 3.00) 1.75 (0.68 - 4.49) 0.2378 

female 782 19   comparison group 

male 811 34 1.76 (0.99 - 3.11) 1.71 (0.91 - 3.32) 0.1011 

did not report staying in 

forest 
1385 36   comparison group 

reported staying in forest 131 13 4.13 (2.13 - 8.00) 3.49 (1.63 - 7.14) 0.0008 

did not report traveling 913 32   comparison group 

reported traveling 603 17 0.8 (0.44 - 1.45) 0.85 (0.44 - 1.59) 0.6178 

no Pf episode 1572 47   comparison group 

Pf episode 21 6 12.98 (4.82 - 34.94) 5.70 (1.44 - 19.59) 0.0083 

no house member with Pf 
episode 

1505 44   comparison group 

house member with Pf 

episode 
88 9 3.78 (1.78 - 8.02) 2.01 (0.72 - 4.87) 0.1490 

no house member with 

subclinical Pf 
1367 34   comparison group 

house member with 
subclinical Pf 

226 19 3.6 (2.01 - 6.43) 1.93 (0.94 - 3.78) 0.0628 

distance to nearest house 

with Pf episode 
    1.00 (1.00 - 1.01) 0.4048 

Village KL 588 24 1.43 (0.83 - 2.48) comparison group 

Village OK 324 4 0.31 (0.11 - 0.87) 0.29 (0.08 - 0.81) 0.0304 

Village PDB 681 25 1.2 (0.70 - 2.08) 0.81 (0.42 - 1.58) 0.5383 

number of surveys attended         1.16 (0.93 - 1.47) 0.2135 

 

*total of 1,511 participants with full data included in the regression 
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TABLE 6: Logistic regression for odds of having a subclinical P. vivax infection 

covariate 
total  

Pv 
infections 

UOR UOR CI AOR AOR CI p value 

0 to 9 430 16 0.33 (0.20 - 0.57) comparison group 

10 to 45 907 98 2.01 (1.37 - 2.95) 2.62 (1.49 - 4.87) 0.0014 

46 Plus 256 23 1.06 (0.66 - 1.69) 2.85 (1.42 - 5.86) 0.0036 

female 782 39   comparison group 

male 811 98 2.62 (1.78 - 3.85) 2.43 (1.58 - 3.79) 0.0001 

did not report staying in 

forest 
138

5 
107   comparison group 

reported staying in forest 131 29 3.4 (2.15 - 5.36) 2.42 (1.40 - 4.10) 0.0013 

did not report traveling 913 78   comparison group 

reported traveling 
603 58 1.14 (0.80 - 1.63) 1.12 (0.74 - 1.69) 

0.5849

6 

no Pv episode 
151

2 
93   comparison group 

Pv episode 
81 44 

18.1

4 
(11.17 - 29.47) 

14.0

8 
(8.17 - 24.50) 

<0.000

1 

no house member with Pv 
episode 

131

1 
100   comparison group 

house member with Pv 

episode 
282 37 1.83 (1.22 - 2.73) 1.08 (0.62 - 1.84) 0.7723 

no house member with 

subclinical Pv 
112

1 
78   comparison group 

house member with 
subclinical Pv 

472 59 1.91 (1.34 - 2.73) 1.54 (0.97 - 2.45) 0.0673 

distance to nearest house 

with Pv episode 
    1.00 (1.00 - 1.01) 0.1645 

Village KL 588 58 1.28 (0.90 - 1.83) comparison group 

Village OK 324 16 0.49 (0.29 - 0.84) 0.37 (0.19 - 0.69) 0.0023 

Village PDB 681 63 1.15 (0.81 - 1.64) 0.61 (0.39 - 0.96) 0.0327 

number of surveys 
attended         

1.50 (1.27 - 1.80) 
<0.000

1 

 

*total of 1,511 participants with full data included in the regression 

Pv indicates P.vivax 
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Abstract 

Background 

Cambodia has seen a marked reduction in the incidence of Plasmodium falciparum over the past 

decade without a corresponding decline in Plasmodium vivax incidence. It is unknown to what 

extent local transmission is sustained by a chain of clinical and sub-clinical infections or by 

continued re-introduction via migration. Using an ultrasensitive molecular technique, 20 villages 

in western Cambodia were surveyed to detect the low season prevalence of P. falciparum and P. 

vivax and local treatment records were reviewed.  

Methods 

During March to May 2015 cross-sectional surveys were conducted in 20 villages in Battambang, 

western Cambodia. Demographic and epidemiological data and venous blood samples were 

collected from 50 randomly selected adult volunteers in each village. Blood was tested for 

Plasmodium infections by rapid diagnostic test (RDT), microscopy and high volume (0.5 ml 

packed red blood cell) quantitative polymerase chain reaction (uPCR). Positive samples were 

analysed by nested PCR to determine the Plasmodium species. Malaria case records were 

collected from the Provincial Health Department and village malaria workers to determine 

incidence and migration status. 

Results 

Among the 1,000 participants, 91 (9.1%) were positive for any Plasmodium infection by uPCR, 

seven (0.7%) by microscopy, and two (0.2%) by RDT. uPCR P. vivax prevalence was 6.6%, P. 

falciparum 0.7%, and undetermined Plasmodium species 1.8%. Being male (adjusted OR 2.0; 

95% CI 1.2-3.4); being a young adult <30 years (aOR 2.1; 95% CI 1.3-3.4); recent forest travel 

(aOR 2.8; 95% CI 1.6-4.8); and, a history of malaria (aOR 5.2; 95% CI 2.5-10.7) were independent 

risk factors for parasitaemia. Of the clinical malaria cases diagnosed by village malaria workers, 

43.9% (297/634) and 38.4% (201/523) were among migrants in 2013 and in 2014, respectively. 
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Plasmodium vivax prevalence determined by uPCR significantly correlated with vivax malaria 

incidences in both 2014 and 2015 (p=0.001 and 0.002, respectively), whereas no relationship 

was observed in falciparum malaria (p=0.36 and p=0.59, respectively). 

Discussion 

There was heterogeneity in the malaria parasite reservoir between villages, and Plasmodium 

prevalence correlated with subsequent malaria incidence. The association was attributable chiefly 

to P. vivax infections, which were nine-fold more prevalent than P. falciparum infections. In the 

absence of a radical cure with 8-aminoquinolines, P. vivax transmission will continue even as P. 

falciparum prevalence declines. Migration was associated with over a third of incident cases of 

clinical malaria. 

Trial registration:  clinicaltrials.gov (NCT01872702). Registered 4 June 2013 

Keywords  Malaria, Plasmodium Falciparum, Plasmodium vivax, Asymptomatic, Sub-clinical, 

Sub-microscopic, uPCR, Cambodia 
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Background 

 

Malaria incidence in Cambodia has decreased by approximately 42% from 2009 to 2015 [1]. The 

treatment records of the National Malaria Control Programme, which do not include the private 

sector, report that this was driven chiefly by a decline of 55% in Plasmodium falciparum, whereas 

Plasmodium vivax declined by only 17%. This progress was due to the roll-out of rapid diagnostic 

tests (RDTs), treatment of confirmed malaria cases with artemisinin combination therapy (ACT) 

provided by village malaria workers (VMWs), and the distribution of insecticide treated bed-nets 

(ITNs) [1].  

 

The Thai-Cambodian border area around Pailin Province in western Cambodia has been a cradle 

of anti-malarial drug resistance. In the 1960s, resistance of P. falciparum to chloroquine emerged 

from this area before spreading to Asia and Africa and causing millions of deaths [2]. Since 2007 

several studies have shown that P. falciparum in western Cambodia has become resistant to 

artemisinins and more recently to the partner drugs used in ACT, such as piperaquine [3-6]. 

Subsequently, artemisinin-resistant Plasmodium parasites were found on the Thai-Myanmar 

border and other parts of Southeast Asia [7]. ACT offers the most effective anti-malarial drugs 

currently available, and the loss of these drugs would be a setback of potentially disastrous 

proportions for global malaria control and for elimination strategies in Southeast Asia [8, 9]. There 

is increasing evidence that in order to prevent the spread of artemisinin-resistant P. falciparum it 

is necessary to completely interrupt P. falciparum transmission [10-12].  

- 

Previous surveys have described an asymptomatic reservoir of malaria in Cambodia [13, 14]. 

Microscopy and RDTs are not sensitive enough to detect the majority of sub-clinical Plasmodium 

infections [13, 15, 16]. High-volume, ultra-sensitive, quantitative polymerase chain reaction 

(uPCR) is a recently developed method that can detect approximately 85% of all sub-clinical 
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Plasmodium parasitaemias and thus characterize in detail the micro-epidemiology of malaria in 

areas of low transmission. These sub-clinical parasitaemias may play an important role in the 

transmission of infection, especially in areas of low and seasonal transmission [17, 18].  

 

There are large seasonal population movements in and out of Samlout District in Battambang 

Province where the study was conducted. People from the district, predominantly men, spend 

time working outside the district and some return infected with malaria parasites. Agricultural 

labourers from other provinces come into the district to work during harvests and may harbour 

sub-clinical malaria infections acquired in other parts of the country. Seasonal work in forests 

collecting fruit, vines and hunting small game puts local people at risk of infection. These may 

contribute disproportionately to the transmission of malaria parasites. Battambang Provincial 

Health Department reports that approximately 83% of all malaria cases were aged 15-49 years, 

and 82% were males in 2014. The proportion of malaria cases among migrant workers in 

Battambang increased from 19% in 2009 to around 40% in 2014. In Cambodian border areas, 

the role of local, national and international migrants in malaria transmission has been 

acknowledged; however, the attributable fraction of infections has not been determined [19]. 

Outdoor and forest-acquired malaria infections continue to be important sources of transmission 

despite high rates of deforestation in the border areas of Cambodia. 

 

Accurate malaria risk stratification is important for targeting control and elimination activities. 

Following the decline in P. falciparum infections over the past decade in western Cambodia, it is 

unknown to what extent local transmission is sustained by a chain of clinical infections, a reservoir 

of sub-microscopic malaria, or by continued introduction via migration. 20 villages in western 

Cambodia were surveyed to detect the sub-clinical prevalence of Plasmodium infections in an 

area where transmission is low but persistent and analysed the data with reference to available 

treatment records.  
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Methods 

 

Study site  

During the low season of malaria in March to May 2015, cross-sectional surveys were conducted 

in 20 villages in Samlout District, Battambang Province, western Cambodia. All available VMW 

records and provincial malaria data were reviewed. Samlout District lies to the south of Pailin 

Province, north of Pursat Province and the Cardamom Mountains, and east of Thailand (Fig. 1). 

Samlout is primarily an agricultural district with forested areas along the border. Samlout was 

chosen for this study as it has villages with some of the highest incidence of clinical malaria in 

Battambang Province and seasonal transmission.  

 

Selection of villages and participants 

Within Samlout District, 18 villages with the highest malaria incidence in 2014 were selected along 

with two neighbouring villages, totalling 20. A census based on pre-existing village population lists 

was updated and household lists were prepared. Surveyed households were selected using 

randomization methods from the list to ensure that every household had an equal chance of being 

selected. A stratified sampling method obtained approximately equal samples of adults aged 18 

years or over from four groups (male/female, under/over 30 years). Unless the total number of 

households in a village was fewer than 50, no more than one person per household was selected. 

For the villages with fewer than 50 households, more than one participant was randomly selected 

from the list. In cases of refusal or a person being absent on the survey day, replacement 

participants were selected randomly from the same household or the next household on the list. 

Pregnant women were excluded from the randomization as they would be ineligible to join a mass 

anti-malarial treatment study which followed this survey.  
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Community engagement and informed consent 

Public meetings were conducted in Khmer by a dedicated Community Engagement Team (CE-

Team) to inform the commune authorities, VMWs and village leaders about the study. All 

residents were invited to a meeting prior to the survey where the consent form was read aloud 

and questions were answered. Individual written informed consent was obtained immediately prior 

to sample collection and interview. A fingerprint was obtained from participants who could not 

read and write and a witness countersigned their consent form.  

 

Survey methods 

Anthropometric and demographic data were collected, including tympanic temperature, height, 

weight, health status, malaria history, bed net use, travel history, and occupation; 1.5 ml of venous 

blood was collected in an EDTA tube. Samples were kept in a cool box and sent to a nearby 

hospital laboratory on the same day. If a participant was febrile (defined as tympanic temperature 

≥37.5 C°) an RDT (SD BIOLINE Malaria Ag P.f/P.v, Standard Diagnostics, Inc, Gyeonggi-do, 

Republic of Korea) was performed immediately, and if positive, treatment was provided by the 

VMW according to national guidelines. 

 

Laboratory methods 

The samples were separated; 200 μl of whole blood was used to prepare a dried blood spot on 

filter paper, a blood smear for microscopy, and to perform haemoglobin assay (HemoCue® Hb 

201+Analyzer SE-262 71 Angeltholm, Sweden). Blood was tested for malaria by RDT and 

microscopy (asexual parasites/500 white blood cells (WBCs)). The remaining blood was 

centrifuged and plasma, buffy coat and 500 μl of packed red blood cells (pRBCs) for uPCR were 

separated into three different cryo-tubes and stored at -80C°. Ten per cent negative controls of 
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total participant samples were added for each village. All the samples were transported to the 

Mahidol University Faculty of Tropical Medicine molecular laboratory in Bangkok.  

 

Molecular laboratory procedures 

A detailed description, evaluation and validation of the high-volume ultrasensitive (uPCR) 

methodology has been reported previously [15]. In brief, batches of 500 μl of pRBCs were thawed 

and the DNA template, for detection and quantification of Plasmodium by PCR, was extracted 

and purified. An ultrasensitive quantitative real-time PCR method was used to detect the presence 

of malaria parasites and to estimate the numbers (genomes) of parasite per millilitre from each 

sample. The 18S rRNA-targeting primers and hydrolysis probes used in the assay have been 

validated and are highly specific for Plasmodium species. The lower limit of accurate quantitation 

of this method is 22 parasites/ml of whole blood [15].  

 

A Quanti-Tect Multiplex PCR No ROX® (QIAGEN, Hilden, Germany) was used, and the PCR 

mixture and the cycling conditions were as per manufacturer’s instructions. For samples 

containing parasite DNA by uPCR analysis, Plasmodium species detection was attempted using 

real time PCR protocols specific to 18sRNA of P. falciparum and P. vivax. Samples for which 

Plasmodium species were not determined were reported as ‘unknown species’.  

 

To detect polymorphisms associated with reduced susceptibility to artemisinin derivatives the 

open-reading frame of the PF3D7_1343700 kelch propeller domain was amplified using a nested 

PCR protocol [7]. Purified PCR products were sequenced at Macrogen, Republic of Korea and 

analysed using BioEdit version 7.1.3.0., using the 3D7 kelch13 sequence as reference 

(Accession: XM_001350122.1).  

 

Statistical analysis and data management 
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Data were collected on case record forms and entered on smartphones before being exported 

into Open Clinica. Survey data were analysed by univariate and multivariate methods to identify 

risk factors for parasitaemia. Odds ratios with 95% confidence intervals were calculated to explore 

which variables were independently associated with subclinical infection. The Pearson Chi-

squared test was used to test for the significance of associations. Variables that were 

independently associated with sub-clinical parasitaemia at the level of p <0.05 were explored by 

logistic regression to produce adjusted odds ratios. Incidence rate was calculated by dividing total 

malaria cases in a given year with the total village population and multiplied by 1,000. Malaria 

incidence and prevalence were compared by linear regression. The analysis was done in STATA 

14.0 (Timberlake, USA). 

 

Additional data sources and clinical malaria incidence  

Malaria case reports were obtained from the Provincial Health Department and VMW records. 

Available treatment records were reviewed by cross-checking with the VMWs to confirm the 

identity of patients. The incidence of clinical malaria for 2014 and 2015 was compared to the 

prevalence of malaria parasites detected by uPCR in March and April 2015 for each village. 

Villages with no Health Department records were excluded from this comparison. For villages 

where only a hamlet (Chakriya: CKA, Samlaut: SLT, Kompoung Tuk A: KTA and Kompoung Tuk 

B: KTB) was selected for the prevalence survey, the incidence rate of the whole village population 

was used for the analyses.  All prevalence survey participants were from registered households 

and were considered to be residents. 
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Results 

 

Description of the study population 

Population size and malaria incidence in 2014-15 differed significantly among the 20 study 

villages. Population size ranged from 147 (in Ou Nounong: ONG) to 1,012 (in Ouda: ODA). 

Malaria incidence per thousand ranged between two and 224 among villages in 2014 and 2-166 

in 2015. Two villages (CKA, Miko: MKO) in 2014 and two villages (CKA, Peam: PEM) in 2015 

were not listed in Provincial Health Department records, so no incidence data were available for 

these villages (Table 1). The median age of the study participants was 33 years (range from 18 

to 78 years). The median age of male and female participants were 34 years (18 to 72 years) and 

32.5 years (17 to 78 years), respectively; 11.7% (117/1,000) subjects had a temperature of 37.5°C 

or higher; 65.4% (654/1,000) had a history of malaria at any time prior to the survey.  

 

Prevalence of Plasmodium species by detection method 

Among 1,000 participants, 91 (9.1%) were positive for any Plasmodium species by uPCR, seven 

(0.7%) by microscopy, and two (0.2%) by RDT. By uPCR, P. vivax prevalence was 6.6% 

(66/1,000), P. falciparum 0.7% (7/1,000), and 1.8% (18/1,000) had undetermined Plasmodium 

species. In Table 1 the parasite prevalence by uPCR is shown for each village.  

 

The prevalence in the villages ranged from 0 to 30% by uPCR (test for heterogeneity p <0.001). 

Plasmodium falciparum parasites were detected by uPCR in four of the 20 villages, with P. 

falciparum prevalence ranging from 2 to 6% (p=0.010). Plasmodium vivax infections were 

detected by uPCR in 16 villages, with P. vivax prevalence ranging between 2 and 26%, (p 

<0.0001) and the undetermined Plasmodium species were detected in nine villages, prevalence 

ranging from 2 to 10% (p=0.011 for heterogeneity). Three out of 20 villages with had no parasite 

prevalence by uPCR 
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Factors associated with Plasmodium species positivity by uPCR 

Factors associated with any positive Plasmodium species by uPCR are shown in Table 2. 

Plasmodium species prevalence among males was 14.1% (66/402) versus 4.7% (25/532) among 

females p<0.001; 11.5% (51/443) among those aged 18-29 versus 7.2% (40/557) among those 

aged 30 or above p=0.018. Plasmodium prevalence was 6.8% (8/117) among those with 

temperature of 37.5°C or higher versus 9.3 % (83/883) among those with a temperature below 

37.5°C (p=0.365). Among participants with previous history of clinical malaria, 12.5% (82/654) 

were parasitaemic versus 2.6% (9/346) among those who said they had never had malaria (p 

<0.0001).  

 

Prevalence of Plasmodium parasites among participants spending one or more nights in a forest 

within the same period was 22.4% (35/156) versus 6.6% (56/844) among those without any forest 

travel (p <0.001). Among participants with parasitaemia, 27/91 (29.7%) had recently stayed 

overnight in the forest in the same province, and 8/91 (8.8%) had stayed in a forest in a different 

province; 56/91 (62%) did not have a history of overnight stay in the forest (p <0.001). Parasite 

prevalence among participants with a history of travel outside the village within the previous three 

months was 10.2% (25/245) versus 8.7% (66/755) among those without any travel history 

(p=0.489). Among those with parasites, 66.7 % (66/91) did not travel in comparison to 27.3% 

(25/91) who travelled outside the village. Among the 25 positives who travelled outside the village, 

44 % (11/25) had stayed overnight in the forest. 

 

Prevalence of parasitaemia was 8.0% (68/849) among those who used ITNs every night, 15.2% 

(20/132) among those who sometimes used ITNs, and 15.8% (3/19) among those who never 

used ITNs, p=0.004. Parasite prevalence varied between the strata used for sampling: 19.9% 

(39/196) among young men, 9.9% (27/272) among older men, 4.8% (12/247) among young 
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women, and 4.6% (13/285) among older women. Men were more likely to use ITNs irregularly or 

never (27.1%; 127/468) versus women (24.5%; 4/532) P <0.0001. Men were also more likely than 

women to stay overnight in forests 28.4% (133/468) versus 4.3% (23/532), p <0.0001. Young 

men (35.2%; 69/196) used ITNs irregularly or never, and 36.7% (72/196) had spent a night in a 

forest within the past three months.  

 

After adjustment, being male (OR 2.0; 95% CI 1.2-3.5), younger adults (age 18-30; OR 2.1; 95% 

CI 1.3-3.4), recent forest travel (OR 2.6; 95% CI 1.5-4.5), and a prior history of malaria (OR 5.3; 

95% CI 2.6-11.0) remained significantly associated with parasite prevalence.  

 

Parasitaemia was higher among P. falciparum-positive individuals than those with P. vivax. 

Parasitaemia was lowest among people with undetermined Plasmodium species where the 

species were not determined. Tympanic temperature was not associated with the level of 

parasitaemia for any Plasmodium species (Fig. 3).  

 

Sub-clinical Plasmodium falciparum 

Among participants with Plasmodium parasitaemia, seven/91 had P. falciparum parasites. Among 

the seven with P. falciparum parasites, ages ranged from 22 to 49 years. None reported fever 

within the 48 hours before screening and none had a temperature >37.5C°. All reported having 

clinical malaria in the past, and five reported illness in the previous 48 hours. Three came from 

one village, ODA, and two from another, Ou Ta Teak (OTK). Four had stayed in a local forest 

overnight in the previous three months, of whom two reported travel outside the village in the 

same period. Two were positive both by RDT and by microscopy. Only one of seven falciparum 

positives had a history of travel to another province within the previous three months. Five 

reported everyday ITN use. 
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Markers of artemisinin resistance 

Six of seven P. falciparum parasite strains detected by uPCR could be sequenced for PfKelch 13 

mutations. All six P. falciparum isolates obtained Pfkelch13 C580Y mutation.  

