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ABSTRACT 

Indonesia is one of the countries in Southeast Asia where malaria is a prominent public 
health concern with an estimated 15 million malaria cases annually and 42,000 deaths. 
The study explores the environmental risk factors of malaria guided by an eco 
epidemiological model of malaria transmission. A longitudinal and cross sectional 
approach has been employed for data gathering of the environmental variables, spatial 
and temporal patterns of malaria transmission, malaria vectors behaviour and human risk 
factors of malaria transmission in Indonesia. 

Three different regions in Indonesia were used for the study. The first area is West Timor 
which has the highest malaria incidence in Indonesia. The second location is Sukabumi 
District of West Java, which had a malaria outbreak in 2003. The final location is 
Kebumen District of Central Java, which has one of the highest malaria pocket areas in 
Java. All areas were divided into three different topographical settings – coastal, hilly and 
highland areas. 

In each study areas, the environmental data were analysed using t-test, ANOVA, 
Pearson Correlation, and General Linear Model Repeated Measures. Further, LISA 
(Local Indicators of Spatial Association) analysis using GIS was employed to explore 
local malaria spatial distribution and generate malaria maps for the malaria transmission 
areas based on the local spatial association.  

Adult mosquito (Anopheles spp) surveys were used to explore malaria vectors behaviour 
in different areas and different topographical settings. Finally, an interview program was 
used to collect data in order to understand human risk factors in malaria transmission. 
Human risk factors data were calculated using χ2 and logistic regression.  

The results show that 100% of West Timor‘s villages are in malaria endemic areas. 
Villages on the district boundary zones had more malaria than non-boundary villages. 
The number of rainy days had a significant positive correlation to malaria incidence. 
Humidity also had a significant positive correlation to malaria incidence. Altitude and 
maximum temperature had a significant negative correlation with malaria cases.  

In Sukabumi, West Java, altitude was not significantly correlated with malaria incidence. 
The risk of being infected with malaria was similar for respondents in coastal and 
highland areas. Rainfall, temperature, and wind speed were also not significantly 
correlated to malaria incidence in Sukabumi.  

In Kebumen, Central Java, rainfall patterns did not have a significant correlation with 
malaria incidence. Altitude, however, showed a significant correlation with malaria 
incidence, where more cases occurred at an altitude between 60 m and 200 m above sea 
level. 

Malaria incidence was higher in village than urban areas in all West Timor, West Java 
and Central Java. Number of very high-risk malaria villages was higher in dry than wet 
seasons in all areas. 

Eleven (11) Anopheles mosquito species were recorded during this study: An. aconitus, 
An. annularis, An. barbirostris, An. flavirostris, An. indefinitus, An. kochi, An. maculatus, 
An. subpictus, An. sundaicus, An. tesselatus, and An. vagus. Each species occupied 
different topographical settings and areas. The species behaved differently for host-
seeking and resting. Anopheles species which were very active in host-finding at night 
included; An. aconitus, An. barbirostris, An. subpictus, and An. vagus. Anopheles species 
with high vectorial capacity were An. subpictus and An. barbirostris. 
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This study found that occupation and outdoor activities were correlated with malaria 
incidence. Farmers and fishermen had a greater risk of being infected by malaria than 
those in other occupations. Overall, malaria incidence was higher in low socio-economic 
groups. However, Malaria incidence was not affected by education status: both low and 
highly educated groups had a similar malaria risk. In all the research areas, respondents 
who stayed outdoors at night and respondents who slept outside had a higher risk of 
being infected with malaria. This higher risk may be related to the mosquitoes‘ habit of 
seeking hosts more outdoors. Getting access to health facilities is an important aspect of 
the treatment of diseases, including malaria. 

This study concludes that malaria is still a prominent public health problem in Indonesia, 
in which the level of incidence and transmission vary based on geography and 
topographical settings. Malaria transmission has local characteristics resulting from the 
combination of many variables. The eco-epidemiological approach is a useful method for 
gaining insights into malaria variables in order to improve the understanding of malaria 
transmission in Indonesia.  

This study recommends that more attention be paid to malaria incidence at lower 
altitudes. This study found mosquitoes were more active outdoors, thus indoor residual 
spraying (IRS) is not recommended for malaria control in some areas. However, in West 
Timor Anopheles species predominantly feed and rest indoors. Thus, using insecticide 
treated nets (ITN) is likely to be effective in this area. Improvement of living conditions 
and implementing of mosquito-proof house programs would reduce malaria risk. 

This study also recommends that the extension of health facilities and health care 
delivery using local resources such as village midwives and malaria village cadres would 
provide an accessible malaria service for the villagers. In addition, to have better and 
more sustained results, integrated malaria intervention is needed. This includes adequate 
malaria treatment, good malaria surveillance systems and adequate vector control 
programs. These programs should be based on local conditions such as local weather, 
human behaviour, topographical and ecological settings, and vector species and their 
specific ecologies. Geographic information systems such as LISA (Local Indicators of 
Spatial Association) can be used to predict malaria risk areas and should be incorporated 
into the malaria surveillance system. 
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CHAPTER I — INTRODUCTION 

1.1 Statement of the Problem 

No animal in the world has touched so directly and profoundly the lives of so 
many human beings. For all of history and all over the globe she has been a 
nuisance, a pain, and an angel of death. Mosquitoes have felled great 
leaders, decimated armies, and decided the fates of nations. ... Each year 
millions die from mosquito-borne malaria. National economies are locked in 
isolation. ...  (Spielman & D'Antonio, 2001, pp. xv, xvi) 

 

Worldwide, malaria is still a public health problem with an estimated 3.3 billion 

people at risk of malaria in 109 countries and territories (WHO, 2008). Indonesia 

is one of the countries in Southeast Asia where malaria is a prominent public 

health concern. Indonesia is estimated to have around 15 million malaria cases 

annually with 42,000 malaria deaths (UNDP, 2004; MoH.RI-CDC, 2006a; 

SEARO, 2007). Indonesia has also been listed as one of the top ten countries in 

the world for population at risk from malaria infection (Guerra et al., 2006b; 

Guerra et al., 2006a). 

The eastern provinces of Indonesia have higher rates of malaria than other parts 

of the country. West Timor in Nusa Tenggara Timur (NTT) Province is one of the 

areas with a high number of clinical malaria cases in Indonesia (MoH.RI-CDC, 

2006a).  

Java is known as a hypoendemic malaria area. However, there are some 

persistent malaria pockets in which high malaria transmission still occurs. Areas 

with high malaria transmission include: Central Java, areas west of Yogjakarta 

(Baird et al., 1996b; Barcus et al., 2002; Nalim et al., 2002) and the Sukabumi 

District of West Java (Sukabumi District Health Office, 2006; Stoops et al., 2007).  

Malaria transmission cannot be separated from dynamic interaction between the 

classical triad of host, agent and environment, the three major components of this 

disease (Aron & Patz, 2001). A simple framework, illustrated in Figure 1, shows 

the interactions between humans, mosquitoes and environment in the malaria 

transmission process.  
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Figure 1. Framework of malaria transmission  

Adapted from Wilson (Cited in Aron and Patz, 2001, p.286) 

Plasmodium parasites are the agent, mosquitoes and humans are the hosts and 

reservoir of the parasites, and the environment is the place for interaction (Chin, 

2000; Harijanto, 2000; Zucker, 1996). These three factors have dynamic 

interactions between them, influenced by many variables, such as the type of 

ecosystem, the weather conditions, the availability of nutrients, the human 

immune response and the host-specific relationship (Aron & Patz, 2001). 

Indonesia has 24 Anopheles species that are capable of malaria transmission 

(O'Connor & Soepanto, 1989; Takken et al., 1990). The four Plasmodium species 

for human infections (Bruce-Chwatt, 1980; Chin, 2000; Warrell & Gilles, 2002; 

Greenwood et al., 2005) are found in Indonesia (Baird et al., 1990). ―Malaria is an 

ecological disease‖ (Garrett, 1994, p.454), meaning that the fundamental 

physical and biological processes in the environment also influence the survival 

and reproduction of all living organisms, including the disease agents. Hence 

malaria transmission is closely associated with environmental variables (Wilson, 

2001).  

It is the purpose of this research to better understand the environmental factors, 

spatial and temporal patterns of malaria transmission, malaria vectors and their 

interaction with humans and human risk factors in malaria transmission in 

Indonesia.   
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1.2 Research Questions, Aim, and Objectives 

1.2.1 Research questions 

The primary questions to be addressed by this study are:  

1. What are the environmental factors that influence the spatial and temporal 

patterns of malaria transmission in Indonesia? 

2. What are the malaria vectors and their behaviour relevant to malaria risk 

in Indonesia? 

3. What are the human risk factors in malaria transmission in Indonesia? 

1.2.2 Aim 

To investigate and identify variables that have a significant influence on 

malaria transmission, and to enable the results to be used in public health 

decision-making in order to control and prevent malaria transmission in 

Indonesia. 

1.2.3 Objectives 

The objectives of this study are: 

1. to explore environmental determinants of malaria which influence spatial 

and temporal patterns of malaria transmission;  

2. to explore malaria vectors and their interaction with humans in the 

transmission of malaria;  

3. to explore the role of human risk factors in malaria transmission;  

4. to analyse the spatial and temporal patterns of malaria using a geographic 

information system (GIS); 

5. to explore the use of eco-epidemiological approach to improve malaria 

control program. 
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1.3 Background 

Malaria is a parasitic disease caused by mosquito-borne protozoa of the genus 

Plasmodium which infects human red blood cells (Bruce-Chwatt, 1980; Chin, 

2000; Warrell & Gilles, 2002). Four Plasmodium species: P. falciparum, P. vivax, 

P. malariae and P. ovale are responsible for almost all human infections (Bruce-

Chwatt, 1980; Chin, 2000; Warrell & Gilles, 2002; Greenwood et al., 2005). 

Recently a fifth Plasmodium, P. knowlesi, was confirmed as infecting humans 

(Singh et al., 2004; Cox-Singh & Singh, 2008). The P. knowlesi was known as a 

simian malaria parasite (Chin et al., 1965). Knowlesi malaria is a zoonosis. 

However, it was found to infect humans and it is widely distributed in South East 

Asia (Chin et al., 1965; Cox-Singh & Singh, 2008), including Sarawak in 

Malaysian Borneo (Warrell & Gilles, 2002; Singh et al., 2004). 

Although P. vivax accounts for most malaria infections worldwide (Oaks et al., 

1991), P. falciparum has been recognised as the most serious agent, causing 

death from malaria worldwide (Snow et al., 2003; Greenwood, 2008; WHO, 

2008). Worldwide, high levels of P. falciparum endemic areas are common in 

Africa, uncommon in America and somewhat common in Central and South Asia 

with pockets of intermediate and high transmission areas (Hay et al., 2009). The 

top ten malaria endemic countries based on population at risk (PAR) are India, 

China, Indonesia, Bangladesh, Pakistan, Nigeria, Vietnam, Thailand, Democratic 

Republic of Congo, and Philippines (Guerra et al., 2006b; Guerra et al., 2006a). 

It is well known that malaria is an ancient deadly disease (Harrison, 1978), and it 

has been recognised as one of the main factors causing significant problems for 

public health (Sandosham & Thomas, 1983). Human efforts to control malaria 

have been well documented (Bruce-Chwatt, 1980; Sandosham & Thomas, 1983; 

Takken et al., 1990; Oaks et al., 1991; Warrell & Gilles, 2002; Hay et al., 2004).   

In 1600, the cinchona bark used by the Peruvian Indians in South America to 

treat malaria fever was introduced to Europe by Juan Lopez (Sandosham & 

Thomas, 1983; Oaks et al., 1991; Warrell & Gilles, 2002). A major advance took 

place in the nineteenth century with the discovery of the malaria parasite in 

human red blood cells in 1880 and P. malariae’s blood stages in 1881 by 
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Laveran (Bruce-Chwatt, 1980; Warrell & Gilles, 2002). Then the finding of P. 

vivax in 1890 by Grassi and Feletti followed; Welch, in 1897, found P. falciparum, 

and  Stephens in 1922, found P. ovale (Harijanto, 2000; Warrell & Gilles, 2002; 

Wiser, 2005). The first person to prove that malaria was carried not by air or 

water but by mosquitoes was Ronald Ross, a British physician, in 1897. Because 

of this discovery, Ross was awarded a Nobel Prize (Bruce-Chwatt, 1980; Shell, 

1997; Warrell & Gilles, 2002; Wiser, 2005). 

The first effort to control malaria was credited to the Greeks and Romans, who 

undertook major engineering projects to drain marshy areas (Oaks et al., 1991). 

Other remarkable control efforts were the success achieved by William Gorgas 

during the construction of Panama Canal from 1904 to 1914 (Bruce-Chwatt, 1977; 

Oaks et al., 1991; Warrell & Gilles, 2002), and the species sanitation by 

Swellengrebels in Indonesia (Takken et al., 1990). The anti-malaria campaign in 

Malaya (now Malaysia) by Watson, Wright, Daniels and Finlayson in the early 1900s 

was also implemented through species sanitation and protozoologic investigation 

(Sandosham & Thomas, 1983; Warrell & Gilles, 2002). Watson also had notable 

success in controlling malaria in Mauritius and Hong Kong (Bruce-Chwatt, 1977). 

Following the 1939 discovery of dichlorodiphenyltrichloroethane (DDT) by Paul 

Hermann Müller, the United States (US) began a serious attempt to eliminate 

malaria in 1943 which resulted in almost no malaria cases by 1952. However the 

program was latter abandoned. In 1954, a hemispheric eradication program was 

relaunched in the U.S. (Oaks et al., 1991). This malaria eradication program was 

endorsed by the World Health Organization (WHO), which officially launched the 

worldwide malaria eradication initiative that operated from 1955 to 1969 by using 

DDT to interrupt malaria transmission. The malaria eradication program was 

successful in reducing malaria transmission in many parts of the world (Greenwood 

et al., 2008). However, malaria transmission started to rise again after 1970 due to 

due to decreased spraying because of limited funding, increased resistance to 

important anti-malarial drugs and the pressure to stop using DDT (Oaks et al., 

1991; Greenwood et al., 2008). 

There are many factors that worsen malarial conditions. The WHO noted that war, 

conflict and the devastation of the environment in many parts of the world, 

especially in developing countries, have forced many people to move to malaria-
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prone areas. In addition, economic crises in many countries have led to the lack of 

resources to control malaria, and malnutrition contributes to an increase in the 

incidence of malaria by weakening many people‘s immune system. Another factor 

is the resistance of the pathogen Plasmodium [P.] falciparum to chloroquine (the 

first-line malaria regimen) which has occurred in many African and Asian countries 

and the resistance of the pathogen P. vivax in Indonesia, Myanmar, Papua New 

Guinea and Vanuatu (WHO, 2000). 

To stop the rise of malaria transmission Dr. Brundtland launched the Roll Back 

Malaria (RBM) initiative in 1998, bringing together multilateral, bilateral, non-

governmental, and private organisations with the aim of halving deaths from 

malaria by 2010 (RBM, 1998; WHO, 1998; Warrell & Gilles, 2002; Hay et al., 

2004; Mendis et al., 2009). The RBM is focused on four areas: the distribution of 

insecticide treated nets (ITNs) for children and pregnant women, the intermittent 

presumptive therapy (IPT) for pregnant women, early diagnosis and prompt 

treatment, and epidemic preparedness  (Muhe, 2002; Hay et al., 2004)    

Following the RBM, the signatories of the Abuja Declaration in 2000 also aimed 

to eliminate malaria as a public health problem. Other malaria initiatives include 

Global Fund to Fight AIDS, Tuberculosis, and Malaria, the World Bank Booster 

Program, the U.S. President‘s Malaria Initiative, and now, the Global Malaria 

Eradication Programme which was re-launched in October 2007 (Roberts & 

Enserink, 2007; Greenwood, 2008; Tanner & de Savigny, 2008).   

With increased support for malaria control efforts over the last 15 years, malaria 

is reported to have declined in 22 countries. In addition, malaria elimination was 

successful in Tunisia (1979) and the Maldives (1984). Countries with zero local 

acquired malaria are Mauritius (since 1988), the United Arab Emirates (1998), 

Egypt (1998), Morocco (2005), Syrian Arab Republic (2005), Armenia (2006) and 

Turkmenistan (2006). In 2007 the United Arab Emirates received the WHO 

certificate as a malaria-free country (WHO, 2008; Mendis et al., 2009). 

Unfortunately there are countries where malaria is still a public health burden. For 

example, WHO (2008) noted that even with a modest increase of ITNs, only six 

countries in Africa had sufficient nets to protect half of their population: Ethiopia, 

Kenya, Madagascar, Niger, Sao Tome and Principe, and Zambia. Additionally, 
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the proportion of children and pregnant women who slept under an ITN was 

lower (WHO, 2008). 

WHO (2008) further reported that most of the countries had adopted Artemisinin-

based combination therapy (ACT) as the first-line treatment for P. falciparum. Free 

treatment with ACT was available in eight of ten countries in South-East Asia. 

However, in other countries, the proportion of free ACT treatment was lower. In 

addition, survey results from Africa show that none of countries surveyed had 

adequate access to anti-malarial drugs. The average use of ACT for children was 

only 3% (0.1% - 13%).  These examples show that malaria remains a major public 

health problem worldwide. 

1.4 The Malaria Threat 

1.4.1 The malaria threat worldwide 

The burden of malaria has been recorded for more than five thousand years 

(Harrison, 1978). Malaria is the only disease that has changed the course of 

human history, defeated armies and even killed popes and kings (Honigsbaum, 

2001). The Roll Back Malaria (RBM) initiative noted that the malaria burden in 

various areas differs because of the influence of variation of parasite-vectors – 

human transmission dynamics, and the variability in the process of socio-

economic development. These socio-economic factors include poverty, dwelling 

type, health infrastructure and education (RBM et al., 2005).  

The substantial increased support for malaria control programs which has led to 

an increase in malaria intervention has reduced the malaria burden in some 

countries, but the burden remains high in many African and Asian countries 

(WHO, 2008; Hay et al., 2009; Mendis et al., 2009). 

The World Malaria Report published by the WHO in 2008 shows that half of the 

world population is still at risk of malaria. The disease is a global burden for 109 

countries and territories (WHO, 2008).   

Worldwide, three percent of people at risk of malaria live in Africa and 97% in 

other regions (WHO, 2008). The largest population living in malaria risk areas are 

in Southeast Asia (687 million) with an estimated 90-160 million infections and 

120,000 malaria deaths annually (Narain, 2008).  
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The world malaria map by Hay, et al. (2009) shows that in 2007 the total of all 

malaria stable areas was 29.7 million km2, that is 6.0 million km2 (20.3%) in 

America, 18.2 million km2 (61.1%) in Africa, Yemen and Saudi Arabia (Africa+) 

and 5.5 million km2 (18.6%) in Central and South Asia (CSA) regions. There were 

1.4 billion people exposed in stable malaria risk areas. Around 0.76 billion live in 

a very low risk malaria transmission area with P. falciparum parasite rate among 

2-10 years age group (PfPR2-10) < 5%;  0.604 billion or 79.5% from CSA, 0.115 

billion or 15.1% from African+ and 0.041 billion or 5.4% from America (Hay et al., 

2009). The prevalence of P. falciparum infection in a given childhood population 

also gives a portrait of the frequency of the level of parasite infection for those 

communities (Snow et al., 2004). 

The burden of malaria has great consequences for human life. It hampers 

economic and social development in many tropical and subtropical regions; it 

retards social, intellectual and political progress (Sandosham & Thomas, 1983); it 

affects cultural life; strikes at the agricultural system; paralyses certain people 

due to fear of becoming infected (Kiszewski & Teklehaimanot, 2004); and causes 

slumps in tourism due to fear of infection (Russell, 2004). 

In some heavy-burden countries, the cost of malaria accounts for up to 40% of 

public health expenditures, 30% to 50% of inpatient hospital admissions, and up 

to 60% of outpatient health clinic visits. This cost includes both personal and 

public expenditures on prevention and treatment (WHO, 2009). 

Malaria is responsible for a 1.3% reduction in economic growth for malaria-prone 

countries annually (RBM et al., 2005; WHO, 2009). Some studies claim a 12% 

reduction in income (WHO, 1998). Malaria also has a strong relationship with 

economics and poverty (Snow et al., 2005; Guerra et al., 2008). Gallup and 

Sachs (2001) explained that malaria has a strong negative association with 

income levels. Gallup and Sachs argue that malaria affected countries have a 

30% lower income than those without malaria (Gallup & Sachs, 2001). 

Furthermore, Sachs (2002) suggests that many African countries are impoverished 

because malaria impedes direct foreign investment, tourism and trade in these 

countries.  
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1.4.2 The malaria threat in Indonesia 

In Indonesia, malaria is still a prominent public health concern.  Around 114 

million of the 227.5 million Indonesians live in malaria-endemic areas. An 

estimated 15 million malaria cases occur annually, but only ten percent of these 

cases are treated in health facilities, and an estimated 42,000 deaths occur 

annually due to malaria (UNDP, 2004; SEARO, 2007).  

The Indonesian National Household Health Survey (MoH.RI, 2001) estimated 

that malaria specific deaths were 11 per 100,000 for men and 8 per 100,000 for  

women. In some villages, the malaria prevalence is quite high. Baird et al. (1993) 

reported that the prevalence rate of malaria ranged from 25% to 75% and over 

60% of adults and 85% of children had enlarged spleens due to malaria infection. 

Malaria field studies undertaken by the U.S. Naval Medical Research Unit 

(NAMRU–2) in Indonesia show that all four species of malaria parasites (P. 

falciparum, P. vivax, P. malariae and P. ovale) are found in Indonesia (Baird et 

al., 1990). The eastern-most provinces of Indonesia have higher rates of malaria 

than other provinces. Java and Bali have low malaria transmission but in the 

outer islands such as  Papua, Timor and Flores, malaria prevalence ranges from 

hyper- to holoendemic malaria (Baird et al., 1990). The province with the highest 

number of clinical malaria cases in Indonesia is Nusa Tenggara Timur (NTT) 

Province (MoH.RI-CDC, 2006a).  

The malaria control program in Indonesia has many constraints. The Indonesian 

Ministry of Health stated that the malaria control program was not successful due 

to epidemiological and operational factors (MoH.RI-CDC-Malaria, 2002). 

Epidemiological factors are related to both environmental conditions (Laihad, 

2000)  and the increased transmission risk due to environmental changes such 

as deforestation (Nalim et al., 2002). The spread of anti-malaria drug resistance 

(Baird et al., 1993; Nalim et al., 2002) and the movement of people have also 

contributed to incidences of malaria. In many parts of Indonesia, migrant workers 

can carry resistant and virulent parasites out of malaria areas and introduce them 

to other areas (Nalim et al., 2002). 

In addition, UNDP (2004) confirmed that malaria in Indonesia is linked to poverty 

as both a cause and an effect. It was shown that financial and cultural conditions 
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continue to be obstacles for malaria treatment and prevention in Indonesia. For 

example, the Indonesian economic crisis in 1997 impacted on malaria 

intervention programs because the government reduced funding allocated to the 

health sector, including funds for malaria control (Gani, 2000). The lack of 

resources and trained professional staff may also have contributed to the rise of 

malaria in Indonesia (SEARO, 2005). 

Malaria also takes a significant toll on the Indonesian economy. It is estimated 

that around US$ 56.5 million of individual income is lost annually due to malaria 

incidence. This figure does not include the revenue from foregone business 

investment and tourism in malaria-endemic areas (UNDP, 2004). 

1.5 Malaria Transmission 

Malaria is naturally transmitted to humans through the bites of the female 

Anopheles mosquito when she feeds. The mosquito needs blood to mature her 

eggs. The peak time of mosquito feeding varies from early dusk to the late dawn, 

depending on species (Chin, 2000). Other possible pathways of malaria 

transmission are intrauterine infection (congenital infection), transfusion infection 

(through blood donor), organ transplantation or through contaminated needles 

(The Wellcome Trust, 2001).  

1.5.1 Parasites 

Malaria transmission has a complex parasite life cycle which depends on both 

humans and mosquitoes (Becker et al., 2003). When the malarial parasite is in 

the mosquito, it develops an exogenous sexual phase (sporogony cycle); when it 

is in humans, the schizogony or asexual reproduction process of malaria 

parasites takes place. Therefore, the mosquito is the definitive host of the malaria 

parasite (Sandosham, 1965; Bruce-Chwatt, 1980; Chin, 2000) and ―humans are 

the only important reservoir of human malaria‖ (Chin, 2000, p. 312). The parasite 

life cycle is shown in Figure 2. 
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Figure 2. Life cycle of the malaria parasite  

Source: Becker et al. (2003, p.30) 

1.5.2 The parasite life cycle in the human host 

When the female Anopheles mosquito sucks blood from a human, the malaria 

parasites are introduced in the form of sporozoites (the final product of the 

sporogony cycle) through the mosquito‘s saliva into the human‘s blood circulation 

system. Thirty to sixty minutes later they reach the liver cells where they start to 

multiply. This stage is known as the pre-erythrocytic stage (Sandosham & 

Thomas, 1983).  

After several days, the sporozoites develop into schizonts, consisting of up to 

40,000 merozoites. Some merozoites infect the red blood cells and start the 

erythrocytic schizogony cycle. In the human blood stream, merozoites develop 

into a ring stage or young trophozoite. When the trophozoites have matured into 

schizonts, they rupture the host cell and release 6 to 24 of the merozoites. This 

erythrocytic schizogony cycle is repeated in the blood stream. The duration of 
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erythrocytic schizogony is known as the schizogonic period. As shown in Table 1, 

the length of the schizogonic period varies depending on the species of 

parasites. Furthermore, in the blood stream, some merozoites became sexual 

erythrocytic stages called gametocytes, which may be sucked up by the female 

Anopheles. The gametocytes consist of microgametocytes (male) and 

macrogametocytes (female). The clinical manifestation of malaria occurs in the 

parasites‘ blood cycles (Bruce-Chwatt, 1980; Chin, 2000).  