 

Association between sub-clinical prevalence and clinical malaria incidence  

Malaria incidence was obtained for 19/20 survey locations from provincial health department 

records in 2014 and 2015. Overall malaria prevalence in the March-April 2015 survey measured 

by uPCR significantly correlated with the incidence in each of 2014 and 2015 (p=0.003 and p 

<0.001), respectively. Plasmodium vivax prevalence correlated with P. vivax incidence (p=0.001 

and p= 0.002), respectively. No correlation was observed between P. falciparum prevalence and 

incidence (p=0.36 and p=0.59). The combined prevalence of P. vivax and undetermined 

Plasmodium parasites (p <0.001) was also correlated with P. vivax incidence. This was done as 

previous surveys found approximately 90% of undetermined Plasmodium species detected by 

uPCR in western Cambodia were later identified as P. vivax during 12 months of prospective 

follow-up (Supplementary Fig. S1)[14] (Figs 4 and 5).  

 

Village malaria worker treatment records 

Among all clinical malaria cases reported by VMWs, 154 (12.7%) were among people aged 45 

years and above, 842 (69.6%) aged 15 to 45, 189 (15.6%) aged five to 15, and (2.1%) aged <five 

years. People recorded as migrants (no permanent address in the village) accounted for 

(297/634) 43.9% of all malaria cases in 2013, and (201/523) 38.4% in 2014; 914/1,210 (75.5%) 

of subjects were male and 295/1,210 (24.5%) were female. There was an approximately three-

fold reduction in the number of P. falciparum and mixed P. falciparum and P. vivax cases from 88 

(13.9%) and 237 (37.4%) in 2013, to 36 (7.3%) and 66 (13.0%) in 2014, respectively. The number 

and proportion of P. vivax cases increased from 309 (48.7%) in 2013 to 417 (79.7%) in 2014 

respectively (Fig. 2). 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 158PDF page: 158PDF page: 158PDF page: 158

158 
 

 

 

Discussion 

 

Spatial heterogeneity and risk factors for parasitaemia  

Variations observed in the prevalence of malaria in the study villages were consistent with a recent 

study in the northeast of Cambodia, which also found evidence of heterogeneity of malaria 

prevalence in nearby villages.  

 

In the low season nearly one in ten people had malaria parasites. Sub-clinical vivax parasitaemia 

had a higher prevalence than sub-clinical falciparum parasitaemia. The predominance of P. vivax 

in the infections detected in the survey is consistent with local treatment records. A significant 

proportion of clinical falciparum cases were among migrants. More detailed information on travel 

history and places of overnight stay in malaria-endemic areas would be helpful to better explain 

where malaria infections were acquired. 

 

Young men were at greater risk of clinical malaria and had a higher prevalence of sub-microscopic 

malaria parasites compared to older men or to adult women. Young men were also more likely to 

spend time in forests and use ITNs irregularly or not at all, consistent with other studies in 

Cambodia [20, 21]. 

 

Plasmodium vivax prevalence determined by uPCR significantly correlated with vivax malaria 

incidence in each of 2014 and 2015, whereas no relationship was observed for P. falciparum. 

Due to the shorter duration of P. falciparum infections, it is unlikely that a single snapshot of P. 

falciparum by uPCR during the dry season would be able to describe the picture of P. falciparum 

infections throughout the whole year. Whereas for P. vivax, the higher persistence of sub-clinical 
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infections means a survey in the dry season reveals a large reservoir of infections. In a previous 

longitudinal study a large proportion of sub-clinical P. vivax persisted through the year and 

seasonality had little effect on the number of detectable infections [14]. Even with testing a 

relatively small sample of each village’s population, there was a significant association between 

numbers with clinical and sub-clinical P. vivax. 

 

Implications for vivax treatment 

There was a significant association between a prior history of malaria and having vivax 

parasitaemia. These self-reported histories (which often dated back many years) are not a 

promising target to guide screening or treatment as the absolute risk difference was 3% (12 vs 

9% overall) and two-thirds of all participants reported a history of clinical malaria. However, clinical 

treatment records of confirmed malaria diagnoses are a more reliable predictor of persistent vivax 

parasitaemia [22].  

 

Implications for falciparum elimination 

To accelerate malaria elimination, malaria control programmes in Cambodia and other countries 

are evaluating various strategies for mass drug administration (MDA) [11, 23-25]. Although in the 

dry season P. falciparum prevalence in these villages was very low, six of seven uPCR-positive 

P. falciparum infections did not have recent history of travel to another province, suggesting some 

ongoing local transmission. Without the contribution of migrants to the clinical malaria records 

Samlout District may be close to interruption of P. falciparum transmission, but imported cases 

may undermine elimination. In a recent study in neighbouring Pailin Province, a high proportion 

of P. falciparum clinical cases were found to have C580Y Kelch mutations, and in 2013-14 

prevalence surveys in Pailin, approximately half of all asymptomatic P. falciparum infections had 

markers associated with artemisinin resistance [7, 14]. In Laos, a high proportion of asymptomatic 

parasitaemias had the same marker associated with artemisinin resistance [26].  
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Limitations and strengths 

The cross-sectional survey design was unable to resolve whether past clinical malaria left 

persistent parasites or whether these individuals were parasitaemic because they were generally 

at a higher risk. This study was conducted during the dry season and studies from Pailin in 2013-

14 reported a several-fold variation in P. falciparum prevalence over one year; therefore, it is not 

possible to estimate the overall contribution of these infections to transmission in these 

communities. It was also not possible to determine the Plasmodium species of some 

parasitaemias. Generally these were the participants with the lowest quantity of parasite DNA. 

The incidence data could be incomplete as VMW data from 2014 may have missed some people 

who went to other places for diagnosis and treatment.  

 

 

Conclusions 

 

The low season reservoir consisted chiefly of P. vivax infections with very low P. falciparum 

prevalence. Plasmodium vivax prevalence correlated with incidence of clinical malaria episodes 

while P. falciparum did not. Knowledge of the crude P. falciparum incidence alone was not a 

reliable tool to predict the hidden parasite reservoir during the dry season in this instance. More 

detailed knowledge of the characteristics of the P. falciparum cases, such as occupation and 

travel history could potentially distinguish indigenous and imported malaria and thereby improve 

the use of local treatment records to predict the sub-clinical P. falciparum reservoir. This can be 

a particularly useful tool to target malaria elimination activities such as mass screening and 

treatment or mass anti-malarial drug administration.  
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Much clinical P. falciparum was among migrants, forest workers or those recently returned from 

other provinces, suggesting transmission inside the villages themselves is now very low. Young 

men were more likely to have sub-microscopic malaria than older men or females of any age and 

to exhibit behaviour that exposes them to the risk of infection (and transmission). Imported malaria 

has the potential to undermine provincial P. falciparum elimination efforts as clinical and sub-

clinical infections are brought into the district by migrant workers and by local people returning 

from other provinces.  

 

The spatial heterogeneity of Plasmodium prevalence between neighbouring villages shows that 

there is important variability in malaria epidemiology at a local level. Knowledge of the recent, 

detailed travel history of clinical malaria cases could provide crucial information about the 

probable source of infection and could help determine the risk of infection within individual 

villages. Even in villages with indigenous transmission, strategies to screen or treat sub-

microscopic malaria in the dry season may be undermined by subsequent immigration of 

parasitaemic individuals. Therefore, targeting high-risk groups, e.g., migrant labourers, forest 

goers, by offering free screening and treatment, may prevent re-importation of malaria parasites 

from areas of higher transmission to areas in pre-elimination state and this could be an effective 

tool to eliminate falciparum malaria. Simultaneously, mass treatment in high transmission areas 

around the start of the malaria transmission season at community level may reduce the incidence 

of falciparum malaria significantly. It could have a collateral effect on a whole geographical area 

moving towards malaria elimination. 
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Tables and figures 

Table 1:  Plasmodium species prevalence by uPCR in 2015 cross-sectional surveys and malaria 

incidence from 2014-15  

 

 uPCR prevalence  Clinical cases from health records 
Village 
code 

P. 
falcipar
um  
n/50  
(%) 

P. 
viva
x  
n/50 
(%) 

*P. 
specie
s  
n/50 
(%) 

Population 
2014-2015 

2014 PF or 
mix cases 
(incidence 
per 1,000) 

2014 All 
malaria cases 
(incidence 
per 1,000) 

2015 Pf or 
mix cases 
(incidence 
per 1,000) 

2015 All 
malaria cases 
(incidence 
per 1,000) 

CKA 0 13 
(26) 

2 (4) 409 No record No record No record No record 

ONG 0 4 (8) 5 (10) 147 7 (47.6) 33 (224.5) 2 (13.6) 12 (81.6) 

PTA 1 (2) 5 
(10) 

2 (4) 283 7 (24.7) 39 (137.8) 0 (0.0) 2 (7.1) 

PRY 0 8 
(16) 

0 614 11 (17.9) 115 (187.3) 44 (71.7) 102 (166.1) 

OTG 0 5 
(10) 

2 (4) 239 10 (41.8) 43 (179.9) 11 (46.0) 26 (108.8) 

TTK 0 7 
(14) 

0 214 1 (4.7) 21 (98.1) 3 (14.0) 7 (32.7) 

SLT 0 5 
(10) 

1 (2) 657 11 (16.7) 43 (65.4) 38 (57.8) 61 (92.8) 

CMN 0 6 
(12) 

0 642 8 (12.5) 17 (26.5) 7 (10.9) 13 (20.2) 

PEM 0 4 (8) 2 (4) 257 0.0 1 (3.9) No Record No Record 

OTT 2 (4) 1 (2) 2 (4) 300 0.0 1 (3.3) 2 (6.7) 2 (6.7) 

ODA 3 (6) 1 (2) 0 1012 28 (27.7) 35 (34.6) 19 (18.8) 22 (21.7) 

OKH 0 2 (4) 1 (2) 631 3 (4.8) 45 (71.3) 15 (23.8) 29 (46.0) 

VRM 1 (2) 2 (4) 0 291 28 (96.2) 71 (244.0) 8 (27.5) 28 (96.2) 

KTB 0 1 (2) 0 748 5 (6.7) 10 (13.4) 1 (1.3) 3 (4.0) 

SRH 0 1 (2) 0 562 3 (5.3) 6 (10.7) 2 (3.6) 3 (5.3) 

MKO 0 0 1 (2) 313 No record No record 3 (9.6) 15 (47.9) 

OCL 0 1 (2) 0 456 0 (0.0) 1 (2.2) 3 (6.6) 5 (11.0) 

CLK 0 0 0 275 3 (10.9) 6 (21.8) 2 (7.3) 3 (10.9) 

KTA 0 0 0 748 5 (6.7) 10 (13.4) 1 (1.3) 3 (4.0) 

APP 0 0 0 397 0 (0.0) 4 (10.1) 0 (0.0) 1 (2.5) 

 

Incidence: Total malaria cases/total village population* 1,000 

Prevalence: Total Plasmodium species detected by uPCR/total number of test* 100 

*Positive for Plasmodium by high-volume qPCR, but the parasite genome count was too low for 

subsequent nested PCR to determine Plasmodium species.  
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Table 2: Univariate associations between factors investigated for prevalence of Plasmodium

infection by uPCR

Variable Number uPCR
positive for
Plasmodium

uPCR
negative for
Plasmodium

p-value* Odds
ratio$

Adjusted
odds
ratio#

Number (%) Number (%)
(95% CI) (95% CI)

Number 1,000 91 (9) 909 (91)

Gender <0.0001 3.3
(2.0-5.4)

2.0
(1.2-3.4)

Male 468 66 (14) 402 (86)

Female 532 25 (5) 507 (95)

Age groups 0.018 1.6
(1.1-2.6)

2.1
(1.3-3.4)

18-30 years 443 51 (11.5) 392 (88.5)

>30 years 557 40 (7.2) 517 (92.8)

Tympanic temperature 0.365 0.7
(0.3-1.5)

0.9
(0.4-1.9)

˂37.50C 883 83 (9) 800 (91)

≥37.50C 117 8 (7) 109 (93)

Self-reported fever in
previous 48 hours

0.255 0.6
(0.2-1.5)

0.7
(0.3-1.8)

Fever 87 5 (6) 82 (94)

No fever 913 86 (9) 827 (91)

Self-reported illness in the
previous 48 hours

0.121 0.7
(0.5-1.1)

0.9
0.6-1.5)

Illness 506 39 (8) 467 (92)

No illness 494 52 (11) 442 (89)

Self-reported history of ever
having had malaria in past

<0.0001 5.3
(2.6-10.9)

5.1
(2.5-10.7)

Yes 654 82(13) 572(87)

No 346 9(3) 337(97)

Forest visit in the previous 3
months

<0.0001 4.1
(2.5-6.5)

2.7
(1.6-4.8)

Yes 156 35(22) 121(78)

No 844 56(7) 788(93)

Travel in the previous 3
months

0.489 1.2
(0.7-1.9)

1.1
(0.7-1.8)

Yes 245 25 (10) 220 (90)

No 755 66 (9) 689 (91)

Bed net use 0.004 0.5
(0.3-0.8)

0.8
(0.5-1.5)

Everyday 849 68 (8) 781 (92)

Sometimes or Never 151 23 (15) 128 (85)

* Pearson Chi Square test, $ Mantel Haenszel odds
# Logistic regression, adjustment for gender, age group, temperature <=37.50C
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Fig. 1:  Plasmodium species prevalence determined by quantitative PCR in 20 villages in 

Battambang Province in 2015 

 

 

Villages were selected for the survey according to: A) their high malaria incidence in 2013-14 from 

provincial malaria records; B) for villages with no village malaria worker, on the advice of local 

health centres which received referred malaria patients. 
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Fig. 2:  Parasite genome count by Plasmodium species, tympanic temperature ≥37.5oC and 

method of detection 
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Fig. 3 : Plasmodium species prevalence by uPCR in 2015 and incidence of malaria cases in 2014 

 

a: Plasmodium falciparum prevalence by uPCR and falciparum malaria and mixed malaria incidence 2014; b: 

Plasmodium vivax prevalence by uPCR and vivax malaria incidence 2014; c: Plasmodium vivax and undetermined 

Plasmodium species prevalence by uPCR and vivax malaria incidence 2014; d: Plasmodium prevalence by uPCR and 

malaria incidence 2014. 

In each graph, X axis represents Plasmodium prevalence by uPCR during March-April 2015 and Y axis represents 

malaria cases per 1,000 population in a one-year period. 

API: Annual parasite incidence. API= (confirmed cases during 1 year/population under surveillance) x 1,000. 

In 2014, *19 out of 20 villages malaria incidence rates were available from Battambang Provincial Health Department 

and are included in the analyses, except MKO. 
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Fig. 4  Plasmodium species prevalence by uPCR and incidence of malaria cases in 2015 

 

a: Plasmodium falciparum prevalence by uPCR and falciparum or mixed malaria incidence 2015; b: Plasmodium vivax 

prevalence by uPCR and vivax Malaria incidence 2015; c: Plasmodium vivax and undetermined Plasmodium species 

prevalence by uPCR and vivax malaria incidence 2015; d: Plasmodium prevalence by uPCR and malaria incidence 

2015.  

In each graph, X axis represents Plasmodium prevalence by uPCR during March-April 2015 and Y axis represents 

malaria cases per 1,000 population in a one-year period,  

API: Annual parasite incidence. API=(confirmed cases during 1 year/population under surveillance) x 1,000. 

In 2015, *19 out of 20 villages malaria incidence rates were available from Battambang Provincial Health Department 

and are included in the analyses, except for PEM. 
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Fig. 5:  Clinical malaria cases in the survey villages recorded by village malaria workers from 

2013 to March 2015 

 

 

Plasmodium falciparum mono-infections are red, mixed P. falciparum and P. vivax are orange, 

and P. vivax mono-infections are green. 
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Supplementary Fig. 1:  Malaria prevalence by uPCR and incidence per 1,000 in 2015 in 16 

villages  

 

 
S1a: Plasmodium falciparum prevalence by uPCR and falciparum or mixed malaria incidence 2015; S1b: Plasmodium vivax 

prevalence by uPCR and vivax malaria incidence 2015; S1c: Plasmodium vivax and undetermined Plasmodium species 

prevalence by uPCR and vivax malaria incidence 2015; S1d: Plasmodium prevalence by uPCR and malaria incidence 2015.  

In each graph, X axis represents Plasmodium prevalence by uPCR during March-April 2015 and Y axis represents malaria 

cases per 1,000 population in a one-year period. 

API: Annual parasite incidence; API=(confirmed cases during 1 year/population under surveillance) x 1,000. 

In this graph, 16/20 survey locations are included, except for PEM, VRM, OTG, and PTA. This was done as PEM was not in 

the record of Provincial Health Department. As for VRM, OTG and PTA, three rounds of mass drug administration with 

dihydroartemisinin-piperaquine phosphate (DHA-PQP) were conducted during July, August and September 2015, which had 

an impact on malaria incidence in the same year. 
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Running title: 

Malaria MDA in Cambodia 

Words summary: 

In Cambodian villages, three-month mass drug administration with high coverage using 

dihydroartemisinin-piperaquine was safe and was followed by the absence of clinical 

P.falciparum cases for at least one year, despite the presence of multidrug resistant parasites. 
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Abstract  

Background The increase in multidrug resistant Plasmodium falciparum in Southeast Asia 

suggests a need for acceleration of malaria elimination. We evaluated the effectiveness and 

safety of mass drug administrations (MDA) to interrupt malaria transmission. 

Methods Four malaria-endemic villages in western Cambodia were randomized to three rounds 

of MDA (a three-day course of dihydroartemisinin with piperaquine-phosphate), administered in 

either early or at the end of the study-period. Comprehensive malaria treatment records were 

collected during 2014-2017. Subclinical parasite prevalence was estimated by ultra-sensitive 

quantitative polymerase chain reaction (uPCR) quarterly over 12 months. 

Results MDA coverage with at least one complete round was 88% (1999/2268), ≥2-rounds 73% 

(1645/2268), and all 3-rounds 58% (1310/2268). P.falciparum incidence in intervention and 

control villages was similar over the 12 months prior to the study: 39/1000 person-years vs 

45/1000 person-years (p=0.50). The primary outcome, P.falciparum incidence in the 12 months 

after MDA, was lower in intervention villages (1.5/1,000 person-years vs 37.1/1,000 person-years; 

incidence rate ratio 24.5, 95%CI 3.4-177; p=0.002). Following MDA in 2016, there were no clinical 

falciparum malaria cases over 12 months (0/2044 person-years) in all 4 villages. After an initial 

decrease of P.vivax prevalence in intervention villages, P.vivax prevalence had returned to 

approximately half of the baseline prevalence by 12 months, and was no longer significantly lower 

than in control villages. No severe adverse events were attributed to treatment. 

Conclusion MDAs with high coverage were safe, and associated with the absence of clinical 

P.falciparum cases for at least one year. 
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Background 

Since 2000 the global malaria burden has declined making regional malaria elimination and 

perhaps even eradication more feasible than was thought possible in the last century. To 

accelerate the slow decrease in malaria transmission experts have proposed the implementation 

of mass drug administrations (MDA). Plasmodium falciparum in Southeast Asia has decreased 

substantially over the last decade probably related to changes in land use, wide deployment of 

insecticide-treated bed nets, and, particularly, early diagnosis and treatment of symptomatic 

disease with artemisinin combination therapies (ACTs). However, partial resistance to 

artemisinins emerged in Western Cambodia in the first decade of the millennium and was 

subsequently also detected in other regions of the Greater Mekong Subregion. The reduced 

susceptibility of P.falciparum to artemisinins is increasingly compounded by ACT partner drug 

resistance causing high treatment failure rates [1-4]. New antimalarial compounds to replace 

ACTs will not be available for several years. Preventing the spread of multidrug resistance 

requires the interruption of local transmission, i.e. P.falciparum elimination [5-7]. The success of 

malaria elimination will be accelerated by the treatment of subclinical, low-density parasitaemias 

thought to sustain transmission [8].  Such asymptomatic infections can be detected by highly 

sensitive screening methods, or presumptively treated by MDAs which can provide the added 

benefit of a post-treatment prophylaxis. Systematic reviews show that MDAs have the potential 

to reduce malaria transmission in certain settings, however, most studies were not designed to 

demonstrate impact beyond six months [7, 9]. In 2015, the World Health Organization 

recommended MDAs in areas where the threat of multi-drug resistance requires accelerated 

elimination efforts and in areas approaching elimination [10, 11].  

Rolling out MDA as a tool for malaria elimination in areas of multidrug-resistant falciparum malaria 

such as Cambodia, requires a good understanding of the target populations likely to benefit, 

strategies to ensure sufficient coverage, and the long-term effectiveness of MDA. This study in 
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was undertaken to assess the effectiveness of MDAs using DHA piperaquine in Cambodia where 

treatment failures with this combination therapy have been reported [12].  We report here findings 

from a cluster-randomized controlled trial to assess the effectiveness of 3 rounds of MDA using 

DHA-PPQ to interrupt malaria transmission. 

Methods 

Initial surveys in 20 western Cambodian villages showed low prevalences of subclinical 

P.falciparum infections except in villages near to forested areas [13]. Four forest-fringe villages 

along the Thai border were selected for the current study based on P.falciparum prevalence and 

accessibility. The villages were randomized to MDA (intervention) in year one or deferred MDA 

one year later (control). Randomization was restricted, with two pairs of villages matched for 

geographical proximity and parasite prevalence (Figure 1). The only form of vector control in the 

study villages is the use of bed nets. Long lasting insecticide-treated bednets (LLITN) are 

distributed by the national malaria control program every three years. A mass distribution of LLITN 

took place in early 2015 prior to the study start. Bednet use is high in the study area as bednets 

have been used historically to protect not only against malaria but also against nuisance insects. 