Table 1. Some comparative characteristics of sporogonic and 
schizogonic stages of the four species of human Plasmodium  

Species Duration of 
sporogony in 

Anopheles 
(days at 28

O
C) 

Diameter 
of mature 

oöcyst 

Appearance of 
pigment in 

oöcyst 

Duration of pre-
erythrocytic 

stage (days in 
human) 

Size of 
schizont 

Number of 
merozoites 

P. vivax 8-10 50 μm Feathery 6–8 45 μm + 10,000 

P. malariae 14-16 40 μm Clusters at 
periphery 

12–16 45 μm + 15,000 

P. ovale 12-14 45 μm Crossed line 9 60 μm 15,000 

P. falciparum 9-10 55 μm  5.5–7 60 μm 40,000 

Source: Warrell & Gilles (2002, p.12) 

1.5.3 The parasite life cycle in the mosquito host 

The female Anopheles mosquito ingests gametocytes while feeding. In the 

mosquito‘s stomach, the gametocytes mature and form a macrogamete (female) 

or microgamete (male). The male microgametocyte divides to form eight 

microgames, and when one of these penetrates a macrogamete, no other may 

penetrate and a zygote forms.  The zygote becomes motile and soon turns into 

the form of a oökinete; then the oökinete becomes an oöcyst. The oöcyst, which 

consists of hundreds of sporozoites, then gradually grows. The sporozoites then 

make their way to the mosquito saliva glands, from which they are transmitted to 

the human when the mosquito sucks the human blood. The malaria parasite‘s life 

cycle in the mosquito host takes 8 to 35 days to be completed, depending on the 

condition of the environment and the malaria parasite species (Sandosham, 

1965; Bruce-Chwatt, 1980; Chin, 2000).  
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1.6 The Clinical Manifestation of Malaria in Humans 

The clinical manifestation of malaria associated with the asexual erythrocytic 

stages (Sandosham & Thomas, 1983) has two periods, the prepatent period and 

the incubation period. The prepatent period is the period between an infective 

bite and the appearance of parasites in the blood stream, detected in a thick 

blood smear (Bruce-Chwatt, 1980; Chin, 2000). The incubation period is defined 

as the ―period between sporozoite inoculation by a mosquito bite and the first 

attack of fever‖ (Sandosham, 1965, p.67). The duration of the prepatent and 

incubation periods varies slightly depending on the parasite species (Table 2). 

The period can also be shorter or longer depending on environmental conditions 

(Chin, 2000). 

Table 2. Prepatent and incubation period duration (days)  

Period P. falciparun P. vivax P. ovale P. malariae 

Prepatent 6–12 8–12 8–12 12–16 

Incubation 7–14 8–14 8–14 7–30 

Adapted from Chin, 2000 

Sandosham and Thomas (1983) stated that the classical malaria fever attack 

consists of a stage of rigour or cold stage, a stage of fever or hot stage, and a 

sweating stage. This set of symptoms is often called ―trias malaria‖ (Harijanto, 

2000; Wiser, 2005;).  

As shown by Figure 3, at the first (cold) stage, the person feels an intense cold 

for about 15 to 60 minutes. In the second (hot) stage, the sufferer feels intense 

heat, dry burning skin and a throbbing headache for about two to six hours. The 

last stage is the sweating stage, in which the patient sweats profusely, the body 

temperature declines, the person becomes exhausted and feels weak and 

sleepy. This stage usually takes two to four hours (Sandosham, 1965; Wiser, 

2005).  
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Figure 3. A typical pattern of temperature (fever) in relation to blood-stage 
schizogony for the human malarial parasites 

Source: Bruce-Chwatt (1980) 

The clinical manifestations of malaria in humans vary, depending on the type of 

parasite, the immunological status, the general health and nutritional status of the 

person who is infected (Oaks et al., 1991; Harijanto, 2000; Wiser, 2005) and 

chemoprophylaxis (The Wellcome Trust, 2001). In areas where malaria is 

endemic, sometimes the infection is asymptomatic (Oaks et al., 1991). Other 

prodromal malaria symptoms include muscle pain, anorexia, nausea and 

lassitude (Harijanto, 2000; Chin, 2000). Sometimes diarrhoea occurs in malaria 

infection by P. falciparum (Chin, 2000). The most severe malaria manifestations 
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are cerebral malaria, anaemia in children and pregnant women, renal failure and 

respiratory distress syndrome (Nchinda, 1998; The Wellcome Trust, 2001). Renal 

failure, hypoglecemia, anaemia, pulmonary oedema and shock are the important 

contributors to malaria mortality. These complications are generally caused by 

P. falciparum infection (Oaks et al., 1991). Table 3 gives a summary of the 

clinical responses to malaria infection, from a complete lack of symptoms to life- 

threatening symptoms. 

Table 3. The various clinical responses to malaria infection 

No symptoms Infection in some people is completely asymptomatic 

 

 

 

 

 

 

Life-threatening 
symptoms 

Symptoms of mild (uncomplicated) malaria, include: 

 Fever 

 Watery diarrhoea and vomiting 

 Moderate anaemia 

At their most severe, symptoms of P. falciparum can 
include: 

 Coma (cerebral malaria) 

 Pulmonary oedema or respiratory distress 

 Acute renal failure 

 Severe anaemia 

 Hypoglycaemia 

Source: The Wellcome Trust (2001) 

1.7 Malaria Endemicity in the Community 

Malaria endemicity refers to the amount or the level of malaria in a defined area 

or community (Warrell & Gilles, 2002), measured by using a quantitative and 

statistical approach (Bruce-Chwatt, 1980) with a cut-off time of at least three 

years (Sandosham & Thomas, 1983). The widely used malaria endemicity 

measure is the prevalence of peripheral blood-stage infection within the 

community or the percentage of children, two to nine years old, who have spleen 

enlargement (Oaks et al., 1991; Warrell & Gilles, 2002). The spleen rate was first 

introduced in India in 1848 (Hay et al., 2008)  and later was revised by Metselaar 

and Van Thiel in the 1950s (Warrell & Gilles, 2002).  
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The level of malaria endemicity can be categorized into four groups, as shown in 

Table 4: 

a. Holoendemic: regions with intense transmission of malaria with high 

immunity level in population, especially in adults. 

b. Hyperendemic: seasonal transmission of malaria; the level of immunity is not 

sufficient to protect all age groups from malaria. 

c. Mesoendemic: regions that have some malaria transmission but in which the 

population has low immunity levels, so malaria becomes a problem. 

d. Hypoendemic: limited malaria transmission with low or no immunity among 

the population (Oaks et al., 1991; Harijanto, 2000; Wiser, 2005).  

Table 4. Classifications of malaria endemicity as defined by rates in 
children two to nine years old  

Endemicity Spleen rates Parasite 
rates 

Description Acquired 
immunity 
in adults 

Areas 

Holoendemic > 75% (children 
aged 2-9 
years), but low 
in adults (20%) 

>75% 
among 
infants 
(aged 0-11 
months) 

Perennial, intense 
transmission resulting in 
considerable degree of 
immunity outside early 
childhood  

Widespread Stable 
Malaria 

Hyperendemic 51% – 75% 
(children aged 
2-9 years), high 
in adults >25%) 

> 50% 
(children 
aged 2-9 
years) 

Areas where transmission is 
intense but seasonal, where 
the immunity is insufficient in 
all age groups 

Significant 

Mesoendemic 11% – 50% 
(children aged 
2-9 years) 

11% – 50% 
(children 
aged 2-9 
years) 

Typically found among rural 
communities in subtropical 
zones where wide 
geographical variations in 
transmission risk exist 

Not 
significant 

Unstable 
Malaria 

Hypoendemic 0–10% 
(children aged 
2-9 years) 

Very low Areas where there is little 
transmission and the effects, 
during an average year upon 
the general population are 
unimportant 

None 

Source: Warrell & Gilles (2002), Oaks et al. (1991); The Wellcome Trust (2001) 

Stable and unstable malarial areas  

Malaria can also be classified as stable and unstable (Warrell & Gilles, 2002). 

Malaria is stable when the incidence is consistently high through the years and 

the prevalence of infection is not sensitive to changes in the environment. In 

contrast, malaria is unstable in areas where the malaria transmission varies from 

year to year for a given area or community (Warrell & Gilles, 2002). In areas with 

unstable malaria the potential for epidemics is great and climate factors such as 
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rainfall are likely to play an important role (Bruce-Chwatt, 1980; Oaks et al., 1991; 

Reiter et al., 2004; Wiser, 2005). The differences between stable and unstable 

malaria are summarised in Table 5.  

Table 5. Unstable and stable malaria characteristics 

Characteristics Unstable Stable 

Endemicity Low to moderate; high 
endemicity may occur 

Very high endemicity is common; 
low to moderate may occur 

Determining causes Vector of low anthropophily 
and low to moderate 
longevity; climate condition 
favourable for short periods 
of transmission 

Vector of high anthropophily and 
moderate to high longevity; 
climate condition favourable for 
long periods of transmission 

Anopheline density (sufficient to 
maintain transmission)  

High (1 to 10 or more bites 
per person/night) 

Very low (as low as 0.025 bites 
per person/night. 

Seasonal change Pronounced  Not very pronounced, except for 
short dry season 

Fluctuation in incidence and 
predominant parasite  

Very marked and uneven. 
Most often P. vivax as main 
parasite 

Not marked and related to 
season. P. falciparum prevalent 
parasite 

Immunity in the population 
(Adults) 

Low with variation in some 
groups 

High, though varying in degree  

Epidemic outbreaks Likely when climate or other 
conditions suitable 

Unlikely to occur in the 
indigenous population 

Control or eradication feasibility Relatively easy Difficult 

Source: Bruce-Chwatt (1980, p.134); The Wellcome Trust (2001) 

The features of stable malaria transmission are intense, robust, and very difficult 

to interrupt (Oaks et al., 1991). In contrast, unstable malaria transmission is 

relatively easy to control and typically occurs in highland areas. While dependent 

on the vector, the upper limit of malaria transmission is about 2,000 metres 

above sea level. However, in anomalous weather conditions, malaria vectors and 

parasite development can be found as high as 2,500 metres above sea level 

(Kiszewski and Teklehaimanat, 2004). 

1.8 Malaria Intervention 

Measures for preventing and controlling malaria can be classified into five 

categories as proposed by Russel (1952, cited in Warrel and Gilles, 2002): 

1. Measures to prevent human-vector contact 

2. Measures to prevent or reduce mosquito breeding habitats 
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3. Measures to destroy mosquito larvae  

4. Measures to destroy or reduce the number of adult mosquitoes 

5. Measures to eliminate malaria parasites in the human host. 

The success of malaria intervention is based on the understanding of local 

epidemiology of the disease, facilities and resources available through 

appropriate situation analysis (Warrell & Gilles, 2002). Table 6 presents the 

principles of comprehensive malaria control.   

Table 6. Comprehensive malaria control principles 

Type of control Effect 

Individual protection: 
Mosquito repellents 
Insecticide-treated mosquito net (ITN) 
Insecticide-treated curtains 
Protective clothing 
Treated clothing 
House screening 
House sitting 
Use of pyrethroid aerosols 
Antimosquito fumigants 
Deviation to animals 

Reduction of human-mosquito contact 

Vector control: 
Environmental modification and manipulation 

 
Reduction of vector breeding habitats 

Chemical and biological larvacides Reduction of vector densities 

Insecticide outdoor space spraying  Reduction of vector densities 

Indoor residual insecticide spraying Reduction of longevity of vector population 

Antiplasmodial measures: 
Early diagnosis and treatment of acute cases of 
malaria 

 
Elimination of malaria parasites and 
prevention of transmission 

Chemoprophylaxis and suppression of malaria 
infection  

Radical treatment of relapses 

Mass treatment (epidemics) 

Social participation: 
Health education 

 
Motivation for personal and family protection 

Social mobilization Stimulation of community action for 
prevention and control 

Information, education and communication (IEC) Modification of human attitudes and 
behaviour 

Health systems: 
Health systems 

 
Essential for delivery of malaria control 

Management effectiveness Sustain gains achieved 

Source: Warrell & Gilles (2002, p.114) 

With respect to malaria intervention, there are three levels of intervention/expected 

outcomes: control, elimination and eradication. Control is the reduction of cases to 

an acceptable and manageable level at which malaria is no longer a public health 

problem; however continued intervention is necessary to sustain the reduction. 
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Elimination means the interruption of malaria transmission to a zero incidence in a 

defined geographical area as a result of deliberate efforts, although it is possible for 

imported cases to occur; thus continued intervention is needed to stop transmission 

re-establishing. Eradication means a permanent reduction of infection incidence to 

zero through deliberate efforts. Intervention measures are no longer needed once 

eradication has been achieved (Warrell & Gilles, 2002; WHO, 2006b; Roberts & 

Enserink, 2007; Hay et al., 2008; Mendis et al., 2009). 

In the early decades of the 20th century, most malaria intervention focussed on 

breeding site elimination through species sanitation and antilarval measures.  

These interventions have been shown to be effective to reduce malaria through 

the work of Ross in Sierra Leone and Gorgas in Panama (Bruce-Chwatt, 1977; 

Warrell & Gilles, 2002; Keiser et al., 2005), Watson in Malaysia, Hong Kong and 

Mauritius, and Swellengrebels in Indonesia (Bruce-Chwatt, 1977; Sandosham & 

Thomas, 1983; Takken et al., 1990; Warrell & Gilles, 2002). 

In the late 1940s, the first malaria elimination campaign was implemented in the 

U.S. and the period from 1955 to 1969 saw the first Global Malaria Eradication 

program  (Russell, 1969; Warrell & Gilles, 2002). Malaria interventions were 

mostly based on the application of DDT through indoor residual spraying (IRS) in 

order to reduce or destroy adult mosquitoes. The chemoprophylaxis for malaria 

treatment and prevention used chloroquine as antimalarial drugs (Greenwood et 

al., 2008). By the end of 1967 this program had resulted directly or indirectly in 

the eradication of malaria from areas that had a combined population of  654 

million (Russell, 1969).  

Between 1969 to 1991, the focus of malaria intervention was on research and 

development leading to advances in drug therapy. Social, economic and cultural 

factors have been brought into the program but with little global support (Tanner 

& de Savigny, 2008). During this period, malaria control faced many obstacles 

such as resistance of malaria vectors to insecticides, resistance of plasmodia to 

antimalarial drugs, changes in the agricultural system, financial and political 

problems which resulted in global increases in malaria again (Warrell & Gilles, 

2002; Greenwood et al., 2008).  Hay et al. (2008) noted two factors that led to the 

failures of the first Global Malaria Eradication campaign: first, there were areas 

where malaria transmission was never interrupted; and second, even where the 
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transmission was interrupted, the interruption could not be maintained because 

health-care infrastructure was not adequate.  

In 1992 the WHO set up four fundamental elements for the reduction of malaria 

morbidity and mortality: 

1. Early diagnosis and prompt treatment; 

2. Selective application of vector control, including human-mosquito barriers; 

3. Development of epidemiology information systems; and 

4. Early detection or forecasting of epidemics and rapid application of control 

measures (Warrell & Gilles, 2002). 

During the Roll Back Malaria and the Global Malaria Eradication Programs, the 

main objective was to interrupt malaria transmission through a time-limited, 

geographically comprehensive, IRS campaign of sufficient duration; the 

distribution of insecticide treated nets (ITNs) for children and pregnant women; 

the intermittent presumptive therapy (IPT) for pregnant women; early diagnostic 

and prompt treatment with ACT; and environmental management and larval 

control especially in urban areas with high density population (Hay et al., 2004; 

WHO, 2008).    

1.9 Developing the Eco-epidemiological Approach to 
Disease 

The eco-epidemiological concept in malaria was first used by Bruce-Chwatt to 

classify areas in malaria epidemiology into various ecotypes for better 

understanding of the transmission dynamics of malaria, the parasites and 

vectors, and human ecology (Gilles, 1993). However, it was not until 1996, that 

the eco-epidemiological concept was explicitly proposed by Mervyn and Ezra 

Susser. They envisioned a new future of epidemiology that recognised multilevel 

causation and emphasized the ties that bind epidemiology to public health, 

constituting the ecological perspective (Susser & Susser, 1996a, 1996b; Susser, 

2004; March & Susser, 2006). Eco-epidemiology is a relatively new 

epidemiological paradigm whose evolution is summarised in Table 7 below.  
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Table 7. The evolution of modern epidemiology to an emergent era 

 

Source : Susser & Susser, (1996a, p. 676) 

Whilst epidemiology is ―the study of the distribution and determinants of health-

related states and events and the application of this study to control of health 

problems‖ (Last, 1996, p. 1099), the ecological perspective embraces the 

interrelation of all living things (March & Susser, 2006). Eco-epidemiology is 

defined as the ―study of ecological influences on human health‖. It is also defined 

as a ―Conceptual approach combining molecular, societal, and population-based 

aspects to study a health-related problem‖ (Medical Dictionary, 2009).  

In the era of sanitary statistics and miasma (first half of 19th century), 

environmental causes were seen as the main determinants on the broad and 

multiple manifestations in morbidity and mortality. Hence, the preventive 

approach focused on the improvement of environmental conditions such as 

drainage, sewerage and sanitation.  

The infectious disease epidemiology and germ era was from the late 19th century 

to the first half of 20th century. This era was initiated by Louis Pasteur‘s 

demonstration of a living organism as the agent in an epidemic afflicting 

silkworms that culminated in 1865 and then by the establishment of 

mycobacterium as the cause of tuberculosis by Robert Koch in 1882. During the 

―germ theory‖ era, narrow laboratory perspectives viewed single agents as 
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related to a specific disease. Hence during this era, the prevention approach to 

interrupting disease transmission focused on vaccines, isolation, quarantine, 

hospital-based treatment and, later, antibiotics (Susser & Susser, 1996a, 1996b).  

The terminology of chronic disease epidemiology started during the latter half of 

20th century and was recognised as the beginning of the chronic diseases era. 

This era was highlighted by the work of British epidemiologists Richard Doll, 

Austin Bradford Hill, Jeremy Morris and Thomas McKeown, who conducted case-

control and cohort studies on smoking and lung cancer, and the early cohort 

studies on coronary heart disease. By their early cohort studies which found 

serum cholesterol and smoking as risk factors for coronary heart disease, they 

demonstrated the power of the observational method and established its 

credentials. Chronic diseases epidemiology emphasized the risk ratio of 

exposure to outcome at the individual level in populations. Prevention required an 

approach that focussed on the control of risk factors was by modifying lifestyle, 

agents and environmental conditions as shown in Table 7 above (Susser & 

Susser, 1996a, 1996b).  

The eco-epidemiological era was characterised by two factors: (1) a 

transformation in global health patterns and (2) new technology. Nowadays, 

health problems driven by societal problems point to the location of underlying 

difficulties. Thus, the analysis of mass data at the individual level might produce 

misleading results. Inferring causation at the individual level from population level 

comparisons can be fallacious. By contrast, an atomistic fallacy is inferring 

causation at the population level from individual level comparisons (Susser & 

Susser, 1996a, 1996b; March & Susser, 2006). 

Eco-epidemiology involves multilevel thinking which acknowledges the 

differences between individual health determinants and those of a population 

(Susser, 2004; March & Susser, 2006). The central elements of eco-

epidemiology are multiple levels of organization, the individual life course, equal 

consideration of communicable and non-communicable diseases, the imprint of 

historical time, and the dynamic relationship between macro-causes such as  

societal change, and micro-causes  such as genetic mutations (March & Susser, 

2006). The eco-epidemiological analytical approach analyses the determinants 

and outcomes at different levels of organization, within and across contexts, as 
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well as using new information systems and new biomedical techniques (Susser & 

Susser, 1996a).  

1.9.2 Eco-epidemiological approach to malaria 

With the emergence of  epidemiological and ecological research methods 

(Susser & Susser, 1996a, 1996b; Susser, 2004; March & Susser, 2006), the eco-

epidemiological approach is now being used in malaria studies. In the malaria 

field, the eco-epidemiological concept has been used to classify malaria areas 

based on different ecological settings (Keiser et al., 2005) and according to their 

determinant factors (van den Berg & Takken, 2007). This concept was proposed 

by Bruce-Chwatt (Gilles, 1993) and recently expanded upon by the World Health 

Organization (WHO, 2006a). Some examples of the eco-epidemiological 

approach in malaria research are discussed below. 

Keiser, et al. (2005) presented a systematic review of reducing the burden of 

malaria in different ecological settings from the past to the present emphasising 

that environmental management is highly effective in reducing morbidity and 

mortality. Environmental management is a sustainable strategy for malaria 

control approach, with respect to different ecological settings. In their review, 

Keiser et al. (2005) divided malaria ecological settings into four categories: (1) 

malaria of deep forest, forest fringe and hills; (2) rural malaria attributable to 

water resources development and management; (3) rural malaria attributable to 

wetlands, rivers, streams, coast and non-agricultural man-made habitats; (4) 

urban and peri-urban malaria. Each of the ecological settings requires different 

management strategies to address malaria problems. Some selected examples 

of environmental modification interventions for malaria control in Indonesia in the 

past can be seen in Table 8.  
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Table 8. Environmental modifications used for malaria intervention in 
different ecological settings in Indonesia 

Place/Time Ecological 
settings 

Principal 
malaria vectors 

Breeding sites Environmental 
modification 
intervention 

Sibolga, Sumatra/ 

1911–14 

Rural malaria An. sundaicus 

An. sinensis 

An. aconitus 

An. maculatus 

Brackish water 
collections in 
tidal zone 

Fill, raise surface of 
seaside area, replace 
open drains with closed 
drains 

Hutanapon, 
Sumatra/ 

1917–30 

Rural malaria An. sundaicus 

 

Fresh-water 
fishponds 

Drain all fishponds and 
ban fish cultivation 
within 3 km of towns 
and villages 

Banyuwangi, Java/ 

1926-30 

Rural malaria, 
Coastal Towns 

An. sundaicus 

 

Marine 
fishponds, 
brackish water 
collection in 
tidal zone 

Give up fishponds and 
restore tidal action by 
cutting bunds, filling, 
raising of surface of 
seaside area, construct 
dikes and drain diked 
area through tidal 
valves; construct lined 
drains in residential 
areas 

Cianjur, Java/ 

1935-38 

Rural malaria, 

Village irrigation 
system 

An. aconitus Ricefields that 
remain 
inundated after 
harvests; field 
ditches; 
fishponds 

Install technical 
irrigation systems; plant 
one rice crop per year 
and drain field after 
harvests 

Ende, Flores 
Island/1943 

Rural malaria, 

Coastal towns 

Not known Lagoons Fill lagoons 

Kisaran, Sumatra/ 

No dated 

Rural malaria. 
Rubber 
plantations 

An. maculatus 

An. sinensis 

In sunlit water 
collection after 
clearing forest 

Drain rubber plantations 
and land within 800 m of 
dwellings 

Source: Takken, et al. (1990) 

In Venezuela, Morales (2006) highlighted the importance of eco-epidemiology as 

a new vision and discipline in fighting and preventing diseases including malaria, 

and its use in current public health policy.  

In India, the National Institute of Malaria Research (NIMR), through the integrated 

disease vector project, also used the eco-epidemiological settings to study 

malaria and its control with respect to different ecotypes and malaria 

epidemiology (NIMR, 2007).  
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1.9.3 Eco-epidemiological approach for this study 

The incidence of malaria is governed by many factors including environmental, 

mosquito, human, and disease management factors. All of these factors have an 

inter-relationship in the system which determines the level of malaria incidence in 

the community.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The eco-epidemiological conceptual model used in this research 

The inter-relationship of these factors in this study comprises the ―eco-

epidemiological‖ model of malaria transmission. Figure 4 describes the 

framework of the eco-epidemiological model of malaria transmission. This 

conceptual model was used as a guide for conducting this research. In this model, 

malarial incidence level is described as the result of the interaction of these 

factors within this model. These include environmental factors (where the 

transmission takes place), mosquito and pathogen ecology, human factors and 

the disease management program.  
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The environmental risk factors include altitude, temperature, rainfall, humidity, 

wind speed, water salinity, and soil moisture. The mosquito variables include 

vector distribution and their habitats, types of vectors, meal and resting places, 

and age. Human factors include age, socio-economic status (SES), education, 

housing type, basic sanitation, nocturnal activities, malaria protection practice, and 

access to health care facilities. The variables are summarised in Table 9. 

Table 9. Eco-epidemiological approach variables of malaria risk factor 
analysis in this study 

Environmental Mosquito/pathogen 

distribution 

Human/socio-
economic 

Disease 
management 

Altitude 

Temperature 

Rainfall 

Humidity 

Wind speed  

Vector habitats 

Type of mosquito 
vectors 

Preferred blood meal 

Mosquito life-span 

Age 

Socio-economic status 

Education  

Housing type 

Basic Sanitation 

Movement pattern 

Nocturnal activities 

Malaria protection 
practiced  

Access to health care 

Referring to the eco-epidemiological concept which applies multi-level thinking 

and an analytical approach to examine the disease‘s determinants and outcomes 

at different levels (Susser, 2004; March & Susser, 2006), this study has applies 

different levels of data organisation and data analysis in an integrated approach. 

This study analyses malaria data from national to village level. At national level, 

the study focuses on analysing malaria incidence from national surveillance data. 

The study focus then narrows to malaria and its determinant factors at district 

and villages level. 

1.10 Overview of the Research 

This thesis explores the environmental risk factors of malaria in Indonesia guided 

by an eco-epidemiological model of malaria transmission. This thesis integrates 

three related studies that investigate environmental, entomological and human 

factors in malaria transmission. Each study is a self-contained chapter, 

containing literature review, methods, results, analysis and discussion.  
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The thesis consists of seven chapters. Chapter One presents an introduction to 

this study. Chapter Two presents a review of the malaria situation in Indonesia 

using national malaria surveillance data. Chapter Three examines the factors 

associated with spatial and temporal heterogeneity of malaria transmission in 

three areas: West Timor, West Java and Central Java. In this part, malaria 

surveillance data from each area is analysed separately. Chapter Four 

investigates malaria vectors and their behaviour relevant to malaria risk in 

Indonesia, focusing in West Timor and Java areas. Chapter Five explores human 

risk factors in malaria transmission based on surveys using questionnaires in 

selected villages in each study area. Chapter Six presents an eco-

epidemiological approach for malaria in Indonesia based on all the findings from 

this study. Finally, Chapter Seven summarizes the findings of the study, 

discusses its limitations and gives recommendations for future research on 

malaria control.  
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1.10.1 Overview of research method and expected outcome 

Research question 1:  “What are the environmental factors that influence the spatial and temporal patterns of 
malaria transmission in Indonesia?” 

Generic null hypothesis:  There is no relationship between environmental factors and  the spatial and temporal 
patterns of malaria transmission in Indonesia. 

Background 
knowledge 
(literature review) 

 Understanding of malaria epidemiology and environmental factors affecting malaria 
transmission. 

 Understanding the use of a geographic information system in malaria research 

Research methods  Collecting malaria data and calculate disease rate from malaria notification data 

 Classification of research into three different topographical settings: coastal, hilly and 
highland 

 Collecting and analyzing  climate data: rainfall, temperature, humidity and wind speed 

 Statistical analysis of disease and environmental factors using T-test, ANOVA, Pearson 
Correlation, and General Linear Model Repeated Measures 

 Spatial analysis of malaria cases distribution by altitude and geography reference (xy coordinate) 

 LISA (Local Indicators of Spatial Association) analysis using GIS to explore local malaria 

spatial distribution and generate malaria maps for the areas based on the local spatial 
association. 

Expected outcomes  Environmental determinant factors in malaria transmission 

 Malaria stratification and level of endemicity in the study areas  

 Temporal pattern of malaria transmission and the effect of environmental factors on malaria 
transmission patterns. 

 Malaria spatial/ geographical distribution patterns.  

Research questions 2:  ―What are the malaria vectors and their behaviour relevant to malaria risk in 

Indonesia?” 

Generic null hypothesis:  There is no relationship between malaria vectors and their behaviour and malaria risk 

in Indonesia. 

Background 
knowledge (literature 
review) 

 Understanding malaria vectors and their distribution in Indonesia 

 The role of malaria vectors in transmitting the disease. 

 Understanding entomologic survey methods and vector capacity calculations. 

Research methods  Adult mosquito (Anopheles spp) surveys in different areas and topographical settings. 

Expected outcomes  Information about Anopheles spp distribution in study areas. 

 Information about Anopheles density and behaviors, including feeding and resting habits.  

Research question 3:  “What are the human risk factors in malaria transmission in Indonesia?” 

Generic null hypothesis:  There is no relationship between human risk factors and malaria transmission in 
Indonesia. 

Background 
knowledge (lit.review) 

Understanding human risk factors in malaria transmission.  

Research methods  Collecting data using interviews with a questionnaire on human risk factors: age and 
occupation, socio-economic condition, malaria experienced in the family, nocturnal 
activities, the location of house in relation to the potential mosquito breeding and resting 
places, malaria protection and access to health facilities. 

 Calculating human risk factors in malaria transmission using χ2
 and logistic regression 

Expected outcomes  Information about human risk factors in malaria transmission that can be used to prevent 
or avoid malaria infection. 
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1.10.2 Areas of study 

This ecological-based study has several settings. Ecological studies view disease 

as the result of interactions between populations of hosts and parasites (Swinton, 

2002). The subjects in ecological studies are the population within a certain 

geographical area. 

Figure 5 shows the study areas in West Timor, West Java and Central Java. 

Three areas in different provinces have been chosen to represent three different 

malaria situations and a variety of ecological settings: Sukabumi District in West 

Java; Kebumen District in Central Java; and West Timor in Nusa Tenggara Timor 

(NTT) Province. In the Sukabumi District, a malaria outbreak occurred in 2003 

(Sukabumi District Health Office, 2006; Stoops et al., 2007) but the disease was 

apparently not endemic. Kebumen District has a low malaria endemicity but this 

area has several persistent pockets of malaria transmission (Baird et al., 1996b; 

Barcus et al., 2002; Nalim et al., 2002). West Timor has one of the highest 

incidences of malaria in Indonesia (MoH.RI-CDC, 2006a).  A recent study shows 

that malaria incidence in the Kebumen District is high relative to other locations in 

Central Java (Prabowo, 2002).  The three areas are described below in more 

detail. 

 

Figure 5. Study areas in West Timor and Java (West and Central Java) 
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Nusa Tenggara Timur 

(NTT) at a glance: 

Geographic location:  

8˚ to 12˚S and 118˚ to 125˚’E 

No of islands: 566 

Area: 47,350 km2 

Population (2005): 4,260,294  

Districts: 20 

Sub Districts: 215 

Villages: 2,727 

Malaria Infected Villages: 701  

Health Centres: 244  

(BPS NTT, 2006) 

1.10.2.1 West Timor 

West Timor is part of the Nusa Tenggara Timur 

(NTT) Province of Indonesia. The capital city is 

Kupang. Geographically, NTT is located between 

8o to 12oS and 118o to 125oE and consists of 566 

islands covering an area of 47,350 km2. The 

biggest islands in NTT are Flores, Sumba, Timor 

and Alor. Together, these four islands are called 

Flobamora (BPS NTT, 2006).  

In 2009 NTT had 19 districts and one municipality; 

however during the data collection phase of the 

thesis in 2007, there were 16 districts. Of these, 

four districts (Kupang District, Timor Tengah Selatan (TTS), Timor Tengah Utara 

(TTU), and Belu) and one municipality, Kota Kupang, are located in West Timor.   

The total area of West Timor is 15,121 km2 or 32% of NTT Province. West Timor 

is divided into 79 sub districts and 701 villages, served by 90 health centres. The 

2005 population of West Timor was 1,514,221 (CDC-NTT, 2005; BPS NTT, 2006) 

or 37% of NTT‘s population (4,260,294).  

A map of the West Timor areas is shown in Figure 6.  
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Figure 6. Map of West Timor in Timor Island, Nusa Tenggara Timur (NTT) Province
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Sukabumi at a glance: 

Geographic location:  

6˚57’ to 7˚25’S and 106˚49’ to 
107˚00’E 

Area: 4,128 km2 

Population (2004): 2,230,411  

Sub Districts: 45 

Villages: 343 

Malaria Infected Villages: 65  

Health Centres: 56 (Sukabumi 
District, 2004; Sukabumi District 
Health Office, 2006) 

In general, Timor Island (hereafter referred to as Timor), like other places in 

Indonesia, experiences distinct rainy and dry seasons. Between June and 

October, the weather in Timor is influenced by Australia‘s weather. The winds 

blowing from Australia to Timor have little moisture and this causes the dry 

season. Between December and March, moist winds from Asia and the Pacific 

Ocean blow toward Timor and cause the rainy season. Timor has a much drier 

climate compared to the rest of Indonesia, especially western Indonesia (BPS 

NTT, 2006). 

The dry season lasts eight to nine months, while the wet season lasts three to 

four months. The temperatures vary from 16OC to 34OC with a 26OC to 28OC 

average and the relative humidity ranges from 63% to 97% with a mean of 83% 

to 89%  (BPS NTT, 2006). 

Although Timor has a drier climate, the highest proportion of working population 

is in the agriculture sector. NTT Bureau of Statistics data show that 78% of the 

population in the region work at agriculture or farming, 6% work in the services 

sectors, 6% in manufacturing or industry, 4% as traders and about 5% of the 

population work in other related sectors (BPS NTT, 2006). 

The education status of the working population in NTT is low. About 70% of the 

working population have finished primary school, 16% have finished junior high 

school (grade 9), 12% have graduated from senior high school (grade 12), and 

only 3% hold a diploma or university degree (BPS NTT, 2006).  

1.10.2.2 Sukabumi District – West Java 

Sukabumi District is located in West Java 

Province, and Pelabuhan Ratu is the capital. 

Sukabumi is about 160 km from Jakarta. 

Sukabumi lies between 6˚57‘ and 7˚25‘S; and 

106˚49‘ and 107˚00‘E, with a total area of 

4,128 km², 14% of the total area of West Java 

and 3% of the whole of Java Island. 

Sukabumi is surrounded by Bogor District 

(north), the Indian Ocean (south), Lebak 

District (west) and Cianjur District (east). 
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Sukabumi has 343 villages and 45 sub districts and is served by 56 health 

centres (Sukabumi District, 2007).  

A map of Sukabumi District is shown in Figure 7.  

 

 

 

Map of Indonesia with the study area  

Map of West Java Province 

Figure 7. Map of Sukabumi District in West Java Province 
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Kebumen at a glance: 

Geographic location:  

7o27o to 7º51ºS and 109o22 o to 
109o50o E 

Area: 1,281.115 KM2 

Population (2003): 1,231,872  

Sub Districts: 26 

Villages: 460 

Malaria Infected Villages: 110  

Health Centres: 73 (Kebumen 
Central Board of Statistics, 2007) 

The general topography of Sukabumi consists of an undulating surface in the 

south and a mountainous area in the north and central areas, with the altitude 

ranging from 0 to 2,960 metres. The southern part of Sukabumi has a 117km 

long coastline. Sukabumi has several high mountains, including Mt. Salak and 

Mt. Gede, with heights of 2,211 metres and 2,958 metres respectively (Sukabumi 

District, 2007). 

Sukabumi is a typical tropical area with heavy rainfall. The average annual 

precipitation in Sukabumi, was 1,873 mm (2002- 2006 ) or 279 mm per month. 

The wettest month is December with 22 rainy days (598 mm rain). In the northern 

district, the average rainfall was 2,000 – 4,000mm per year, which was higher 

than the southern part with its average of 2,000 – 3,000mm per year. Overall, the 

temperature ranges from 17.6 to 32.1OC with an average of 24.1OC and an 

average humidity of 88% (West Java, 2000; Sukabumi District-BAPPEDA, 2007; 

Sukabumi District, 2007).  

Sukabumi has a population of 2,230,411 (2004). The population growth rate is 

1.7% and population density is 540 per km2. There are 592,000 households in 

Sukabumi (Sukabumi District, 2004, 2007). Most of the Sukabumi population 

works in the agriculture sector (57.6%), 42% work in the industrial and labour 

sectors, and less than 0.1% of the population work as government employees 

(Sukabumi District, 2004). The education level of the working population in 

Sukabumi is low.  A total of 22% heads of household have not finished primary 

school. Most of the working population have completed only primary and junior 

high school (66%) and just 13% have finished high school (year 12) or hold a 

university degree (Sukabumi District, 2004). 

1.10.2.3 Kebumen District – Central Java 

Kebumen District is part of the Central Java 

Province, located between 7O27O and 7O51OS; 

and between 109O22O and 109O50OE. 

Kebumen is surrounded by the Indian Ocean in 

the south, Purworejo District in the east, 

Cilacap and Banyumas Districts in the west, 

and Wonosobo and Banjarnegara Districts in 
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the north. Its total area is 1,281 km² and it comprises seashores, lowland, hills 

and mountains (Kebumen Central Board of Statistics, 2007). A map of Kebumen 

District is shown in Figure 8. 

 

 

 

 

 

Map of Indonesia with the study area 

 

 
Central Java Province 

Figure 8. Map of Kebumen District in Central Java Province 
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This District has a dry and wet season, with an average of 102 rainy days per 

year and a rainfall index of 1,339 mm per year. The heaviest rainfall is in 

January, with about 17 rainy days and 490 mm of rain. The driest month, with no 

rain, is August. August is also the coldest month as the temperature is usually 

about 15.3OC, while the hottest month is April, when the temperature is 

approximately 31OC (Kebumen Central Board of Statistics, 2007).  

The district population is 1,231,872, and the population density is 962 people per 

km2 with a population growth rate of 0.9% per annum. Kebumen has 26 sub 

districts with 464 villages, and is serviced by 73 health centres and eight 

hospitals (Kebumen Central Board of Statistics, 2007).  

As in other areas of Indonesia, most of Kebumen‘s population work in the 

agriculture sector (53%), followed by the services sector with 19%, and 6% of the 

population work in industry or in construction. The level of education in Kebumen 

is low. Most of the people (89%) have only finished junior high school (grade 9) 

or lower. Very few people have graduated from senior high school (10%) and 

only 2% have a university degree (Kebumen Central Board of Statistics, 2007). 

1.11 Significance of the Study 

Although malaria is transmitted by mosquito bites and theoretically, an episode of 

malaria could be caused by a single bite (Oaks et al., 1991), there is conclusive 

evidence that the environment plays a key role in malaria transmission, involving 

the malaria parasites, the host and the malaria vector itself in an ecological web 

(Billingsley & Knols, 2003; Kiszewski & Teklehaimanot, 2004). The environment 

is an important mediator in extending or reducing the infection by altering the 

abundance of pathogens and/or the frequency and nature of infectious contact. 

The interaction among these variables has been long established (Aron & Patz, 

2001) and it is sustained under the influence of the dynamic interaction of many 

variables including peoples‘ habits, the behaviour of the mosquitoes which 

transmit the disease, climate, development activities, urbanisation and other 

environmental attributes (Aron & Patz, 2001; Gallup & Sachs, 2001).  

Environmental factors such as rainfall, temperature and humidity dominate as 

determinants of mosquito vector abundance, and thus of the risk of malaria. 
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Some environmental factors are relatively constant, such as altitude and slope. 

However many others are changing – some slowly and others rapidly. For 

example, changes in land-use and migration will affect disease risk (Martens & 

Hall, 2000). Also, scientists are concerned that climate change may have a 

significant effect on the distribution of malaria, extending its range into areas 

which are presently marginal (Martens & Hall, 2000). As a result, detailed data on 

malaria risk, severity, and fundamental perspectives of where (distribution);  why 

(environmental determinants); how (transmission intensity) and when 

(seasonality) malaria occurs are needed for malaria intervention strategies 

(MARA/ARMA, 1998).  

Even though the clinical effects of malaria are similar in many areas, malaria has 

a geographic distribution with local specific characteristics (Gallup & Sachs, 

2001). Sandosham (1965, p.viii) stated that ―the blind acceptance of conclusions 

arrived at elsewhere and the adoption of control schemes found satisfactory in 

other countries have frequently resulted in disasters‖. This is because malarious 

areas differ with respect to ecological settings, vector species, parasite species 

and human behaviour.  

For practical malaria control, an effective and efficient information system is 

needed to pull all of these determinants together into a cohesive and credible 

model of risk dispersion in time and space. Nchinda (1998) also noted that in 

aiming to control malaria, some basic questions need to be addressed: what is 

the existing knowledge about malaria and its determinants?; are these tools and 

resources enough?; and have the governments and communities been 

sufficiently prepared?  

This study will analyse a wide range of environmental, vector and human factors 

in order to build a more comprehensive model of malaria risk. It will apply a 

holistic view of environmental determinants from three different ecological zones 

and malaria-infected areas. This will lead to more accurate observations and 

predictions of mosquito and parasite ecology, and human and environmental 

factors. A comparison of predicted to observed incidence of malaria allows an 

examination of model robustness.  

Bergquist (2001) stressed the need for using geographic information systems 

(GIS) to examine  the spatial patterns of vector-borne diseases. This research will 
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employ GIS technology to develop malaria-risk maps incorporating environmental 

as well as epidemiological data. Based on the African experience, Sipe and Dale 

(2003) have proposed that GIS has a very high potential for supporting malaria 

research in Indonesia. GIS risk maps can be used to assess and predict the risk 

of malaria (and other vector-borne diseases). This approach will also be of 

benefit in generating risk maps for public health management and for appropriate 

vector control programs. 

In summary, this research will contribute to: 

a. A better understanding of factors influencing malaria transmission, including 

environmental, mosquito and human behavior in malaria transmission 

variables in a range of different ecological zones in Indonesia, especially in 

West Timor, West Java and Central Java. This will be of significant benefit to 

health officers and malaria program managers in these three areas by 

enabling them to focus their limited resources precisely in the most affected 

areas and to take action at the appropriate time. 

b. The use of GIS technology to develop risk maps for malaria planning, control 

activities and other vector-borne disease management. This will advance the 

application of GIS technology as an early warning system to maximize 

preventative measures and implement contingency planning. It will also 

enable mobilization of resources appropriate for managing the particular 

category of disease occurrence. 

c. A better decision-making process to predict or control malaria based on the 

proposed eco-epidemiological factors which influence malaria transmission. 
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CHAPTER II — A DESCRIPTION OF MALARIA IN 
INDONESIA 

2.1 Introduction 

Malaria is a life-threatening disease in Indonesia. The disease is endemic in 

almost all of Indonesia‘s 17,508 inhabited islands. Approximately 114 million of 

the 227.5 million Indonesians live in malaria-endemic areas. It is estimated that 

15 million malaria cases occur each year, with 42,000 deaths (UNDP, 2004; 

MoH.RI-CDC, 2006a; SEARO, 2007). Table 10 provides a summary of malaria in 

Indonesia in 2006.  

Table 10. Malaria in Indonesia, 2006 

Area % Pop at Risk % of Districts with Malaria 

Indonesia 49.6 70.3 

Sumatra 77.4 80.3 

Java – Bali 28.7 31.4 

NTB 91.8 88.9 

Kalimantan 76.8 80.8 

Sulawesi 85.8 88.9 

East NT, Maluku & Papua 95.2   96.7 

Source: MoH.RI-CDC (2006b)  

Malaria transmission in Indonesia is associated with many factors. The malaria 

control program has not been successful due to epidemiological and operational 

factors. These factors include biological resistance to anti-malaria drugs and 

insecticides, the intensification of malaria transmission due to ineffective malaria drug 

administration, economic difficulties due to the 1997 Indonesian economic crisis, the 

increase of malaria transmission risks due to population movement and 

environmental changes -- particularly deforestation. The lack of trained medical staff 

has also contributed to the increase of malaria cases (Baird et al., 1990; Baird et al., 

1993; Baird et al., 1996a; Barcus et al., 2002; Nalim et al., 2002; SEARO, 2007). 
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In addition, because Indonesia is an archipelago, there are disparities in the 

malaria situation in the islands (Achmadi, 2008). For example, the districts in 

Java–Bali areas were particularly successful in managing malaria, whilst districts 

and municipalities in the outside Java–Bali islands (outer islands) were less 

successful (Baird et al., 1996b; MoH.RI-CDC, 2006b). These problems make the 

malaria problem in Indonesia difficult. This chapter discusses malaria conditions 

and factors associated with the transmission of malaria in Indonesia.  

2.2 History of Malaria in Indonesia 

There is a large amount of information on malaria in Indonesia; however most 

has been published in report papers or presented at conferences, rather than 

published in English language refereed journals (Dachlan et al., 2005; Syafruddin 

et al., 2009). Thus, this section will highlight the gap between what has been 

published in refereed journals and the reports about malaria in Indonesia. 

2.2.1 Malaria in Indonesia during the Dutch Era 

The history of malaria in Indonesia parallels the Dutch colonization of Indonesia 

(Takken et al., 1990; Van der Brug, 1997, 2001). Van de Brug (1997, 2001) reported 

that in 1733, an unknown deadly disease was spreading in Batavia (now Jakarta) – 

the main seat of the Dutch East India Company in Asia. This disease, which was 

later confirmed as malaria, caused a high level of mortality among personnel, sailors, 

soldiers and craftsmen. It was claimed that more than 85,000 Dutch East India 

Company personnel died because of malaria, Batavia was known as the 

unhealthiest city in Asia after 1733 (Van der Brug, 1997, 2001). Table 11 below 

shows the mortality among the newly arrived Dutch East India Company soldiers in 

Batavia before and after 1733.   

Table 11. Mortality among the newly arrived Dutch East India Company 
soldiers in Batavia 

Date In the first 6 months after arrival In the first 12 months after arrival 

Before 1733 6% 10% 

After 1733 40–60% 50–70% 

Source: Van der Brug (1997, p.894) 
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In the early 19th century (1852 to 1854), Dutch military doctors reported an outbreak 

of malaria in Cirebon, West Java  (Laihad, 2000). The factor that was believed to 

have caused the epidemic of malaria was the sudden increase of mosquito 

breeding places due to permanent structural changes in the environment (Van 

der Brug, 1997, 2001). An unpublished military map of the defensive works of 

Batavia by Reimer in 1788 showed large numbers of saltwater fishponds in 

Batavia – an exclusive breeding place for An. sundaicus and An. subpictus (Van 

der Brug, 1997, 2001).  

 

Figure 9. Reimer’s map in 1788 shows part of the defensive work in 
Batavia with fishponds in the north part of the town. 

Source: Van der Burg (1997, p. 899) 
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In addition, reports from Van Breemen, a physician from the Government Health 

Service in 1918, and from Nicolas Hendrik Swellengrebel, a biologist in Batavia in 

1920, acknowledge fishponds as An. sundaicus breeding places (Takken et al., 

1990; Van der Brug, 1997, 2001). Swellengrebel was the central figure in the 

fight against malaria in Java and Sumatra in the 1920s  (Takken et al., 1990; Van 

der Brug, 1997, 2001).  

Another report about malaria in Java during the Dutch era came from Gardiner 

and Oey (1983). In their report on morbidity and mortality in Java between 1880 

and 1940 based on the Colonial Reports, they found that malaria was a 

significant contributing factor to mortality during that period. 

 

Figure 10. Number of deaths due to the ―fever‖ epidemic in Java and 
Madura in 1870 – 1903, taken from the Koloniaal Verslag, Issues 
1871 to 1904 

Source: Gardiner & Oey (1983, p. 11) 

In Figure 10, Gardiner and Oey (1983) show the number of deaths due to fever 

which were later defined as malariaziekten. From 1880 to 1903, the average number 

of deaths was more than 16,000. A major malaria epidemic was also reported to 

have occurred in 1863 and in 1869, and a major peak in 1880-1881. Another peak 

occurred between 1890-1892 with substantial levels of mortality throughout the 

remainder of the 1890s (Gardiner & Oey, 1983). 

In other parts of Java, severe local malaria epidemics were noted by Gardiner 

and Oey (1983) in Semarang and Cirebon in the early 1900s. In 1902, there were 
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23,149 malaria deaths reported in Semarang (Gardiner & Oey, 1983). Semarang 

was the unhealthiest city in Central Java in early 1900s as was reported by 

Swellengrebel in 1918 (Verhave, 1990). In Cirebon in 1903, 3.5 per cent of 

population died from malaria (Gardiner & Oey, 1983).  

Gardiner and Oey (1983) found some difficulties following following malaria trends 

after 1904 but suggested that malaria remained a major problem with some 

occasional outbreaks up to the mid 1920s. Until 1925, most areas of Jakarta and 

northern coastal Java were endemic malaria areas (Laihad, 2000). This 

assessment was supported by the 1925 study by Walch and Soesilo of eight areas 

in Java which found that the spleen rate exceeded 80%, indicating malarial 

infection (Barcus et al., 2002).  

2.2.2 Malaria control in Indonesia during the Dutch Era 

Because of the high number of malaria cases up until the early 1900s, the Dutch 

authorities implemented malaria control programs based on two 

recommendations by Dr Terburgh, a military physician and the inspector of Civil 

Medical Service in East Java (Verhave, 1990). These included the prophylactic 

use of quinine and the elimination of breeding places by clearing marshes and 

regulating water drainage.  

Gardiner and Oey (1983) pointed out that in the late 1870s quinine was made 

available to the native population, however it was not until 1906 that it began to be 

subsidized, and after 1909 it was distributed free. However the effect of quinine in 

reducing malaria was unclear. There were continual complaints about the difficulties 

in getting people to take the quinine and to complete the full drug treatment due to 

side effects from taking the drug (Gardiner & Oey, 1983). The problems of the 

quininisation program were confirmed by Dr Terbugh in 1919 (Verhave, 1990). 

The success story of the malaria control program during the Dutch era comes 

from the implementation of environmental modification through the assainering 

(Gardiner & Oey, 1983) and species sanitation program (Takken et al., 1990). 

Assainering was the process of swamp drainage to control malaria. The 

assainering, however, was implemented only on a small scale, mostly in major 

cities and towns (Gardiner & Oey, 1983). 
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The biggest success story on Dutch era malaria control was the implementation 

of species sanitation by Nicolaas Sweellengrebel (Takken et al., 1990). Species 

sanitation as defined by Watson in 1911 was ―a natural approach of vector 

control, directed against the main vectors, through modification of the habitat in 

such a way that the vectors avoid these areas‖ (Takken et al., 1990, p.5). The 

fundamental thought about species sanitation from Sweellengrebel was that not 

every Anopheles mosquitoes transmits malaria. Thus, the knowledge of each 

malaria vector and its breeding place was very important in order to chose 

appropriate sanitation measures (Verhave, 1990). 

Sweellengrebel described the differences between these two sanitation principles: 1) 

the general anti-malaria sanitation or general assainering is conducted by destroying 

all the actual or potential breeding places for all Anopheles mosquitoes; and 2) the 

specific anti-malaria sanitation or species sanitation or species-assaineering is 

conducted by destroying only the actual or potential breeding places of the proven 

dangerous Anopheles species in the targeted areas (Verhave, 1990). The species 

sanitation proved to be more successful and was considerably cheaper than total or 

general sanitation (Takken et al., 1990). 

Sibolga in North Sumatra was the first location where sanitation works for 

controlling malaria from 1915 to 1919 were implemented. The sanitation works 

were also implemented in Cilacap, Surabaya, Banyuwangi, Probolinggo, 

Panarukan and Jakarta (Takken et al., 1990).  

2.2.3 Malaria in Indonesia after independence  

In 1949, four years after Indonesian independence, a malaria survey was carried 

out in Marunda, an isolated coastal village in Java, which was a highly endemic 

malaria area. The results of this survey showed a spleen rate of 91.5% in 

children, of 83.6% in adults, and parasite rates of 35.8% and 10.7%, respectively. 

An entomology survey also found the presence of An. sundaicus and An. 

subpictus in the areas (Van Thiel & Winoto, 1951). In late 1949, the north coastal 

areas of Jakarta were categorised as holoendemic malaria areas (Van Thiel & 

Winoto, 1951; Barcus et al., 2002). 

Soeparmo and Laird (1954) reported that up until 1954, malaria was endemic in 

almost all the inhabited islands of Indonesia. In rural Java areas, the average 
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malaria mortality rate was 20 per 1,000 per year. In some endemic areas, the 

rate varied from 20 to 50 per 1,000 per year, though it reached 400 per 1,000 per 

year during epidemics (Soeparmo & Laird, 1954).  

The discovery of Dichlorodiphenyltrichloroethane (DDT) by Paul Hermann Müller 

in 1939, resulted in wide applications for malaria control programs after World 

War II (Warrell & Gilles, 2002). In Indonesia, DDT was used first for house 

spraying in Marunda village in 1949 (Van Thiel & Winoto, 1951). O‘Conor and 

Arwati (1974) reported that an aerial larvaciding with DDT was also implemented 

in three areas of Java: Cilacap (Central Java), Tanjung Priok (Jakarta) and 

Cirebon (West Java) between 1945 and 1949.  

In 1951 the Malaria Institute in Jakarta supported by the International 

Cooperation Administration (ICA) and WHO launched DDT spraying operations 

to control malaria in areas with spleen rates of 50% or greater in various areas of 

Java, South Sumatra, Northern Central Sulawesi and Maluku. A malaria pilot 

project was launched in Cilacap in 1951. In addition, a five year plan to protect 30 

million people in living in malaria infected areas was implemented in 1955  

(Atmosoedjono, 1990).  

In Papua (previously known as Netherlands New Guinea), a decision to 

undertake a pilot project of malaria control with residual spraying, especially with 

DDT was made in 1952 (Metselaar, 1957). The first pilot area was in Hollandia, in 

the basin of Sentani Lake (Metselaar, 1956) where residual DDT spraying was 

successful in controlling malaria transmission (Van Thiel & Metselaar, 1954; 

WHO, 1954; Metselaar, 1956, 1957). Because of the positive results, the project 

was expanded to cover Hollandia, Biak, and Manokwari. Along with the DDT 

spraying, a prophylactic anti-malarial was given to non-immune immigrants. The 

other anti-malaria works included anti-larva measures (WHO, 1954). However, it 

was very limited in scale due to the variety and quantity of breeding places 

(Metselaar, 1956). 