Community mobilization and informed consent 

Individual written informed consent was obtained from all participants. A fingerprint was obtained 

for illiterate participants countersigned by a witness. Intensive community engagement activities 

in participating villages have been described elsewhere and included meetings by a dedicated 

Khmer-speaking community engagement team with commune authorities, village malaria workers 

(VMWs), village leaders and other villagers [14-16].  

Mass drug administrations 
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For each round of treatment, a mobile clinic was set up in the village scheduled for MDA, but 

participants could also receive MDA at home. MDA rounds were conducted once-monthly for 

three consecutive months early in the rainy season. Local health staff administered a directly-

observed three-day regimen of 7 mg/kg dihydroartemisinin and 55 mg/kg piperaquine 

tetraphosphate (Eurartesim, Sigma Tau, Italy) to the entire village population. Newcomers or 

returning residents arriving during the study period were contacted by VMWs and offered a single 

round of DHA-PPQ. Infants under 6 months of age, pregnant or lactating women, and anyone 

with acute health problems were excluded from MDA. Participants were asked about adverse 

events on day one, two, three and seven after drug administration.  Any severe illness, 

hospitalization or death was investigated by the study team and its association with treatment 

until 30 days following each drug administration was assessed (Figure 2). 

Three-monthly prevalence surveys  

A cross-sectional survey was conducted every three months during July 2015 to July 2016. 

Participants with fever ≥37.5°C were tested by a rapid diagnostic test (RDT; SD BIOLINE Malaria 

Ag Pf/Pv, Standard Diagnostics, Gyeonggi-do, Republic of Korea) and treated with standard 

treatment if positive. EDTA-anticoagulated venous blood was collected on ice and transported in 

a cool-box to the laboratory on the same day.  

Clinical malaria incidence records 

In all villages all febrile patients were tested for malaria by RDT by an existing VMW, and treated 

according to national guidelines when indicated. The study team supervised VMWs weekly and 

collected malaria case records during July 2015 to June 2017. These along with records going 

back to January 2014 were matched to study participants, and this information was confirmed 

during a home visit by the study team. Additionally, between July 2015 to December 2016 VMWs 

also obtained a dried blood spot (DBS) stored in plastic bags with silica gel, and travel histories 
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from all patients with RDT-confirmed malaria. Malaria incidence data from January 2014 to June 

2015 was obtained from the Provincial Health Department.  

Laboratory methods 

An ultrasensitive, quantitative PCR method (uPCR) with a lower limit of detection of 22 

parasites/ml of whole blood was used to detect and quantify Plasmodium densities, as described 

previously [17]. To detect mutations in the gene on chromosome 13 (PfKelch13) associated with 

artemisinin resistance the open-reading frame of the PF3D7_1343700 kelch propeller domain 

was amplified using nested PCR [17]. Purified PCR products were sequenced at Macrogen 

(Republic of Korea) and analysed using BioEdit version 7.1.3.0., using the 3D7 kelch13 sequence 

as reference (Accession: XM_001350122.1) [17].  

Data management and statistical analysis 

Each individual received a unique identification number during a census immediately prior to the 

initiation of the study or when first seen during the study. Clinical malaria records were linked to 

cross-sectional surveys and MDA treatment registers by fieldworkers who confirmed the identity 

and status of participants. Coverage of MDA was estimated from the population present in the 

village at any time point during the 3-month period during which MDA occurred. Survey data were 

collected on case record forms and entered on smartphones using ODK software [18] before 

being exported into OpenClinica [19].  

The primary analyses compared the impact on incidence of malaria, defined as confirmed 

Plasmodium infections accompanied by clinical manifestations or the subclinical prevalence of 

Plasmodium infections. The first analysis compared P.falciparum prevalence at baseline, at 4 

months and 12 months, in villages randomized to either early MDA (intervention) or deferred MDA 

(control). Changes in the prevalence of Plasmodium infections were analyzed using a generalized 

estimating equation that took clustering into account. In a second analysis the incidence of 
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P.falciparum malaria episodes including mixed vivax / falciparum episodes were compared in the 

12-month period before and after MDA. Incidence rate ratios (IRR) and incidence rate differences 

(IRD) were calculated by Poisson regression comparing intervention vs control, and, separately, 

before and after MDA within each study arm. The denominator for clinical malaria incidence 

was all residents who could have contributed to the transmission of malaria. Each individual’s 

time in the village was estimated, irrespective of participation, from the 5 cross-sectional surveys 

and 3 rounds of MDA and recorded as present or absent in the village. Person years at risk during 

pre-study and post-study periods were adjusted based on natural population growth assumed to 

be 1.91% during 2014-15, and 1.85% during 2016-17 [20]. 

The four village clusters in Cambodia were part of a larger multi-centre study in Southeast Asia 

and were not powered independently to provide statistically robust findings. Significance values 

were determined at the 5% level. MDA and treatment data were recorded on registers and then 

entered in an Excel sheet. Analyses were done in STATA 14.0 (Stata Corp., College Station, 

Texas, USA). 

 
Results 

Of those present in the villages during the period of the MDAs, 2268/2395 (95%) were eligible for 

treatment. Coverage with one complete round of MDA was 1999/2268 (88%), two complete 

rounds of MDA was 1645/2268 (73%), and three complete rounds of MDA 1314/2268 (58%). A 

total of 269/2268 (12%) of those present and eligible did not receive any MDA. Of the residents 

who returned to the village after the MDA intervention, 51/72 (71%) received one full course of 

DHA-PPQ, as did 34 visitors. Among 127/2395 (5%) individuals who were excluded from MDA: 

50 (39%) had an acute illness, 43 (34%) were pregnant women, and 25 (20%) were lactating 

mothers. Ten (1%) residents were excluded for other reasons. In total, 2770 people were recorded 
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as being in the villages during at least one of the MDA rounds or during one of the cross-sectional 

surveys (Figure 2). The participants in the intervention and control arm were similar in terms of 

sex, age and occupation (Table 1). 91.2% (2,148/2,354) of study participants stated that they 

used bednets regularly. There was no significant difference in bednet use between villages with 

early and deferred MDA.   

MDA effectiveness against clinical Plasmodium incidence 

Over the 12 months following the start of MDA (July 2015 to June 2016), falciparum malaria 

incidence was reduced to 1/659 [1.5/1,000 per year] in the intervention villages compared to 

50/1,348 [37.1/1,000 per year] in control villages that had not yet received MDA (IRR 24.5 [95%CI: 

3.4-177], p=0.002). In the pre-study period (July 2014 to June 2015), there was no significant 

difference (IRR 1.2 [95%CI: 0.7-1.9] p=0.503) in falciparum malaria incidence between the 

intervention (25/646 [39/1000 per year]) and control villages (60/1322 [45/1,000 per year]). The 

control villages received the MDA intervention at the end of the study period, and clinical cases 

were monitored during the post-study period from July 2016 to June 2017. No falciparum malaria 

cases reported in any of the 4 study villages during the post-study period (Figure 3 and Table 2).  

Within each treatment arm, we also compared the incidence of falciparum malaria during the 12 

months before MDA against the 12 months following MDA. In villages that received MDA in 2015, 

P.falciparum incidence was 25/646 (39/1000 per year) prior to MDA against 1/659 (1.5/1000 per 

year) after MDA (IRR 25.5, [95%CI: 3.5-188], p=0.001). In villages that received MDA in 2016, 

falciparum malaria incidence was 50/1348 (37/1000 per year) before MDA against 0/1373 after 

MDA (Supplement table 1). The post-MDA falciparum malaria incidence from July 2016 to June 

2017 in all villages was 0/2,044 person-years. One infection was detected in a forest-worker who 

had not received MDA during the study period from July 2015 to June 2016 (Table 2 and 

Supplement table 1). 
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Vivax malaria incidence did not differ significantly between intervention (14/659 [21/1000 per 

year]) and control villages (39/1348 [29/1000 per year]) during the study period from July 2015 to 

the end of June 2016 (IRR 1.4 [95%CI: 0.7-2.5], p=0.322) (Figure 3 and Table 2). Comparing 

pre- and post-MDA periods, there was a significant reduction of vivax malaria incidence from 

90/646 (139/1000 per year) to 14/659 (21/1000 per year) in the intervention (IRR 6.6 [95%CI: 3.7-

11.5], p<0.001) and from 39/1348 (29/1000 per year) to 9/1373 (6.5/1000) per year in the control 

villages, (IRR 4.4 [95%CI: 2.1-9.1], p<0.001),  (Supplement table 1). 

MDA impact on subclinical Plasmodium infections  

The prevalence of subclinical P.falciparum was low and declined in all villages irrespective of 

treatment allocation. Comparing baseline pre-MDA with four months after the start of MDA, the 

prevalence of subclinical P.falciparum infections assessed by uPCR was 5/543 (0.9%) versus 

2/470 (0.4%) in intervention villages, and 17/701 (2.4%) versus 7/696 (1.0%) in control villages. 

The odds ratio (OR) was 0.15 (95%CI 0.02-1.31; p=0.09) with no significantly different change 

against baseline. By 12 months, the prevalence of subclinical P.falciparum infections was 1/512 

(0.2%) in intervention villages, as against 10/1,090 (0.9%) in control villages, OR 0.78 (95%CI 

0.07-8.84; p=0.840) (Figure 4 and Table 3). Among 14 people with subclinical P.falciparum 

infections immediately prior to MDA, 13 (93%) became negative throughout the follow up period. 

One study participant with a subclinical P.falciparum infection before MDA remained infected after 

receiving 3 rounds of MDA.  

Subclinical P.vivax infections were more prevalent than subclinical P.falciparum infections in all 

surveys. At 4 months, there was a large decline in the prevalence of subclinical P.vivax infections 

in intervention villages, with 57/543 (10.5%) to 3/470 (0.6%) and only a small decline in control 

villages 60/701 (8.6%) to 70/696 (6.4%), OR 0.02 (95%CI: 0.003-0.13) p<0.001. By 12 months 

subclinical P.vivax infections in intervention villages had returned to approximately half of the 

baseline prevalence, and was no longer significantly lower than in control villages: 24/512 (4.7%) 
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in intervention villages vs 70/1,090 (9.2%), in control villages, OR 0.65 (95%CI: 0.41-1.05), 

p=0.076 (Figure 4 and Table 3).  

Of the 57 individuals with uPCR-detected P.vivax infections immediately prior to MDA, 24 (42%) 

remained free of infections throughout the 12-month follow up period while 23 (40%) had 

subclinical P.vivax infections. The status of 10 (18%) participants was unknown as they did not 

attend subsequent surveys. 

Markers of antimalarial drug resistance 

Molecular markers for artemisinin resistance were detected in both subclinical and clinical 

falciparum malaria episodes. Of 56 P.falciparum parasite strains detected by uPCR, 27 (48%) 

were sequenced for Kelch 13 mutations, and all 27 were positive for the C580Y haplotype. None 

was positive for other K13 markers. Among 35 falciparum malaria cases detected up to April 

2016, all had a mutation associated with artemisinin resistance in the Kelch 13 gene: 34 had the 

K13 C580Y mutation and 1 had the K13 F446I mutation. Amounts of parasite DNA were 

insufficient for assessment of other antimalarial drug resistant markers. 

Tolerability and safety of dihydroartemisinin-piperaquine 

In total 14,845 DHA-PPQ tablets were administered during MDA and adverse events were 

reported by 45.5% (909/1,999) of participants who received treatment (Supplement table 2). The 

most common adverse events were dizziness 22% (431/1999), headache 18% (368/1999), fever 

10% (195/1999), and nausea 8% (163/1999). All other symptoms were reported in fewer than 5% 

of participants. Vomiting of study drugs was reported by 2% (33/1999) participants. 96% (869/909) 

of the adverse events were mild in nature and no medical treatment was sought. 4.4% (40/909) 

of the adverse events required medical attention from the study team or a local healthcare 

provider. During the four-month passive surveillance periods during and after MDAs in 2015 and 

2016 three deaths were reported among participants: one homicide, two cases of accidental 
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drowning. None of the deaths were attributed to the study medications by an independent medical 

review. No other severe adverse events were reported.   

Discussion 

Deployment of three rounds of MDA reduced falciparum malaria incidence dramatically and 

rapidly. A single case of falciparum malaria was detected in the year after MDA, compared to 24 

cases in the same villages in the previous year, and 50 cases in untreated villages. No clinical 

falciparum malaria cases were detected in intervention or control villages in the year after MDA, 

with the exception of a forest worker who did not participate in the MDA. Forest work is a well-

documented risk factor for malaria in the study region [21-26]. Following MDA, the prevalence of 

P.falciparum infections decreased in the study villages but did not reach zero. The subclinical 

falciparum infections did not correlate with clinical malaria incidence, which might be related to 

the remaining asymptomatic carriers.  

Our study employed three rounds of DHA-piperaquine, which facilitates the capture of short-term 

travelers and the elimination of infections circulating in vectors [27]. A full piperaquine course 

provides a post-treatment prophylactic effect of around a month [28].  During the study period 

treatment failures with DHA-PPQ increased in Cambodia [4, 29], prompting a change in first-line 

treatment to artesunate-mefloquine. In our study, all tested parasites carried the PfKelch13 

marker for artemisinin resistance. The marker for piperaquine resistance could not be assessed 

because of low parasite DNA quantities. All but one low-density subclinical P.falciparum infections 

were cleared by the DHA-PPQ regimen. Increasing drug resistance is, however, an important 

concern for the future use of DHA-PPQ for MDA is this area.  

P.vivax incidence and prevalence decreased substantially following MDA, but rebounded by 6 

months and had returned to approximately half the pre-MDA level one year after the MDA. This 

has been observed also in other MDA trials [30], and is best explained by the hypnozoite stage 
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of P.vivax causing relapses of the primary infection. Hypnozoites are not affected by the MDA 

regimen and require a prolonged course of primaquine.  

The MDA was remarkably safe and well accepted. Few adverse events and no drug-related 

severe adverse events were reported. As the study did not include a control group receiving 

placebo, it is not possible to assess the adverse event frequency attributable to the study drugs. 

Factors affecting acceptability have been reported earlier, and confirmed that the perceived “side 

effects” of the drug administration were common but mild [31].   

MDA was conducted in individual villages surrounded by untreated villages. Malaria can be re-

introduced by visitors from neighboring villages or through residents who are exposed when 

staying outside their village. Forest workers are at high risk to re-introduce Plasmodium infections 

into villages after the interruption of malaria transmission. MDA conducted in geographically 

distinct villages well connected by roads, as in this study, cannot prevent the re-introduction of 

falciparum malaria unless a wider region is targeted.  

A major limitation of this study is the number of randomized clusters. With only two clusters per 

arm statistical significance testing unstable, yet our results still suggest impact between study 

arms and before vs after the intervention. The study is part of a larger multicenter trial in Myanmar, 

Vietnam, and Lao PDR. The combined analysis of the studies is expected to have sufficient power 

to detect statistically significant differences. Another limitation is the absence of an entomological 

research component which could have helped demonstrate interruption of transmission. Detailed 

entomological observations were collected, in Myanmar one of the other studies in the project 

[32]. Finally, for programmatic roll-out and scale-up of MDAs the cost efficacy and cost benefit 

ratios of the intervention are needed. Such economic considerations are difficult in targeted 

malaria elimination studies where the economic benefits of local malaria elimination have to be 

speculative. 
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A similar impact of the same MDA regimen as an addition to establishment of a network of malaria 

posts has recently been demonstrated in Myanmar [30]. MDA efforts elsewhere have interrupted 

malaria transmission permanently on Pacific islands [33]. In other regions the impact of MDA was 

more transient [9, 34]. Parameters which can affect the impact of MDA include the drug regimen, 

coverage and local malaria epidemiology [9, 34]. MDA is most likely to be successful in low 

transmission settings where high coverage can be achieved [35]. The WHO now supports MDA 

as an additional tool for P.falciparum elimination in low endemicity regions including Southeast 

Asia [10, 11, 36]. Several novel approaches to boost the impact of MDAs, including the prevention 

of re-introduction if Plasmodium infections by screening and treating visitors and immigrants, 

immunization of residents with a malaria vaccine candidate, and reducing vector density by 

adding ivermectin to MDAs are under discussion. 

Conclusion 

In our pre-elimination setting, MDA (integrated with appropriate case management, use of LLITN, 

and supported by effective community mobilization) resulted in absence of clinical P.falciparum 

cases for at least one year. The impact on the prevalence of subclinical P.vivax infections was 

much more limited. Additional interventions including radical cure with primaquine will be needed 

to eliminate vivax malaria. The careful selection of quality drugs in the most appropriate drug 

regimens used in mass administrations, the targeting of suitable villages and allocation of 

adequate resources needed to achieve high coverage will be critical to address during the 

expansion of MDA programmes in Southeast Asia.  
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Figures and Tables:  

  

Figure 1: Household level map of study villages 

 

Each marker represents one household. Pink markers indicate households in intervention villages 

that received mass drug administration during July - September in 2015. White markers indicate 

households in control villages that received mass drug administration during July - September in 

2016. 

 

 

 

 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 195PDF page: 195PDF page: 195PDF page: 195

195 
 

Figure 2: Study flow chart 

 

 

 

 

One additional hamlet from a control village was included in the final cross-sectional survey in 

July 2016 and then in the subsequent MDA. 
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Figure 3: Clinical malaria incidence July 2014 – June 2017: before mass drug administration, 

during the study, and after cross-over treatment in early MDA (intervention) and delayed MDA 

(control) villages 

 

Figure 3a and 3b show Plasmodium falciparum incidence in intervention and control villages 

respectively, while Figure 3c and 3d show Plasmodium vivax incidence in intervention villages: 

Plasmodium vivax incidence in control villages 
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Figure 4: Subclinical Plasmodium prevalence detected by quantitative polymerase chain 

reaction: intervention vs control villages 

 

 

PF or mix: P. falciparum or mix P. falciparum infections, PV: P. vivax infections, and P.sp: 

Unknown Plasmodium species infections  

Figure 4a: Plasmodium species prevalence by uPCR in intervention villages following three 

rounds of mass drug administration; Figure 4b: Plasmodium species prevalence by uPCR in 

control villages  
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Table 1: Overall study population characteristics and drug administration status  

Characteristics Total % 
Intervention 
(Number) 

% 
Control 
(Number) 

% 

Population 2,770  858  1,912  

Sex       

Female 1,319 47.6 376 43.8 943 49.3 

Male 1,451 52.4 482 56.2 969 50.7 

Age group       

Below 5 280 10.1 71 8.3 209 10.9 

5 to below 15 599 21.6 140 16.3 459 24.0 

15 to below 45 1,326 47.9 452 52.7 874 45.7 

45 and above 565 20.4 195 22.7 370 19.4 

Occupation       

Child or student 1,021 36.9 274 31.9 747 39.0 

Farmer working around forest 303 10.9 34 4.0 269 14.1 

Farmer working around village 1,152 41.6 417 48.6 735 38.5 

Other working around village 101 3.7 38 4.4 63 3.3 

Other working away from village 193 6.9 95 11.1 98 5.1 

Residency duration       

below one year 332 12.0 113 13.2 219 11.4 

One year and above 2,438 88.0 745 86.8 1,693 88.6 

Residency status       

Resident 2,340    84.5 773 90.1 1,567 82.0 

Non-resident 430 15.5 85 9.9 345 18.0 

Bed net use (n=2354)       

Everyday 2,148 91.2 655 87.3 1,493 93.1 

Irregular 206 8.8 95 12.7 111 6.9 

Population listed during MDA (n=2698)       

Away throughout 3-months of MDA  303 11.2 19 2.4 284 14.9 

Population present during MDA (n=2395)       

Excluded 127 5.3 32 4.2 95 5.8 
Coverage among population present and 
eligible during MDA (n=2268) 

      

Refused or did not attend MDA 269 11.9 67 9.1 202 13.2 

One round of MDA 354 15.6 157 21.4 197 12.9 

Two rounds of MDA 335 14.8 125 17.0 210 13.7 

Three rounds of MDA 1,310 57.8 386 52.5 924 60.3 

At least one round of MDA  1999 88.1 668 90.9 1331 86.8 

At least two rounds of MDA  1645 72.5 511 69.5 1134 74.0 
Post-MDA treatment of returning residents 
(n=72) 

      

Received one round of treatment 51  51 70.8 0 0 
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Supplement Table 2: Adverse events amongst participants who received MDA  

Adverse Events (AE) Number of Participants with AE % *Severity 

  Mild % Moderate % 

Dizziness 431 21.6 423 98.1 8 1.9 

Headache 368 18.4 348 94.6 20 5.4 

Fever 195 9.8 177 90.8 18 9.2 

Nausea 163 8.2 156 95.7 7 4.3 

Fatigue 98 4.9 89 90.8 9 9.2 

Running nose 94 4.7 93 98.9 1 1.1 

Feeling unwell 65 3.3 64 98.5 1 1.5 

Diarrhea 35 1.8 32 91.4 3 8.6 

Vomiting 33 1.7 30 90.9 3 9.1 

Abdominal pain 32 1.6 29 90.6 3 9.4 

Palpitation 25 1.3 24 96.0 1 4.0 

Muscle pain 24 1.2 22 91.7 2 8.3 

Poor appetite 12 0.6 12 100.0 0 0.0 

Difficulty sleeping 10 0.5 10 100.0 0 0.0 

Itching 9 0.5 9 100.0 0 0.0 

Abdominal distension 5 0.3 5 100.0 0 0.0 

Hypertension 3 0.2 3 100.0 0 0.0 

Difficulty hearing 3 0.2 3 100.0 0 0.0 

Swollen eye 1 0.1 1 100.0 0 0.0 

Red eye 1 0.1 1 100.0 0 0.0 

Swollen face 1 0.1 0 0.0 1 100 

Burning micturition 1 0.1 1 100.0 0 0.0 

Toothache 1 0.1 1 100.0 0 0.0 

An adverse event defined as when a participant complained of a symptom at any time point during drug 

administration and day 7 follow up. Among total of 1999 participants who received MDA, 909 (45.5%) 

complained of AE. 