The results of DDT treatment were encouraging and from 1951 to 1959 DDT 

spraying was gradually extended to cover many areas in Indonesia. This effort 

gained much success, with around 18 million people being protected by 1958 

(Laihad, 2000).  
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In 1959, the Indonesian government decided to convert the control program into 

a Malaria Eradication Program (MEP) with the assistance of WHO and ICA 

(Atmosoedjono, 1990; Laihad, 2000). The malaria eradication protocol was 

signed in January 1959 and aimed to eradicate malaria from the country by 1970 

through three phases: pre-eradication (one year), attack period (three years) and 

a three-year surveillance program. In March 1959 the National Malaria 

Eradication Service (NMES) or in Indonesian terminology was known as KOPEM 

(Komando Operasi Pembasmian Malaria = malaria eradication commando 

operation) was established to run the MEP (Atmosoedjono, 1990; Laihad, 2000).  

DDT spraying operations under the KOPEM strategy were continued in order to 

protect the whole population of Java, Bali and Lampung (southern part of 

Sumatra). These areas were home to around 63% of the Indonesian population. 

The program interrupted malaria transmission in most areas, and by 1965, the 

slide positive rate (SRP) was only 0.15% (Laihad, 2000). However, due to 

political turmoil in 1965 much of the foreign aid stopped and in 1966 malaria rates 

started to rise again (Atmosoedjono, 1990; Laihad, 2000).  

By the end of 1968, NMES was reorganised, and malaria control activities were 

integrated as part of the public health service under the coordination of the 

Directorate General of Communicable Diseases Control (DGCDC). Malaria 

control policy was also changed and all activities were managed at headquarters 

level through the malaria sub-directorate of DGCDC. In 1969, Indonesia started 

its first Five Year Development Plan or Rencana Pembangunan Lima Tahun 

(REPELITA I). Malaria control programs continued with more than eight million 

houses sprayed, but the malaria situation kept deteriorating until 1973, with the 

SPR reaching a level of 4.7% with an Annual Parasite Incidence of 4.4% 

(Atmosoedjono, 1990; Laihad, 2000).  

In 1985-1988, during the fourth REPELITA, the implementation of malaria control 

in Java-Bali provinces was different to the other Indonesian islands. In Java-Bali, 

the activities consisted of active case detection and passive case detection, 

blood test for malaria confirmation, drug treatment, IRS, larvaciding, biological 

control and limited environmental management. In the Java and Bali islands, 

malaria control was carried out in all provinces and focused on reducing malaria 

pocket areas (Atmosoedjono, 1990; Laihad, 2000).  
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For the remainder of Indonesia, the high priority areas were the transmigration 

project areas as well as other socio-development areas and areas bordering 

other countries. Malaria control activities in these areas included IRS, 

malariometric surveys in the priority areas and treatment of clinical malaria in 

health centres (Atmosoedjono, 1990; Laihad, 2000). Those activities, however, 

could not stop the re-emergence of malaria (Laihad, 2000). At present, malaria is 

still endemic in more than 50% of districts in Indonesia (MoH.RI-CDC, 2006a). 
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SPR (%) of Malaria in Outer Islands (outside Java-Bali areas)
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Figure 11. Malaria slide positive rate (SPR) in Indonesia, 1963 - 2003 

Source:   1963 – 1997 (SEARO, 2007), 1998  – 2006 (MoH.RI-CDC, 2006), analysed by author. 
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Today the malaria situation in Indonesia is worse than in 1973.  Figure 11 above 

shows that the number of malaria cases in both Java-Bali areas and the outer 

Islands has dramatically increased. The SPR in Java-Bali areas reached a peak 

in 2005, with an SPR of 33%, with an exponential increased after 1998. In the 

outer islands, the peak was in 2003 with an SPR of 58%.   

The Roll Back Malaria (RBM) policy for malaria control was launched in October 

1998 by the Director-General of WHO, Dr. Gro Harlem Brundtland (WHO, 1998). 

The RBM is a form of global partnership to address malaria as a priority health 

issue. The aim of RBM is to decrease the global malaria burden by strengthening 

the health sector and by interventions based on local needs (WHO, 2000).  

Indonesia has adapted the RBM initiative as the Malaria Eradication Movement 

or Gerakan Kembali Memberantas Malaria, in short, GEBRAK MALARIA (Laihad, 

2000). ―GEBRAK MALARIA‖ is a national movement covering all community 

components for controlling malaria through partnerships between government 

and private non-government organizations (NGO) and international and donor 

agencies. The ―GEBRAK MALARIA‖ initiative was launched in Kupang, West 

Timor in April 2000 (MoH & SW RI & WHO, 2001). 

The ―GEBRAK MALARIA‖ initiative includes a number of elements: 

a. Evidence-based decisions by applying surveillance approach, appropriate 

response and reviving awareness. 

b. Proper diagnosis and treatment. 

c. Prevention by various methods including mosquito nets, insecticide residual 

spraying, environmental management, biological control and protection of 

infants, children under five years and pregnant mothers. 

d. Research and development of new drugs, vaccines, insecticides, and 

operational as well as epidemiological activities. 

e. Well coordinated activities to strengthen current health services. 

f. Harmonization of the activities to organize a dynamic global movement (MoH 

& SW RI & WHO, 2001).  
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2.2.4 Malaria situation in Indonesia, 1997 - 2006 

In Indonesia, malaria cases are determined from clinical diagnosis and laboratory 

tests. In this study, malaria data from clinical diagnosis and from the laboratory 

(confirmed cases) were analysed separately. The clinical data are presented as 

the Annual Malaria Incidence (AMI), while the laboratory data are presented as 

the Slide Positive Rates (SPR). The AMI and SPR indicators are commonly used 

to classify malaria-endemic areas. Using these indicators, the distribution of 

malaria across Indonesia can be classified.  

Annual Malaria Incidence (AMI) 

Using the AMI, malaria-endemic areas in Indonesia are classified into the 

following types: 

 Low Incidence = AMI 0–50 per 1,000 people per year 

 Medium Incidence = AMI 51–150 per 1,000 people per year 

 High Incidence = AMI Over 150 per 1,000 people per year  

Nationally, the outer islands (outside Java-Bali), especially the eastern provinces 

(East Nusa Tenggara, Maluku and Papua), had the highest number of clinical 

malaria cases. AMI from 1997 to 2006 at national level, showed increases in all 

areas, including Java–Bali areas and the outer islands. Table 12 and Figure 12 

show the malaria situation in Indonesia from 1997 to 2006.   

Table 12. Malaria incidences in Indonesia, 1997–2006 

Java-Bali
Outside 

Java – Bali
National

Java – 

Bali

Outside 

Java – Bali
National

Java – 

Bali

Outside 

Java – Bali
National

1997 1,366,050 1,366,050 16.60         16.60       33.21           33.21     

1998 1,614,844 1,614,844 21.90         21.90       39.96           39.96     

1999 1,603,822 1,603,822 24.90         24.90       33.60           33.60     

2000 1,475,704 1,702,508 3,178,212 11.79  31.09         11.79       13.67  38.50           13.67     

2001 1,475,704 1,522,831 2,998,535 9.66    26.20         13.78       14.35  46.55           14.35     

2002 1,010,265 1,650,409 2,660,674 8.46    22.27         13.62       19.01  45.59           19.01     

2003 785,362 1,697,544 2,482,906 7.04    31.09         13.11       19.88  58.15           19.88     

2004 480,048 1,723,705 2,203,753 7.07    22.24         16.96       20.87  40.41           20.87     

2005 376,547 1,736,718 2,113,265 10.01  24.75         19.61       32.73  52.78           32.73     

2006 412,584 1,754,444 2,167,028 11.04  23.98         19.60       28.18  41.48           28.18     

Average 859,459 1,637,287 2,238,909 9.30    24.50         17.19       21.24  43.02           25.55     

AMI (per 1,000) SPR (%)

NA NA NA

Years

Clinical Malaria Cases

 

Note: AMI = Annual Malaria Incidence, SPR = Slide Positive Rate  

Source: SubDit Malaria, MoH.RI-CDC (2006a); analysed by author 
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The increase was primarily due to malaria incidence in the outer islands, where 

the case numbers more than doubled (Average AMI = 24.5 per 1,000 and 

SPR=43%) compared to areas in Java–Bali  (Average AMI = 9.3 per 1,000 and 

SPR= 21%).  

ANNUAL MALARIA INCIDENCE (CLINICAL CASES PER 1,000) IN INDONESIA

0

10

20

30

40

50

60

70

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

A
M

I 
p
e
r 

1
,0

0
0

AMI (1,000) Java-Bali AMI (1,000) Outer Java - Bali AMI (1,000) National

MALARIA SLIDE POSITIVE RATE (SPR %) IN INDONESIA

0

10

20

30

40

50

60

70

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

S
P

R
 (

%
)

SPR (%) Java-Bali SPR (%) Outer Java - Bali SPR (%) National

 

Figure 12. Annual malaria incidence and slide positive rate, 2001–2006 

Note: AMI = Annual Malaria Incidence, SPR = Slide Positive Rate  

Source: SubDit Malaria, MoH.RI-CDC (2006a); analysed by author 
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Figure 13. The top 10 Indonesian provinces with highest AMI, 2001–2006 

Source: SubDit Malaria, MoH.RI-CDC (2006a); analysed by author 



 52 

The two graphs in Figure 12 illustrate the significant differences between malaria 

infection in the Java–Bali areas and the outer islands. Both areas show an increase 

in malaria incidence in recent years, but the infection rate has been higher in the 

outer islands. For example, from 2001 to 2006, the average AMI at national level 

was 17.2 per 1,000 per year and SPR was 25.6%, but the average Annual Malaria 

Incidence (AMI) in NTT was about 150 cases per 1,000 per year, followed by Papua 

with 116 cases per 1,000.  

As can be seen in Figure 13, the NTT (or East Nusa Tenggara) Province ranked 

at the top of the AMI figure from 2001 to 2006, followed by Papua, North Maluku, 

Bangka-Belitung Island, Maluku, Yogjakarta, Central Sulawesi, West Nusa 

Tenggara, Jambi and North Sulawesi. From 2005 to 2006, there was a significant 

increase in malaria cases in Papua, where the AMI was over 200 per 1,000. The 

number of malaria clinical cases fluctuated during from 2001 to 2006, but in 

general the infection rate was stable in these provinces.  

Slide Positive Rate (SPR) 

Using the SPR, malaria-endemic areas are classified into three categories: 

 Low Prevalence = SPR : < 2% per year 

 Medium Prevalence = SPR : 2–4% per year 

 High Prevalence  = SPR : Over 4% per year 

The SPR is only used for malaria stratification in the Java and Bali areas, where 

an active case detection system is used. This system allows health workers or 

malaria volunteers (village cadres) to go door to door to find those who are 

suspected of suffering from malaria, and collect blood samples for examination. 

This system was introduced nationally as a new policy in 2000, when the RBM 

was implemented. Every suspected malaria patient has to be tested for 

confirmation by a blood examination. Even though national policy requires all 

malaria clinical cases or suspected cases to have a blood examination, the 

proportion of blood confirmation outside of the Java–Bali  provinces is still low. 
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Table 13. The ten most malarious provinces in Indonesia (2003–2006) 
based on malaria reported cases, total slides tested, average 
SPR and P. falciparum (Pf) proportion 

No Provinces Total 
Reported 

Cases 

Total 
Slides 
Tested 

Proportion 
of Cases 
Tested 

Average 
SPR  

Average  

of Pf 
Proportion 

1 East Nusa Tenggara 2,558,366 766,139 30 47.02 40.25 

2 Papua 1,237,019 564,497 46 61.32 32.96 

3 West Nusa Tenggara 316,228 186,090 59 23.63 37.52 

4 Central Sulawesi 211,225 62,753 30 41.63 33.16 

5 Jambi 198,703 60,841 31 36.68 16.30 

6 Aceh 88,542 37,968 43 26.98 64.21 

7 Central Kalimantan 90,951 30,215 33 44.33 23.70 

8 South Kalimantan 44,112 22,565 51 61.43 33.99 

9 South Sulawesi 51,584 20,334 39 29.06 22.86 

10 East Kalimantan 35,295 15,585 44 33.78 67.80 

Source: SubDit Malaria, MoH.RI-CDC (2006a); analysed by author 

Table 13 shows the ten most malarious provinces based on the total reported 

clinical malaria cases nationally. Of these ten most malarious provinces, the 

proportion of malaria cases tested for confirmation was less than 50%. The 

exceptions were West Nusa Tenggara (59%) and South Kalimantan (51%). 

Provinces with a high level of malaria cases tend to have a lower proportion of 

blood samples tested. For example, NTT province had the highest number of 

blood slides tested, but in fact this was only 30% of the clinical cases. Thus, the 

number of blood samples tested shown by Table 13 above, did not give the 

actual malaria status.  

According to the SPR indicator, South Kalimantan had the highest SPR from 

2003 to 2006.  Papua, Maluku, North Maluku and East Nusa Tenggara are also 

on the list of provinces with high malaria infection. Surprisingly, in Figure 14, 

Gorontalo Province in Sulawesi island joined the top ten of the most malarious 

areas based on SPR, followed by North Sulawesi, Central Kalimantan, Bengkulu 

and Central Sulawesi. Therefore, even though the number of clinical cases in other 

provinces (in Kalimantan, Sulawesi and Sumatra islands) was lower than the eastern 

provinces, in fact those areas also had a high incidence of malaria, reflected by the 

high percentage of SPR.  
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Figure 14. Indonesian provinces with the highest SPR, 2003–2006 

Source: SubDit Malaria, MoH.RI-CDC (2006a); analysed by author 



 55 

Table 14. Malaria Slide Positive Rate (SPR) in Indonesia, 2003–2006 

SPR (%) Frequency Provinces 

0 - <2 (Low) 4 Jakarta, Jogyakarta, East Java, Bali  

2 – 4 (Medium) 2 Banten, Central Java 

> 4 (High) 24 South Kalimantan, Papua, Maluku, Gorontalo, East Nusa 
Tenggara, North Sulawesi, North Maluku, Central 
Kalimantan, Bengkulu, Central Sulawesi, Riau, Jambi, 
Bangka-Belitung Islands, East Kalimantan, South Sulawesi, 
Southeast Sulawesi, Aceh, Lampung, South Sumatra, West 
Nusa Tenggara, West Sumatra, North Sumatra, West 
Kalimantan, West Java 

Source: SubDit Malaria, MoH.RI-CDC (2006a); analysed by author 

Table 14 provides summarised SPR from 2003 to 2006. None of the Java–Bali 

provinces were among the highest SPR and only Central Java and Banten 

provinces had medium SPR (2% to 4%). In contrast, all of the outer island 

provinces were categorised as high malaria areas with a SPR of more than four 

per cent. 

2.2.5 Malaria outbreaks in Indonesia, 1998–2005 

Malaria outbreaks can be used as an indicator of the effectiveness of malaria 

control programs. Outbreaks reflect how the provinces/districts manage their 

vector surveillance, early case detection and treatment as well as their overall 

local knowledge, competencies, infrastructure, etc. 

Table 15 and Table 16 show malaria outbreaks in Indonesia from 1998 to 2005. 

From 1998 to 2001 there were 13 malaria outbreaks recorded. These outbreaks 

occurred in eleven different provinces. Central Java appears to have more 

frequent outbreaks (3 times: 1998, 1999, 2001) when compared to other regions 

of Indonesia. The worst outbreak happened in Yogjakarta in 1998 where the 

incidence reached 10,678 with 33 deaths. The highest case fatality rate (CFR) 

was in Southeast Sulawesi in 2001, where CFR was 22.6% (7 of 31 patients died 

due to malaria). In total, there were 20,565 malaria infections, with 149 deaths 

(CFR=0.7%) during the outbreak in 1998–2001. 
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Table 15. Malaria outbreaks in Indonesia, 1998–2001 

No Province
No of 

Outbreaks
Year Villages

Total 

Cases

Total 

Death
CFR (%)

1 South Sumatra 1 1998 NA 396      4 1.01         

2 Lampung 1 1998 NA 1,447   2 0.14         

3 Yogjakarta 1 1998 NA 10,678 33      0.31         

4 Central Java 3 1998,1999, 2001 25 5,552   72      1.30         

5 North Sumatra 1 1999 NA 1,530   12      0.78         

6 NTB 1 1999 NA 82        4        4.88         

7 NTT 1 1999 NA 74        8        10.81       

8 East Java 1 1999 NA 515      -    -           

9 West Java 1 2000 NA 95        4        4.21         

10 DKI Jakarta 1 2000 NA 165      3        1.82         

11 Southeast Sulawesi 1 2001 NA 31        7        22.58       

13 25 20,565 149    0.72         Total

 Source: SubDit Malaria, MoH.RI-CDC (2006a); analysed by author 

In the 2002–2005 period the number of recorded outbreaks was higher than in 

1998–2001, 21 as opposed to 13. These outbreaks occurred in 66 villages in 13 

different provinces. North Maluku Province seemed to have most frequent 

outbreaks (three times: 2002, 2003, 2005). This province also had the highest 

number of malaria cases (2,662) with 142 deaths during the outbreak. The 

highest CFR was in West Sumatra in 2003, where 25% of 88 patients died due to 

malaria. Even though the total number of cases in 2002–2005 was lower than in 

1998–2001, the CFR was much higher in 2002–2005 (256 of 6,938 cases died, 

CFR=3.7%). 

Table 16. Malaria outbreaks in Indonesia, 2002–2005 

No Province
No of 

Outbreaks
Year Villages Total Cases

Total 

Deaths
CFR (%)

1 North Sumatra 2 2002, 2004 3 329            7 2.13       

2 South East Sulawesi 1 2002 1 118            6 5.08       

3 Maluku 2 2002, 2005 4 1,283         24 1.87       

4 North Maluku 3 2002, 2003, 2005 26 2,662         142 5.33       

5 West Java 2 2003, 2004 8 673            8 1.19       

6 East Java 1 2003 2 58              1 1.72       

7 West Sumatra 1 2003 1 88              22 25.00     

8 West Kalimantan 2 2003, 2005 3 129            5 3.88       

9 Yogjakarta 1 2003 3 297            8 2.69       

10 Lampung 1 2003 4 198            6 3.03       

11 Riau 1 2004 2 288            12 4.17       

12 Aceh 2 2004, 2005 7 403            10 2.48       

13 South Kalimantan 2 2004, 2005 2 412            5 1.21       

21 66 6,938         256       3.69       Total

 Source: SubDit Malaria, MoH.RI-CDC (2006a); analysed by author 
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In general, the Provincial Health Office as well as the National CDC Office assists 

the districts during outbreaks. Actions that might be taken include epidemiological 

investigations, mass blood surveys (MBS+) combined with mass fever surveys 

(MFS), mass drug administration (MDA), entomological surveys combined with 

behaviour surveys (malaria transmission dynamics surveys), malaria education 

(health promotion) and, if needed, insecticide residual spraying (IRS). Considering 

the cost and the increased resistance of mosquitoes to certain insecticides, 

Indonesia applies a strict policy about IRS: it can be applied only as a last option. 

IRS must be supported by strong evidence of mosquito behaviour; therefore, 

malaria dynamics transmission surveys must be conducted prior to IRS. 

2.2.6 Malaria resistance to insecticides and drugs in Indonesia 

2.2.6.1 Insecticide resistance 

Insecticides were first used to control malaria in Indonesia when DDT was used 

for house spraying in Marunda village in 1949 (Van Thiel & Winoto, 1951). It was 

successful in combating malaria. Despite these good results, studies found that 

insecticide resistance was a contributing factor to the failure of the malaria 

eradication program globally, including in Indonesia (Barcus et al., 2002).  

In Indonesia, An. sundaicus was found to be resistant to DDT as early as 1952 in 

Cilacap on the Central Java south coast and in 1954, in Tanjung Priok, Jakarta 

and Cirebon, East Java. In 1954 resistance was also found in Semarang, Central 

Java, which had been larvaciding with DDT between 1945 and 1949 (Muir, 1963; 

O'Conor & Arwati, 1974). In 1962 an intermediate level of DDT resistance in An. 

sundaicus was found in Bojenegoro area of East Java. An. sundaicus developed 

resistance to DDT as confirmed in seven zones tested in Central Java in 1964 

(Soerono et al., 1965; O'Conor & Arwati, 1974). 

During the 1960s and early 1970s, DDT and dieldrin (another insecticide for 

malaria control) resistance in An. sundaicus and An. aconitus was wide spread in 

Java. In other islands, resistance to both insecticides was found in An. sundaicus 

and An. aconitus in Lampung, South Sumatra (1963) and in Balikpapan, East 

Kalimantan (1974) (O'Conor & Arwati, 1974). 

The issue of DDT resistance also arose in the agricultural field. While DDT was 

being employed in the fight against malaria, farmers were also spraying crops 
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with DDT to kill insect pests. This posed a potential environmental threat (Dyson, 

2000). In addition, the famous Silent Spring by Rachel Carson in 1962  warned 

the public of the dangers associated with pesticide use, including DDT. The 

United States banned the agricultural use of DDT in 1972 and most developed 

countries did the same (Dyson, 2000). Indonesian had similar problems 

regarding the use of DDT by farmers (Achmadi, 1985).  

In malaria control, starting from 1965, DDT resistance led to decreased 

dependence on DDT, which was gradually withdrawn and finally banned for 

malaria control in 1992. Indoor spraying of residual (IRS) with other insecticides 

as an option for malaria control is still being used (MoH.RI-CDC, 2006a). DDT 

has been replaced by pyrethroids and carbamates while Permethrin is used for 

bed-net impregnation (SEARO, 2005). 

2.2.6.2 Drug resistance 

The global resurgence of malaria is associated with the proliferation of resistance 

to standard anti-malarial drugs (Barcus et al., 2002; WHO, 2002), along with 

inadequate self treatment, poor compliance with the three-day chloroquine 

treatment, inadequate monitoring of drug resistance, and lack of drug quality 

control (WHO, 2002). 

The resistance of P. falciparum to chloroquine, one of the first-line malaria regimens 

around the world (Baird et al., 1993; Baird, Wiady et al., 2002), was first detected 

around 1960 in Columbia and Thailand (Baird et al., 1993). In Indonesia, the first 

documented report of resistance to 4-aminoquinolines or chloroquine by 

P. falciparum was reported by Verdrager and Arwati (1974). This resistance was 

found in a patient in Yogjakarta, who had just returned from Samarinda, East 

Kalimantan, after living there for three years. Samarinda is located in the north of 

Kalimantan and borders Sabah, Malaysia. In Sabah, the strain of P. falciparum 

resistant to chloroquine was confirmed by WHO in 1973 and the malaria vector 

was An. balabacensis, the same vector found in Samarinda (Verdrager & Arwati, 

1974; Verdrager et al., 1976). 

After the initial resistant case, Verdrager et al. (1975b) studied the chloroquine 

resistance of P. falciparum in Balikpapan, East Kalimantan. This study confirmed 

the previous finding. Verdrager et al. (1975b) found that resistance of P. 
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falciparum to chloroquine was appearing in Kalimantan and the entire area over 

which An. balabacensis was distributed. They also noted that in Southeast Asia, 

the resistant cases occurred in jungles and forests that are the typical biotype of 

An. balabacensis. 

 In 1975 resistance also prevailed in Irian Jaya (Papua), where the An. 

punctulatus group of mosquitoes maintains intense malaria transmission. In 

Papua, the resistance of P. falciparum to chloroquine was expected to be carried 

by the transmigrating people from Java, Sulawesi and other parts of Indonesia 

(Verdrager et al., 1975b, 1975a; Sumawinata et al., 2003).  

Chloroquine resistance of P. vivax malaria has been confirmed in Papua, 

especially in non-immune Javanese migrants (Baird et al., 1991a; Baird et al., 

1991b; Sumawinata et al., 2003). Verdrager and Arwati (1974) reported P. vivax 

resistance to chloroquine in Timor (NTT Province) in 1973. The chloroquine 

resistant P. vivax malaria was also reported in Nias island, off the northwest coast 

of Sumatra (Baird et al., 1996a; Fryauff et al., 2002) and in the transmigration 

settlement areas of West Kalimantan (Fryauff et al., 1998). Indeed, the treatment 

failure of chloroquine and sulfadoxine-pyrimethamine/SP (the second-line 

antimalarial drug) was found in Central Java (Syafruddin et al., 2003) and NTT 

Provinces (Sutanto et al., 2004).  

These studies suggest that Indonesia is threatened by the emergence of anti-

malarial drug resistance, especially in the easternmost provinces where the 

incidence of malaria is high (Baird et al., 1990). SEARO (2005) reported that drug 

resistance of P. falciparum has been found in all provinces. Furthermore, a low to 

moderate level of resistance has also been noticed for the sulfadoxine-

pyrimethamine (SP) compound, as well as melfoquine in Papua (SEARO, 2005). 

Thus, monitoring of drug resistance is needed to help delineate the areas 

affected by drug resistance. This monitoring can be used to support the trial of 

alternative drugs as well as for the adoption of a rational drug policy (Baird et al., 

1990). WHO (2002) warned that changes of drug policy are very costly, and 

since alternative drugs are not always available, improving therapeutic efficacy of 

the existing anti-malarial drugs will be a challenge.  
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2.2.7 Management factors 

Malaria incidence tends to be associated with operational constraints (Gani, 

2000; Nalim et al., 2002; SEARO, 2005). In Indonesia, the limitation of the 

malaria budget, especially after the economic crisis in 1997, has impeded malaria 

control activities (Barcus et al., 2002; Nalim et al., 2002). Gani (2000) stated that 

the economic crisis forced the government to reduce funds provided for health. 

Prior to the crisis, the health budget was US$5.00/capita. After the crisis in 

1999/2000, the allocation for health fell to US$1.29/capita in North Sumatra, 

US$0.90/capita in South Sumatra and Jambi and US$2.20/capita in East Nusa 

Tenggara (Gani, 2000). A study in Central Java by Barcus et al. (2002) found that 

due to the Indonesian economic crisis, the total malaria control budget fell from 

approximately US$150,000 in 1997 to US$20,000 in 1999. The malaria control 

budget from April 1999 to March 2000 was only US$4000. Figure 15 below shows 

that the number of houses sprayed decreased as the budget for malaria control 

decreased while the Annual Parasite Incidence (API) increased significantly (Barcus 

et al., 2002).  Thus when resources for malaria control are limited vector control 

activities deteriorate (WHO, 2002).  

 

Figure 15. Declining IRS activity and standardized API for Purworejo 
District, 1994–1999  

Source: Barcus et al. (2002) 

SEARO (2005) found that money is not the only constraint faced by malaria 

control in Indonesia. Lacks of trained professional staff and insufficient 

microscopic services have also impeded malaria control. Furthermore, the lack of 
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intersectoral action, negligible community participation, the decentralization of the 

malaria control programme, and the relaxation of the malaria surveillance system 

have adversely affected the malaria control in Indonesia (SEARO, 2005).  

2.3 Malaria Control in Indonesia 

To combat malaria in Indonesia, the government engages in four main 

activities (MoH.RI-CDC, 1999).  

a. Early diagnosis and treatment 

Due to limitations of available personnel, there are two different government 

programs: 

1. For Java – Bali and Barlang (Batam, Rempang, Galang) and Bintan 

areas; early diagnosis and prompt treatment is determined by microscopic 

examination of blood samples from patients who have clinical symptoms 

such as fever, chills, sweating, nausea, vomiting or other locally specific 

signs. Treatment follows the malaria standard treatment based on 

national guidelines. 

2. Outside Java – Bali; treatment can be given directly to patients with 

clinical symptoms who come to the health centre without blood 

examination. Treatment is based on the standard treatment from the 

national guidelines.  

b. Insecticide-treated net (ITN) implementation 

This program is mainly implemented outside Java and Bali. Bed nets are 

impregnated with 0.5 g/m2 permethrin by being soaked in the solution every 

six months.  

c. Indoor residual spraying (IRS) 

IRS is usually done one or two months before the peak time of malaria 

transmission and varies according to the area. For Java – Bali it is done only 

for the villages with High Case Incidence (HCI) while outside of Java-Bali it is 

only done to control malaria transmission during outbreaks. 

d. Surveillance 

The purpose of surveillance is to identify people with clinical symptoms of 

malaria for blood examination. There are four types of malaria surveillance: 
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1. Active case detection – active case detection involves door-to-door 

malaria case finding which is done by local health centre staff and 

volunteer health cadres in the villages. 

2. Passive case detection – all patients with malaria clinical symptoms have 

a blood test which requires a laboratory with equipment for malaria 

examination. 

3. Mass fever survey – Mass fever survey (MSF) is conducted whenever 

there is no significant increase of malaria cases in a village. MSF aims to 

maintain control of malaria transmission in low endemic areas but where 

the potential for a malaria outbreak exists. Specific criteria for MSF 

implementation are: malaria transmission is stable and low but the area 

has a history of high malaria transmission; environmental conditions are 

receptive for malaria; population movement is high; and malaria 

surveillance activity is weak.  

4. Migrant surveillance – migrant surveillance is carried out by health centre 

staff and focuses on migrants with clinical symptoms who have arrived 

from an endemic malaria area. 

e. Other control measures  

Three other control activities are used in Indonesia: larviciding; biological 

control by using larvivorous fish, such as carp, nila fish, ―ikan kepala 

timah‖ (Panchax spp.), or guppy fishes in ponds and lagoons; and source 

reduction to reduce the breeding places. Target sites are in coastal areas 

with specific breeding places for An. subpictus and An. sundaicus. Some 

artificial drainage such as runnelling is done to dry up marshes and 

coastal mosquito breeding places. 

2.4 Malaria Treatment in Indonesia  

The artesunate-amodiaquine combination is one of the artemisinin combination 

therapies (ACTs) recommended by Indonesian Ministry of Health to treat all malaria 

patients. This treatment has been standardized and all malaria patients are treated 

according to standard guidelines. The standard therapeutic regimen for malaria 

treatment in Indonesia is shown in Table 17, Table 18 and Table 19. 
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Table 17. The standard therapeutic regimen for falciparum malaria in 
Indonesia 

Day Drug 

Tablet(s) per Age Group (years) 

0 -1 
Months 

2 – 11 
Months 

1 – 4 
Year 

5 – 9 
Year 

10 – 14 
Year 

 15 
Year 

The first line standard therapeutic regimen 

1
st
 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

Primaquine - - ¾ 1½  2 2 - 3 

2
nd

 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

3
rd

 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

        

The second line standard therapeutic regimen 

1
st
   Primaquine - - ¾ 1½ 2 2 - 3 

1
st
 – 7

th
   Quinine *) *) 3 x ½  3 x 1½  3 x 1½ 3 x 2 

 Doxycycline - - - 2 x 
50mg/ 
kgBW 

2 x 
100mg/ 
kgBW 

1 

*) dose = mg/kg body weight (kgBW) 

Table 18. The standard therapeutic regimen for vivax/ovale malaria in 
Indonesia 

Day Drug 

Tablet(s) per Age Group (years) 

0 -1 
Months 

2 – 11 
Months 

1 – 4 
Year 

5 – 9 
Year 

10 – 14 
Year 

 15 
Year 

The first line standard therapeutic regimen 

1
st
 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

2
nd

 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

3
rd

 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

        

The second line standard therapeutic regimen 

1
st
 – 7

th
 Quinine *) *) 3 x ½  3 x 1  3 x 1½ 3 x 3 

1
st
 – 14

th
   Primaquine - - ¼  ½ ¾ 1 

*) dose = 30 mg/kgBW, 3 times per day 
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Table 19. The standard therapeutic regimen for mixed infection malaria in 
Indonesia 

Day Drug 

Tablet(s) per Age Group (years) 

0 -1 
Months 

2 – 11 
Months 

1 – 4 
Year 

5 – 9 
Year 

10 – 14 
Year 

 15 
Year 

1
st
 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

2
nd

 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

3
rd

 Artesunate ¼ ½ 1 2 3 4 

Amodiaquine ¼ ½ 1 2 3 4 

        

Note: Primaquine is given with dose: 1
st
 day = 0.75 mg/kgBW, 2

nd
 -14

th
 = 0.25 mg/kgBW 

2.5 Malaria Village Posts 

Malaria-endemic areas tend to be remote, far from health services, difficult to 

access by health officers, and have limited transport and communication 

facilities. One of the strategies to increase early detection of the disease and 

prompt treatment achievement is the establishment of malaria village posts. The 

Indonesian term is ―Pos Malaria Desa (POSMALDES)‖. The POSMALDES were 

established to reduce the suffering and mortality rate from malaria by taking into 

account the active role of the society, especially the villagers, in increasing the 

medical treatment of malaria. Volunteers are trained and expected to find and 

provide medical treatment to patients. It is considered to be a strategic function, 

as the POSMALDES are located in endemic remote areas which public heath 

service centres and health officers cannot reach (MoH. R.I, 2005).  

In the POSMALDES the local volunteers provide basic medical treatment which 

would otherwise be typically unavailable in these villages. Villagers have 

acknowledged the benefit of the volunteer‘s role in reducing the fees for medical 

treatment, providing 24-hour-service and establishing local health services (MoH. 

R.I, 2005).  

The goal of establishing and developing a malaria post is to encourage public 

participation towards a continuous and independent malaria control program by 

using all available local area resources. Specific goals of the POSMALDES are: 
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1. to establish a malaria village post that will be managed by and for the 
people in the remote malaria-endemic areas; 

2. to establish the principles of community empowerment with malaria 
program coordinators, as well as informal and formal public figures in the 
malaria areas, in managing a malaria post; 

3. to improve the knowledge, attitude, and skill of coordinators in managing 
a continual and independent post; and 

4. to improve the ability of the people to conduct a malaria control program 
using their local resources in malaria affected areas. 

In addition, POSMALDES are expected to stimulate public participation in malaria 

control and to act as a forum for developing and maintaining local cultures while 

supporting malaria control (MoH-RI, 2005). The case study below shows how the 

POLMASDES plays an important role in fighting against malaria in remote 

villages of West Timor. 

CASE STUDY: A STRONG WILL IN FIGHTING AGAINST MALARIA 

Johanis Faot is a volunteer in Fetnai malaria post in Enoneontes, a village in West 
Amanuban, a suburb in the middle West Timor District in East Nusa Tenggara. He has 
been working there since October 2004 when the funds from the Global Fund (GF) 
began to be supplied to that suburb. GF funded the malaria control program by 
establishing malaria posts in remote villages. The volunteers in those posts are 
expected to reach all the patients who find difficulties in reaching health centres. The 
volunteers have been trained by a doctor in the local health centre, and provided with 
chloroquine. They have also been given a volunteer‘s kit including jacket, umbrella, 
torch and a notebook to write a list of the patients they find. 

When being interviewed, Johanis can clearly explain the dose of the drug. He says 
that the half of a standard dose, a half and a quarter (1/2-1/2-1/4) of the drug can be 
given to a zero to eleven-month-old patient, while a one- to four-year-old patient 
requires a dose of one, and one, and a half (1-1-1/2). Further, he says that the dose 
for five- to nine-year-old patients is two, two and one (2-2-1), while for ten- to fourteen-
year-old patients, the dose will be three and one and half (3-3-1.5) of the drug. A 
fifteen-year-old or older patient will get a dose of four, four and two (4-4-2) of the drug.  

Johanis is only a Junior High School graduate. However, just like a doctor, he starts to 
work at 6.30 am and finishes after 4 pm every day. He does not only wait for the 
patients to come to him at his simple house, which is also the malaria post, but also 
visits the patients at their homes.  

He admitted that there are some setbacks in giving this service, as he also has to 
work for his family responsibilities; however he always tries to be responsible in his job 
as a volunteer. Furthermore, it is normal if he does so, because the remuneration that 
he gets as a volunteer in a malaria post is not enough to sustain his family. It is only 
Rp 75,000 per month (~AUD$10 per month). So he also has to work on his half-
hectare of land. Besides, Rp 25,000 (~AU$ 4) from that salary is deducted for the 
monthly meeting in the health centre. Sometimes, he has to pay for the transportation 
to the health centre. He prefers to go there on foot, although this is a three- or four-
hour journey.  

Like Johanis, Rahel Fatu and Osias Laka are two villagers from Taudale and Nefo, 
Batakte health centre area, who have been committed to serving their community as 
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malaria cadres since 2001. In the living room of their simple houses, the malaria drugs 
with the dose instruction are displayed nicely on the corner table. Rahel and Osias are 
not as lucky as Johanis. From their hard work as malaria volunteers, they earn only 
Rp. 50,000 (~AUD$ 6) per month. ―We know that they do not get enough money for 
what they have done. However, every month we give another Rp. 10,000 from another 
budget to support them. The other incentive they receive includes free service for their 
whole family every time they come to get health services in our health centre‖ said 
Dony, the malaria manager program at Batakte health centre.  

Even though they have limited resources and support, Johanis, Osias Laka and Rahel 
were each doing well for their community. The number of malaria clinical cases has 
decreased. Some villagers confessed that the establishment of the malaria village 
post helped them to look for malaria treatment. This shortened the distance to go to 
the health centre and the malaria cadres are available every time they need. ―Even at 
night time, Rahel is willing to open 
his door for us to come, asking for 
malaria drugs‖, said one of the 
villagers. For his high achievement, 
Osias has also been awarded the 
Best Community Volunteer in 2002 
from the women‘s movement group 
in Kupang District.  

Increase of cases 

Since becoming malaria volunteers, 
Johanis, Rahel and Osias have 
become very knowledgeable about malaria. They know the symptoms very well. ―It is 
important knowledge for me, and a big responsibility to determine that someone is 
suffering from malaria‖ said Johanis. Based on his experience, he concludes that 
cases of malaria tend to increase during the rainy season.  

While doing their jobs as volunteers, Johanis, Rahel and Osias always write the name 
and age of the patient. They know exactly every family member in every household in 
their villages. For example, Osias, with his local knowledge, draws a simple map of his 
village showing the location of houses and where mosquito breeding places are 
located (see picture). The malaria record helps them to conclude absolutely that the 
number of cases is increasing. For example, in Johanis‘s villages in 2004 there were 
52 clinical malaria cases in Fetnai malaria post, 225 cases in 2005, and 91 cases up 
to August of 2006. In his opinion, in order to find more cases, it is necessary to have 
more volunteers at his malaria post.  

Johanis‘s area of service covers three villages, yet he can reach only two villages. 
Another village, which is seven kilometres from his house, is impossible to reach for 
him alone. Besides the need for new volunteers, Johanis also mentions the need of 
bed nets. He said that in fact the villagers want to have bed nets to avoid Anopheles’ 
bites, but it is very expensive for them.  

Furthermore, Johanis explained that the people who work as farm workers in Oesao, 
Kupang District, spread the epidemic of malaria in his village. They usually go to 
Oesao on April and June during the harvest. The incidence of malaria tends to 
increase in those months.  

Johanis says that he is still willing to be a volunteer in the malaria post even though 
the funding from GF will end in 2008. People also will buy the drugs if needed. Before 
GF established the fund, local people bought malaria drugs from the local store. (Some 

parts of this study case are based on the interview conducted by Nainggolan (2006), and 
published in Suara Pembaruan 2006)  
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2.6 Summary 

This chapter has presented the history of malaria in Indonesia, malaria 

distribution, and the malaria control program including management factors, drug 

and insecticide resistance issues.  

Malaria is one of Indonesia‘s major public health concerns. The disease is related 

to epidemiological and environmental factors such as the spreading of  

insecticide resistance, a lack of resources and trained professional staff, and 

economic conditions that have affected operational factors. Since the first 

recorded outbreak of malaria in Batavia in 1733, the disease has continued to 

this day with many failed attempts to eradicate the problem.  
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CHAPTER III — ENVIRONMENTAL FACTORS, 
SPATIAL AND TEMPORAL 
PATTERNS OF MALARIA IN 
INDONESIA 

3.1 Introduction 

This chapter presents information on environmental factors and the spatial 

distribution of malaria cases in West Timor and Java. Java is represented by 

Sukabumi (West Java) and Kebumen (Central Java). This chapter covers the 

physical environmental factors related to malaria including altitude and weather 

condition patterns (rainfall, temperature, humidity and wind speed) and the 

relationship with the spatial distribution of human malaria cases.  

This chapter address the research question 1:  

―What are the environmental factors that influence the spatial and temporal 

patterns of malaria transmission in West Timor and Java?‖ 

3.2 Factors Related to Spatial and Temporal Malaria 
Transmission  

3.2.1 Altitude 

Altitude influences malaria transmission and is likely to be a proxy for 

temperature (Malakooti et al., 1998; Patz et al., 2000b). Generally areas 1000 to 

1500 metres in height are considered free from mosquitoes due to the lower 

temperature (Patz et al., 2000b). However, the mosquito vector can even be 

found at altitudes of 1600 to 3000 metres, with a limited rate of malaria 

transmission (Malakooti et al., 1998). However, the lower risk of malaria 

transmission in highlands usually reduces the immunity status of people, and so 

increases case mortality among adults and toddlers during epidemics 

(MARA/ARMA, 1998).  

Seasonal malaria transmission at higher elevations, is caused by progressive 

migration of mosquitoes from lower altitudes where transmission is perennial 

(Patz et al., 2000b; Aron & Patz, 2001). Furthermore Shanks et al. (2002) noted 
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that increased malaria incidence in highland areas, which are unstable areas for 

malaria, has been influenced by many factors such as changes in land-use 

patterns, human migrations, changes in vector populations, breakdown of health 

facilities, and meteorological changes, particularly global warming.  

Transmission of malaria above 900 metres may increase with an increase of 2oC 

due to climate change (Lindsay & Martens, 1998; Patz et al., 2000a; Aron & Patz, 

2001). Indeed, malaria has been found at altitudes of 2100 metres above sea 

level in the highlands of West Papua and Papua New Guinea (Epstein et al., 

1998), and in the Usamabara Mountains (at 1700 m) of Tanzania (Epstein et al., 

1998; Bodker et al., 2003).  

3.2.2 Rainfall 

Water is essential for larval development but heavy rainfall may flush mosquito 

larvae away (Aron & Patz, 2001), thus rainfall influences malaria transmission by 

either providing or reducing mosquito breeding places (Reid, 1998). In Indonesia, 

recent studies have shown that the association between rainfall and malaria 

incidence has no clear pattern (Dale et al., 2005). In some cases, rainfall was 

positively associated with malaria and/or mosquito density. In one study in Kebumen 

District, Central Java, the relationship was generally negative, although not always 

significantly (Prabowo, 2002). In West Timor, Ndoen (2002) found malaria to be most 

prevalent at the district level during the dry season. However, at the village level, 

rainfall had a positive correlation with malaria in some villages, indicating that malaria 

increased as rainfall increased, but not in every year. In the West Java study, rainfall 

was significantly positively related to mosquito density and this was also positively 

related to malaria incidence (Dale et al., 2005; Sugianto, 2002).  

3.2.3 Temperature 

Temperature is a major variable in malaria transmission. Pattanayak et al. (2004) 

noted that a higher temperature can increase the rate at which mosquito larvae 

develop into adults, the blood-feeding frequencies, and the incubation of 

parasites within mosquitoes. Since the extrinsic incubation period (EIP) of 

parasites and vector survival is determined by temperature and influenced by 

humidity, malaria transmission is restricted in lower temperatures (Oaks et al., 

1991; Epstein et al., 1998; MARA/ARMA, 1998; Patz, 1998; Patz et al., 2000c; 

Reiter, 2001; Bi et al., 2005). 
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The optimum temperature for the parasite‘s EIP is about 20OC to 27OC, and the 

optimum humidity is 60%. At 16OC or below the parasite development ceases 

(Epstein et al., 1998). The optimal preferred temperature for Plasmodium 

falciparum is on average 16OC to 19OC, and the maximum is 35OC (Lindsay & 

Birley, 1996; Aron & Patz, 2001). The survival temperature for P. vivax is lower 

than that of P. falciparum. A mosquito‘s optimum temperature is 25 OC to 27OC; 

however 40OC is the maximum temperature for both vector and parasite to 

survive (Epstein et al., 1998; Reid, 1998). In Zimbabwe, researchers found that 

the combinations of mean temperature, night-time temperature and also 

temperature combined with rainfall were related to malaria incidence (The United 

Kingdom Environmental Change Network, 2000). It takes 7 days from egg hatch 

to adult emergence at 31OC, but it will take around 20 days at 20OC  (Oaks et al., 

1991; Epstein et al., 1998; MARA/ARMA, 1998; Harijanto, 2000). 

Although temperature could limit the abundance of mosquitoes, researchers found 

that mosquitoes have a remarkable ability to cope with extreme temperature, either 

very cold or very hot. Studies in Memphis, Tennessee, revealed that mosquitoes 

were able to survive for more than 9 days in extremely cold weather with 

temperatures below minus 10OC. In that sort of condition, the mosquito manages 

to survive by staying in underground storm water drains. In contrast, in Sudan 

An. gambiae is able to survive where the outdoor temperature exceeds 55OC. In 

this hot weather, the mosquito remains indoors and hides in thatched buildings 

during daylight, only emerging after midnight for blood feeding (Tren, 2002).   

3.2.4 Humidity 

Gilles (1993) concluded that the activity and survival of anopheline mosquitoes 

are influenced by relative humidity. Humidity is linked with temperature to 

determine the Anopheles’ life-span (Epstein et al., 1998; Patz et al., 2000c; 

Reiter, 2001; Beniston, 2002; Bi et al., 2005) because these factors determine 

the establishment and reproduction of the Anopheles mosquitoes (Beniston, 

2002). When temperature increases, the humidity decreases, which could limit 

the Anopheles survival (Gilles, 1993; Reid, 1998; Reiter, 2001). For example, the 

extrinsic incubation period of the malaria parasite is about two weeks. The 

optimal relative humidity for the mosquito is at least 60% (Gilles, 1993).  If the 

average relative humidity is below 60%, the life of the mosquito may be 

shortened to less than two weeks, which results in the absence of malaria 
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transmission. In Pakistan rainfall along with humidity in December predicts 

malaria rates fairly well (Bouma et al., 1996; Patz et al., 2000a). 

3.2.5 Wind 

Wind may play both negative and positive roles in the malaria cycle. Mosquito 

flight range is another important factor for the ability of Anopheles to spread 

malaria. The mosquitoes‘ flight distances vary depending on temperature, 

humidity, illumination levels, wind velocity, and their physiological stage (Becker 

et al., 2003). An Anopheles can fly as far as 2 to 3 km in normal conditions; 

however, wind can extend the flying range as far as 30 kilometres downwind 

(Bruce-Chwatt, 1980; Harijanto, 2000). Bidlingmayer et al. (1995) and Snow 

(1980) concluded that the maximum air speed capabilities of Anopheles in an 

upwind approach to their hosts were between 1.0 and 1.2 metres per second. A 

study in West Java, Indonesia, Sugianto (2002) found a negative correlation 

between wind velocity and mosquito density. This is a local effect, which may be 

important in malaria transmission (Dale et al., 2005). 

3.2.6 Human population distribution 

Human population distribution and its dynamic have been recognised to have 

impacts on public health (Martens & Hall, 2000; Omran, 2001; Hay et al., 2005). 

In general, in rural areas of low-income countries, the main causes of morbidity 

and mortality are infectious diseases. In contrast, in urban areas the main causes 

of morbidity and mortality are non-communicable diseases (Hay et al., 2005).  

Malaria transmission is related to rural area, land-use pattern, agriculture and 

outdoor activities (Lindblade et al., 2000; Worrall et al., 2003). In Ghana, Afrane 

et al. (2004) found that malaria was significantly higher in peri-urban and urban 

agricultural than in non-agricultural urban locations. In Argentina rural areas, the 

tenuous and impoverished conditions of agricultural laborers helped to sustain 

malaria (Carter, 2008).   

Population growth and human migrations pattern, have led to an increased 

human population in urban areas (Singer & de Castro, 2001). This has changed 

population distribution in many areas and it has been claimed to have impacts on 

malaria transmission in urban areas due to urbanisation (Martens & Hall, 2000; 

de Castro et al., 2004). The finding from research by Hay et al., (2005) in Africa, 
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however, shows that urbanisation actually reduced malaria transmission. Hay et 

al. (2005) found that the increased population density in urban areas had a 

significant favourable impact on the malaria burden in Africa by reducing open 

spaces for mosquito breeding sites and increasing polluted sites, thereby also 

limiting the distribution of adult mosquitoes. 

3.3 Geographic Information System for Malaria Control 
Program 

In malaria control program activities, geographic information systems (GIS) have 

been widely used. Many researchers have recognised that a good map is an 

important tool for malaria control programs (Kleinschmidt et al., 2000). One 

remarkable GIS implementation in malaria control program is the Atlas of 

Malaria-Risk in Africa (MARA/ARMA, 1998).  

 

 

 

 

 

 

Figure 16. Database model of the MARA atlas of malaria-risk in Africa 

Source: MARA/ARMA (1998)  

This atlas represents a good example of how GIS can be used to understand 

disease (malaria) determinants and spatial scales. The MARA atlas has used an 

outstanding network of collaboration to produce GIS information from many 

resources, providing a robust malaria database (Figure 16).  

The atlas has been a fundamental resource for planners, researchers, and donor 

agencies, in providing a comprehensive understanding of malaria in the context 

of where (distribution), how much (transmission intensity), when (seasonality), 
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why (environmental determinant), and who (population at risk) is affected 

(MARA/ARMA, 1998).  

A GIS-based information system for malaria mapping is essential for a number of 

reasons. Firstly, it can be used as an early warning system tool to estimate the 

size of the malaria problem in malaria-affected areas. Secondly, it can show how 

malaria patterns in endemic areas vary depending on the intensity of the 

transmission. Thirdly, GIS can be used to make decisions about protection and 

control efforts (MARA/ARMA, 1998).  

GIS based information systems have also been implemented in many countries. 

In Israel (Kitron et al., 1994) and Mexico, GIS has been used in designing 

national surveillance systems for the monitoring and controlling of malaria, and to 

identify villages at high risk of malaria (Clarke et al., 1996). Similarly, GIS has 

proved to be a powerful tool for monitoring and controlling malaria transmission in 

Brazil (Brêtas, 1996), the Soloman Islands (Sweeney, 1998), South Africa 

(MARA/ARMA, 1998; Booman et al., 2000; Martin et al., 2002; Booman et al., 

2003), Kenya (Hightower et al., 1998), Mali (Kleinschmidt et al., 2000), India  

(Srivastava et al., 1999; Srivastava et al., 2001; Srivastava et al., 2003), Sri 

Lanka (Abeysekera et al., 1996; Klinkenberg et al., 2004), China (Hu et al., 1998; 

Yang et al., 2002a; Yang et al., 2002b), Korea (Claborn et al., 2002; 

Sithiprasasna et al., 2005), Thailand (Sithiprasasna et al., 2003b, 2003a), and 

Indonesia (Nalim et al., 2002). Some examples of the application of GIS in 

malaria control can be seen in Table 20 below. 
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Table 20. Some examples of application of GIS in malaria control 

No Researcher(s) and Year Research Topics 

1 Beck et al. (1994) GIS to discriminate between high and low risk for malaria 
transmission at village level in Mexico 

2 Kitron et al. (1994) GIS for malaria mosquito breeding and imported case 
surveillance in Israel 

3 Pope et al. (1994) Remote sensing of tropical wetlands for malaria control in 
Chiapas, Mexico 

4 Brêtas (1996) Remote sensing, GIS, and satellite navigation system for 
assessing the environmental determinants of malaria in Brazillian 
Amazon 

5 Nobre et al. (1997) GISEpi to support public health surveillance and epidemiological 
investigations in Brazil 

6 Sharma & Srivastava 
(1997) 

application of remote sensing (RS) and geographic information 
system (GIS) in understanding malaria transmission dynamics at 
the local level 

7 Hightower et al. (1998) A GIS application for malaria field study in Western Kenya 

8 Hu et al. (1998) Spatial pattern analysis of factors influencing malaria endemicity 
in Yunnan Province, PR China using GIS 

9 Indaratna et al. (1998) GIS to co-analyse disease and economic resources: dengue and 
malaria in Thailand 

10 MARA/ARMA (1998) Atlas of malaria-risk in Africa 

11 Omumbo et al. (1998) Mapping malaria transmission intensity using geographical 
information systems in Kenya 

12 Sweeney (1998) The application of GIS in malaria control programs in Solomon 
Islands 

13 Kleinschmidt et al. (2000) A spatial statistical approach to malaria mapping in Mali 

14 Booman et al. (2000) GIS for malaria control programme planning in South Africa 

15 Jeanne (2000) Two examples of using GIS and teledetection for malaria and 
schistosomiasis in Madagascar 

16 Rakotomanana et al. 
(2001)  

Geographic approach in malaria control in the central highlands 
of Madagascar 

17 Claborn et al. (2002) Remote sensing and GIS for cost comparison of two malaria 
control methods in Korea 

18 Martin et al. (2002) The use of a GIS-based malaria information system for malaria 
research and control in South Africa 

19 Nalim et al. (2002) Rapid assessment of correlation between remotely sensed data 
and malaria prevalence in the Manoreh Hills area of Central 
Java, Indonesia 

20 Hassan et al. (2003) GIS-based prediction of malaria risk in Egypt 

21 Sithiprasasna et al. (2003b) GIS-based spatial modelling of malaria mosquito vector breeding 
habitats in northwestern Thailand 

22 Srivastava et al. (2003) GIS-based malaria information management system for urban 
malaria scheme in India 

23 Leonardo et al. (2005) Remote sensing and GIS for study of the environmental 
determinants of malaria and schistosomiasis in the Philippines 

24 Sithiprasasna et al. (2005) Use of remotely sensed data to estimate mosquito distributions 
and habitats in the Republic of Korea  



 76 

3.4 Methods 

This chapter addresses research question 1: ―What are the spatial and temporal 

patterns of malaria transmission in West Timor and Java (Sukabumi, West Java 

and Kebumen, Central Java)?‖  

To answer this question, the following data were collected and analysed 

including: malaria cases data, weather data (rainfall, temperature, humidity and 

wind speed), altitude and population density at village level.  