# Percentage of AE = An AE / Total number of participants received scheduled MDA*100 

*Severity= Number pf participants with particular grading / Number of participants with corresponding AE.  

Severity graded as mild when a participant did not sought treatment at any time-point of a particular AE and 

severity graded as moderate when a participant sought treatment at any time-point of a particular AE 
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Supplement Table 3: Timeline, transmission season, uPCR surveys and MDA schedule. 

 2015 2016 

Month Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Malaria season Main Transmission Season Low 

Season 

Main Transmission Season 

Survey Month 

0 

 

 

Month 

3 

 

 

Month 

6 

 

 

Month 

9 

 

 

Month 

12 

 

 

MDA in intervention 

villages 

1st 

round 

2nd 

round 

3rd 

round 

Treatment of new comers in intervention villages  

 

MDA in Control 

villages 

No drug administration 

 

1st 

round 

2nd 

round 

3rd 

round 
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SECTION III:  Community engagement: Strategy and 

evaluation of MDA acceptability  

Chapter 8: Reflections on a Community Engagement Strategy for Mass Antimalarial Drug     

Administration in Cambodia  

Chapter 9:   Mass anti-malarial administration in western Cambodia: a qualitative study of factors 

affecting coverage  
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Figure 1: Participation in mass drug administration supervised by a village malaria worker and 

health centre nurse with village leaders in the background 
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Abstract 

Mass drug administration (MDA) to interrupt malaria transmission requires the 

participation of entire communities. As part of a clinical trial in western Cambodia four villages 

received MDA in 2015-16. Before approaching study communities a collaboration was established 

with the local health authorities, village leaders and village malaria workers. Formative research 

guided the development of engagement strategies. In each village a team of volunteers was 

formed to explain MDA to their neighbours and provide support during implementation. Public 

mobilization events featuring drama and music were used to introduce MDA. Villages comprised 

groups with different levels of understanding and interests, therefore tailored multiple engagement 

strategies were required. The main challenges were explaining malaria transmission, managing 

perceptions of drug side effects, and reaching mobile populations. It was important that local 

leaders took a central role in community engagement. Coverage during each round of MDA 

averaged 84% which met the target for the trial. 
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The spread of drug-resistant parasites poses a serious threat to malaria control in 

Southeast Asia 1. In response, strategies to interrupt local malaria transmission, including mass 

drug administration (MDA), have been proposed 2. The success of this approach, currently under 

pilot across the region, depends upon high uptake in target communities 3, 4. For past MDAs, this 

has been challenging 5 because of misconceptions about drug regimens, inadequate explanations 

of the rationale for MDA, limited awareness of disease risk and asymptomatic malaria 6. To 

overcome these challenges a range of community engagement (CE) activities are undertaken 

alongside MDA 7. In the global health literature, CE has various definitions e.g. promoting ethical 

conduct of research, or ‘working collaboratively’ with communities ‘to address issues affecting the 

well-being of those people’ 8, 9. In this article, we focus on CE as a range of activities with the 

primary aim of promoting MDA coverage. 

 

Battambang Province, an area of unstable malaria transmission in western Cambodia, 

has seen a decline in clinical P. falciparum malaria over the past decade 10. Recently, P. 

falciparum parasites in the area have become resistant to artemisinins and partner drugs used in 

artemisinin combination therapy 11, 12, 13, 14. Village malaria workers (VMWs), present in most 

villages, are trained to diagnose and treat clinical malaria. Asymptomatic malaria infections go 

untreated and contribute to transmission, and are associated with travel to forests and a history 

of clinical malaria 15, 16, 17, 18, 19. In neighbouring Pailin Province, prevalence surveys (2013-14) 

revealed a reservoir of asymptomatic malaria.20  

 

As part of a clinical trial, two villages received MDA in 2015 and two in 2016. MDA 

consisted of three, monthly rounds of treatment with dihydroartemisinin-piperaquine. Participants 

were followed over one year to observe clinical malaria and cross-sectional surveys were 

conducted quarterly to determine the prevalence of asymptomatic malaria. This article describes 
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the process of developing and implementing a CE strategy for MDA, outcomes, challenges and 

lessons learnt. To this end, we sought the views of study staff from all levels: policy-makers, 

scientists and field workers. The first step entailed the field team compiling a summary of the 

process of community engagement, describing the preparatory work, listing activities and adding 

the lessons learnt. Local staff (who are fluent in Khmer and well integrated with the population) 

made key contributions to this report. 

 

Before approaching study communities, a series of meetings with provincial and local 

health authorities, village leaders and VMWs enabled the study team to understand local political 

and social structures. Guided by local collaborators, the team spent several months conducting 

prevalence surveys to identify submicroscopic malaria and communities that would be suitable 

for MDA.21 Formative research was conducted in twelve selected villages to guide the CE 

strategy. Village leaders were interviewed using a semi-structured guide and, following the 

framework approach 22, themes to prioritise for engagement activities were identified. This 

entailed developing a matrix of summarised data of each research theme per respondent. 

Respondents recommended involving all political groups, VMWs, and government/private health 

staff in activities. Additionally, in light of villagers’ limited knowledge about malaria transmission, 

malaria and study-specific education was recommended. Preferred CE activities included video 

shows, quizzes with prizes, art and games, and musical concerts. 

 

In 2015, local volunteers, VMWs and village leaders joined the study team to conduct CE 

activities and MDA. Prior to MDA, research staff meet with different groups, such as mothers, 

school children, forest workers and monks (see Table 1). In every village, the major mobilization 

activity was a public concert when health information was presented. These were very popular 

and well-attended. To keep people informed and address issues as they arose, meetings and 

other activities continued during the three rounds of MDA. After the final round of MDA, the CE 
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team continued to make weekly village visits to provide information about malaria and receive 

feedback. Prior to MDA in 2016, the engagement strategies were reviewed and lessons learned 

from 2015. An excess of detail about the study had reportedly confused people and we worked 

with local leaders to simplify the messages. A drama-based event replaced the concert. This 

enabled local people to be involved as actors and communicate the scripted health education 

messages. In addition, health messages were given by the local health authorities known to the 

villagers instead of members of the research team.  

 

All four invited villages agreed to participate in the study. Events such as meetings were 

well attended and village malaria teams and volunteers were actively involved. For example, 

attendance for the drama performances ranged from 67% (350/522) to 86% (250/291). During 

each MDA round, coverage averaged 84% - exceeding the trial target. 

 

We encountered several challenges when designing and implementing MDA. The 

rationale for MDA is difficult to convey, particularly explaining: a) asymptomatic malaria; b) that 

asymptomatic infections contribute to transmission; c) to remove these infections people need to 

take drugs whether or not they feel ill; d) everyone in the village needs to participate for MDA to 

work. Within villages, education levels varied widely, and we had to take this into account when 

framing the rationale for MDA and key messages and tailoring engagement strategies. (Table 2) 

 

Concerns from communities and staff emerged before, during, and after MDA about 

perceived side effects of antimalarials. We gave directly observed treatment during MDA and then 

monitored participants actively for a week and passively for a month. Post-MDA, minor side 

effects such as dizziness, tiredness, and cold-like symptoms were reported in all sites. Local 

nurses and village volunteers visited participants to assist and reassure them as needed. Side 
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effects were discussed directly in public meetings. Moreover, MDA was conducted as part of a 

clinical trial, and communities were generally unaware of medical research. 

 

Another challenge was reaching migrants and forest workers, who are a group at higher 

risk of malaria infection but are more difficult to engage with as they often move in and out of the 

villages. We held targeted meetings with these groups at times when they were not busy and 

provided MDA when they returned from travel if they were away during scheduled rounds of MDA. 

In one village, most people belonged to an ethnic minority which meant the translation of 

messages into the local language. Their leader was bilingual and after being formally asked he 

joined the local MDA team to translate and successfully mobilized people from his community.  

 

We learnt that understanding the concerns and attitudes of local communities and 

addressing them via various engagement activities is integral to the success of MDA. From our 

experience over two years, public events, such as concerts and drama were important and 

ensured everybody received the same information at the same time. We realized that events 

needed to be entertaining to attract large audiences, which also built relationships and generated 

trust between the research team and communities.  

 

As challenges often arose over time a process of ongoing contact through meetings and 

regular visits with families was important. This highlights how multiple complementary 

engagement strategies were required. Participating in the MDA depended also on people’s trust 

and local leaders were able to advice on the language and methods to communicate the rationale 

as well as taking a leading role in community mobilization.  

 

MDA that takes place under non-trial “real-life” conditions will face additional challenges 

as it will need to be organized to a great extent by communities themselves, and probably with 
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fewer resources. At scale, effective community mobilization and local ownership will be essential 

if MDA is to be successful and sustainable over several years. Engagement of the population will 

need to build upon existing local structures of community leaders, government health staff, and 

village health workers, and expand to include various other representatives of the local community 

such as women’s leaders and forest workers. Without a large outside team to organize MDAs, 

local villages will need to create their own teams to mobilize their communities and educate them 

about malaria transmission and the rationale for MDA, including visits and follow-up of every 

household to ensure people participate during each round. Local capacity will need to be 

developed to empower and enable villagers to lead MDAs. Well-designed education materials 

and support from local authorities and health workers will be needed, including training of village 

MDA teams to increase their health literacy, support them to organize drug administration days 

and keep accurate records. Motivated local MDA teams, with appropriate support, would be well 

placed to understand the concerns of their own communities and plan how to implement MDA in 

a locally-adapted way to reach all parts of their community. 

 

In Southeast Asia, mass anti-malarial administration for malaria elimination may be 

targeted at villages with proven reservoirs of asymptomatic malaria rather than over wider areas, 

requiring the engagement of individual communities. In Cambodia, a pilot MDA achieved good 

coverage and this may be attributable to close collaboration with national and local authorities 

and a community-directed engagement strategy. 
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Table 1: Engagement activities conducted before, during, and following mass antimalarial 
drug administration 

 
Activity Description Aim 

Leaders and 

influential people 

Meetings were held with village leaders and influential 

people to introduce the project and plans for the year, 

and to obtain agreement for the whole village to work 

together. 

Formal introduction of 

study, build 

relationships 

Village volunteers Volunteers were selected to cover a group of 

households within the village and were responsible for 

helping communicate with the community and also lead 

invitations and assist during survey days.  

Capacity building, 

mobilising participants, 

identifying problems 

Involve village 

malaria workers 

In groups and one-to-one, explain objectives again and 

to conduct participant selection and invitation process.  

Ensure aims are 

understood, identify 

groups affected by 

malaria 

Outreach activities 

with forest goers & 

migrants  

 

Small meetings, visits to forest: teaching, health 

education, contacting them for surveys, encouraging 

participation in drug administration. Include migrants at 

risk of malaria who are professionals such as soldiers 

and mine clearance teams. 

Build knowledge and 

education amongst 

high-risk and hard-to-

reach groups 

Outreach to local 

opinion formers 

Small group meetings with local political leaders, 

teachers, shop-keepers, private sector health care 

providers, traditional healers.  

Build relationships, 

avoid organised 

opposition to MDA 

Outreach to 

monks 

Visit pagoda, arrange day for monks to come for 

blessings and talk on communities working together and 

the importance of health. 

Collaborate with 

existing authorities, 

build relationships 

Outreach to 

women/mothers 

In small groups, teach, listen to and address concerns 

about women or children taking medicine. Explain 

exclusion of pregnant and lactating women during MDA. 

Build relationship, 

solicit views on MDA 

Local school 

activities  

Outdoor games, colouring in games, and prizes. 

Involving children in public performances ensures the 

parents will attend the event. 

Fun activities, 

encourage 

participation, avoid fear 

Post-MDA follow 

up 

Daily follow up during drug administration to record and 

assist with any reports of real or perceived adverse 

events.  

To identify any adverse 

events, ensure 

participant safety, avoid 

negative perceptions 
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Community 

concert (2015) 

Band, quiz, prizes, invited speakers, household gift 

packs and snacks (main mobilisation event prior to 

MDA) 

Provide information 

about MDA, build 

friendship and trust   

Community 

theatre and art 

workshops (2016) 

Video performance, drama workshops, singing 

competition, public drama performance (main 

mobilisation event prior to MDA) 

Provide information 

about MDA, build 

friendship and trust   

Incentives Compensation was provided when individuals attended 

surveys or participated in MDA. For each event, 

participants received snacks and a reimbursement for 

their time of USD 2.5. In 2016 (after the clinical trial 

ended) no compensation was provided as MDA was 

conducted house-to-house and participation rates 

remained constant. 

To reimburse time 

away from work and 

motivate continuous 

participation 

Complimentary 

health care 

A field clinic was conducted during each survey and 

round of MDA to provide free treatment to villagers.  

Supporting healthcare 

in the community 

Informed consent Participants were gathered to explain malaria, MDA and 

blood collection, through group presentations, and 

information was given using handouts, pictures, photos, 

and videos. Following this, written consent was obtained 

on an individual basis. 

Clinical trial specific: 

provide information to 

support the consent 

process and obtain 

community approval 

Monitoring and 

evaluation 

Census of villages & major community engagement 

meeting: meeting with household heads and village 

leaders, review of population list, house-to-house follow 

up, record keeping.  

Collect feedback to 

adapt the community 

engagement strategy 
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Table 2: Key experiences and lessons for mass antimalarial drug administration 

Experience from MDA in the context of a clinical trial 

Positives: well-resourced, novelty factor, compensation in 2015, small number of villages 

Negatives: blood collection, trial procedures such as consent forms, study concepts such as 

research and randomization are hard to convey  

Messages 

Messages need to be simple and consistent. The messengers need to first understand key 

concepts themselves. Smaller group meetings can be used to train locals who will implement 

MDA, followed by larger events to demonstrate popular and official support. Multiple 

engagement and education activities are recommended to reach all groups. 

Explaining asymptomatic malaria and MDA 
“Malaria is a tiny parasite that lives in people and feeds on blood. Some people may have 

malaria but do not feel sick. Mosquitos biting these people can spread malaria to other people. 

There are safe and effective medicines to cure malaria. If everybody in the village takes 

medicine at the same time then there will be nobody in the village who can infect other people. 

We call this MDA and we think it can stop people getting malaria. By joining MDA people can 

protect themselves and their families. After MDA people may still be at risk of malaria and so it 

is important to keep using bed nets and protection from mosquitos and still visit the village 

malaria worker if people think they may have malaria.” 

Explaining the study medicine and side effects 
“During MDA everyone will take a medicine called DHA-P for three days, then again next month 

and the month afterwards (three rounds in total). We know this medicine to be safe and effective 

and it has been used by village malaria workers for many years. All medicines can have side 

effects in some people but not all people get side effects. Most side effects from taking DHA-P 

are minor and do not last long. We do not expect that you will feel unwell after taking DHA-P, 

but if you do then inform a member of the MDA team and a nurse can come to help.”  

Lessons for implementation 

Build on existing local resources, health services, and social structures and take sufficient time 

to prepare. Involve stakeholders in advance to build trust and understanding and overcome 

potential skepticism, fear, rumormongering, or political and social divisions. Providing MDA at 

a central location or house-to-house are both acceptable. Public events, public censuses, 

public meetings, public drug administration all mobilize the community and generate confidence 
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about MDA. Engagement is important not only before MDA but during and after MDA to deal 

quickly and calmly with any real or perceived health issues that occur following treatment.  
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Figure 1: Participation in mass drug administration supervised by a village malaria worker 
and health centre nurse with village leaders in the background 
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Abstract 

Background 

Mass anti-malarial administration has been proposed as a key component of the Plasmodium 

falciparum malaria elimination strategy in the Greater Mekong sub-Region. Its effectiveness 

depends on high levels of coverage in the target population. This article explores the factors that 

influenced mass anti-malarial administration coverage within a clinical trial in Battambang 

Province, western Cambodia. 

Methods  

Qualitative data were collected through semi-structured interviews and focus group discussions 

with villagers, in-depth interviews with study staff, trial drop-outs and refusers, and observations 

in the communities. Interviews were audio-recorded, transcribed and translated from Khmer to 

English for qualitative content analysis using QSR NVivo. 

Results  

Malaria was an important health concern and villagers reported a demand for malaria treatment. 

This was in spite of a fall in incidence over the previous decade and a lack of familiarity with 

asymptomatic malaria. Participants generally understood the overall study aim and were familiar 

with study activities. Comprehension of the study rationale was however limited. After the first 

mass anti-malarial administration, seasonal health complaints that participants attributed to the 

anti-malarial as “side effects” contributed to a decrease of coverage in round two. Staff therefore 

adapted the community engagement approach, bringing to prominence local leaders in village 

meetings. This contributed to a subsequent increase in coverage. 

Conclusion 

Future mass anti-malarial administration must consider seasonal disease patterns and the 

importance of local leaders taking prominent roles in community engagement. Further research 

is needed to investigate coverage in scenarios that more closely resemble implementation i.e. 

without participation incentives, blood sampling and free healthcare. 
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Introduction 

 

The spread of multidrug-resistant Plasmodium falciparum is a serious threat to current global 

malaria prevention and control efforts [1]. In parts of Southeast Asia, artemisinin resistance has 

emerged and urgent action is needed to prevent resistant parasites from spreading across Asia 

to Africa [1–3]. Such a scenario – which would be consistent with the past expansions of other 

resistant strains – has catastrophic implications for the region that suffers the greatest burden of 

malaria-related morbidity and mortality [4,5]. For this reason, the World Health Organization 

described the elimination of P. falciparum as an urgent priority in the Greater Mekong Subregion 

(GMS) [6]. 

 

Efforts to eliminate P. falciparum in the GMS have therefore been intensified. One initiative, 

targeted malaria elimination (TME), combines conventional malaria prevention and control 

activities (such as strengthening the network of village malaria workers (VMWs) to provide 

appropriate case management and distribute long-lasting insecticide treated bed nets [LLINs]), 

with the mass administration of artemisinin combination therapy (ACT) in areas with an 

asymptomatic reservoir of malaria. The mass drug administration (MDA) component of TME 

entails delivering a curative anti-malarial dose to all individuals within a community, irrespective 

of malaria infection (and without reliance on diagnostic tests) to interrupt local transmission. 

Parallel research into TME is underway in Myanmar, Vietnam, Cambodia, and Laos to determine 

the potential of TME as a tool for P. falciparum elimination in areas of suspected or proven 

artemisinin resistance.  

 

The complete interruption of local P. falciparum transmission through mass administration of an 

ACT can only be achieved with high level of coverage in the targeted population [7,8]. Although 

the required level of coverage depends on the local epidemiology and intensity of transmission, 
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this, along with the characteristics of the ACT, is crucial for the success of the MDA [9]. The local 

social and cultural context, operates through, for example, people’s understandings of the disease 

in question and their risk of being affected, perceptions of the benefits of taking medication when 

healthy, and local political dynamics [10,11] (Fig. 1). To promote coverage, MDA programmes 

have undertaken a range of activities, such as employing local people, including community health 

workers and other field workers, seeking support from village leaders and offering health 

education. Broadly, these activities are often termed community engagement [12]. 

 

To date, only one qualitative study linked to a study in Myanmar [13] has explored specifically 

how the local social context and community engagement activities influence coverage of (and 

adherence to) mass anti-malarial administration in Southeast Asia. Understanding this across 

other social contexts is necessary to inform future implementation of MDA for P. falciparum 

elimination in the GMS. This article explores the local community’s attitudes and behaviours 

towards the MDA, addressing questions such as: how do local understandings and experiences 

of malaria and prevention/control interventions influence people’s response to MDA? What role 

did the community engagement activities play in the uptake of MDA? How are other aspects of 

the social and cultural context relevant?  

 

 

Methods 

 

Setting 

The clinical trial  

Data were collected alongside a randomized controlled trial of TME, which included MDA, 

conducted during 2015-16 in Samlout District, Battambang Province, Cambodia. Five villages 

were selected based on evidence of local P. falciparum transmission from screening surveys and 
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local treatment records: three villages received MDA in summer 2015. The study evaluated the 

effectiveness of treating entire villages with three, monthly rounds of dihydroartemisinin 

piperaquine, (DHA-PPQ), at the time, the first line anti-malarial. This ACT is well-tolerated, but 

participants were advised of potential side effects during meetings and on the informed consent 

form. Study staff administered the ACT over three days as directly observed therapy. To 

compensate participants for the opportunity costs of taking a day out from their (agricultural) work, 

they were given a cash payment of KHR 10000 (~US$2.5) for participation. Study participants 

also received free basic health care from a study physician who resided in the villages during the 

trial. Prior to the first round of MDA, and then at three-monthly intervals for one year, cross-

sectional surveys were conducted to collect blood to determine the asymptomatic prevalence of 

malaria by ultra-sensitive polymerase chain reaction (uPCR). The uPCR method necessitated a 

3ml venous blood sample from adults and 0.5ml sample from children aged under five years of 

age. Local malaria treatment records were collected throughout the study period  [14–16]. 

 

Local social context 

Samlout District is located along the Thai border and above the Cardamom Mountains. Most 

families are involved in agriculture and then main crops are cassava, corn, beans, vegetables, 

and rice. Younger adult men often travel to local forests to collect vines, fruit, wood, and to hunt. 

Many villagers migrate to other provinces or to Thailand for seasonal work.  

 

Samlout has been a site of heavy fighting over the past 50 years, since an uprising against forced 

rice purchases by the government of King Norodom Sianhouk was put down by the army in 1967. 

Following the coup of 1970, many locals joined the Khmer Rouge and other groups fighting 

against the Khmer Republic during the civil war of 1970-75. During the period of Democratic 

Kampuchea (DK), 1975-79, large numbers were forced from the cities to the Battambang 

countryside and put to work in rice production many of whom died from diseases and starvation. 
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Following the fall of the DK in 1979 the Khmer Rouge fled to western Cambodia and fighting 

continued throughout the 1980s and early 1990s. Many locals escaped to refugee camps in 

Thailand and others were caught up in the fighting. During these years, armed factions took to 

the forests. Following the civil war the population grew and new villages were established.  