3.4.1 Data collection 

3.4.1.1 Malaria data 

The malaria cases data were collected at the district health office. The data were 

based on the longitudinal or monthly routine surveillance data reports from health 

centres. At the district health office, the data were compiled monthly, describing 

the number of malaria cases at the village level, sub district and district levels.  

West Timor‘s malaria data were malaria clinical notification record data, where 

malaria was diagnosed based on clinical symptoms only. In Sukabumi, West 

Java and Kebumen, Cetral Java, malaria data were based on malaria confirmed 

cases, as all malaria patients were confirmed by blood film tested in the 

laboratory.  

Table 21 shows study areas with the number of administration areas (villages) 

and number of villages with malaria. 

Table 21. Study areas: Number of villages and period of data collected 

Areas Districts 

No of Villages % of 
Malaria 
Villages 

Period 
Standard Used 

for Analysis Total 
Villages with 

Malaria  

West 
Timor 

Kupang Municipality  45 45 100 

2003 - 2006 
Annual malaria 
incidence (AMI) 

Kupang District 130 130 100 

Timor Tengah Selatan 200 200 100 

Timor Tengah Utara 159 159 100 

Belu 167 167 100 

Java 
Sukabumi, West Java  343 65 19 

2001 - 2006 
Annual Parasite 
Incidence (API) Kebumen, Central Java 464 110 24 

Total 1,508 876 58   
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This study collected malaria data from all selected villages with malaria. In West 

Timor, where all five districts are malaria-infected areas, 701 villages were 

included in the analyses. A further 65 villages from Sukabumi and 110 villages 

from Kebumen were included.  

The malaria data were then stratified following the Indonesian malaria 

stratification standard, which was based on the Annual Malaria Incidence (AMI) 

or Annual Parasite Incidence (API). The AMI standard was used to analyse 

malaria data from West Timor Districts. The API standard was used to analyse 

malaria data from Sukabumi and Kebumen. 

AMI is calculated using the following formula: 

AMI = 
No of annual malaria cases 

X 1000 
Mid year population 

The AMI was divided into three groups, as used by the health authority in 

Indonesia: 

a. High incidence area (HIA= cases >150 per 1,000 population per year) 

b. Medium incidence area (MIA= cases between 51 and 150 per 1,000 
population per year)  

c. Low incidence area (LIA = cases between 0 and 50 per 1,000 population per 

year). 

API is calculated using the following formula: 

API = 
No of annual confirmed malaria cases 

X 1000 
Mid year population 

The Annual Parasite Incidence (API) was also divided into three groups: 

a. High incidence area (HCA= parasite positive >5 per 1,000 population per 

year) 

b. Medium incidence area (MIA= parasite positive between 1 and 5 per 1,000 
population per year)  

c. Low incidences area (LIA = case less than 1 per 1,000 population per year). 

In further analysis, both AMI and API data were checked for normality and if the 

data distribution was not normal, data were log-transformed. 
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3.4.1.2 Weather data 

The weather variable includes the local average weather conditions, based on 

temperature, humidity and rainfall at a specific time. During this study, the 

weather data, including temperature, humidity, rainfall and wind, were obtained 

from the meteorologic weather-monitoring stations in the study areas. 

a. Temperature 

Temperature is a daily average temperature in degrees Celsius (OC). It is 

calculated over a month using the following formula: 

Average temperature = 
2(No.days)

ture)MinTemperaature(MaxTemper
 

b. Humidity  

Humidity is the average humidity calculated over the period of a month. It is 

calculated by summing daily humidity and dividing by the number of days in a 

given month. Daily humidity is defined as the average humidity condition during 

eight hours. It is calculated by using this formula: 

 

42 cba humidity Daily  

where a is the percentage of humidity at 07:00; b is the percentage of humidity at 

13:00 and c is the percentage of humidity at 18:00. 

c.  Rainfall 

The rainfall index (RI) describes the average daily rainfall in millimetres over the 

period of a month. It is calculated by using this formula: 

month the in days of Noraindays)(mm RainfallRI  

d. Wind speed  

Wind speed or wind velocity is measured by anemometer. Wind speed was 

measured on the spot when the survey was undertaken. Wind velocity is 

expressed in metres per second (ms-1) or knots. For data analysis wind velocity 

has been converted to ms-1; 1 knot equals 1.85 kilometre/hour which is equal to 

0.5 ms-1 (Fogt, 2006). 
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e. Location of weather monitoring stations 

One difficulty during the collecting of weather variables data was that not every 

area had a weather-monitoring station. The availability of weather data required 

also varied between areas and stations. For example, in West Timor, the 

complete data was only obtainable from Lasiana weather-monitoring station in 

Kupang. This station monitors and provides weather data for the whole West 

Timor areas.  

In Timor Tengah Selatan (TTS) Districts of West Timor, there were eight (8) 

rainfall-monitoring stations that only monitored and provided rainfall data for 

agriculture purposes for this district. Since each monitoring station in TTS was 

located in a different village and at a different altitude, data from these areas later 

was used to analyse the relationship between rainfall and malaria cases at village 

level with respect to the altitude. Figure 17 show the locations of weather-

monitoring stations in West Timor. 

 

Figure 17. Map of weather-monitoring station locations in West Timor 
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In West Java, all weather data were obtained from Maranginan Weather 

Monitoring Station, Region II in Bogor. It is located at 07º15' south and 106º15' 

east, with an elevation of 150m ASL. In Kebumen, the rainfall data were compiled 

from 33 rainfall-monitoring stations around the district. The location of weather 

monitoring stations and type of weather data collected from all the study areas 

can be seen in Table 22. 

Table 22. Location of weather-monitoring stations and type of weather 
data available 

No Location 
Weather 
station's 

name 

Altitude 
(m) 

Weather Variables Available 
Years 

Rainfall 
Tempe–
rature  

Humidity 
Wind 

Speed  

WEST TIMOR 

1 Kupang Municipality Lasiana 20 Yes Yes Yes Yes 2003 - 2006 
2 Timor Tengah Selatan 

(TTS) 
Pollo 50 Yes No No No 2003 - 2006 
Snok 350 Yes No No No 2003 - 2006 

 

Nulle 600 Yes No No No 2003 - 2006 

Oekefau 787 Yes No No No 2003 - 2006 

Niki – Niki 800 Yes No No No 2003 - 2006 

Kesetnana 850 Yes No No No 2003 - 2006 

Oinlasi 945 Yes No No No 2003 - 2006 

Netpala 969 Yes No No No 2003 - 2006 

WEST JAVA 

1 Sukabumi Maranginan 150 Yes Yes Yes Yes 2002 - 2006 

CENTRAL JAVA 

2 Kebumen  - Yes No No No 2001 - 2006 

Note: Kebumen‘s weather data were compiled from 33 rainfall-monitoring stations 

3.4.1.3 Elevation and classification 

Elevation describes the altitude of a given place. The altitude data was collected 

using indirect calculation. This method was used because no altitude data were 

available for most of the villages. The altitude was generated using Google-Earth 

software version 4.2.02 (kh.google.com, 2007). 

Before generating the altitude of a given place (village), the centroid position (x.y 

coordinate) was generated using a Pre-Logic VBA (Visual Basic) Script Code 

(Gorr & Kurland, 2005, p.308-309) in the ArcGIS® version 9.3 software (Gorr & 

Kurland, 2005; ESRI, 2007). The pre-Logic VBA (Visual Basic) Script Code to 

generate the ―x.y‖ coordinate was:  
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x position y position 

 Dim dblX As Double 

Dim pArea As IArea 

Set pArea = [Shape] 

dblX=pArea.Centroid.X 

 Dim dblY As Double 

Dim pArea As IArea 

Set pArea = [Shape] 

dblY = pArea.Centroid.Y 

The ―x.y‖ results from ArcGIS were transferred directly to the search box in 

Google-Earth to get the elevation of the targeted village.  

The basic maps were provided by the Ministry of Health, Indonesia and the 

Indonesia National Coordination Agency for Surveys and Mapping, ―Badan 

Koordinasi Survei dan Pemetaan Nasional–Indonesia‖ (Bakosurtanal, 2007). 

Based on their altitude, the study areas were divided into three different 

topographical settings.  

a. Coastal area  coastal plains zone  altitude: 0 – 60 m above sea 

level (ASL) and less than 2 km from the coast line 

b. Hilly area  foothill, hilly or valley zone  altitude: > 60 – 200 m ASL 

and more than 2 km from the coast line 

c. Highland area  mountain range  altitude: > 200 m ASL and more 

than 2 km from the coast line. 

3.4.1.4 Population density 

Population density was calculated using this formula:  

Population density (km2) = 
Average mid year population 

Land size of the village (km2) 

The mid year population data for the villages was obtained from the Bureau of 

Statistics office.  

The land size or village area data was generated from the base map using a Pre-

Logic VBA (Visual Basic) Script Code for field calculation in the ArcGIS® 

software (ESRI, 2008) as follows: 

Area :  Dim dblArea as double 

 Dim pArea as IArea 

 Set pArea = [shape] 

 dblArea = pArea.area 
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3.4.1.5 Boundary villages 

Boundary villages are defined as villages located on the boundary of districts. 

Boundary villages were identified using a base map and were analysed 

separately to compare with non-boundary villages to investigate if there was any 

relationship between location on a boundary and malaria incidence. 

3.4.2 Data analysis  

Data analysis was conducted through several steps to ensure the validity and 

clarity of the data, including data cleaning and data triangulation. In the data 

cleaning process, data were recompiled and recounted to ensure accuracy. A 

triangulation approach was applied in the data validity process (Neuman, 2000). 

Data from different sources were compared and rechecked to ensure the validity 

of data. Data validation was also conducted using the ―IF‖ function in the 

Microsoft Excel 2003 software. This procedure was applied at every step of 

analysis to ensure the validity and accuracy of the data.  

A range of descriptive and analytical statistics, including Geographic Information 

System (GIS) methods, were employed in the analysis of the data in this study. 

Most of the descriptive and analytical statistics were processed using SPSS 

version 17. Microsoft Excel 2003 software was used to produce tables and 

graphs to describe quantitative variables. GIS software (ArcGIS 9.3) was used to 

conduct spatial analysis and to produce maps.  

The steps in the analysis included: 

a. Calculating disease rates using AMI and API. The stratification of malaria 

endemic levels for the purpose of this study was based on standard practice 

of the Indonesian Ministry of Health (MoH.RI-CDC-Malaria, 2002). 

b. Descriptive analyses of malaria, weather and population data were 

conducted using SPSS version 17. In the descriptive analyses, malaria and 

population density data were checked for normality. If necessary the data 

were transformed using a logarithmic transformation to better fit the normal 

curve. The logarithmic transformation was calculated using the following 

formula (Zar, 1999,  p. 275): 

X` = log (X +1) 

where X = the original observation. 
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c. The statistical approach employed in this study included the Students t-test 

and ANOVA for testing statistical difference of means and Pearson 

correlation for testing the correlation for bivariate variables (Zar, 1999).  

d. A General Linear Model (GLM) – repeated measures analyses were also 

performed to analyze the differences in malaria cases between wet and dry 

seasons. GLM – repeated measures analysis is a powerful method for 

testing subjects for the same variable over time. This procedure allows 

dependence to be tested for differences across individuals for the set of 

dependent variables (Ho, 2006). Ho (2006) also highlighted that one of the 

advantages of GLM – repeated measure, is that this analysis requires fewer 

subjects per experiment and the between-subject differences from 

experimental errors can be eliminated. This analysis was performed using 

SPSS version 17 software. 

e. The Local Indicators of Spatial Association (LISA) analysis was performed to 

analyze a local indicator of spatial association in regard to malaria incidence, 

spatially over time (monthly and seasonally). LISA was derived by Luc 

Anselin (Anselin, 1995), and can be used to interpret a local pocket of non 

stationary or hot spot areas and can also be used to assess the influence of 

individual locations on the magnitude of the global statistic, and to identify 

outliers (Anselin, 1995; ESRI, 2009). The LISA analyses were performed 

using ArcGIS 9.3® software and using the true feature geometric centroids 

(ESRI, 2009).  

The output from this analysis is a Local Moran‘s I Index value, Z score, p-

value and the type of cluster outlier in code for each feature. The Z score 

and p-value indicates the significance of the type of clusters‘ similarity or 

dissimilarity and also a random distribution of its neighbors. The Z score is 

based on the Randomization Null Hypothesis computation (ESRI, 2009).  
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Figure 18. The Z score and probability, based on the randomisation null 
hypothesis computation 

The Z value has a positive and negative score. The positive Z values (either 

high or low) indicate that the surrounding features have similar values.  

The significant cluster (p < 0.05 level) and Z value are indicated by following 

Cluster Outlier type (COType) code: 

HH : High positive Z score, indicates a statistically significant (p < 0.05 
level) cluster of high values 

LL : Low positive Z score, indicates a statistically significant (p < 0.05 
level) cluster of low values 

HL : High negative Z score, indicates a statistically significant (p < 0.05 
level) feature with high value and surrounded by features with low 
values 

LH : Low negative Z score, indicates a statistically significant (p < 0.05 
level) feature with a low value and surrounded by features with 
high values (ESRI, 2009). 

This type of cluster outlier later was used to identify the level of malaria risk 

transmission at village level.  

HH : Very high risk for malaria transmission 

HL : High risk for malaria transmission 

LH : Medium risk for malaria transmission 

LL : Low or no risk for malaria transmission 

 

f. Finally, ArcGIS 9.3® software was used to produce all maps presented in 

this study. 
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3.5 Results 

3.5.1 Malaria distribution patterns in West Timor 

3.5.1.1 Spatial malaria distribution in West Timor 

West Timor is one of the islands in Nusa Tenggara Timur (NTT) Province, which 

has a high malaria transmission. West Timor has 701 villages. During this study, 

the malaria notification cases were collected from five different districts of West 

Timor. Based on the malaria surveillance data from NTT Provincial Office (CDC-

NTT, 2005, 2007), all of the villages have malaria infection. Table 23 shows that 

between 2003 and 2006, the average incidence of malaria clinical cases in West 

Timor was 117 per 1,000. Belu District had the highest incidence of malaria with 

159 cases per 1,000 per year on average.  

Table 23. Annual malaria clinical cases in West Timor, 2003–2006  

Districts Annual Malaria Incidence (AMI) 

2003 2004 2005 2006 Average 

Kupang Municipality 96 108 64 113 95 

Kupang District 134 80 152 139 126 

Timor Tengah Selatan (TTS) District 74 132 118 81 101 

Timor Tengah Utara (TTU) District 74 111 132 93 102 

Belu District 196 167 145 128 159 

West Timor 115 120 122 111 117 

Figure 19 shows the distribution of malaria-infected villages in five districts of 

West Timor based on the average of AMI from 2003 to 2006. Although the 

malaria transmission in West Timor was quite stable, the cases were not equally 

distributed. There were villages with high, medium and low incidence of malaria. 

In general, of the 701 villages, 189 (27%) had low AMI, 328 (47%) medium AMI, 

and 184 (26%) villages with high AMI.  

By districts, Kupang Municipality had the lowest number of villages with high AMI 

(4 of 45 villages or 9%). In contrast, Belu District contained the highest number of 

villages with high malaria incidences per year (59 of 167 villages or 35%).  



 86 

0.00

20.00

40.00

60.00

80.00

100.00

%
 o

f 
V

ill
a
g
e
 b

a
s
e
d
 o

n
 A

v
e
ra

g
e
 A

M
I

% Lo w A M I 20.00 23.85 37.50 37.74 8.38 26.96

% M edium A M I 71.11 48.46 39.00 38.36 56.29 46.79

% H igh A M I 8.89 27.69 23.50 23.90 35.33 26.25

Kupang 

M unicipality

Kupang 

D istrict
T T S D istrict T T U D istrict B elu D istrict

T o tal West 

T imo r

Note = No of Villages, Kupang Municipality (45), Kupang District (130), TTS (200), TTU (159) and Belu (167) 

Figure 19. The percentage of malaria-infected villages based on the annual 
malaria incidences (AMI) average in West Timor, 2002–2006 

An ANOVA analysis investigated the differences of average Annual Malaria 

Incidence (AMI) by district. Prior to the analyses, the average AMI data was 

plotted to investigate whether it was normally distributed or not. The finding was 

that average AMI data was not normally distributed. A logarithmic transformation 

was performed which gave a better fit to the normal curve as shown by Figure 20 

below; hence all statistical analysis was performed on the logarithmic 

transformation data. 

  

Figure 20. The annual malaria incidences (AMI) average in West Timor 
2002–2006 (a) and its logarithmic logarithmic transformed (b). 

(b) (a) 
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The ANOVA results in Table 24 shows that there was a statistically significant 

differences of the average AMI between districts (F=12.661, p=0.000). Figure 21 

shows the mean and 95% confidence interval (CI) for the average AMI 

(logarithmic transformed) by district in West Timor. 

Table 24. ANOVA results investigating differences in average AMI (log-
transformed) by districts in West Timor 

 Sum of Squares df Mean Square F p 

Between Groups 7.159 4 1.790 12.661 0.000 

Within Groups 98.381 696 0.141   

Total 105.540 700    

 

 

Figure 21. The mean and 95% CI of average AMI (logarithmic transformed) 
by districts in West Timor 

The above results show that malaria was distributed unequally among the five 

districts of West Timor. Furthermore, as shown in Table 25, by district, Belu had a 

significantly higher malaria incidence compared to all the other districts. Malaria 

incidence in Kupang District was significantly higher than in Timor Tengah 

Selatan (TTS) and Timor Tengah Utara (TTU) districts. Malaria incidence in 

Kupang Municipality was also higher than in TTS and TTU but the difference was 

not statistically significant. 
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Table 25. Matrix of the mean differences of the average AMI (logarithmic 
transformed ) by districts in West Timor 2003–2006  

District 
Villa-
ges 

(n=701) 
Mean 

Mean differences 

Kupang 
Municipality 

Kupang 
District 

TTS 
District 

TTU 
District 

Belu 
District 

Kupang 
Municipality 45 1.9072 0.0000 -0.0307 0.0693 0.0575 -0.1856* 

Kupang District 130 1.9379 0.0307 0.0000 0.1000* 0.0883* -0.1549* 

TTS District 200 1.8379 -0.0693 0.1000* 0.0000 -0.0118 -0.2549* 

TTU District 
159 1.8497 -0.0575 -0.0883* 0.0118 0.0000 -0.2432* 

Belu District 167 2.0928* 0.1856* 0.1549* 0.2549* 0.2432* 0.0000 

Bold* = the mean (Average AMI - logarithmic transformed) difference is significant at the 0.05 level 

The map in Figure 22 shows the spatial distribution of malaria cases based on 

the average AMI in West Timor for the years 2003 to 2006. High incidence 

villages are represented by red, medium incidence villages by yellow, with green 

showing low incidence. The map also shows a pattern with most of the high 

malaria-infected villages located in boundary areas between districts. It seems 

that villages located on the district boundaries have more malaria compared to 

―non-boundaries‖ villages.  

 

Figure 22. Spatial distribution of average malaria cases (2003-2006) by 
village in West Timor 



 89 

Figure 23 shows the distribution of malaria for villages located on the district 

boundaries. The t-test analysis explored the differences of malaria distribution 

between non-boundaries and boundary villages. 

 

Figure 23. Spatial distribution of average malaria cases (2003-2006) 
boundary villages on the districts’ boundary in West Timor 

The t-test result in Table 26 indicates a significant difference (p=0.032) in the 

mean (log-transformed) of the average malaria cases between villages located 

on the district boundary and non-boundary villages. The mean (log-transformed) 

AMI (1.974) of the 198 villages on the district boundary was higher than the 503 

non-boundary villages‘ mean (log-transformed) AMI (1.905).  

Table 26. T-test result for mean difference of average AMI (logarithmic 
transformed) between villages located on the districts boundary 
and non-boundaries of West Timor 

Villages Location 
N 

(701) 
Mean AMI 
(per 1000) 

Mean 
log AMI 

Std. 
Deviation 

Std. 
Error 

df 
Sig. 

(2-tailed) 

Non Boundary 
Villages 503 112 1.905 0.378 0.016 699 0.032 

Boundary Villages 198 139 1.974 0.409 0.029 
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3.5.1.2 Spatial variation of malaria transmission by altitude in West 
Timor 

Malaria is related to altitude or topographical features. In this study, a Pearson 

correlation test was performed to assess correlation between altitude and malaria 

cases in West Timor. In addition, a further ANOVA, comparing malaria cases 

from different topographical settings was also performed. 

Table 27. Pearson correlation result for average AMI (logarithmic 
transformed) and altitude (m) in West Timor 

Variable Villages Min Max Mean SD R p 

Altitude (m) 701 1.00 1437.00 406.04 277.64 -0.401
** 0.000 

Avg AMI (log (x+1)) 701 0.255 3.076 1.92 0.388 

**. Correlation is significant at the 0.01 level (2-tailed). 

Table 27 shows the Pearson correlation result for average AMI (logarithmic 

transformed) and altitude (m) in West Timor. The altitude ranges from 1m to 

1,437m, with an average of 406 m above sea level (SD=277.64). Altitude (m) was 

negatively correlated (r=-0.401, p=0.000) with the average AMI (log-transformed). 

It means that malaria inicidence decreased as the altitude (m) increased. The 

distribution of malaria cases by altitude in West Timor can be seen in Figure 24 

below. In this figure, every dot represents 50 cases per 1,000 populations. 

 

Figure 24. Average malaria incidence (2003-2006) by altitude in West Timor 
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Table 28 shows the ANOVA result for investigating the mean difference between 

AMI (log-transformed) and topographic settings in West Timor. There was a 

statistical significant difference (F=29.157, p=0.000) between the average AMI 

and different topographic settings based on altitude in section 4.1.3. Figure 25 

below shows the plot of mean and 95% CI of average AMI (logarithmic 

transformed) by topography in West Timor. 

Table 28. ANOVA results investigating differences in average AMI (log-
transformed) by topographic settings in West Timor  

 Sum of Squares df Mean Square F Sig. 

Between Groups 8.137 2 4.069 29.157 0.000 

Within Groups 97.402 698 0.140   
Total 105.540 700    

 

 

Figure 25. The mean and 95% CI of average AMI (logarithmic transformed) 
by topographic settings in West Timor 

The matrix of the differences of the average AMI (logarithmic transformed) by 

topographic settings in West Timor in Figure 25 and Table 29 shows that malaria 

transmission was significantly higher in coastal and hilly areas than in the inland.  
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Table 29. Least Significant Difference (LSD) Matrix of mean differences of 
the average AMI (logarithmic transformed) by topographic 
settings in West Timor  

Topographic settings Villages 
(N=701) 

Mean 
Mean Difference 

Coastal Hilly Highland 

Coastal (0 - 60m) 80 2.157 0.000 0.105 0.296* 
Hilly (>60 – 200 m) 107 2.052 -0.105 0.000 0.191* 
Highland (>200 m) 514 1.861 -0.296* -0.191* 0.000 

Bold*= The mean difference is significant at the 0.05 level. 

3.5.1.3 The variation of malaria transmission based on population 
density spatial distribution in West Timor 

The relationship between the spatial distribution of population density and 

malaria incidence in the malaria-infected villages was investigated using the 

Pearson correlation test. The population density was calculated at village level 

from the average population density from 2004 to 2006.  

  

Figure 26. West Timor population density (a) and its logarithmic 
transformation (b) 

Population was not normally distributed in West Timor. The population density at 

village level ranged from 5 to 14,681 per Km2 with an average of 441 per Km2. 

The population density was log-transformed to fit the normal curve as shown in 

Figure 26. Further analyses used the population density transformed data. 

The Pearson correlation result in Table 30 shows that the malaria incidence was 

significantly negatively correlated with population density in West Timor 

(r= - 0.110, p=0.004).  

(b) (a) 
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Table 30. The correlation results between the population density and the 
average monthly malaria incidence in West Timor, 2003–2006  

Pearson Correlation (r) Population Density per km
2
 (log-transformed) 

Average Annual  Malaria 
Incidence – AMI (log-transferred) 

-0.110
**
 

Sig. (2-tailed) 0.004 

N (villages) 701 

**. Correlation is significant at the 0.01 level (2-tailed). 

Figure 27 and Figure 28 show the population density spatial distribution map and 

the correlation scatter plot between population density and malaria incidence in 

the villages surveyed in West Timor. 

 

Figure 27. Malaria spatial distribution based on population density by 
villages in West Timor 



 94 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Population density per km
2
 (log-transformed)

A
v
e
ra

g
a
 A

n
n
u
a
l 
M

a
la

ri
a
 I
n
c
id

e
n
c
e
 

(l
o
g
 t
ra

n
s
fo

rm
e
d
)

Average AMI (log) Linear (Average AMI (log))

 

Figure 28. The scatter plot of average malaria incidence and population 
density at village level in West Timor 

3.5.1.4 Temporal variation of malaria transmission in West Timor 

Temporal variation in malaria transmission might be influenced by the variation of 

weather pattern such as rainfall, temperature, humidity and wind speed. During 

this study, weather variables data (rainfall, temperature, relative humidity and 

wind speed) were obtained from Lasiana Weather-monitoring in Kupang. The 

additional rainfall data were also available from eight rainfall-monitoring stations 

located at different altitudes of TTS district as has been described in Table 22 of 

section 3.4.1.2 above.  