 

Samlout District also forms part of the Thai-Cambodia border region that was more recently 

targeted as a priority area for the containment of artemisinin-resistance [17]. This programme of 

activities included large-scale recruitment and training of village malaria workers (VMWs); the 

distribution of effective anti-malarials, rapid diagnostic tests, long-lasting insecticide-treated 

bednets (LLINs) and hammock nets to stable and mobile/migrant populations; and engagement 

with private drug sellers to combat counterfeit and substandard antimalarials and to enforce the 

ban on the sale of antimalarial monotherapies [17]. 

 

Epidemiological context 

Battambang is an area of unstable malaria transmission and has seen a decline in cases of clinical 

P. falciparum malaria over the past fifteen years [18]. Although malaria incidence has fallen since 

2003, P. falciparum parasites in the area have become resistant to artemisinins and partner drugs 

used in ACTs [2,5,19,20]. Village Malaria Workers are present in most villages and are trained 

and supervised by the health department to diagnose and treat clinical malaria. Clinical and 

asymptomatic malaria infections are associated with travel to forests and a large proportion of 

local transmission may occur outside the villages [21,22].  

 

Data collection 

With the aim of increasing the reliability of findings, a range of qualitative data collection activities 

were undertaken with various respondent types. This enabled triangulation and lessened the 

potential bias of one particular method or respondent type. Conducting extended fieldwork in the 
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communities, which included some informal conversation with villagers, also enabled the field 

staff to observe villagers’ behaviours towards the intervention. 

 

The methods included semi-structured and in-depth (individual) interviews, focus group 

discussions, exit-poll (a one-page questionnaire administered to participants on leaving 

community engagement activities). The qualitative data were collected by two trained field 

workers, fluent in Khmer and English, who were resident in the field site for one year. 

 

Semi-structured interviews (SSIs) were conducted with 15 respondents from each village (30 in 

total) selected at random from a list of de facto adult residents recorded by a household census 

conducted immediately prior to the study. The census recorded all household members 

irrespective of their stay in the village and was used for the purpose of defining coverage for the 

clinical study. A random sample was chosen because TME is a community-wide approach and 

this enabled the research to team to collect an overall impression of the community response to 

the intervention. These respondents were interviewed at around seven days after rounds one, 

two and three of the mass anti-malarial administration. The first interview was audio-recorded, 

transcribed and translated. Detailed notes were taken during interviews two and three. In-depth 

interviews (IDIs) were also conducted with TME staff members involved in implementing the 

project (and community engagement activities) (n=5, all team members available at the time). 

Community members who refused to participate or who did not complete all three doses in all 

three rounds were also interviewed: respondents were selected randomly from study records and 

five were interviewed. All the individual interviews took place at the respondent’s home or in the 

immediate vicinity. 

 

Focus group discussions (FGDs) with women and men from the TME villages, particularly those 

work in the local forests, an established risk factor for malaria infection. To make contact with 
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respondents from these typically hard-reach groups who work in local forests, focus group 

participants were purposefully selected by the village leaders, who acted as gatekeepers. Focus 

group discussions were held in the compounds of the village leaders. 

 

To gain a rapid and basic appreciation of villagers’ comprehension of community engagement 

activities during the study, exit questionnaires were administered to 30 respondents. This 

occurred at major community meetings when the study was explained and every tenth person 

leaving the event was selected as a respondent. On leaving the events, respondents were asked 

six questions covering basic demographic details (age group, village of residence) and about the 

basic details of the TME study: the purpose of the study, how long the study would last and what 

activities would be undertaken. 

 

Interview topics included experience and understandings of malaria, anti-malarials and the TME 

project (including the community engagement activities). Focus groups also explored issues of 

the movement of forest-goers. Interviews with TME staff also covered the challenges associated 

with undertaking the project and the community engagement activities. The exit questionnaires 

included questions about basic details of the project, such as its aim and activities.  

 

During the project, the field staff also recorded their observations of study activities and 

community engagement. This included, specifically, taking notes based on meetings with village 

leaders (n=10) that were conducted during the design phase of the community engagement 

approach. 

 

Data processing and analysis 

The first SSIs, IDIs and FGDs, when consent was given, were audio recorded and transcribed 

verbatim and translated in English. For quality control a 10% sample of the SSIs were re-
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transcribed and re-translated by an independent translator then compared with the original 

transcriptions and translations. After this process, no significant inconsistences were found that 

warranted further revision of the transcriptions and translation. Field staff were also regularly 

debriefed by CP, TP, RT.  

 

Transcripts and field notes underwent qualitative content analysis using a qualitative data analysis 

software package (QSR NVivo 10). Data analysis combined inductive and deductive elements: 

analytical categories were developed from the initial research questions and also emerged during 

the analysis process. The first author therefore conducted line-by-line coding of all data using a 

code book that was in-part pre-developed in light of the original research questions but flexible 

enough to allow the addition of inductive codes as required. Analysis continued by exploring the 

patterns of the codes across the transcripts/data sources, identifying exceptional cases and 

examining differences in the coded text. The results of preliminary analysis was discussed with 

the field staff during and immediately after the period of data collection. The content of the codes 

were used to develop the themes that are presented in the results  

 

Results 

With regard to attitudes to the MDA, key themes identified in the interviews and field notes 

included villagers’ understanding of malaria and malaria prevention, the community engagement 

that was delivered alongside the clinical study, the timing of the MDA and health complaints that 

were attributed to the anti-malarial. These factors are elaborated below. Table 1 contains 

information on the SSI respondents, particularly their participation across the three rounds of 

MDA: of the 30 who participated in round one, 15 participated in round two and 19 in round three 

(though several respondents could not be re-interviewed because of flooding).  

 

Malaria prevention 
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Respondents were generally familiar with malaria as a symptomatic illness. Symptoms were 

particularly recognized as fever, shivering and headache, with more scattered references to 

sweating, nausea/vomiting and tiredness or lethargy. 

 

I:…What are the symptoms of malaria? 

FGD4: Yes, for malaria, its first symptom is headache, yes headache when getting fever 

(Interruption from FGD1: headache [and] a sensation of chill in body) then start chilling.   

FGD1: Hot (temperature increasing in body) [and] sweating. 

FGD4: It’s hot [and] when we talk about sweating, it’s not as good sweating as usual, 

[but] it’s a sticky sweating. Yes, it’s wet [and] sticky. Yes, it’s hot, severe headache and 

start chilling. Yes, that’s chilling. Yes, what we used to remember [from the 

past/experience] these are [symptoms] of malaria. Yes, this is a malaria 

I: Yes, 3 of you had malaria. So, I would like the people who had malaria experience 

help to mention a little bit more about the symptoms of malaria besides having 

headache.    

FGD5: It’s as same as this brother said, it’s a fever with a sensation of chill in body, 

headache, dizzy [and] nausea. [I] could not do any works [except] sleeping only. 

Sometimes, vomiting [and] could eat nothing as it troubled [us]. 

FGD, male forest-goers aged 27 to 55 

 

Personal experiences of symptomatic malaria were largely restricted to the past and recent 

instances of clinical malaria were rare. Older respondents made particular references to the 

Khmer Rouge period and population movements in the area following the Vietnamese invasion in 

1979. 

 

SSI1: …When I arrived the border, at first, I had malaria.   
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I: For how many years?  

SSI1: […] that should be [19]81 when I had malaria the whole year.  

I: Oh, about 1981? 

SSI1: Yes, at that time I was still staff, I was a nurse but we got from mountain to 

mountain before arriving at the border. [I] didn’t know what types of mosquitos bit me 

because [I] walked without any clear directions to arrive at Thai border. So it took a year 

then I got malaria for also a year… Up to now [I] don’t have any sickness, [except] hurt in 

liver, stomach ache [but] for liver hurt I went to see a Thai doctor [and] already 

recovered. 

SSI with 58-year-old female plantation worker 

 

Respondents were keenly aware that malaria was transmitted by mosquito bites, with some 

reports of ideas from the past about other aetiological factors, which had been recently supplanted 

by the biomedical explanations given in health education, including that delivered as part of the 

community engagement for TME. There were references to female mosquitoes and some 

respondents mentioned the terms “vivax” and “falciparum”, though with little awareness of the 

similarities and differences between the different species (and this was not a focus of the health 

education that the TME study provided). They emphasized the use of bednets as paramount in 

protecting oneself from mosquito bites and malaria infection. Covering up with clothes and burning 

fires to create smoke in the forest were also mentioned as ways of repelling mosquitoes.  

 

I: …Do you know malaria disease? 

R: Yes, I know falciparum  

I: Yes, and in this area do you know of the people in the community used the other word 

instead of malaria?  

R: I don’t know some said Vivax. 
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SSI with 53-year-old female plantation worker 

 

Forest-goers were generally identified as at greatest risk of malaria. Men were therefore viewed 

as at particular risk because they were more likely to spend time in the forest, logging, hunting for 

bushmeat etc. This elevated risk of infection was attributed to their greater exposure to 

mosquitoes and a reduction in bednet usage when in the forests. During FGDs, counter examples 

were however offered: for example, one regular forest-goer had never experienced malaria, but 

his wife, who had never visited the forest, had been infected. Newcomers to the area were also 

seen as at risk; just as, in the past, when they arrived in the area, the now long-term residents 

had suffered a heavy burden of malaria. 

 

FGDs: Here mostly men [get malaria]. 

FGD4: [Because] men like going to forest 

…[…] 

FGD3: [Men] sleep without hanging bed net. However, [malaria] seem not [happen] to 

women. 

FGD4: My husband is also a forest goer but [he] has never had malaria. [However, 

malaria] mostly happened to me who stay at home (laughing) 

FGD with female community members aged 28 to 62 years  

 

Respondents emphasized that their treatment seeking focused on the local VMW and the 

importance of malaria testing. Those who had experienced malaria in the past contrasted the 

current situation with what they used to do: obtaining drugs from multiple sources, including 

Thailand and China. Respondents were also familiar with taking multiple-dose anti-malarial 

regimens; their descriptions of past malaria bouts were also accompanied by references to long 

periods of treatment and convalesce.  
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In spite of the scarcity of reports of recent clinical malaria, respondents still expressed concern 

about malaria and fear of the consequences of infection. This underpinned their malaria 

prevention efforts. 

 

I: Yes, and every night time did you use the mosquito net? 

IDI: Yes, I use the mosquito net. 

I: Every night? 

IDI: Yes, I never sleep without mosquito net, I am scared of malaria (laughing) 

IDI with a TME drop-out 

 

For this particular respondent, the fear of malaria infection did not however ensure participation 

in the three rounds of MDA; becoming sick after the taking the anti-malarial in the first round rather 

superseded fear of the disease. 

 

Community engagement  

The interviewed TME staff described community engagement in terms of providing education and 

persuading the local community to participate in the project. They reported a range of activities, 

such as large village-wide meetings and performances, smaller group meetings and one-to-one 

meetings with village leaders. Community engagement also entailed collaborating with the local 

health authority and community leaders, who were involved in the project at an early stage. 

Indeed, during the first stage of designing the community engagement strategy (after the initial 

prevalence surveys had taken place), meetings were held with village leaders. The notes that 

field staff took during these interactions indicate that the leaders’ ideas about what activities would 

appeal to the community members and encourage them to participate in the MDA were integrated 

into the project’s community engagement strategy. As part of community engagement, several 
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volunteers were recruited from each village to act as representatives of the project and encourage 

their neighbours to attend the prevalence survey and MDA.  

 

In spite of the intensive engagement activities that were conducted in each village, study 

participants’ recollections of activities – particularly the meetings that took place prior to the MDA 

– were vague, with many haven forgotten details of the events, though, as will be elaborated 

below, all were aware of the aim of the project. 

 

The study staff recounted challenges that they faced when engaging with the community and 

attempting to persuade people to participate in the project. These included dealing with the 

communities’ past experiences of NGOs working in the local area and villagers’ perceptions that 

they had not kept their promises. This was particularly an issue when, during community 

engagement activities, there was a misunderstanding about the monetary incentive that study 

participants would receive. Seemingly, it was not the monetary difference that annoyed 

community members but rather the sensation that the project was saying one thing and doing 

another. Another challenge was dealing with concerns about the potential for – through poor 

needle practices – the spread of HIV/AIDS amongst participants who participated in the 

prevalence survey. Such fears were based on the locally well-known case that came to light in 

2014 of HIV/AIDS being spread through a health provider’s poor needle practices. 

 

Most of the challenges in village were because of [villagers’] experiences with other 

NGOs who didn’t keep their promises. And the other thing, for the blood collection, they 

worry about it spreading other diseases, as in Roka village in Battambang Province, 

where people got HIV/AIDS through injections. So for that reason, all villagers are 

scared of blood collection.  

IDI with a female 28-year-old, TME staff member 
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The community engagement strategy was reactive in its broad approach. The fall in coverage in 

the second round of MDA (elaborated below) led project staff to follow a different strategy prior to 

the third round. Staff were concerned that their position as outsiders in the local communities had 

had a negative impact on coverage. Chiefly, that the meetings held after the first round of 

treatment did not seem to adequately address villagers’ concerns about side effects. Study staff 

judged that local leaders would be better able to understand the concerns and be more trusted 

and credible when answering questions. Therefore, the community engagement staff took a step 

back from village meetings and representatives from the local health authorities took the lead. 

 

During the semi-structured interviews, respondents did not recall the details of the community 

engagement activities (and they explained not knowing the details in terms of their forgetfulness), 

they were well aware of the aim of the project, to “eliminate malaria” (Lup bam bat chum ngeu 

krun chaah ប់ដឹងអំពីគេ ងលុបបំ ត់ជមឺ គន ញ់េ កងភូមិេទ). They were also aware of 

the main TME activities: blood sampling and giving medicines. Opinions of the project, with regard 

to its aim of eliminating malaria were generally positive; as indicated, malaria was viewed as a 

problem in the community (even though there were relatively few recent clinical cases) and 

participants were pleased that someone was taking action to deal with this issue that had 

implications in terms of their wellbeing and their economic/subsistence activities.  

 

Yes it’s very important that they eliminate malaria and we do not get anymore malaria. 

So we are very happy with this project 

SSI with a 35-year-old female farmer 

 

Mass anti-malarial administration  
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As illustrated in Table 1, of the 30 SSI respondents, 12 refused the anti-malarial in round two. 

However, of these respondents at least six participated and took the anti-malarial in round three 

(one respondent was excluded from participating on health grounds in round three and one could 

not be located for interview). The main reasons for refusing to participate in round two or round 

three were the “side effects” that respondents attributed to the anti-malarial doses. These included 

vomiting, nausea, shivering, headache, stomach ache, dizziness, fatigue/malaise/tiredness, 

fever, breathing difficulties, stomach cramps and frequent urination.  

 

Many people got a cold and I got a cold and a headache, and breathing difficulties. In 

round two, I told the staff that I don’t want to take the medicine and I told [the village 

leader] as well but I still participated to give blood… 

IDI with a 53-year-old male TME drop-out 

 

Because of the seasonal nature of illness in the site and the fact that TME coincided with the rainy 

season when a greater proportion of community members suffer minor health complaints, such 

as common colds and influenza, it is particularly difficult to disentangle the actual from perceived 

side effects. One respondent even admitted that someone who did not receive the anti-malarial 

also fell sick. Project staff were well aware of seasonal disease patterns and sought to explain 

the “side effects” as related to the time of year. Nonetheless, the perceptions of the health impacts 

of the anti-malarial that they had received in round one seemingly had an impact on participation, 

particularly in the subsequent round.  

 

…that one, he did not take the drug yet, but he got sick as well 

SSI with a 52-year-old female farmer 
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There were suggestions that the experience of side effects depended on one’s underlying state 

of health. Although, as part of the study, exclusion criteria were applied for existing health 

complaints (in addition to breastfeeding), some respondents made their own decisions, based on 

their experience of the anti-malarial, that they were not sufficiently healthy to receive more doses. 

Also, two respondents mentioned the time of day as relevant to the side effects that they 

experienced, with evening being the preferred time so that they were able to sleep off the effects. 

 

The reported side effects, in addition to being inconvenient and producing fear amongst 

respondents simply as threats to health and wellbeing also brought financial concerns. 

Respondents were worried about having to pay for intravenous (IV) drips – a popular and 

potentially expensive way of treating minor health complaints, depending on the drip-package that 

was purchased – to treat their “side effects”. Such drips were purchased from private health 

providers and then often administered by neighbours or relatives, particularly those who had 

received healthcare training from the Khmer Rouge. This was in spite of the free healthcare that 

the project was offering in the study villages, which was explained to villagers during community 

engagement activities. Choosing to purchase IV drips from private health providers was explained 

in terms of their perceived “energising” bodily effect. As part of the study, which was conducted 

under the supervision of a medical doctor, such IVs were not offered for complaints of cold or flu-

like symptoms because their lack of clinical justification. In addition to the potential monetary 

costs, respondents were also concerned about the opportunity costs of side effects: that they 

would be too ill to work on their plantation or in the forests and would forego income. 

 

My child took this medicine and she got sick. Because of that I spent about 20,0000KHR 

[~5US$]. 

IDI with a 60-year-old female TME drop-out 
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My child could not take the malaria medicine. He will be troubled if he takes the 

medicine. From the first round he had three sets of IV fluid injection to get better. For the 

second round [he] had four sets of IV fluid injection to get bettter. He always gets hot 

when taking the malaria drug. 

FGD with 27-55-year-old male forest-goers 

 

Nonetheless, many respondents participated in spite of side effects and, indeed, even those who 

had previously declined the anti-malarial in round two, returned in round three, and took the three-

day regimen. Of the 12 SSI respondents who did not participate in round two, six participated in 

round three. Of these, one had recovered from illness and two had returned to the village after an 

absence that coincided with round two. For three of the six, their motives for participating in round 

three despite experiencing side effects after round one and refusing round two were not recorded. 

This increase in participation was also reflected in the wider coverage and staff speculated that it 

was a result of changes that were made to community engagement after round two, with local 

leaders taking a more prominent role in meetings. 

 

Absence also played a role in non-adherence and reduced coverage with community members 

leaving to work in the forests, on the plantation, further afield in Thailand, or leaving the villages 

temporarily for other reasons. There were scattered reports of villagers wishing to take the anti-

malarials with them to ingest in the forests and a general desire to be warned well in advance of 

project activities so to schedule their activities in the plantation. Villagers were generally familiar 

with taking a multi-dose anti-malarial regimen and amongst the 30 SSIs respondents, only two 

reported missing one of the three daily doses. 

 

Observations in the villages suggested vocal opponents of TME – some of whom had experienced 

side effects after round one of the MDA – had influenced family members and neighbours who 
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had also subsequently not participated in MDA round two. The follow-up SSIs also suggested that 

non-adherence clustered in some families. However, by contrast, in other families, even though 

one member did not participate in rounds two or there, relatives who did not experience side 

effects took the antimalarial. 

 

 

Discussion 

 

Several factors influenced coverage and adherence during the mass anti-malarial administration. 

These focused on the significance of malaria as a local health concern, villagers’ health-seeking 

behaviour, the health complaints that participants attributed to the administered anti-malarial as 

“side effects” and the approach of community engagement, particularly in terms of local authority 

figures leading meetings.  

 

Malaria as a local health concern 

Respondents’ limited reports of recent clinical malaria cases are reflected in local P. falciparum 

incidence data[18]. However, P. vivax malaria remains more common in the area [14] and, 

although some respondents referred to these different species, there was a lack of awareness 

about what the different infections entailed. The lack of differentiation between the two main 

species is a potential problem for the TME strategy: P. vivax malaria will persist after mass 

treatment with an ACT (because dormant liver stage parasites will not be killed), and incidences 

of clinical P. vivax in the villages may undermine confidence in mass treatment.  

 

The limited recent reports of malaria contrasted with respondents’ past experiences, particularly 

when villagers migrated to the area some 30 years ago. Periods of a common, long-lasting and 

severe illness – and their impact in terms of opportunity costs – seemingly made an impression 
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on the population and ultimately contributed (possibly along with the more recent intensification 

in malaria control efforts to control artesimin-resistant parasites [17])  to their continued concern 

about malaria, which was also reflected in their reported use of bednets. As was encountered in 

a recent questionnaire study of factors affecting MDA uptake in Vietnam [23], worries about 

symptomatic malaria underpinned participants’ willingness to take the anti-malarial, particularly in 

the first round of MDA. As some cases indicate, these worries were not necessarily sufficient to 

overcome the impact of health complaints that respondents attributed to the anti-malarial as “side 

effects” i.e. respondents were worried about malaria but apparently more worried about the “side 

effects” from the MDA. 

 

Seasonality and reported side effects 

Mass anti-malarial administration was conducted from July to September 2015, during a rainy 

season. The timing was determined chiefly by earlier delays and the need to begin before the 

season of peak malaria transmission ended. Many people reported fevers and common colds 

around the time the study began, and health staff described how colds and fevers are most 

common during the rainy season. Some respondents’ enthusiasm to participate in subsequent 

MDA rounds was affected by the health complaints that they attributed to the anti-malarial 

provided in round one. Concerns about potential “side effects” were also explained in terms of the 

impact on participants’ ability to work and earn money or them needing to pay for treatments to 

mitigate the “side effects”. This was also compounded by the fact that the burden of agricultural 

work is also particularly high during the rainy season.  

 

In the absence of a treatment control group, it is unclear to what extent these complaints resulted 

from the anti-malarial, or were a largely attributable to the peak in mild illnesses that coincides 

with the rainy season.  Nonetheless, conducting the first rounds of MDA before the rainy season 
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might mitigate the risk of other common illnesses being ascribed to the treatment. It would also 

reduce the perceived opportunity costs of “side effects”.  

 

The timing of MDA has also been discussed in sub-Saharan Africa: qualitative research in the 

Gambia highlighted disagreement amongst stakeholders regarding the most appropriate moment 

in the farming season to administer the anti-malarial [10]. The issue of timing of MDA is particularly 

relevant when targeting communities with mobile populations, whose movements are often 

influenced by seasonal harvests. The border regions of countries in the GMS, which are a focus 

for P. falciparum elimination efforts, are also often home to mobile populations and this presents 

potential challenges for elimination [13,24]. Table 1 indicates that four respondents were indeed 

absent for one of the MDA rounds. An in-depth understanding of the patterns of migration and 

movement are therefore necessary for the planning of MDA. 