West Timor is considered a dry area where the average annual rainfall index is only 

743.6 mm per year or 62 mm per month. During the period 2003-2006, the maximum 

rainfall was in December with 185 mm per month. The median value was used as 

the cut-off point to determine dry and wet seasons. The median rainfall was 20.3 mm 

per month. In general, the dry season goes from May to October and the wet season 

from November to April. The temperature ranges from 19.7OC to 33.2OC. The hottest 

month is in October, while the coolest is September. The humidity ranges from 

66.6% to 86.7% and the wind speed range is 2.2 to 6.9 knots. The average monthly 

weather condition is shown in Table 31. 
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Table 31. Average monthly weather condition in West Timor, 2003–2006  

Season/ 
month 

Rainfall Temperature (
O
C) 

Hum 
(%) 

Wind 
(Knots) Rain 

Days 
Density 

(mm) 
Rain Index 
(mm/month) 

Average Max Min 

Wet 

Jan 14.49  294.96  137.88  27.74  30.91  23.39  85.82  4.42  

Feb 13.91  321.99           159.93  27.31  30.60  22.64  86.70  3.78  

Mar 13.56  365.28           159.73  27.07  30.70  22.54  86.32  3.54  

Apr 9.64  139.36  44.78  27.66  32.66  22.15  78.42  4.18  

Dry 

May 6.85  61.19  13.52  27.37  32.78  21.41  72.90  4.94  

Jun 5.16  61.03  10.49  26.19  31.50  19.87  70.77  6.08  

Jul 1.42  9.28  0.42  25.94  31.78  19.96  67.30  6.93  

Aug 0.25  2.92  0.02  25.89  31.93  19.75  66.63  5.83  

Sep 0.14  0.56  0.00  26.96  32.79  19.73  67.40  5.82  

Oct       2.19  66.18  4.69  28.28  33.16  21.95  69.95  4.49  

Wet 
Nov 5.79  140.68  27.14  29.13  33.13  23.33  73.98  4.03  

Dec 14.72  389.44           184.95  28.28  31.90  23.53  82.29  2.22  

Total per year 88.11 1,852.86 743.55           

Average 7.34 154.40 61.96 27.32 31.99 21.69 75.71 4.69 

Min 0.14 0.56 0.00 25.89 30.60 19.73 66.63 2.22 

Max 14.72 389.44 184.95 29.13 33.16 23.53 86.70 6.93 

Note: Rainfall data was aggregated from the nine weather-monitoring stations across the island. 
Temperature, humidity and wind speed data from Lasiana station only. Wet and dry seasons 
identified as described in section 5.1.5. 

Since the rainfall data were obtained from various altitudes, the data were 

aggregated to describe an overall rainfall condition in West Timor. The ANOVA 

test was performed to investigate the mean difference of rainfall index by year 

from 2003 to 2006. The ANOVA result, however, showed that there was not a 

significant difference of rainfall index from 2003 to 2006 (F=0.508, p=0.677).  

Malaria incidence and rainfall data from 2003 to 2006 from the nine villages 

where the weather-monitoring stations are located were used to analyse the 

correlation between number of rain days, rain density and rainfall index with 

malaria cases. To incorporate the time needed for mosquitoes and parasite 

development, the malaria data used in this analysis were transformed to one-

month lag data. 

The bivariate Pearson correlation results in Table 32 shows that the number of 

rainy days was the only variable which had a significant positive correlation 

(r=0.123, p=0.01) with the average monthly malaria incidence (log-transformed) 
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at village level in West Timor. Rain density and rainfall index were not correlated 

with average monthly malaria cases (log-transformed). 

Table 32. Pearson correlation result for rainfall and monthly malaria 
incidence in nine villages of West Timor, 2003–2006  

Variable rainy_days rain_density Rainfall Index 

Lag Monthly 
Malaria 
Incidence (Log-
transformed) 

Pearson Correlation 0.123
*
 0.063 0.059 

Sig. (2-tailed) 0.010 0.193 0.221 

N (observations) 432 432 432 

Since the other weather data (temperature, relative humidity and wind speed) 

were only available for the one weather-monitoring station in Lasiana of Kupang 

Municipality, the correlation between these weather variables and malaria cases 

was performed for this village only.  

Table 33. Pearson correlation result for temperature, relative humidity, 
wind speed and monthly malaria incidence in Lasiana Village of 
West Timor, 2003–2006  

Variable Temp. min Temp. ave Temp. max Hum Wind 

Lag Monthly 
Malaria Incidence 
(Log-transformed) 

Pearson Correlation 0.121 0.070 -0.482
**
 0.502

**
 -0.238 

Sig. (2-tailed) 0.413 0.634 0.001 0.000 0.103 

N (months) 48 48 48 48 48 

 

The results in Table 33 show that only maximum temperature and relative 

humidity had a significant correlation with malaria incidence in Lasiana Village. In 

this village, the maximum temperature was negatively correlated with malaria 

cases (r = -0.482, p=0.001), as the maximum temperature increased, the malaria 

incidence decreased. On the other hand, the relative humidity was positively 

correlated with malaria incidence (r= 0.502, p=0.000), that is, the incidence 

increased as the relative humidity increased. Graphs in Figure 29 below shows 

the temporal variation of malaria incidence based weather conditions at village 

level. 
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Temperature vs average monthly cases
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Relative humidity vs average monthly cases
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Wind speed vs average monthly cases
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Note:  Rainfall days data was from 9 villages; temperature, relative humidity and wind speed were recorded 
only at Lasiana Village, Kupang Municipality.  

Figure 29. The monthly average weather condition and the average malaria 
incidence at village level in West Timor, 2003-2006 

3.5.1.5 The variation of malaria transmission based on interaction 
between topographical settings, population density and season 
in West Timor 

Previous analysis shows that altitude and population density had significant 

correlations with malaria cases. The results from the weather variables analysis 

also suggests that the number of rainy days, average maximum temperature and 

average relative humidity are also correlated significantly with malaria incidence 

at the village level.  

In this section, a further analysis using a General Linear Model (GLM) was 

performed to investigate the variation of malaria cases according to of 

topographical settings, population density and seasons (dry and wet seasons). 

The GLM analysis used the malaria cases from the whole villages of West Timor, 

covariates with topographical settings and population density at village level.  

Since weather data was not available for all of the villages and districts in West 

Timor, the average rainfall pattern from the nine villages was used to determine 

(Lasiana) 

(Lasiana) 

 

(Lasiana) 

 

(9 villages) 
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West Timor‘s season. Based on the median rainfall index the dry season was from 

May to October and the wet season was from November to April.  

Table 34 shows the ANOVA results of within-subject contrasts from General 

Linear Model (GLM) for the covariates effect of topographic setting, population 

density and the variation of seasons on the West Timor average seasonal 

malaria incidence (log-transformed). The tests of within-subject contrasts indicate 

that the contrast between the average numbers of cases (log-transformed), 

season, and interaction between seasons and population density were not 

statistically different. However, the interaction of topographical settings and 

seasons had a significant effect on malaria cases (F= 5.409; p=0.005). 

Table 34. The ANOVA result tests of within-subjects contrasts from GLM 
for population density, topographical settings and seasons on 
the average malaria incidence in West Timor, 2003–2006  

Variable Seasons Type III Sum 
of Squares 

df Mean 
Square 

F Sig. 

Seasons Dry vs wet 0.021 1 0.021 0.594 0.441 

Seasons * Pop density Dry vs wet 0.024 1 0.024 0.700 0.403 

Seasons * Topographical Settings Dry vs wet 0.379 2 0.189 5.409 0.005 

Error (Seasons) Dry vs wet 24.396 697 0.035   

Figure 30 shows the estimated marginal means of the seasonal average malaria 

incidence (logarithmic transformed) by topographic type in West Timor. In Dry 

season, the number of malaria cases in coastal areas was higher than in hilly and 

highland areas. In the Wet season, coastal malaria incidence was still higher but 

tended to decrease, whilst hilly and highland malaria incidence increased.  
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Figure 30. The estimated marginal mean of average seasonal malaria 
incidence (log-transformed) by topographic settings in West 
Timor 
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The between subjects effects in Table 35 indicated a statistically significant 

difference in the average malaria incidence based on topographical settings 

(F=28.02, p=0.000) but population density did not have a significant effect on 

average malaria incidence. As shown by Figure 30 above and also previous 

analysis in section 3.5.1.3, malaria incidence was higher at the lower altitude. 

Table 35. The ANOVA results of between-subjects effects test from GLM 
for the effect of population density and topographic settings on 
the average malaria incidence in West Timor, 2003–2006  

Variables Type III Sum 
of Squares 

df Mean 
Square 

F Sig. 

Intercept 130.623 1 130.623 963.698 0.000 

Population density 0.398 1 0.398 2.937 0.087 

Topographical settings 7.595 2 3.797 28.017 0.000 

Error 94.474 697 0.136   

3.5.1.6 The spatial variation of malaria transmission over time in West 
Timor 

The spatial malaria transmission over time was indentified using the Local 

Indicator of Spatial Association (LISA) method. The Anselin Local Moran‘s I tool 

in ArcGIS 9.3 software was used to perform the analysis. This analysis aimed to 

identify where the high or low malaria transmission villages were spatially 

clustered over time that is monthly and seasonally (dry and wet seasons).  

The LISA results with high positive Z scores indicate a statistically significant 

(p=0.05 level) cluster of high (HH) or low (LL) malaria transmission villages. 

Furthermore, a low negative Z score indicate a statistically significant (p<0.05) 

spatial outlier of malaria villages: in this case, the village with a high malaria 

cases is surrounded by villages with low incidence (HL) or if the village has low 

malaria incidence it is surrounded by villages with high incidence (LH). 

Figure 31 below shows a map based on the monthly average malaria cases (log-

transformed) from 2002 to 2006 in West Timor. 
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Figure 31. Monthly malaria spatial cluster villages map of West Timor 
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Figure 32. The number of villages and the levels of risk for malaria 
transmission from LISA results based on monthly average 
malaria incidence from 2003 to 2006 in West Timor 

Figure 32 shows the graph of the LISA results, summarizing the number of high 

(HH), high-low (HL) and low-high (LH) malaria transmission villages based on the 

monthly average malaria incidence at village levels from 2003 to 2006. There 

was not LL village (low risk village) found from the analysis. 

The number of high malaria transmission villages fluctuated over the months. In 

general, the dry season months (shaded area) had a higher number of very high 

risk malaria transmission villages (HH) than the wet season‘s months. As for the 

number of high transmission villages surrounded by the low transmission villages 

(HL) or vice versa, the LH villages were only a small proportion (0.14% – 3 %) 

and also fluctuated over the months.  

During this 1-year period there were villages at a very high risk for malaria 

transmission for seven months or more. Belu was the district which had the 

highest number of very high risk of malaria transmission with 32 villages, followed 

by TTS (14 villages), Kupang (10 villages) and TTU (4 villages). Kupang 

Municipality was the only district which had no village with very high malaria risk 

condition as shown by Table 36. 
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Table 36. Average number of villages at very high risk of malaria 
transmission for more than six months in a year in West Timor 

Months  
Districts 

Average number of villages at very 
high risk of malaria transmission for 

more than six months in a year Total Villages 

7 8 9 10 11 12 

Kupang Municipality 0 0 0 0 0 0 0 

Kupang 1 5 3 1 0 0 10 

Timor Tengah Selatan (TTS) 2 4 2 4 1 1 14 

Timor Tengah Utara (TTU) 0 1 1 0 0 2 4 

Belu 4 5 6 2 3 12 32 

West Timor 3 10 6 5 1 3 28 
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Figure 33. Malaria  transmission villages from LISA results based on 
average seasonal malaria incidence from 2003 to 2006 in West 
Timor 

The graph in Figure 33 and map in Figure 34 below also shows seasonal spatial 

clusters of high malaria transmission villages in West Timor. As indicated by the 

monthly malaria transmission pattern, in general the number of high malaria 

transmission villages (HH) is higher during the dry season (97 villages or 14%) 

than in the wet season (66 villages or 9%), regardless of the topographical 

settings.  

The map in Figure 34 below also shows that most of the high malaria 

transmission villages are located on the boundary districts and coastal areas. 
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The high malaria transmission villages are more numerous at the lower elevation. 

Coastal area have a higher number of high malaria transmission villages than 

hilly and highland areas. The southern part of the island also has more high 

malaria transmission villages in the dry season than in the wet season. 

The LISA analysis results were also used to classify a village‘s risk for malaria 

transmission at the district level. The risk is categorised into four levels, which are 

from R1 to R4, as follows: 

- R1 = HH village = Very high malaria risk village  

- R2 = HL village = High malaria risk village  

- R3 = LH villages = Medium malaria risk village 

- R4 = LL villages = Low  malaria risk village 

Table 37 shows the number of villages with malaria based on the risk categories 

by district.  

Table 37. Number of villages in West Timor classified by seasonal malaria 
risk based on the LISA analysis 

Risk (R) by  
Seasons 

District 

R1 = HH R2 = HL R3 = LH R4 = LL 

Dry Wet Dry Wet Dry Wet Dry Wet 

Kupang Municipality 0 0 1 0 0 0 5 0 

Kupang 8 14 2 3 1 0 8 8 

Timor Tengah Selatan (TTS) 25 13 4 4 0 0 43 50 

Timor Tengah Utara (TTU) 6 11 8 7 0 0 44 38 
Belu 58 28 1 1 1 0 5 3 

West Timor 97 66 16 15 2 0 105 99 

Although, in general the dry season has more high malaria risk villages than the 

wet season, Table 37 shows that Kupang and TTU district have more high 

malaria risk villages in the wet than in the dry season. While Kupang and Belu 

District have more high malaria risk villages in the dry than the wet season, 

Kupang Municipaltiy was the only district with no high malaria risk village during 

the year in both seasons.  
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Figure 34. A seasonal malaria spatial cluster villages map of West Timor 
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3.5.2 Malaria distribution pattern in Sukabumi, West Java 

3.5.2.1 Spatial malaria distribution in Sukabumi, West Java 

Sukabumi has 343 villages of which 19% or 65 are malaria-infected areas 

(Sukabumi District Health Office, 2006). The Annual Parasite Incidence (API) for 

the district from 2001 to 2006, ranged from 1.3 to 10.1, giving an average of 3.9 

confirmed cases per 1,000 per year.  

Table 38. Malaria distribution in Sukabumi District 2001–2006 

Year  Villages with 
Malaria  

 Pop at Risk   Malaria Cases   API (per 1,000)  

2001 20  158,948  200   1.26 

2002 29  212,925  387  1.82 

2003 35  249,412  2,508  10.06 

2004 39  309,230  1,560   5.04 

2005 41  321,507  1,175   3.65 

2006 42  329,485  476   1.44  

Average    3.88  

Source: Sukabumi District Health Office (2006), analysed by author 

Table 38 shows the distribution of malaria cases by the number of villages in 

Sukabumi between 2001 and 2006. The number of malaria cases and villages 

infected varied between years. During this six year period, the highest number of 

malaria cases was in 2003 with 2,508 cases (API = 10.1 per 1,000). From 2004 

to 2006, the incidence decreased but there was a tendency for malaria 

transmission in Sukabumi‘s villages to spread more widely. From 2001 to 2006, 

the percentage of malaria-infected villages increased from 6% to 12% and, in the 

same period, the number of people who were at risk of being infected by malaria 

also doubled.  

The percentage of villages with high malaria incidence based on API also tended 

to increase. Figure 35 shows that the number of low incidence malaria villages 

decreased, but the number of high incidence malaria villages increased. In 2001, 

out of 20 malaria infected villages, Sukabumi District had only one village (5%) 

with high API. In 2003 and 2005, 11 villages had a high API and there were six 

high API villages in 2004 and 2006.  
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Note: No of villages: 2001=20, 2002=29, 2003=35, 2004=39, 2005=41, 2006=42  

Figure 35. The percentage of malaria-infected villages based on the Annual 
Parasite Incidence (API) in Sukabumi, 2001–2006 

 

Figure 36. Map of malaria infected village based on average API (2001-2006) 
in Sukabumi District 

Figure 36 shows the map of malaria-infected villages in Sukabumi District based 

on the average API from 2001 to 2006. Out of the total of 65 malaria infected 
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villages, seven villages (11%) have an API of more than 5 per 1,000 per year. 

The percentage of villages with low and medium API were 63% and 26% 

respectively. The map also shows that most of the malaria infected villages are 

located on the western part of the district, thus unlike in West Timor, location in 

boundary areas is not an issue in relation to malaria transmission. 

3.5.2.2 Spatial variation of malaria transmission by altitude in 
Sukabumi 

Prior to investigating the correlation between altitude variation and malaria 

transmission in Sukabumi, the malaria notification data was plotted to examine its 

normality.  

  

Figure 37. Sukabumi’s Annual Parasite Incidence (API) average, 2001–2006 
(a) and its logarithmic transformation (b) 

The results in Figure 37 show that the average malaria data was not normally 

distributed. A logarithmic transformation was performed which aimed to give a 

better fit to the normal curve. The results shows that the transformation data have 

a better fit to the normal curve than the original one though the distribution still is 

not normal. Nevertheless statistical analysis was performed on the logarithmic 

transformation data. 

In Sukabumi, the altitude of the 65 malaria infected villages ranges from 3 to 

1,096 m above sea level with an average of 334.60 m (SD= 255.90 m). A 

Pearson Correlation test was performed to examine the correlation between 

altitude and topographical setting and malaria cases. The results in Table 39 

show that altitude has no significant correlation with the average API 

(log-transformed) in Sukabumi (r = 0.224, p=0.073).  

(b) (a) 
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Table 39. The correlation between average Annual Parasite Incidence (log-
transformed) and altitude (m) in Sukabumi  

Variables Pearson Correlation (r) Sig. (2-tailed) 

Altitude (m) vs average 
API (log-transformed) 

 

0.224 0.073 

N = 65 

Table 40. ANOVA results investigating differences in average API (log-
transformed) by topographic settings in Sukabumi  

 Sum of Squares df Mean Square F Sig. 

Between Groups 0.661 2 0.331 2.830 0.067 

Within Groups 7.246 62 0.117   
Total 7.907 64    

The ANOVA results in Table 40 investigating the mean differences of the mean 

API (log-transformed) in different topographic settings in Sukabumi shows that 

there was not a significant difference (F=2.830, p=0.067). Figure 38 shows 

malaria distribution by altitude (m) in Sukabumi District. 

 

Figure 38. Malaria distribution by altitude (m) in Sukabumi District 
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3.5.2.3 Temporal variation of malaria transmission in Sukabumi 

The temporal variation of malaria transmission in Sukabumi was investigated in 

relation to seasonal weather (rainfall, temperature, humidity and wind speed). 

This investigation, however, was limited by the availability of weather data. For 

this study, all weather data for Sukabumi were obtained from Maranginan 

Weather Monitoring Station, Region II in Bogor. It is located at 07º15' south and 

106º15' east, with an elevation of 150m ASL. This weather station provides 

weather data for Sukabumi District. The weather data was collected from 2002 to 

2006. The temporal variation of malaria transmission investigated in this study 

was applied only at the district level. 

Table 41. Average monthly weather condition in Sukabumi District, 2002–
2006  

Season/month 

Rainfall Temperature (
O
C) 

Hum 
(%) 

Wind 
(Knots) Rain 

Days 
Density 

(mm) 
Rain Index 

(mm/month) 
Average Max Min 

Wet Jan 20.6 466.8 310.2 24.1 30.8 20.2 90.9 4.7 

Feb 17.6 439.2 276.1 24.1 31.1 20.8 88 7.1 

Mar 19.2 515.8 319.5 24.4 31.5 20.6 90.3 4 

Apr 14.6 240.4 117 24.5 31.4 21 89.6 4.3 

Dry May 8.4 125.2 33.9 24.6 32.1 20.1 89.6 2.1 

Jun 7.8 162 41.9 24.1 31.8 19 87.3 2 

Jul 8 120.5 31.1 23.5 31.4 18.6 86.8 3.3 

Aug 2 8.3 0.5 23.4 31.4 17.6 82.7 2.5 

Sep 8.5 124.3 35.2 23.6 30.8 19 83.7 1.4 

Oct 10.8 209.5 72.6 24.3 31.8 19.8 85.9 2.3 

Wet Nov 17.8 341.9 202.8 24.5 31.4 20.6 90.5 6.5 

Dec 22.4 597.6 431.8 23.9 30.8 20 92.7 5.5 

Total per year 157.7 3,351.5 1,872.6           

Average 13.14 279.29 156.05 24.08 31.36 19.78 88.17 3.81 

Min 2.00 8.30 0.50 23.40 30.80 17.60 82.70 1.40 

Max 22.40 597.60 431.80 24.60 32.10 21.00 92.70 7.10 

Source: Maranginan Weather Monitoring Station 

Table 41 shows the average weather condtion in Sukabumi between 2002 and 

2006. The average annual precipitation 1,872.6 mm or 279.3 mm per month. The 

rainfall ranged from 0.5 to 431.8 mm per month. The median rainfall index was 94.8 

mm per month. The median value was used as the cut-off point to determine dry and 

wet seasons. The dry season is from May to October when the rainfall index is lower 

than the median. Thus the wet season is from November to April. The driest month 

was August with only 2 rainy days (8.3 mm rain) and the wettest month was 

December with 22 rainy days (597.6 mm rain).  
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The temperature in Sukabumi ranged from 17.6 to 32.1OC with an average of 

24.1OC. The hottest temperature was in May and the lowest was in August. 

Sukabumi had a relatively high humidity during the year, ranging between 82.7% 

and 92.7% with an average of 88.2%. The lowest humidity was in August and the 

highest was in December. The wind spend had an average of 3.8 knots. The 

wind speed ranged between 1.4 and 7.1 knots. 

Number of Rainy Days vs average monthly cases
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Temperature vs average monthly cases
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Relative Humidity vs average monthly cases
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Wind speed vs average monthly cases
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Figure 39. Monthly average weather condition and the average monthly 
malaria incidence per 1000 (log-transformed) in Sukabumi 
District, 2002-2006 

The bivariate Pearson correlation test was performed to investigate the 

correlation between weather variables and the average monthly parasite 

incidence (MOPI per 1000; log-transferred) from 2002 to 2006. Weather variables 

included in the analysis were average number of rainy days per month, monthly 

rain density (mm), rainfall index (mm/month), temperature (minimum, average, 



 111 

maximum in OC) and wind speed (knots). The Spearman correlation results are 

shown in Table 42. The weather variable which had a significant and positive 

correlation with malaria cases in Sukabumi was relative humidity (r=0.399; 

p=0.002). 

Table 42. The correlation between average monthly weather conditions 
and average monthly parasite incidence in Sukabumi, 2002–2006  

Pearson Correlation Rain 
Days 

Rain 
Density 

Rain 
index 

Temp 
Ave 

Temp 
Max 

Temp 
Min 

Relative 
Hum (%) 

Wind 
(Knots) 

Average 
monthly 
parasite 
incidence 
(log-
transferred) 

Correlation 
Coefficient 

0.250 0.188 0.221 0.038 0.037 0.103 0.399
**
 -0.179 

Sig. (2-
tailed) 

0.054 0.149 0.089 0.773 0.778 0.432 0.002 0.172 

N (months) 60 60 60 60 60 60 60 60 

** Correlation is significant at the 0.01 level (2-tailed). 

3.5.2.4 The variation of malaria transmission based on population 
density spatial distribution in Sukabumi 

As in West Timor, the relationship between the spatial pattern of population 

density and malaria incidence in the malaria-infected villages was investigated 

using the Pearson correlation test. The range of population density at village level 

was from 75 to 2621 per Km2 with an average of 527 per Km2. Population was 

not normally distributed in Sukabumi. The population density was log-

transformed to fit the normal curve as shown by Figure 40. Further analyses used 

the transformed population density data. 

  

Figure 40. Sukabumi population density (a) and its logarithmic 
transformation (b) 

(b) (a) 
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The Pearson correlation result in Table 43 shows that parasite incidence has a 

significant negative correlation with population density (r= -0.340, p= 0.006). 

Parasite incidence was higher in less densely populated villages.  

Table 43. The correlation results between the population density and the 
average Annual Parasite Incidence in Sukabumi, 2001–2006  

Pearson Correlation (r) Population Density per Km
2
 (log-transformed) 

Average Annual  Parasite 
Incidence (log-transferred) 

-0.340
**
 

Sig. (2-tailed) 0.006 

N (Villages) 65 

**. Correlation is significant at the 0.01 level (2-tailed). 

Figure 41 and Figure 42 below show the scatter plot and spatial distribution map 

of population density and parasite incidence in the Sukabumi villages malaria 

areas. 
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Figure 41. The scatter plot of average Annual Parasite Incidence and 
village’s population density in Sukabumi 
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Figure 42. Malaria spatial distribution based on population density by 
villages in Sukabumi 

3.5.2.5 The variation of malaria transmission based on interaction 
between topographical settings, population density and season 
in Sukabumi 

Similar to West Timor, in Sukabumi, a General Linear Model (GLM) was also 

performed to investigate the combined effect of weather with malaria 

transmission in difference topographic settings. Since the weather variables were 

available from only one weather station, the median rainfall index (98 mm/month) 

was used as the cut-off point to divide Sukabumi weather pattern into the dry and 

wet seasons. The dry season was from May to October and the wet season from 

November to April, which is similar to West Timor. 

Table 44 below shows the ANOVA results of within-subject contrasts from 

General Linear Model (GLM) for the covariate effects of topographic setting, 

population density and the two seasons on the average seasonal malaria 

incidence (log-transformed). The tests of within-subject contrasts show that the 

difference between the average numbers of cases (log-transformed) and season, 

was not statistically significant (F=0.044; p= 0.835). Similarly, the interaction 

between seasons and population density with malaria incidence was not 

statistically significant (F=0.168; p= 0.684). Only the interaction between season 



 114 

and topographical settings had a significant effect on the average malaria 

incidence  (F= 3.303; p= 0.043).  

Table 44. The ANOVA result tests of within-subjects contrasts from GLM 
for population density, topographical settings and seasons on 
the average parasite incidence in Sukabumi, 2001–2006  

Variable Seasons Type III Sum 
of Squares 

df Mean 
Square 

F Sig. 

Seasons Dry vs wet 0.000 1 0.000 0.044 0.835 

Seasons * Pop density Dry vs wet 0.001 1 0.001 0.168 0.684 

Seasons * Topographical Settings Dry vs wet 0.048 2 0.024 3.303 0.043 

Error (Seasons) Dry vs wet 0.443 61 0.007   

Table 45 shows the results of the tests of between-subject effects. Regardless of 

the seasons, population density had a statistical effect on parasite incidence 

(F = 8.122; p=0.006). The topographical setting did not have a significant effect 

on parasite incidence in Sukabumi  (F=2.250; p=0.086). 