 

 “Side effects” and health seeking behaviour  

The impact of the “side effects” were also compounded by the general demand for 

pharmaceuticals, particularly IVs even for relatively minor complaints, which villagers purchased 

at significant cost from local private vendors. To deal with the “side effects”, there were scattered 

reports of villagers purchasing IV “kits” (comprising saline solution, and potentially antibiotics and 

“vitamins”), in spite of the available free healthcare provided by the project. The fears were more 

related to the possibility of having to pay for an IV in case of “side effects”, which, in light their 

experiences after round one, some participants viewed as likely. And, with many older villagers 

having received basic medical training as part of their past involvement with the Khmer Rouge, 

someone was often on hand to administer the IVs without the assistance of health providers. 

 

Elsewhere in Cambodia and in various Asian contexts, IVs have been highlighted as a popular 

remedy for complaints, including malaria [13,24,25]. The popularity of this method of delivering 
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usually saline and sometimes antibiotic (and injections in general) across Asia has been explained 

in terms of its similarities with acupuncture and also the widespread use of injections by barefoot 

doctors in rural China during the middle of the twentieth century [26]. In this study, respondents 

explained their preference for IV in terms of its energising bodily effect. Furthermore, 

anthropologists have highlighted the importance of how perceived side effects from anti-malarials 

are interpreted in terms of local understanding of illness and healing [27]. Given their popularity 

across the region, community engagement linked to mass anti-malarial administration must 

therefore take into account the potential demand for IVs in response to perceived side effects.  

 

Villagers’ readiness to use a range of medicines with little advice from healthcare providers 

contrasted with their reports of universally consulting VMWs, in the case of suspected malaria 

infection. This juxtaposition suggests that further detailed research – encompassing long-term 

observation methods – is needed to gain a reliable understanding of anti-malarial use in the area. 

This is particularly important given the role that the surrounding area has played in the emergence 

of artemisinin resistance [17] and the sole reliance on treatment records from the VMW system 

to establish incidence in an area where P. falciparum elimination is planned. 

 

Understandings of mass anti-malarial treatment 

The interviews suggested that villagers were aware of the projects’ main activities and the overall 

aim, with the Khmer term for malaria elimination extremely well known. However, they were less 

familiar with the details of the study. This is unsurprising given the complex rationale for 

eliminating a disease in an area with a relatively low current clinical incidence to prevent 

catastrophe half-way around the world. Even educated members of the project team struggled to 

get to grips with the scientific basis for the project. It is notable that, in spite of this, villagers still 

participated, particularly in rounds one and three. This suggests that although providing detailed 
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information is important, particularly in terms of meeting the ethical requirements of informed 

consent, the simple message of “malaria elimination” was what resonated amongst villagers. 

 

 

 

Flexibility of the community engagement strategy 

Study staff were acutely aware of the decline in coverage that occurred between rounds one and 

two – from around 90% to 72% [28]. They recognized that the “side effects” played a role in this 

and that their explanations regarding the source of these health complaints – as normal seasonal 

illnesses – had not resonated with all villagers. Therefore, they sought to take a different approach 

to community engagement prior to round three. This entailed local leaders and health staff taking 

more prominent roles in community meetings; although present, staff from the implementing 

organization did not take the lead in explaining the intervention. After this change in strategy the 

round three coverage increased to above 85% [1]. The importance of community leaders taking 

actives and visible roles in explaining MDA has also been reported in the Gambia [10] and has 

been recognized as a principal of community engagement for infectious disease research in 

general [29]. Indeed, the community taking a leading role in directing how MDAs – and other 

interventions – are implemented has been acknowledged as underpinning sustainable malaria 

elimination programmes [30]. 

 

Strengths and limitations 

Although limited by the clinical trial context in which the data were collected, the findings offer 

some useful signposts for the design of future programmes of mass anti-malarial administration 

in the region. Moreover, the study design used multiple methods, multiple respondents and a 

team of two data collectors to allow triangulation and to reduce the potential bias that a single 

data collection technique or respondent might produce. Randomly selecting SSI participants 
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meant that attitudes from across the target communities were included and indeed a point of 

theoretical saturation (whereby no further novel findings were encountered) was reached within 

the 30 interviews. The use of village leaders to select participants for focus group participants was 

unavoidable because of the need to identify and contact hard-to-reach groups, particularly those 

who work in the local forests. The addition of observations of community engagement meetings 

and other study-related events in the communities meant that reported behaviours could be 

interrogated. This was particularly important because the staff who conducted interviews and 

questionnaires would be associated with the clinical study and this may have influenced some 

respondents to respond favourably with regard to their reported attitudes towards TME. Villagers 

were however willing to complain about the side effects of the anti-malarial, some aspects of the 

project, such as the incentives, and ready to discuss non adherence.  

 

Conclusion 

 

Incidence of clinical malaria is low in the study area, but it remains a health concern because of 

past experiences and the opportunity costs that a bout of malaria entails. This, combined with a 

comprehensive community engagement strategy, which presented a simple messages to about 

and intervention that could lessen these concerns, contributed to high coverage in round one of 

antimalarial administration. The peak in seasonal health complaints coincided with the 

administration of the anti-malarial and amplified complaints of “side effects”. This contributed to a 

reduced participation in round two, in spite of the explanations that study staff offered. After the 

change in focus of engagement activities prior to round three, coverage levels increased. Careful 

planning is therefore needed with regard to the timing of mass anti-malarial administrations in the 

context of seasonal illness (and mobility) patterns. An approach to community engagement, which 

involved community members taking prominent roles and prioritizing a single simple message 

seemingly had a positive impact on coverage. Further research is needed to investigate the 
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factors that impact coverage in scenarios that more closely resemble implementation i.e. without 

participation incentives, blood sampling and free healthcare. 
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Table 1. SSI respondent characteristics and reported reasons for non-participation in rounds 2 
and 3 of mass anti-malarial administration. 

 

 

 

 

 

Village  Sex Age group Round 2 Round 3 
Peam Ta F 50-60   Unknown 
Peam Ta M 30-40 Forest visit Unknown 
Peam Ta M 20-30     
Peam Ta F 20-30 “Side effects” after round 1   
Peam Ta F 40-50 “Side effects” after round 1 “Side effects” after round 1 
Peam Ta M 40-50 “Side effects” after round 1 “Side effects” after round 1 
Peam Ta F 60-70 “Side effects” after round 1 “Side effects” after round 1 
Peam Ta F 30-40     
O Treng F 50-60 “Side effects” after round 1 Excluded on health grounds 
O Treng F 40-50 Excluded on health grounds Excluded on health grounds 
O Treng M 30-40   Partial - forest visit 
O Treng F 30-40     
O Treng F 30-40     
O Treng F 30-40     
O Treng F 18-20     
O Treng F 30-40 Ill   
O Treng F 30-40 Absent   
O Treng F 20-30     
O Treng F 50-60 “Side effects” after round 1 Inaccessible due to flooding 

O Treng F,M 40-50; 50-
60 Inaccessible due to flooding Inaccessible due to flooding  

Veal Rolueum M 30-40     
Veal Rolueum F 50-60     
Veal Rolueum M 30-40 Forest visit   
Veal Rolueum M 50-60     
Veal Rolueum F 50-60 “Side effects” after 2 doses   
Veal Rolueum F 50-60 Unknown Excluded on health grounds 
Veal Rolueum M 30-40     
Veal Rolueum M 60-70     
Veal Rolueum F 50-60 “Side effects” from round 1   
Veal Rolueum M 50-60    
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Chapter 10 

Summary, discussion and future perspectives 

Summary  

This thesis describes the results of observational and intervention studies from an area of multi-

drug resistant P. falciparum in western Cambodia during 2013 to 2015. The observational studies 

aim to understand the epidemiology of asymptomatic malaria, its relationship to symptomatic 

malaria, and the putative role of this reservoir in sustaining malaria transmission. The intervention 

studies explore the safety, acceptability and the effectiveness of mass drug administrations 

against multi-drug resistant asymptomatic and symptomatic P. falciparum infections.  

 

Section 1 Epidemiology of asymptomatic malaria in western Cambodia 

In this part, I describe the epidemiological aspects of asymptomatic malaria using ultra-sensitive 

quantitative PCR (uPCR). The application of this new tool importantly facilitates our capacity to 

characterize the submicroscopic Plasmodium reservoir in low transmission areas [1].  

Chapter 2 describes the prevalence of Plasmodium species detected by uPCR, and identifies risk 

factors for asymptomatic carriage. We also assessed the persistence of Plasmodium infections, 

and the dynamics of parasite densities over one year in a cohort of individuals shown to be 

infected at the baseline survey. A cross sectional survey of 1,447 asymptomatic residents using 

uPCR in June 2013 found that 2.2% of the participants had P. falciparum, 3.3% had P. vivax, 

0.3% had mixed infections. In 9.8% of the participants a Plasmodium infection was detected but 

there was insufficient DNA to identify the species. In contrast only 0.07% of the participants tested 

was positive by conventional RDT. A total of 51% of P. falciparum parasites strains obtained from 

asymptomatic individuals carried Pfkelch13 mutations, a molecular marker for artemisinin 

resistance. Monthly follow-up without treatment of 24 adult participants with asymptomatic mono 

or mixed P. falciparum infections found that 13% remained parasitaemic for 2–4 months. The 
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remaining 87% participants had spontaneously cleared their parasitaemia after 1 month. In 

contrast, among 34 adult participants with P. vivax mono-infection at baseline, 35% carried 

malaria parasites (P. vivax or P. sp.) during four or more of the following 11 monthly surveys. 

Parasite densities fluctuated overtime, and three P.vivax carriers remained parasite positive, 

controlling their parasitaemia densities within 2–4 logs (log parasites/mL). We conclude that P. 

falciparum has limited duration of carriage, in contrast P. vivax infections persist longer in a low 

transmission setting. Radical treatment of P. vivax infections by 8-aminoquinoline regimens is 

required to eliminate all malaria from Cambodia. Fluctuations of parasite densities over time 

indicates that asymptomatic plasmodium positive individuals may have the potential to be 

infectious and thus may sustain malaria transmission.   

In Chapter 3, we explore the association between past clinical episodes of malaria in individuals 

with subsequent sub-clinical parasitaemia. Among 1,343 participants, 32.8% (40/122) had a 

history of clinical malaria in the past and were parasitaemic during the cross-sectional survey, 

compared to 14.1% (172/1221) without a past malaria history and were parasitaemic. Among the 

212 parasitaemic participants in the baseline survey, 18.9% had a history of clinical malaria, 

compared to 7.7% among 1131 parasite-negative participants. A history of P. vivax was 

associated with sub-clinical P. vivax parasitaemia in the survey, but this association was not seen 

with P. falciparum; only three participants had both P. falciparum parasites in the survey and a 

clinical history of P. falciparum. We conclude that a clinical episode of P. vivax was associated 

with subsequent sub-clinical parasitaemia. Treatment of P. vivax with artemisinin-based 

combination therapy without primaquine often resulted in recurrent parasitaemic episodes. 

Targeting individuals with a history of clinical malaria will be insufficient to eliminate the sub-

clinical reservoir as they constitute only a minority of prevalent parasitaemias. 

In Chapter 4, we look at the association between asymptomatic malaria and C-reactive protein 

(CRP). Plasma CRP concentration were measured in parasitaemic individuals and compared with 

their CRP value measured at the first time point without detectable parasitaemia, as well as 
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compared to non-infected individuals. CRP concentrations were higher in parasitaemic individuals 

compared to their value after parasite clearance and compared to matched-controls. Overall, 

4.9% of samples had plasma CRP concentrations above 10mg/L and 14.6% were above 3mg/L. 

Participants with Plasmodium infections were more likely to have plasma CRP concentrations 

above these thresholds than age/sex matched controls. Amongst parasitaemic individuals, 

parasite density were positively correlated with plasma CRP, an association that remained 

significant when controlling for age and fever. Individuals with P. vivax mono-infections had the 

highest plasma CRP concentrations, which were more strongly associated with parasitaemia than 

in the other groups. We conclude that in this low transmission setting persistent malaria infections 

in asymptomatic individuals were associated with moderately elevated plasma CRP 

concentrations, which was most prominent in individuals carrying P. vivax mono-infections. 

Chapter 5 explores associations between subclinical Plasmodium infections, clinical malaria, 

travelling or spending the night in the forest. In addition, we explore spatial and spatio-temporal 

clustering of malaria cases within villages in Cambodia. We found that most clinical episodes and 

subclinical infections occurred within a single study village. Clinical P. vivax episodes clustered 

spatially in each village but clustering only lasted for a month. In one study village subclinical 

infections clustered in geographic proximity to clusters of clinical episodes but this was not 

observed in other villages. The largest risk factor for clinical P. falciparum episodes was living in 

a house where another clinical P. falciparum episode occurred. Subclinical infections of both P. 

vivax and P. falciparum were associated with clinical episodes of the same species and self-

reported overnight visits to forested areas.  We conclude that spatial clustering within the villages 

was transient, making the prediction of spatial clusters difficult. Interventions that are dependent 

on predicting spatial clusters (such as reactive case detection) would only have detected a small 

proportion of cases unless the entire village was screened within a limited time frame and with a 

highly sensitive diagnostic test. Subclinical infections may be acquired outside of the village 

(particularly in forested areas) and may play an important role in sustaining transmission.  
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Section II Targeted mass drug administration: safety, efficacy and effectiveness 

This part of thesis describes the characteristics of villages surveyed the malaria elimination project 

and a clinical trial evaluating the safety, efficacy and effectiveness of mass drug administration 

with the antimalarial drug combination dihydroartemisinin / piperaquine (DHA-PPQ).  

In Chapter 6, we describe the heterogeneity in the size of the malaria parasite reservoir between 

villages. Plasmodium prevalence was 9-fold higher by uPCR than by conventional detection 

methods (RDT and microscopy) and prevalence correlated with subsequent malaria incidence, 

specifically for P. vivax infections. Over a third of incident cases of clinical malaria had a history 

of travel or migration. Being male, aged <30 years, recent forest travel, and/or a history of clinical 

malaria were independently associated with subsequent subclinical parasitaemia. We concluded 

that there was heterogeneity in the malaria parasite reservoir between villages, and Plasmodium 

prevalence correlated with subsequent malaria incidence. The association was attributable chiefly 

to P. vivax infections, which were nine-fold more prevalent than P. falciparum infections. Migration 

was associated with over a third of incident cases of clinical malaria. 

Chapter 7 describes the findings of a cluster-randomized controlled trial of MDA with DHA-PPQ 

in western Cambodia. The aim was to evaluate safety, and effectiveness of MDA with three 

rounds of DHA-PPQ as a strategy to interrupt malaria transmission, in particular in the context of 

P. falciparum elimination in an area of multidrug resistance. Extensive community engagement 

efforts resulted in high coverage, with >88% of the eligible population taking at least one full 

course of antimalarial treatment. The intervention was found to be safe. P. falciparum incidence 

in the 12 months after MDA in intervention villages, was lower in intervention villages than in the 

control villages (1.5/1000 PY vs 37.1/1000 PY). At the end of the study period MDA was also 

provided to the control villages, after which clinical malaria incidence was monitored for another 

year. For the whole study area, no clinical P. falciparum cases reported in all 4 villages over the 

following 12 months period. P vivax prevalence decreased markedly in intervention villages 
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following MDA but returned to approximately half the baseline prevalence after 12 months. Among 

14 people with subclinical P.falciparum infections immediately prior to MDA, 13 (93%) became 

negative throughout the follow up period. One study participant with a subclinical P.falciparum 

infection before MDA remained infected after receiving 3 rounds of MDA. No severe adverse 

events could be attributed to MDA intervention. There was high efficacy of DHA-PPQ against 

asymptomatic P. falciparum infections, in contrast with the high treatment failure rates in 

symptomatic clinical malaria cases, probably related to lower parasite densities and a higher 

degree of immunity in more persistently infected asymptomatic individuals.  We conclude that 

mass drug administrations achieved high coverage in low transmission areas and were safe and 

well tolerated. MDA was associated with the absence of clinical P. falciparum cases for at least 1 

year following the intervention. In the absence of concomitant primaquine treatment, both clinical 

and subclinical P.vivax infections reappeared in the months following MDA, presumably due to 

relapse infections. 

Section III Community engagement strategies and acceptability of MDA  

Community engagement plays a critical role to achieve a high level of participation during MDA 

campaigns, essential for the efficaciousness of the intervention. Modelling estimates suggest that 

coverage needs to be at least 80%, although this depends on the intensity of transmission, and 

uptake among the sub-populations at highest risk of infection [2, 3]. 

In Chapter 8, we describe activities to engage the community into taking part in MDAs. Achieving 

high coverage is challenging in low transmission settings moving towards elimination, where 

malaria is no longer perceived as a major health problem by the majority of the community. It can 

be challenging to persuade healthy individuals to take nine doses of antimalarials over three 

consecutive months. These challenges were taken into consideration during the design of our 

initial community engagement strategy. These assumptions were reviewed and the community 

engagement strategy was adjusted in the second year of the MDA project. A large emphasis was 
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also on gaining support and involvement of the local authorities and government when 

approaching the community prior to the intervention. To ensure involvement of the entire 

community, a network of volunteers and leaders in the villages was formed and trained on details 

of the study and their advice was sought to plan the MDA sensitization and implementation 

activities. To build trust and friendship with the population, we organized concerts, drama, and 

video shows, which also served to deliver information about the study. Small group meetings with 

mothers, adult males, schoolchildren and local health care providers were conducted throughout 

the study period. We conclude that building trust and friendship with the villagers, collaboration 

with local authorities, and involving the community in planning and implementation were essential 

to persuade the community to take part in MDA.  

In Chapter 9, we presented the results of a qualitative study aimed at identifying perceptions 

towards MDA. Using semi-structured individual interviews, and focus group discussions, we found 

that malaria was an important health concern and villagers reported a demand for malaria 

treatment despite fall in incidence over the previous decade and a lack of familiarity with 

asymptomatic malaria. Participants generally understood the overall study aim and were familiar 

with study activities. Comprehension of the study rationale (presumptive treatment of 

asymptomatic infection to interrupt onward transmission) was, however, quite limited. After the 

first round of mass anti-malarial administration, seasonal health complaints that participants 

attributed to anti-malarial as “side effects” led to a decrease of coverage the following month. Staff 

therefore adapted the community engagement approach, working with and relying on local 

leaders to speak about the project and answer questions in village meetings. This approach 

resulted in a subsequent increase in coverage to above 80%. We conclude that future MDA must 

consider seasonal disease patterns and the importance of local leaders taking prominent roles in 

community engagement. Adaptation of community engagement approaches is required when 

challenges occur. Further research is needed defining engagement strategies to ensure high 
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coverage in scenarios more closely resembling deployment outside the research setting i.e. 

without participation monetary incentives, blood sampling and free healthcare. 

 

Discussions and future perspectives  

In our study, asymptomatic malaria prevalence of both main Plasmodium species in this area of 

very low malaria transmission was higher than previously appreciated and was most common in 

individuals residing close to forests. Molecular markers of artemisinin resistance (Pfkelch13) were 

detected in similar proportions in both symptomatic and asymptomatic P. falciparum infections 

(unpublished data). The prevalence of Pfkelch13 mutated infections increased over time from 

51% in 2013 to 100% in 2015 surveys. Our longitudinal survey showed limited duration of P. 

falciparum carriage, but prolonged carriage of P. vivax infections. The oscillating nature of 

parasite densities suggested the potential for asymptomatic infections to be intermittently 

transmissible, assuming similar temporal patterns in gametocytaemia. The findings of this study 

are consistent with the observations in a recent study in Vietnam where both persistent 

asymptomatic P. falciparum and P. vivax infections had large changes in amplitude [4]. Oscillating 

parasite densities have also been described in the last century during the era of P. vivax and P. 

falciparum malaria therapy for patients with neurosyphilis [5, 6]. Periodic oscillation of P. 

falciparum densities has also been reported in untreated asymptomatic children from rural 

Tanzania sampled daily for 14 days [7]. The studies consistently show that parasite multiplication 

varies over time. Mechanisms to control this subclinical levels of parasitaemia likely include 

antibody responses to variant surface antigens and other immunological responses [8, 9].  

Treatment of P. vivax with artemisinin-based combination therapy without additional radical 

treatment with primaquine to eliminate the hypnozoite parasite reservoir in the liver, will result in 

frequent relapse infections. This is also clear from our studies, where asymptomatic parasitaemia 

with P. vivax, but not with P. falciparum, was associated with a previous episode of clinical 



522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura522186-L-bw-Tripura
Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018Processed on: 9-8-2018 PDF page: 263PDF page: 263PDF page: 263PDF page: 263

263 
 

malaria. In addition, P. vivax parasitaemia rapidly recurred after MDA, presumably often resulting 

from relapse infections (originating from liver hypnozoites). Targeting MDA only towards 

individuals with a history of clinical malaria will be insufficient to eliminate the sub-clinical reservoir 

as our studies show that this group only constitutes a minority of parasitaemic individuals. 

Individuals with chronic submicroscopic parasitaemia had elevated plasma CRP concentrations 

indicating low level inflammation, suggesting that even very low density infections might not be 

entirely benign. It has been shown that Individual with elevated CRP are at increased risk of 

mortality and morbidity for conditions such as diabetes, arthritis, cancer, myocardial infraction and 

stroke [10, 11]. The association with chronic inflammation provides additional argument for 

malaria elimination including addressing the asymptomatic parasite carriers, even in low endemic 

areas [12, 13]. Asymptomatic parasitaemia was detected among all age and sex groups; 

therefore, interventions targeted at only certain risk groups will still miss a considerable proportion 

of asymptomatic parasite carriers. Despite the sensitivity of the uPCR test to reveal asymptomatic 

cases, it is not possible to use the technique in large scale Focal Screen and Treat (FSAT), or 

Mass Screen and Treat (MSAT) campaigns, due to the very high costs, complicated logistics of 

venous blood draws, specimen transport and processing. Furthermore, since the uPCR results 

will take time to produce, there would be long delays in providing feedback to participants. Thus, 

to rapidly reduce the asymptomatic reservoir in areas of drug resistance and low transmission, 

the effectiveness of presumptive treatment of the entire population in well-targeted communities 

seems warranted.  

Our study evaluating mass drug administration with three rounds of DHA-PPQ showed that the 

intervention was safe, which is consistent with the findings in other studies [14, 15], and resulted 

in absence of  P. falciparum cases for at least a year. Village malaria workers played key roles in 

drug administration and monitoring adverse events and would also be essential for larger scale 

implementation of this intervention in the Cambodian setting.  The recurrence of both clinical and 
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subclinical P. vivax following MDA shows the necessity of inclusion in treatment guidelines of 8-

aminoquinolones such as primaquine, in order to kill the hypnozoite stage in the liver. This 

approach, however, requires a practicable testing method for glucose-6-phosphate 

dehydrogenase deficiency, since the oxidative properties of primaquine can cause life-threatening 

haemolysis in deficient individual when primaquine is used in doses needed for radical treatment.  

Sustaining the impact of MDA over time is challenging, as in the absence of a strategy to prevent 

the reintroduction of infections caused by population movement P. falciparum returns within a 

year [16-18]. In our study, post-MDA the weekly identification and treatment of newcomers and 

newly identified forest-goers by village volunteers may have prevented reintroduction of infections 

and may have contributed to the sustainability of the MDA effect. The intervention and control 

villages were separated from each other by ~5 kilometers and were geographically clustered, and 

shared exposure to the same forested area where interaction between humans and vectors might 

have occurred to sustain transmission. Our study was part of the multi-centre targeted malaria 

elimination study that was conducted in Myanmar, Vietnam, Cambodia, and Laos during 2013-

17. The first trial to be completed was in Myanmar and reported high coverage during MDA and 

a large impact on asymptomatic P. falciparum 3 months after treatment [19, 20]. The Vietnamese 

site reported a large and persistent reservoir of P. falciparum [21]. The reservoir of infection was 

smaller and are bound of infection was not observed in the site in Cambodia. The level of 

transmission and lower force of infection in western Cambodia, and continued treatment of 

newcomers following the completion of three rounds of MDA might have resulted in fewer 

imported infections during the post-MDA period [22]. All of the above MDA studies have reported 

on the importance of extensive community engagement activities for the successful uptake of 

MDA among the village populations [23-26]. A large scale malaria elimination programme along 

the Thai-Myanmar border established over a thousand malaria posts and conducted 
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approximately 70 MDAs in village hotspots. This programme demonstrated that targeted MDA is 

scalable, and can have a rapid and marked impact on transmission [27].  

Since 2013 research into other approaches to interrupt transmission by targeting of the 

asymptomatic reservoir has been conducted in Southeast Asia. Various models of active case 

detection have been attempted, including the testing and treatment of individuals targeted by risk, 

proximity to index malaria cases, or co-risk factors such as exposure to forest transmission [28-

30]. In the Cambodian setting, the yield of finding additional infected cases using this approach 

has shown to be limited when only individuals in the proximity of the index case were tested. This 

can be explained by the source of transmission being in the forest, outside of the village [31-33].   

Screening and treatment (FSAT and MSAT) models have generally shown little promise as 

conventional rapid diagnostic tests are not sensitive enough to detect most asymptomatic 

infections, and microscopy is not sensitive and time consuming, and molecular methods are 

expensive, impractical, and slow [34]. However, the development of highly sensitive rapid 

diagnostic tests (HS-RDTs) with a sensitivity similar to conventional PCR, may offer a potential 

tool for screening and treatment [35, 36]. This approached has not yet been field tested to assess 

its value as an intervention for malaria elimination [36].  

Since the report of artemisinin resistance in 2008 [37, 38], the situation has worsened over time 

as was predicted by several malariologists [39-41]. Artemisinin resistance has now both emerged 

and spread to neighboring countries in the GMS [42, 43] and P. falciparum resistance to the 

partner drugs used in ACTs has also been increasingly reported [44-46]. Molecular markers of 

artemisinin, piperaquine and mefloquine resistance ‘triple mutants’ have been detected in P. 

falciparum parasites in Cambodia [47] and this has the potential to undermine some combinations 

of the new triple artemisinin combination therapies (TACTs) [48] currently under evaluation by the 

Mahidol-Oxford Tropical Medicine Research Unit in Asia. According to the WHO 2017 World 

Malaria Report, globally there has been an increase of about 5 million malaria cases between 
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2015-16 and no improvement in the number of malaria-attributable deaths [49]. The National 

Center for Parasitology, Entomology and Malaria Control (CNM), Cambodia has also confirmed 

an increase of malaria cases which started mid-2017, reported number of cases started to show 

an increase largely in the north-east region of the country bordering with Laos and Vietnam [50]. 

The reason for this sudden increase is not clear but a contributing role of treatment failure due to 

drug resistance is under investigation. The situation underlines the importance of rapid malaria 

elimination in the countries most effected by antimalarial multi-drug resistance, since the gains in 

reduction in malaria transmission over the last decade might be easily lost otherwise. In addition 

to the conventional malaria control measures, accelerated elimination will require more 

aggressive approaches, which should also address the asymptomatic parasite reservoir. Our 

results show the effectiveness of MDA to interrupt P. falciparum transmission in an area of multi-

drug resistant falciparum malaria, and MDA should be considered as a part of a rapid elimination 

strategy. MDA in hotspots in additional to a dense network of community health workers for early 

malaria diagnosis and treatment has proven to rapidly reduce transmission to pre-elimination 

levels in Kayin State in Eastern Myanmar [51]. From our research and that of other groups we 

have learned that MDA with DHA-PPQ is safe and acceptable by the community, and that 

community health worker networks could play key role in large scale implementation. Instead of 

using expensive uPCR methods to identify hotspots based on prevalence, the use of routinely 

collected malaria incidence data may be more practical to define target areas for MDA.  

To eliminate falciparum malaria rapidly from Southeast Asia will require more than vector control 

and improvements to the treatment of clinical cases because the asymptomatic reservoir plays 

and important role in sustaining transmission. Well-delivered and well-targeted mass drug 

administration is effective and practicable and in my opinion needs now to be evaluated at scale 

as part of an emergency response to the ever-worsening situation of multi-drug resistant 

falciparum malaria in Cambodia.  
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Chapter 11:  

Samenvatting, discussie en toekomstperspectieven 

Samenvatting 

Dit proefschrift beschrijft de resultaten van observationele  en interventieonderzoeken uitgevoerd 

in een gebied met multiresistente P. falciparum in West-Cambodja van 2013 tot 2015. De 

observationele onderzoeken hebben als doel om tot een beter begrip te komen van de 

epidemiologie van asymptomatische malaria, haar relatie met symptomatische malaria en de 

vermeende rol van dit asymptomatische reservoir bij het in stand houden van malariatransmissie. 

Het interventieonderzoek exploreert de veiligheid, aanvaardbaarheid en effectiviteit van mass 

drug administration (MDA) tegen multiresistente asymptomatische en symptomatische P. 

falciparum infecties. 

 

Deel I Epidemiologie van asymptomatische malaria in West-Cambodja 

In dit deel beschrijf ik de epidemiologische aspecten van asymptomatische malaria met behulp 

van ultragevoelige kwantitatieve PCR (uPCR). De toepassing van deze nieuwe techniek heeft in 

belangrijke mate onze capaciteit om submicroscopische Plasmodium reservoirs in gebieden met 

een lage transmissie gefaciliteerd. 

Hoofdstuk 2 beschrijft de prevalentie van Plasmodium soorten gedetecteerd middels uPCR en 

identificeert risicofactoren voor asymptomatisch dragerschap. We hebben ook geëvalueerd in 

hoeverre Plasmodium infecties persisteren en in hoeverre parasietdichtheden schommelen 

gedurende één jaar in een cohort bestaande uit individuen die bij de baseline meting geïnfecteerd 

is. Een cross-sectioneel onderzoek uitgevoerd middels uPCR in juni 2013 bij 1447 

asymptomatische inwoners, toont aan dat 2,2% van de deelnemers P. falciparum, 3,3% P. vivax 
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en 0,3% gemengde infecties had. Bij 9,8% van de deelnemers werd een Plasmodium infectie 

gedetecteerd, maar was er onvoldoende DNA om de soort te bepalen. Daarentegen had slechts 

0,07% van de individuen een afwijkende uitslag middels een conventionele sneltest (rapid 

diagnostic test, RDT). In totaal 51% van de bij asymptomatische individuen verkregen P. 

falciparum parasietstammen droeg Pfkelch13 mutaties, een moleculaire marker voor 

artemisinineresistentie. Maandelijkse follow-up zonder behandeling bij 24 volwassen deelnemers 

met asymptomatische mono of gemengde P. falciparum infecties toonde bij 13% een 

persisterende parasitaemie gedurende 2-4 maanden. De overige 87% van de deelnemers had 

spontaan hun parasitaemie na 1 maand geklaard. Daarentegen droeg, van de in totaal 34 

volwassen deelnemers met P. vivax mono infectie bij de baseline, 35% malariaparasieten (P. 

vivax of P. sp.) tijdens vier of meer van de in totaal elf meetmomenten die maandelijks 

plaatsvonden. Parasietdichtheden fluctueerden in de loop der tijd. Bij drie dragers van P. vivax 

was er sprake van een persisterende parasitemie met parasietdichtheden die binnen de 2-4 log 

(log parasites/mL) werden gehouden. We concluderen dat P. falciparum een beperkte 

dragerschapsduur heeft, in tegenstelling tot P. vivax infecties die langer persisteren in een gebied 

met een lage transmissie. Radicale behandeling van P. vivax infecties met 8-aminochinolines is 

nodig om malaria volledig te elimineren in Cambodja. Fluctuaties in longitudinale parasitaemie 

duiden erop dat asymptomatische dragers van Plasmodium parasieten potentieel infectieus zijn 

in de loop van het dragerschap en zo bijdragen aan de instandhouding van malariatransmissie. 

In Hoofdstuk 3 onderzoeken we het verband tussen eerdere klinische episoden van malaria en 

daaropvolgende subklinische parasitaemie. Onder de 1343 deelnemers aan het cross-sectionele 

onderzoek, had 32,8% (40/122) van de deelnemers met klinische malaria in de voorgeschiedenis 

een parasitaemie tijdens de survey, in vergelijking met 14,1% (172/1221) van de deelnemers 

zonder deze voorgeschiedenis. Onder de 212 deelnemers met een parasitaemie bij de baseline 

had 18,9% een voorgeschiedenis van klinische malaria, vergeleken met 7,7% van de 1311 
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deelnemers zonder parasitaemie. In deze studie was een voorgeschiedenis van P. vivax 

geassocieerd met subklinische P. vivax parasitaemie, maar dit verband werd niet gezien bij P. 

falciparum; slechts drie deelnemers hadden zowel P. falciparum parasieten tijdens de survey als 

een voorgeschiedenis van klinische P. falciparum malaria. We concluderen dat een klinische 

episode van P. vivax was geassocieerd met daaropvolgende subklinische parasitaemie. De 

behandeling van P. vivax met artemisinine combinatietherapie (ACT) maar zonder primaquine 

leidde vaak tot recidiverende parasitaemische episodes, waarschijnlijk zogenaamde relaps 

infecties vanuit het hypnozoiten reservoir in de lever. Een aanpak gericht op individuen met een 

voorgeschiedenis van klinische malaria zal onvoldoende zijn om het subklinische reservoir te 

elimineren gezien zij slechts een minderheid van alle parasitemieën vormen. 

In Hoofdstuk 4 kijken we naar het verband tussen asymptomatische malaria en C-reactive 

protein (CRP). Hiertoe werden plasma CRP concentraties gemeten bij parasitaemische 

individuen. Deze werden vervolgens vergeleken met de CRP waarde van het betreffende individu 

op het moment dat er geen parasieten meer detecteerbaar waren en met de CRP waarden van 

niet-geïnfecteerde individuen. De CRP concentratie was hoger wanneer er sprake was van 

parasitaemie dan wanneer de parasitaemie was geklaard, ook in vergelijking met gematchte 

controles zonder parasitaemie. Van alle individuele metingen had 4,9% een plasma CRP 

concentratie hoger dan 10 mg/L en 14,6% hoger dan 3 mg/L. Deelnemers met Plasmodium 

infecties hadden eerder plasma CRP concentraties boven deze drempelwaarden vergeleken met 

de voor leeftijd en geslacht gematchte controles. Onder parasitaemische individuen was de 

kwantitatieve  parasitaemie positief gecorreleerd aan het plasma CRP, een verband dat 

significant bleef wanneer werd gecorrigeerd voor leeftijd en koorts. Individuen met P. vivax mono-

infecties hadden de hoogste plasma CRP concentraties welke tevens sterker correleerden met 

de mate van parasitaemie dan in andere groepen. We concluderen dat in deze setting met een 

lage transmissie, persisterende malaria infecties bij asymptomatische individuen geassocieerd 
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waren met matig verhoogde plasma CRP concentraties, dit verband was het duidelijkst bij 

individuen met P. vivax mono-infecties. 

Hoofdstuk 5 onderzoekt associaties tussen subklinische Plasmodium infecties, klinische malaria 

en reizen of overnachten in het bos. Ook onderzoeken we ruimtelijke en spatio-temporele 

clustering van malaria in Cambodjaanse dorpen. We zagen dat de meeste klinische episodes en 

subklinische infecties optraden binnen één dorp van de in totaal drie onderzoekslocaties. In ieder 

dorp werd ruimtelijke clustering van klinische P. vivax episodes gezien maar deze clustering hield 

slechts één maand aan. In één studiedorp clusterden subklinische infecties geografisch nabij 

clusters met klinische episodes, maar dit werd niet geobserveerd in de andere dorpen. De 

grootste risicofactor voor klinische P. falciparum episodes was het wonen in een huis waar een 

klinische P. falciparum episode bij een ander heeft plaatsgevonden. Subklinische infecties van 

zowel P. vivax als P. falciparum waren geassocieerd met klinische episodes van dezelfde soort 

en zelf gerapporteerde overnachtingen in beboste gebieden. We concluderen dat ruimtelijke 

clustering binnen de dorpen kortstondig was, wat het voorspellen van ruimtelijke clusters 

bemoeilijkt. Interventies die afhankelijk zijn van de voorspelling van ruimtelijke clusters (zoals in 

het geval van reactive case detection) zouden enkel een klein deel van alle gevallen detecteren 

tenzij volledige dorpen zouden worden gescreend binnen een beperkt tijdsbestek en met een 

hoog sensitieve diagnostische test. De bron van subklinische infecties kan bovendien buiten het 

dorp liggen (met name in beboste gebieden), en speelt mogelijk een belangrijke rol bij het in stand 

houden van malaria transmissie. 

 

Deel II Gerichte mass drug administration: veiligheid, werkzaamheid en effectiviteit  

Dit deel van het proefschrift beschrijft de karakteristieken van de dorpen onderzocht in het malaria 

eliminatieproject. Vervolgens komt een klinische trial aan bod waarin de veiligheid, werkzaamheid 
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en effectiviteit van MDA met de combinatie van de antimalariamiddelen dihydroartemisinine / 

piperaquine (DHA-PPQ) wordt geëvalueerd.  

In Hoofdstuk 6 beschrijven we de heterogeniteit tussen dorpen in de grootte van het 

asymptomatisch parasietenreservoir . De prevalentie van Plasmodium dragerschap was 9 maal 

hoger gemeten middels uPCR dan middels conventionele detectiemethoden (RDT en 

microscopie) en de prevalentie van asymptomatische malaria correleerde met de incidentie van 

daaropvolgende klinische malaria, met name bij P. vivax infecties. In meer dan een derde van de 

gevallen met klinische malaria was er sprake van een reis- of migratiegeschiedenis. Het 

mannelijke geslacht, volwassenen jonger dan 30 jaar, een recent bosbezoek en/of een 

voorgeschiedenis van klinische malaria vormden onafhankelijke risicofactoren voor 

daaropvolgende subklinische parasitaemie. We concluderen dat er sprake was van aanzienlijke 

heterogeniteit in malaria parasietreservoirs tussen dorpen en dat Plasmodium prevalentie 

correleerde met daaropvolgende klinische malaria incidentie. Dit verband was voornamelijk toe 

te schrijven aan P. vivax infecties, die 9 maal vaker voorkwamen dan P. falciparum infecties. In 

meer dan een derde van de gevallen met klinische malaria was er een associatie met migratie. 

Hoofdstuk 7 beschrijft de bevindingen van een cluster-randomized controlled trial waarbij MDA 

met DHA-PPQ werd toegepast in West-Cambodja. Het doel van de studie was om de veiligheid 

en effectiviteit van MDA met drie rondes van DHA-PPQ te evalueren als een strategie om 

malariatransmissie te onderbreken, in het bijzonder de eliminatie van P. falciparum in een gebied 

met multiresistentie. Uitgebreide inspanningen voor community engagement resulteerden in een 

hoge dekkingsgraad waarbij >88% van de in aanmerking komende populatie minstens één 

volledige behandelingskuur voor malaria nam. De interventie was bovendien veilig en goed 

getolereerd. De P. falciparum incidentie in de 12 maanden volgend op de MDA in 2015 was lager 

in dorpen waar interventie plaatsvond dan in controledorpen (1,5/1000 per jaar versus 37,1/1000 

per jaar). Tegen het einde van de studie werd MDA ook verstrekt in controledorpen waarna de 
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incidentie van klinische malaria werd gemonitord voor nog een jaar. In het hele onderzoeksgebied 

werden in alle vier dorpen gedurende 12 maanden geen gevallen van klinische P. falciparum 

gerapporteerd. De prevalentie van P. vivax daalde aanzienlijk in interventiedorpen na toepassing 

van MDA, echter werd er na 12 maanden een terugval van de prevalentie tot ongeveer de helft 

van de baselinewaarde gezien. Onder de 14 deelnemers met subklinische P. falciparum infectie 

direct voorafgaand aan MDA, verdween bij 13 (93%) deelnemers de parasitaemie gedurende de 

hele follow-up periode. Eén deelnemer met een subklinische P. falciparum infectie voorafgaand 

aan MDA bleef parasitaemisch na drie MDA rondes. Er werden geen ernstige bijwerkingen 

toegeschreven aan de behandeling.  

 

We concluderen dat er met MDA een hoge dekkingsgraad werd bereikt in een gebied met een 

lage transmissie. Bovendien was MDA veilig en werd het goed verdragen. MDA was 

geassocieerd met de afwezigheid van klinische P. falciparum gedurende minstens één jaar na de 

interventie. Er was een goede werkzaamheid van DHA-PPQ tegen asymptomatische P. 

falciparum infecties, in tegenstelling tot de grote mate van therapiefalen bij symptomatische 

klinische malaria. Dit is mogelijk gerelateerd aan de lagere parasitaire dichtheden en een hogere 

mate van immuniteit onder asymptomatische individuen die continu geïnfecteerd raken. Echter in 

de afwezigheid van gelijktijdige behandeling met primaquine, kwamen in de maanden volgend op 

de MDA zowel klinische als subklinische P. vivax infecties weer voor, vermoedelijk door 

recidiverende infecties. 

 

Deel III Community engagement strategieën en aanvaardbaarheid van MDA 

Community engagement speelt een cruciale rol bij het verkrijgen van een hoge participatiegraad 

tijdens MDA campagnes, wat essentieel is voor de werkzaamheid van de interventie. Op basis 
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van modellen wordt geschat dat de dekkingsgraad bij MDA minstens 80% moet zijn, hoewel dit 

afhankelijk is van de transmissie intensiteit en opname door de subpopulaties met het hoogste 

risico op infectie. 

In Hoofdstuk 8 beschrijven we activiteiten die de gemeenschap aansporen tot deelname aan 

MDA. Het bereiken van een hoge dekkingsgraad is met name uitdagend in gebieden met een 

lage transmissie of in gebieden waarbij malaria eliminatie bijna is bereikt en malaria niet langer 

wordt gezien als een groot gezondheidsprobleem bij de meerderheid van de gemeenschap. Het 

kan uitdagend zijn om gezonde individuen over te halen om negen doses aan 

antimalariamiddelen te nemen gedurende drie opeenvolgende maanden. Deze uitdagingen zijn 

meegenomen in het aanvankelijke ontwerp van onze community engagement strategie. Na 

beoordeling van deze aannames werd in het tweede jaar van het MDA project de community 

engagement strategie aangepast. Er lag ook een grote nadruk op het verkrijgen van de steun en 

betrokkenheid van alle lokale autoriteiten en overheidsinstanties bij de benadering van de 

gemeenschap voorafgaand aan de interventie. Om de betrokkenheid van de gehele 

gemeenschap te verkrijgen, werd een netwerk van vrijwilligers en leiders in de dorpen gevormd 

en geïnformeerd over de details van het onderzoek en tevens werden hun adviezen meegenomen 

bij het plannen van de MDA sensitisatie en implementatie activiteiten. Met het doel om vertrouwen 

te winnen en vriendschap te sluiten met de gemeenschap, hebben we grote bijeenkomsten 

georganiseerd met muziekoptredens, toneel en video’s die tevens informatie over het onderzoek 

op ludieke wijze overbrachten. Kleinschalige groepsontmoetingen met moeders, volwassen 

mannen, schoolkinderen en lokale zorgverleners werden tevens uitgevoerd gedurende de hele 

studieperiode. We concluderen dat het opbouwen van vertrouwen en vriendschap met de 

dorpelingen, de samenwerking met lokale autoriteiten en het betrekken van de gemeenschap bij 

de planning en implementatie allen essentieel waren bij het overhalen van de gemeenschap tot 

deelname aan MDA. 
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In Hoofdstuk 9 presenteren we de resultaten van een kwalitatief onderzoek dat als doel heeft 

om percepties ten aanzien van MDA te identificeren. Uit semigestructureerde individuele 

interviews en focusgroep discussies bleek malaria een belangrijk gezondheidsprobleem te zijn. 

Onder de dorpelingen was er vraag naar de behandeling van malaria ondanks de daling in 

incidentie in het afgelopen decennium. Ook bleek men onbekend te zijn met asymptomatische 

malaria. Over het algemeen begrepen de deelnemers het doel van het onderzoek en raakten zij 

vertrouwd met de studieactiviteiten. Begrip van de onderzoeksrationale (presumptieve 

behandeling van asymptomatische infectie om verdere transmissie te onderbreken) was 

daarentegen vrij beperkt. Na de eerste ronde van MDA met antimalariamiddelen leidden 

seizoensgebonden gezondheidsklachten, die werden toegeschreven als bijwerking van de 

antimalariamiddelen, tot een verminderde dekkingsgraad de daaropvolgende maand. De aanpak 

van de community engagement werd daarop aangepast door lokale leiders te laten spreken over 

het project en vragen te laten beantwoorden tijdens dorpsbijeenkomsten. Deze aanpak 

resulteerde vervolgens in een toename van de dekkingsgraad tot boven de 80%. We concluderen 

dat MDA in de toekomst seizoensgebonden ziektepatronen in overweging dient te nemen. Ook 

benadrukken we het belang om lokale leiders tijdens community engagement een prominente rol 

te geven. Aanpassing van de community engagement aanpak is noodzakelijk indien uitdagingen 

zich voordoen. Meer onderzoek is nodig om engagement strategieën te definiëren die leiden tot 

een hoge dekkingsgraad in scenario’s die de situatie bij implementatie benaderen buiten de 

onderzoekssetting, dus zonder de beloning voor deelname, bloedafnames en kosteloze toegang 

tot gezondheidszorg. 

 

Discussie en toekomstperspectieven 

In onze studie was de prevalentie van asymptomatische malaria voor beide hoofdsoorten in dit 

gebied met een zeer lage malariatransmissie hoger dan verwacht en kwam asymptomatische 
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malaria het meest voor bij individuen die nabij bossen leefden. Moleculaire markers voor 

artemisinineresistentie (Pfkelch13) werden in dezelfde mate gedetecteerd bij zowel 

symptomatische als asymptomatische P. falciparum infecties (ongepubliceerde data). De 

prevalentie van infecties met de Pfkelch13 mutatie is toegenomen van 51% in 2013 tot 100% in 

2015. Ons longitudinale onderzoek toonde dat P. falciparum dragerschap doorgaans van korte 

duur was, bij P. vivax infectie duurde het dragerschap daarentegen langer. De schommelende 

aard van de parasitaire dichtheden suggereert dat asymptomatische infecties intermitterend 

kunnen leiden tot transmissie, ervan uitgaande dat gametocyten vergelijkbare temporele 

patronen volgen. De bevindingen van deze studie zijn in lijn met de observaties uit een recent 

onderzoek in Vietnam waar zowel persisterende asymptomatische P. falciparum als P. vivax 

infecties grote amplitudeveranderingen hadden. Schommelende parasietdichtheden zijn in de 

afgelopen eeuw ook al beschreven tijdens de jaren in de vorige eeuw waarin infectie met P. vivax 

en P. falciparum werd toegepast voor de behandeling van neurosyfilis. Periodieke schommeling 

van P. falciparum dichtheden is in het verleden ook gerapporteerd bij onbehandelde 

asymptomatische kinderen in ruraal Tanzania bij wie gedurende 14 dagen dagelijks bloed werd 

afgenomen. De onderzoeken tonen consistent aan dat de vermenigvuldiging van parasieten 

wisselt in de loop der tijd. Immunologische mechanismen zoals antilichaamreacties tegen variant 

surface antigenen zijn mogelijk verantwoordelijk voor deze subklinische parasitemieën. 

 

Behandeling van P. vivax met artemisinine combinatietherapie zonder toevoeging van een 

radicale behandeling met primaquine om het reservoir aan leverhypnozoïten te elimineren, zal 

leiden tot frequent recidiverende infecties. Dit blijkt ook uit onze onderzoeken, waar 

asymptomatische parasitaemie met P. vivax, maar niet met P. falciparum, was geassocieerd met 

een eerdere episode van klinische malaria. Daarnaast keerde P. vivax snel terug na MDA, 

vermoedelijk als gevolg van recidiverende infecties door leverhypnozoïten. Het enkel richten van 
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MDA op individuen met een voorgeschiedenis van klinische malaria zal onvoldoende zijn om het 

subklinische reservoir te elimineren gezien uit onze onderzoeken blijkt dat deze groep slechts 

een minderheid van alle parasitaemische individuen vormt. Individuen met een chronische 

submicroscopische parasitaemie hadden matig verhoogde plasma CRP concentraties duidend 

op laaggradige ontsteking, dit impliceert dat zelfs infecties met zeer lage parasitaire dichtheden 

mogelijk niet helemaal benigne zijn. Het is aangetoond dat individuen met een verhoogd CRP 

een toegenomen risico hebben op mortaliteit en morbiditeit bij aandoeningen zoals diabetes 

mellitus, artritis, kanker, myocardinfarct en cerebrovasculair accident (CVA). Het verband met 

chronische inflammatie vormt dus nog een argument om malaria te elimineren. Tevens vraagt het 

om een aanpak gericht op asymptomatische parasietdragers, zelfs in laag endemische gebieden. 

Asymptomatische parasitaemie werd gevonden bij alle geslachten en leeftijdsgroepen; om deze 

reden zullen interventies gericht op enkel bepaalde risicogroepen een aanzienlijk deel van de 

asymptomatische parasietdragers missen. Ondanks de sensitiviteit van uPCR om 

asymptomatische dragers te identificeren, is het onmogelijk om deze techniek op grote schaal 

toe te passen in Focal Screen and Treat (FSAT) of Mass Screen and Treat (MSAT) campagnes 

vanwege de hoge kosten, ingewikkelde logistiek van venapuncties alsook het transport en de 

verwerking van monsters. Bovendien duurt het enige tijd voordat uPCR resultaten bekend zijn 

waardoor er vertraging optreedt bij het terugkoppelen van de resultaten naar deelnemers. Om 

snel het asymptomatische reservoir in gebieden met multiresistentie en een lage transmissie te 

reduceren, lijkt de presumptieve behandeling van gehele gemeenschappen gerechtvaardigd. 

 

Consistent met eerdere bevindingen in andere onderzoeken, toonde ons onderzoek naar MDA 

met drie DHA-PPQ rondes aan dat MDA veilig was en resulteerde in de afwezigheid van klinische 

gevallen van P. falciparum gedurende minstens één jaar. Village malaria workers speelden een 

hoofdrol bij het toedienen van de medicatie alsook bij het monitoren van bijwerkingen en zouden 
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dus essentieel zijn bij de implementatie van deze interventie op grotere schaal in Cambodja. 

Recidieven van zowel klinische als subklinische P. vivax volgend op MDA tonen aan dat het 

noodzakelijk is om 8-aminoquinolines zoals primaquine, welke leverhypnozoïten doden, op te 

nemen in behandelrichtlijnen. Voor deze aanpak is echter praktisch uitvoerbare diagnostiek naar 

glucose-6-fosfaatdehydrogenase deficiëntie (G6PD) nodig. De oxidatieve eigenschappen van 

primaquine kunnen namelijk zorgen voor levensgevaarlijke hemolyse bij individuen met een 

deficiëntie wanneer primaquine in doseringen nodig voor radicale behandeling wordt gebruikt. 

 

Het behoud van de impact van MDA in de loop der tijd vormt een uitdaging gezien een strategie 

om de herintroductie van infecties, veroorzaakt door bewegingspatronen van de populatie, 

ontbreekt. Om deze reden wordt gezien dat P. falciparum binnen een jaar terugkeert. In ons 

onderzoek vond er, ook na de MDA, wekelijkse identificatie en behandeling van nieuwkomers en 

nieuw geïdentificeerde bezoekers van bossen plaats door vrijwilligers uit het dorp. Dit zou 

herintroductie van infecties kunnen hebben voorkomen en zo hebben bijgedragen aan de 

duurzaamheid van het MDA effect in onze studie. Op onze onderzoekslocaties waren interventie- 

en controledorpen ongeveer 5km van elkaar gescheiden, geografisch geclusterd en deelden zij 

de blootstelling aan hetzelfde beboste gebied waar interactie tussen mensen en vectoren mogelijk 

zou kunnen leiden tot behoud van transmissie. Ons onderzoek was onderdeel van een 

multicenter studie naar gerichte malaria eliminatie uitgevoerd in Myanmar, Vietnam, Cambodja 

en Laos in de periode 2013 tot 2017. In Myanmar werd de trial als eerste voltooid. Er werd een 

hoge dekkingsgraad tijdens MDA gerapporteerd met een groot effect op asymptomatische P. 

falciparum 3 maanden na behandeling. De Vietnamese onderzoekslocatie rapporteerde een 

groot, persisterend reservoir aan P. falciparum. Op onze onderzoekslocatie in Cambodja was het 

parasietenreservoir in de populatie kleiner en werden er geen recidieven geobserveerd. De lagere 

mate van transmissie en infectiedruk in West-Cambodja, alsook de voortgezette behandeling van 
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nieuwkomers na voltooiing van de drie MDA rondes, heeft mogelijk bijgedragen aan minder 

geïmporteerde infecties in de periode na de MDA. Alle onderzoekslocaties rapporteerden dat 

uitgebreide community engagement activiteiten een integraal onderdeel vormden voor het 

succesvol introduceren van MDA onder de dorpsbewoners. In een grootschalig malaria 

eliminatieprogramma langs de Thais-Birmese grens zijn meer dan duizend malariaposten 

opgezet en zijn ongeveer 70 MDA’s uitgevoerd in hotspots binnen dorpen. Dit programma toonde 

aan dat gerichte MDA opgeschaald kan worden en bovendien een snelle en merkbare impact kan 

hebben op de transmissie. 

 

Sinds 2013 wordt er onderzoek uitgevoerd in Zuidoost-Azië naar andere benaderingen om 

transmissie te onderbreken door het asymptomatische reservoir aan te pakken. Verschillende 

active case detection modellen zijn geprobeerd, waaronder het testen en behandelen van 

individuen die risico lopen, proximity to index malariagevallen of co-risicofactoren zoals 

blootstelling aan transmissie in bossen. In Cambodja bleek het aantal bijkomende geïnfecteerde 

gevallen dat werd opgespoord beperkt te zijn wanneer alleen individuen uit de nabijheid van de 

index casus werden getest. Dit kan verklaard worden doordat de bron van infectie is gelegen in 

het bos, buiten de dorpen. Screening- en behandelmodellen (FSAT en MSAT) lijken over het 

algemeen weinig belovend omdat conventionele sneldiagnostiek niet sensitief genoeg is om de 

meeste asymptomatische infecties te detecteren, ook microscopie is onvoldoende sensitief en 

bovendien tijdrovend en moleculaire technieken zijn duur, onpraktisch en langzaam. De 

ontwikkeling van hoog sensitieve sneldiagnostiek (HS-RDT) met een sensitiviteit vergelijkbaar 

met conventionele PCR, zou daarentegen een potentieel hulpmiddel kunnen zijn bij de screening 

en behandeling. Deze aanpak is echter nog niet in het veld getest zodat de toegevoegde waarde 

bij malaria eliminatie nader bestudeerd moet worden. 
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Sinds de berichtgeving over artemisinineresistentie in 2008 is de situatie alsmaar verslechterd, 

zoals voorspeld meerdere malariologen. Artemisinineresistentie is nu opgedoken in en heeft zich 

verspreid naar buurlanden in de Mekong regio en bij P. falciparum is er in toenemende mate 

sprake van resistentie tegen partnermedicatie welke ook gebruikt worden in ACT’s. Moleculaire 

markers voor artemisinine-, piperaquine- én mefloquineresistentie, zogenaamde 'triple mutants' 

zijn gedetecteerd in P. falciparum parasieten in Cambodja. Deze triple mutants hebben de 

potentie om sommige nieuwe combinaties van triple artemisinine combinatietherapieën (TACT’s), 

welke momenteel in Azië geëvalueerd worden door Mahidol-Oxford Tropical Medicine Research 

Unit, te ondermijnen. Volgens het World Malaria Report 2017 van de WHO is er wereldwijd tussen 

2015 en 2016 sprake geweest van een toename van ongeveer 5 miljoen gevallen van malaria 

zonder daling van het aantal sterfgevallen als gevolg van malaria. Het National Center for 

Parasitology, Entomology and Malaria Control (CNM) in Cambodja bevestigt eveneens een 

toename van malaria sinds medio 2017, met name in het noordoosten van het land langs de 

grens met Laos en Vietnam. De reden voor deze plotse toename is onduidelijk, maar er wordt 

onderzocht in hoeverre therapiefalen als gevolg van multiresistentie hierbij een rol speelt. De 

situatie benadrukt het belang van snelle malaria eliminatie in de landen die het hardst getroffen 

worden door multiresistentie tegen antimalariamiddelen. De behaalde winst als gevolg van de 

reductie in malariatransmissie in de afgelopen eeuw kan anders makkelijk verloren raken. Als 

aanvulling op de conventionele malaria bestrijdingsmaatregelen, zal versnelde eliminatie een 

agressievere benadering vereisen die ook het asymptomatische parasitaire reservoir aanpakt. 

Onze resultaten tonen aan dat MDA effectief is bij het onderbreken van P. falciparum transmissie 

in een gebied met multiresistente falciparum malaria en dat MDA dient te worden overwogen als 

onderdeel van een snelle eliminatiestrategie. MDA in hotspots, als toevoeging op een uitgebreid 

netwerk aan community health workers betrokken bij de diagnostiek en behandeling van malaria 

in een vroeg stadium, heeft bewezen geleid tot de snelle reductie in transmissie tot het niveau 

van pre-eliminatie in de staat Kayin in Oost-Myanmar. Uit ons onderzoek alsook het onderzoek 
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van andere groepen, hebben we geleerd dat MDA met DHA-PPQ veilig is, wordt aanvaard door 

de gemeenschap en dat netwerken van community health workers bovendien een sleutelrol 

kunnen spelen bij de implementatie op grote schaal. In plaats van de toepassing van dure uPCR 

methoden om hotspots te identificeren op basis van prevalentie, zou het gebruik van routinematig 

verzamelde malaria incidentiedata mogelijk praktischer zijn om gebieden voor MDA te definiëren 

en aan te pakken. 

 

Om falciparum malaria snel uit Zuidoost-Azië te elimineren is meer nodig dan alleen 

vectorcontrole en verbeteringen in de behandeling van klinische malaria aangezien het 

asymptomatische reservoir een belangrijke rol speelt bij het in stand houden van transmissie. 

Goed aangepakte MDA is effectief en praktisch en dient mijns inziens nu te worden geëvalueerd 

op grotere schaal als onderdeel van een dringende respons op de alsmaar verslechterende 

situatie van multiresistente falciparum malaria in Cambodja. 
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Curriculum Vitae 

                       

I was born in 1976 in Khagrachhari, Bangladesh. After obtaining a medical degree from 

Chittagong University I was employed for six years as a physician in primary health care clinics 

working with Médecins Sans Frontières and the United Nations Development Program. While 

working in a malaria endemic areas in rural Bangladesh, I developed an interest in research on 

malaria, chiefly in clinical trials to understand the most effective ways of treating the disease. I 

met Professor Arjen Dondorp in 2008 and he inspired me to become research physician, I then 

began working at the Mahidol-Oxford Topical Medicine Research Unit (MORU) research station 

at Pailin Referral Hospital in Cambodia. In the decade since I have worked at MORU with a 

multinational team of researchers under the leadership of well-renowned scientists. The main 

focus of my work has been to conduct clinical trials to understand the nature of drug-resistant 

falciparum malaria in western Cambodia and develop treatments and strategies to combat the 

spread of resistance.  

 

In 2008-2010; after the first reports of artemisinin resistant falciparum malaria, I jointly conducted 

a trial to look at the effect of high-dose or split-dose artesunate against artemisinin-resistant 

falciparum in western Cambodia. The study found that increasing the artesunate treatment 

dosage up to 8mg/kg/d or splitting the dose does not improve parasite clearance in either 

artemisinin resistant or more sensitive Plasmodium falciparum infections.  

 

In 2011-13, I led the research team in Pailin, a site for the Tracking Resistance to Artemisinins 

Collaboration (TRAC) study, an open-label, multicentre clinical trial conducted at 15 sites in 10 

countries where a daily dose of either 2 or 4 mg per kilogram artesunate mono-therapy were used. 

Artemisinin resistance to P. falciparum was found to be prevalent across mainland Southeast 

Asia, and associated with mutations in kelch13. Prolonged courses of artemisinin based 

combination therapies were still efficacious in areas where standard 3-day treatments were failing. 

In 2014-16, I led the research team in Pailin for the Triple Artemisinin Combination (TRAC 2) 

study, which evaluated the efficacy, safety, and tolerability of combining three antimalarial 

treatments against standard artemisinin combination therapy (ACT) which combines only two. 

The aim was to determine whether triple therapy may replace ACTs as a more effective 1st line 

treatment in areas of drug resistance. The results of the trial will be published in 2018.  
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During 2013-14, I led a series of non-hospital-based epidemiological studies to understand 

asymptomatic plasmodium infections and explore whether these are a barrier to malaria 

elimination. The results showed that asymptomatic infections were common and probably did 

contribute to transmission. Therefore, during 2015-17 I jointly led the Cambodian sites for a 

multicentre clinical trial entitled Targeted Malaria Elimination (TME) which evaluated the 

effectiveness and safety of three round of mass drug administration (MDA) with 

dihydroartemisinin-piperaquine in areas of multidrug resistant falciparum malaria. Alongside the 

trial I worked on a series of social science studies to understand how MDA is best conducted and 

what factors affect participation. This intensive pilot study showed the model MDA to be highly 

effective and safe and that good coverage was achievable. 

 

Since 2017 I have coordinated the Cambodian sites for the Triple Artemisinin Combination 

Therapy Cambodia-Vietnam study (TACT-CV), a clinical trial which evaluates artemether-

lumefantrine with or without amodiaquine; the triple combination that may be the most appropriate 

treatment regimen for Southeast Asia due to the emergence and spread of piperaquine resistance 

in the region. The study will run to 2020 and to conduct it I have established a MORU new field 

station in a high transmission area of northern Cambodia on a tributary of the Mekong River, 

where I am now based and where I lead a small team of researchers and health staff. 
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Name PhD student:  Rupam Tripura 

PhD period: January, 2016–September, 2018 

Name PhD supervisor: Prof. Dr. M.P. Grobusch and Prof. Dr. A.M. Dondorp 

1. PhD training 

 Year Workload 

(Hours/ECTS) 

General courses   

Power Point Presentation,  Mahidol-Oxford Tropical Medicine 

Research Unit, and Bangkok, Thailand 
9 Aug 2017 0.3 

Academic Writing 1: Preparation and readability Academic  

Writing 2: Titles and Abstracts at  Mahidol-Oxford Tropical 

Medicine Research Unit, and Bangkok,Thailand 

15-16 May 

2017 0.5 

Specific courses   

Survival analysis: Kaplan-Meier,  Cox regression, time- 

Dependent covariates and competing Risks, Bangkok,  

Thailand 

24-26 May 

2017 0.9 

Training on Basic Good Clinical Practice at Mahidol-Oxford 

Tropical Medicine Research Unit, and Bangkok, Thailand 
28 Nov 2013 0.3 

Training on Basic Good Clinical Practice at Mahidol-Oxford 

Tropical Medicine Research Unit, and Bangkok, Thailand 

30-31 Jan 

2018 0.3 

Statistics at Mahidol-Oxford Tropical Medicine 

Research Unit, and Bangkok, Thailand 2016-2017 4.3 

Seminars, workshops (Oral Presentations /(Inter)national 
conferences) 

 

 

 

 

Targeted MDA in an area of multidrug resistant falciparum 

malaria in Cambodia. ECTMIH Antwerp, Belgium 

16 –20 Oct, 

2017 0.9 
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Presentation: Practical aspects of MDA implementation in  

Cambodia by MORU Presentation: Research on new  

combinations, Center for Parasitology Entomology and  

Malaria control, Cambodia and WHO Meeting 

on Diagnosis and Treatment in the context of Pf Elimination, 

 Raffles Hotel Le Royal. Phnom Penh, Cambodia. 

24-25 Nov, 

2016 0.5 

Targeted Malaria Elimination study in Battambang Sharing 

and learning –the way forward, MSF Workshop Phnom Penh, 

Cambodia. 

16-17 May, 

2016 0.5 

Update of Cambodia clinical study Challenges of CE: 

The community: response to CE and MDA TME CE / Social 

Science Update, MORU, Bangkok, Thailand. 

6-7 Nov, 2015 0.5 

Oral presentations: Topic:  Application of ultra-sensitive 

malaria NAAT: tool. The Joint International Tropical Medicine 

Meeting (JITMM 2015), at Amari, Watergate, in Bangkok. 

2-4 Dec, 2015 0.9 

2. Teaching : Tutoring, Mentoring, Supervising 

Research project of C.C.A.F.M. Veugen, University of 

Amsterdam, “The Epidemiology of subclinical Plasmodium 

falciparum and Plasmodium vivax malaria in western 

Cambodia: prevalence surveys in 12 villages in Battambang 

province” 

March-June 

2015 4.3 

Research project of Kloprogge SE from Erasmus University of 

Rotterdam: “History of malaria treatment as a predictor of 

subsequent subclinical malaria: a cross-sectional survey and 

malaria case records from three villages in Pailin, western 

Cambodia” 

August to 

November 

2014 
4.3 
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