Table 45. The ANOVA result of tests of between-subject effects from GLM 
for the effect of population density and topographic setting on 
the average parasite incidence in Sukabumi, 2001–2006  

Variables Type III Sum 
of Squares 

df Mean 
Square 

F Sig. 

Intercept 0.839 1 0.839 12.997 0.001 

Population density 0.524 1 0.524 8.122 0.006 

Topographical settings 0.329 2 0.165 2.550 0.086 

Error 3.936 61 0.065   
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Figure 43. The estimated marginal mean of average seasonal parasite 
incidence (log-transformed) by topographic settings in 
Sukabumi 



 115 

Figure 43 above shows the estimated marginal mean of average seasonal 

parasite incidence (log-transformed) by topographic settings in Sukabumi. In 

Coastal areas the number of malaria cases was higher in the wet than in the dry 

season. In contrast, hilly and highland areas had more malaria cases in the dry 

than in the wet season. The differences however were not statistically significant.   

3.5.2.6 The spatial variation of malaria transmission over time in 
Sukabumi 

The Local Indicator of Spatial Association (LISA) was also performed to 

investigate spatial clusters over time (monthly and seasonally) of malaria 

transmission in the villages in Sukabumi. The results indicated that the number of 

high risk malaria villages (R1=HH) fluctuated monthly during the year. The 

number of high risk malaria villages was quite small. February had the fewest 

(3 of 65 villages or 5%) and the largest numbers of high risk malaria villages was 

8 of 65 villages or 12%. The LL village was not found from the analysis. Figure 44 

and map in Figure 45 show the number of high malaria transmission villages from 

the LISA results based on average monthly parasite incidence from 2001 to 2006 

in Sukabumi.   
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Figure 44. The number villages and the levels of risk for malaria 
transmission from LISA results based on average monthly 
parasite incidence from 2001 to 2006 in Sukabumi 
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Figure 45. Monthly malaria spatial cluster villages map of Sukabumi 

The monthly LISA results indicated that, of the very high malaria transmission risk 

villages, four were constantly at the very high risk for ten months or more during 

the year. These villages were Langkap Jaya, Kertajaya, Loji, and Cilangkap as 

shown by Table 46.   
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Table 46. Villages at a very high risk of malaria transmission for more than 
six months in Sukabumi 

No Village Altitude (m) Months at high risk  

1 Langkap Jaya 689 12 

2 Kertajaya 640 12 

3 Cilangkap 651 11 

4 Loji 348 10 
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Figure 46. Malaria  transmission villages by topographic settings from LISA 
results based on seasonal average malaria incidence from 2001 
to 2006 in Sukabumi 

The spatial pattern of malaria cluster villages in the wet and dry seasons in 

Figure 46 shows that all the high malaria risk villages were in highland areas. In 

the dry season there were 8 high malaria risk villages, while in the wet season 

there were 6 high risk (HH) villages and 1 low risk (LH) village. The malaria risk 

classes for villages are shown in Table 47. 

Table 47. Number of villages in Sukabumi based on malaria transmission 
risk classification by seasons 

Risk (R) by 
Seasons 

R1 = HH R2 = HL R3 = LH R4 = LL 

Dry Wet Dry Wet Dry Wet Dry Wet 

Coastal 0 0 0 0 0 0 0 0 

Hilly 0 0 0 0 0 0 0 0 

Highland 8 6 0 0 0 1 0 0 

Sukabumi 8 6 0 0 0 1 0 0 
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Figure 47 below shows the spatial cluster of malaria distribution villages based 

on seasonal average malaria cases (log-transformed) in Sukabumi. 

 

Figure 47. Seasonal distribution of  malaria spatial cluster villages in 
Sukabumi 
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3.5.3 Malaria distribution pattern in Kebumen, Central Java 

3.5.3.1 Spatial malaria distribution in Kebumen, Central Java 

Kebumen District is one of the malaria-endemic areas in Central Java in which 

110 (33%) of its 331 villages were malaria infected villages. The Kebumen 

District Health Office (2006) report shows that between 2001 and 2006, the 

Annual Parasite Incidence (API) in this area fluctuated. Table 48 shows the 

fluctuation with an average of 10.02 cases per 1,000 for this six year period.  

Table 48. Malaria distribution in Kebumen District 2001–2006 

Year Village with malaria Pop at risk Malaria Cases API (per 1,000) 

2001 63 172,111 3,266 18.98 

2002 97 282,849 7,117 25.16 

2003 66 194,039 1,578 8.13 

2004 51 152,986 507 3.31 

2005 42 128,259 329 2.57 

2006 18 59,002 116 1.97 

Average 10.02 

Source: Kebumen District Health Office (2006) 

The number of malaria infected villages tended to decrease every year after 

2003. In 2002, Kebumen had 97 malaria infected villages, and this decreased to 

18 villages in 2006. The number of villages with a high Annual Parasite Incidence 

(API) decreased leading to an increase in the number of low to medium API 

villages. In 2001 the percentage of high API villages was 68% (43 from 63 

villages). By 2006 the percentage of high API villages decreased to 11% (2 from 

18 Villages). The malaria infected villages based on average API (2001-2006) in 

Kebumen District is shown in Figure 48 and Figure 49 below. 
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Note: No of villages from Table 48: 2001=63, 2002=97, 2003=66, 2004=51, 2005=42, 2006=18  

Figure 48. The percentage of malaria-infected villages based on the Annual 
Parasite Incidence (API) in Kebumen, 2001–2006 

 

Figure 49. Map of malaria infected village based on average API (2001-2006) 
in Kebumen District 
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As in West Timor, some of Kebumen‘s malaria villages are located on the district 

boundaries. An investigation was performed to see the differences between 

malaria cases between boundary and non boundary villages. Prior to the 

investigation, a normality check was performed to check how the data were 

distributed and the data were log-transformed for further analysis.  

  

Figure 50. Kebumen Annual Parasite Incidence (API) average, 2001–2006 
(a) and its logarithmic transformation (b) 

The results in Figure 50 shows that malaria data was not distributed normally. 

Hence, all statistical analysis has been performed on the logarithmic 

transformation data. 

Table 49. T-test result for mean difference of average API (log-
transformed) between villages located on the districts boundary 
and non-boundary of Kebumen 

Villages Location 
N 

(110) 
Mean 

log API 
Std. 

Deviation 
Std. 
Error 

df 
Sig. (2-
tailed) 

Non Boundary 
Villages 

75 0.321 0.380 0.044 
108 0.000 

Boundary Villages 35 0.677 0.500 0.085 

The t-test result in Table 49 indicates a significant difference (p=0.000) in the 

mean (log-transformed) number of the malaria confirmed cases between villages 

located on the districts boundaries and non-boundaries villages. The average API 

(log-transformed) between the 75 non boundary villages was significantly lower than 

the 35 boundary villages average API (log-transformed). This result suggests that 

the average API was higher in boundaries villages compared to the villages located 

not in the boundaries, as shown by Figure 51.  

(b) 
(a) 
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Figure 51. Map of malaria infected village based on average API (2001-2006) 
in boundary (top) and non boundary (bottom) villages of 
Kebumen District 
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3.5.3.2 Spatial variation of malaria transmission by altitude in Kebumen 

In Kebumen, the altitude of malaria infected villages (110) ranged from 4 m to 

381 m above sea level, with an average of 103.19 m (SD = 90.27 m). The 

Pearson correlation test was performed to examine the correlation between 

altitude and the log-transformed average API. The result in Table 50 shows that 

altitude had a positive significant correlation (r = 0.430, p=0.000) with average 

API (log-transformed). The malaria incidence increased as the altitude increased.  

Table 50. The correlation between average Annual Parasite Incidence (log-
transformed) and altitude (m) in Kebumen 

Pearson correlation Average API  Altitude (m) 
Average Annual  Parasite 
Incidence (log-transferred) 

Correlation Coefficient 1.000 0.430
**
 

Sig. (2-tailed)  0.000 

N (villages) 110 110 

** Correlation is significant at the 0.01 level (2-tailed). 

Table 51. ANOVA results investigating differences in average API (log-
transformed) by topographic settings in Kebumen 

 Sum of Squares df Mean Square F Sig. 

Between Groups 3.544 2 1.772 10.167 0.000 

Within Groups 18.650 107 .174   
Total 22.194 109    

 

Table 51 shows the ANOVA result for investigating the mean difference between API 

(log-transformed) and topographic settings in Kebumen. There was a statistically 

significant difference in the average API between different topographic types 

(F=10.167, p=0.000). In Table 52, the LSD matrix shows that hilly and highland 

areas had significantly more malaria cases than in coastal areas. The difference 

between hilly and highland areas was not statistically significant. 

Table 52. The Least Significant Difference (LSD) Matrix of mean 
differences of the average API (logarithmic transformed) by 
topographic settings in Kebumen 

Topographic settings Villages 
(N=110) 

Mean 
Mean Difference 

Coastal Hilly Highland 

Coastal (0 - 60m) 47 .22753 0.000 -0.346
*
 -0.400

* 

Hilly (>60 – 200 m) 46 .57396 0.346
*
 0.000 -0.054 

Highland (>200 m) 17 .62797 0.400
* 0.054 0.000 

Bold*= The mean difference is significant at the 0.05 level. 
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Figure 52. Average API (2001-2006) by altitude (m) in Kebumen District 

Figure 52 shows the map of average API (2001-2006) distribution based on 

altitude in Kebumen District. This map also shows that in general malaria 

transmission occurred more at an altitude of 60–200 m above sea level.  

 

3.5.3.3 Temporal variation of malaria transmission in Kebumen 

In Kebumen, the only weather variable data that could be collected was rainfall. 

The rainfall data was collected from 33 rainfall-monitoring stations around the 

district. Table 53 shows the average monthly rainfall between 2001 and 2006. 

Kebumen experienced heavy rain in the five years from 2001 to 2006. With an 

average of 102 rainy days per year, the rainfall index was 1,339 mm per year and 

the median rainfall index was 98.3 mm/month. The median value was used as the 

cut-off point to determine dry and wet seasons. The rainy season was from 

November to April and the dry season from May to October. The heaviest rainfall 

was in January, with about 17 rainy days and 490 mm rain. The driest months, 

with no rain, were August and September.  
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Table 53. Average monthly rainfall in Kebumen, 2001–2006  

Season/ month 
Rainfall 

Rain Days Density (mm) Rain Index (mm/month) 

Wet Jan 17.3 490.8 273.5 

Feb 15.5 378.7 209.0 

Mar 13.8 408.1 182.3 

Apr 15.4 324.3 166.8 

Dry May 6.5 141.9 29.8 

Jun 0.6 9.8 0.2 

Jul 0.8 5.6 0.1 

Aug 0.0 0.0 0.0 

Sep 0.0 0.0 0.0 

Oct 1.0 6.3 0.2 

Wet Nov 15.1 468.8 235.4 

Dec 15.7 476.1 241.5 

Total per year 101.69 2,710.60 1,338.80 

Average 8.47 225.88 111.57 

Min 0.00 0.00 0.00 

Max 17.27 490.79 273.46 

 

To analyse the correlation between rainfall and malaria incidence, a Pearson 

correlation was performed. To incorporate the time needed for mosquitoes and 

parasite development, the malaria data used in this analysis were transformed to 

one-month lag data. The Pearson correlation results in Table 54 shows that 

rainfall condition in Kebumen is not significant to malaria transmission. Figure 53 

shows the average monthly confirmed malaria cases per 1,000 and the average 

rainfall index in Kebumen from 2001 to 2006. 

Table 54. The correlation results between the average monthly rainfall and 
average monthly parasite incidence in Kebumen, 2001–2006  

Pearson Correlation Rain Days Rain Density Rain index 

Average 
monthly 
parasite 
index (log-
transferred) 

Correlation Coefficient -0.121 -0.204 -0.200 

Sig. (2-tailed) .312 .086 0.093 

N (months) 72 72 72 
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Figure 53. The monthly average rainfall index and the average monthly 
parasite incidence at villages level in Kebumen, 2003-2006 

3.5.3.4 The variation of malaria transmission based on population 
density spatial distribution in Kebumen 

The relationship between the spatial pattern of population density and malaria 

incidence in the malaria-infected villages was investigated using the Pearson 

correlation test.  

Population was not normally distributed in Kebumen. The range of population 

density at the village level was from 78 to 2,344 per Km2 with an average of 

781 per Km2. The population density was log-transformed to fit the normal curve 

as shown by Figure 54. Further analyses used the transformed population 

density data. 

  

Figure 54. Kebumen population density (a) and its logarithmic 
transformation (b) 

(a) (b) 
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The Pearson correlation result in Table 55 shows that malaria incidence had a 

significant negative correlation with population density (r=-0.327, p=0.000). 

Malaria incidence was higher in less densely populated villages.  

Table 55. The correlation results between the population density and the 
average Annual Parasite Incidence in Kebumen, 2001–2006  

Pearson correlation (r) Population density per km
2
 (log-transformed) 

Average Annual  Parasite 
Incidence (log-transferred) 

-0.327
**
 

Sig. (2-tailed) 0.000 

N (Villages) 110 

**. Correlation is significant at the 0.01 level (2-tailed). 

Further, Figure 55 and Figure 56 below show the spatial pattern of population 

and the correlation scatter plot of population density and malaria cases in villages 

of Kebumen. 

 

Figure 55. Malaria spatial distribution based on population density by 
villages in Kebumen 
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Figure 56. The scatter plot of average Annual Parasite Incidence and village 
population density in Kebumen 

3.5.3.5 The variation of malaria transmission based on interaction 
between topographical settings, population density and season 
in Kebumen 

The combined effect of altitude and weather in Kebumen was investigated using 

the General Linear Model. The GLM result suggests that the variability of season 

or the covariates effect of seasons on topographic settings had significant effects 

on malaria transmission.  

Table 56. The ANOVA result tests of within-subjects contrasts from GLM 
for population density, topographical settings and seasons on 
the average parasite incidence in Kebumen, 2001–2006  

Variable Seasons Type III Sum 
of Squares 

df Mean 
Square 

F Sig. 

Seasons Dry vs wet 1.163 1 1.163 12.773 0.001 

Seasons * Pop density Dry vs wet .559 1 0.559 6.139 0.015 

Seasons * Topographical Settings Dry vs wet 1.120 2 0.560 6.147 0.003 

Error (Seasons) Dry vs wet 9.652 106 0.091   

Table 56 shows the ANOVA results of within-subject contrasts from General 

Linear Model (GLM) for the covariate effects of topographic setting, population 

density and the variation of seasons on Kebumen‘s average seasonal malaria 

incidence (log-transformed). The tests of within-subject contrasts indicate that 

season (F=12.773; p=0.001), the interaction between population density and 

seasons (F= 6.139; p=0.015), and the interaction between season and 

topographical settings (F=6.147; p=0.003) are statistically significantly related to 

average malaria incidence in Kebumen.  
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Table 57. The ANOVA result of tests of between-subjects effects from GLM 
for the effect of population density and topographic settings on 
the average parasite incidence in Kebumen, 2001–2006  

Variables Type III Sum 
of Squares 

df Mean 
Square 

F Sig. 

Intercept 0.459 1 0.459 11.240 0.001 

Population density 0.219 1 0.219 5.355 0.023 

Topographical settings 0.470 2 0.235 5.751 0.004 

Error 4.331 106 0.041   

 

Tests of between-subjects effects results are shown in Table 57. Population 

density had a statistical effect on malaria incidence (F=5.355; p=0.023), and the 

topographical settings had a similarly significant effect on malaria incidence 

(F = 5.571; p=0.004).  

Figure 57 shows the estimated marginal means of the average seasonal average 

malaria incidence (logarithmically transformed) by topographical settings in 

Kebumen. In all topographical settings, the number of malaria cases was 

statistically significantly higher in the dry than in the wet season. Also, the malaria 

incidence in hilly and highland areas was significantly higher than in coastal areas. 
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Figure 57. The estimated marginal mean of average seasonal parasite 
incidence (log-transformed) by topographic settings in Kebumen 
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3.5.3.6 The spatial variation of malaria transmission over time in 
Kebumen 

As in West Timor and Sukabumi, in Kebumen, the Local Indicator of Spatial 

Association (LISA) was also performed to investigate spatial clusters of malaria 

transmission at village level over time (monthly and seasonally).  

The results indicated that the number of very high malaria risk villages (R1=HH) 

fluctuated over the months and the number of high risk villages tended to 

increase from the end of rainy season to the middle of dry season. October had 

the least number of very high risk villages (4 of 110 villages) and June 

contributed to the largest number of very high malaria risk villages, which was 18 

villages. Figure 58 shows the number of villages based on the malaria 

transmission risk level from the LISA results of the monthly average malaria 

incidence from 2001 to 2006 in Kebumen.  

0

2

4

6

8

10

12

14

16

18

20

N
o

 o
f 

H
H

-V
il
la

g
e
s

0.00

5.00

10.00

15.00

20.00

%
 o

f 
H

H
 V

il
la

g
e
s

HH Villages 11 15 12 15 17 18 17 11 11 4 6 7

HL Villages 0 1 1 1 2 1 2 0 0 0 0 0

LH Villages 0 1 1 1 0 0 0 0 0 0 0 0

% HH 10.00 13.64 10.91 13.64 15.45 16.36 15.45 10.00 10.00 3.64 5.45 6.36

%HL 0.00 0.91 0.91 0.91 1.82 0.91 1.82 0.00 0.00 0.00 0.00 0.00

%LH 0.00 0.91 0.91 0.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

 

Figure 58. The number villages and the levels of risk for malaria 
transmission from LISA results based on average monthly 
parasite incidence from 2001 to 2006 in Kebumen 

There are eight (8) villages that have been identified as constantly being at a very 

high-risk for malaria transmission from 7 to 12 months as shown by Table 58. 
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Table 58. Villages at a very high risk of malaria transmission for more than 
six months each year in Kebumen 

No Villages Altitude (m) Months at high risk 

1 Kaligubuk 161 12 

2 Padureso 135 11 

3 Kalijering 83 11 

4 Kedunggong 229 9 

5 Sidototo 151 9 

6 Wadasmalang 231 8 

7 Merden 38 8 

8 Sendangdalem 75 7 
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Figure 59. Malaria  risk transmission villages by topographic settings from 
LISA results based on seasonal average malaria incidence from 
2001 to 2006 in kebumen 

The seasonal pattern of spatial malaria cluster villages in Figure 59 shows that 

very high malaria risk villages were located more in hilly than in coastal and 

highland areas. There were 15 very high malaria risk (HH) villages in the dry 

season, while in the wet season there were 13 villages. There was only one high 

risk (HL) village in hilly areas (dry season) and highland areas (wet season).   

The malaria risk classification by villages based on LISA results are shown in 

Table 59. Figure 60 and Figure 61 show the spatial cluster malaria distribution 

villages based on monthly and seasonal average malaria incidence 

(logarithmically transformed) in Kebumen. 
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Table 59. Number of villages in Kebumen based on malaria transmission 
risk classification by seasons 

Risk (R) by 
Seasons 

R1 = HH R2 = HL R3 = LH R4 = LL 

Dry Wet Dry Wet Dry Wet Dry Wet 

Coastal 2 1 0 0 0 0 4 0 

Hilly 10 10 1 0 0 0 1 0 

Highland 3 2 0 1 0 0 0 0 

Kebumen 15 13 1 1 0 0 5 0 

 

Figure 60. Monthly malaria spatial cluster villages map of Kebumen 
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Figure 61. A seasonal malaria spatial cluster villages map of Kebumen 
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3.5.4 Summary of malaria distribution patterns 

This section summaries the findings for each area.  

Variables West Timor West Java Central Java 

General (malaria transmission) Stable Unstable Unstable 

No of districts 5 1 1 

Year of data 2003-2006 2001-2006 2001-2006 

Total number of villages 701 343 331 

Malaria infected villages 701 (100%) 65 (19%) 110 (33%) 

Average AMI or API per 1000 116.76  
(AMI/medium) 

3.88  
(API/medium) 

10.02  
(API/high) 

Population (2004) 1,455,931 2,240,411 1,193,791 

Population in malaria areas 1,455,931 (100%) 446,700 (20%) 314,256 (26%) 

Total areas (official data) 15,120.83 Km
2
 4.128 Km

2
 1,281.12 Km

2
 

Average population density in 
malaria area ( person per sqr km) 

441 667 781 

Highest altitude (m) 1,437 1,096 381 

Rainfall index (mm/year) 743.6 1.872.6 1,338.8 

Range of temperature (C
O
) 19.7 – 33.2 17.6 – 32.1 NA 

Relative humidity (%) 66.6 – 86.7 82.70 – 92.7 NA 

Wind speed (knots) 2.2 – 6.9 1.40 – 7.1 NA 

Statistical analysis results for the mean difference of average cases 

- by district Significant NA NA 

- by location (boundaries) Significant NA Significant 

- by altitude (Pearson r) Significant (-) Not Significant Significant (+) 

- by topographical settings Significant Not Significant Significant 

Temporal variation    

- Rainfall Significant (days, +) Not Significant Not Significant 

- Temperature Significant (max, -) Not Significant NA 

- Humidity Significant (+) Significant (+) NA 

- Wind speed Not Significant Not Significant NA 

Correlation between 
population density and 
malaria cases 

Significant (-)  Significant (-)  Significant (-)  

General Linear Model results   

- Seasons  Not Significant Not Significant Significant 

- Seasons * population density Not Significant Not Significant Significant 

- Seasons * topographical settings Significant Significant Significant 

LISA results: The number of villages based on level of malaria transmission 
risks (Dry/Wet) 

- Very high risk villages (HH) 97 / 66 8 / 6 15/13 

- high risk villages (HL) 16 / 15 0 / 0 1/1 

- medium risk villages (LH) 2 / 0 0 / 1 0/0 

- low risk villages (LL) 105 / 99 0 / 0 5/0 
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3.6 Discussion 

Malaria is a disease whose distribution is influenced by many factors including 

geographic, environmental, vector and human population ones. This research 

shows that malaria incidences in Indonesia are not equally distributed over the 

archipelago and fluctuate from time to time as a result of these factors.  

West Timor, where malaria transmission is quite stable, is one of the areas with 

the highest malaria incidence. All villages (701) in West Timor have malaria. 

Baird et al. (1990) reported that Timor is one of the islands where malaria is 

categorised as hyper- to holoendemic, which means that malaria spreads more 

widely and has stable transmission among the population (Oaks et al., 1991; The 

Wellcome Trust, 2001).  

Java has a lower malaria incidence and could be categorised as a hypoendemic 

malaria area, as the incidence is very low and the island tends to be free from 

endemic malaria (Baird et al., 1996b). Java, however, still has some foci of 

persistent endemic malaria (Barcus et al., 2002). In Sukabumi, West Java, 65 

villages (19%) of 343 villages are malaria-infected, whilst in Kebumen District, 

Central Java, 110 of 331 villages (33%) have reported malaria incidences.  

3.6.1 West Timor 

West Timor is one of the areas with the highest number of clinical malaria cases in 

Indonesia (MoH.RI-CDC, 2006a): the Annual Malaria Incidence (AMI) was more 

than 117 cases per 1,000 people in the five years 2002 to 2006. Timor has been 

known as a high malaria incidence area since 1975 when Gundelfinger et al. 

(1975), for the first time, reported that malaria parasitemia were found in 35% of 520 

individuals from a Timor village. Although Plasmodium falciparum accounted for 80% 

of infections, P. ovale was also reported to have been found (Gundelfinger, 1975; 

Gundelfinger et al., 1975). 

Several factors might be related to the high malaria incidence in West Timor. 

Firstly, in the hyper- to holoendemic malaria area, transmission occurred during 

the whole year (Macdonald, 1955; Harijanto, 2000), which keeps the number of 

cases high. Moreover, in a stable malaria area such as West Timor, the 

transmission is intense, robust and uninterrupted (Oaks et al., 1991). Bruce-

Chwatt (1980) also noted that in a stable malaria area P. falciparum is the most 
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prevalent parasite. The data from the health authority in West Timor shows that 

21% of 75,440 slides tested were positive for malaria: more than 70% of those 

positive slides were P. falciparum (CDC-NTT, 2005). Laihad also noted that 

around 73% of the total cases treated in hospitals and health centres in NTT 

were malaria cases (Laihad, 2000). 

Secondly, as malaria diagnosis methods in West Timor are mostly based on 

clinical symptoms, it is possible that there has been some over-diagnosis. There 

are malaria-like symptoms that could be taken for malaria, which might have 

made the number of reported malaria cases higher than the reality.  

Thirdly, the high malaria incidence in West Timor could also be triggered by a 

relapse of malaria P. vivax or a re-infection by P. falciparum. The P. falciparum 

re-infection is usually unmarked in a stable malaria area (Bruce-Chwatt, 1980).  

Fourthly, as there is now concern about malaria drug resistance, the high malaria 

incidence might be related to anti-malaria drug resistance against the malaria 

parasite due to unsuccessful malaria treatment. In Timor, anti-malaria drug 

resistance has been reported by Verdrager and Arwati (1974) and Sutanto et al. 

(2004). In West Timor and all other parts of Indonesia, since chloroquine, the 

first-line malaria therapy, has lost its effectiveness to kill malaria parasites, the 

government has begun to adopt Artemisinin-Based Combination Treatment 

(ACT) for malaria therapy nationally (MoH.RI-CDC-Malaria, 2006). ACT drugs 

have been made available throughout the country and have been applied in the 

field. However, during the study, we found that not all health centres have the 

drugs. As a result, some health centres keep on using chloroquine to treat 

malaria, which could lead to the lack of success in its treatment.  

Fifthly, the human migration pattern may be important. There are several reasons 

for human migration, and this migration could lead to an increase of the incidence 

of malaria. Traditionally, people have migrated to find a more suitable livelihood, 

or have been forced to move by natural disasters. Nowadays war and conflict 

have forced many malaria susceptible people to move from their homeland 

(Martens & Hall, 2000; Aron & Patz, 2001).  

Due to political conditions in 1999, many people moved from East Timor to 

Indonesian West Timor (CDC-NTT, 2000). Similar conditions occurred in the 
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Bamian highlands of Afghanistan: a long conflict forced people to move and this 

led to a high incidence of malaria and subsequently to a high mortality rate 

(Abdur Rab et al., 2003). This could be one factor contributing to the increase of 

malaria incidence in West Timor, especially in Kupang and Belu Districts. See the 

case study of political turmoil increased malaria in West Timor in the Appendix 3. 

Sixthly, most malaria-infected villages in West Timor are located on the coastline 

and in the district boundary areas. These conditions have many implications. The 

coastal area provides many mosquito breeding habitats. As a result, vector 

density is high, and this increases the human-mosquito contact (Bruce-Chwatt, 

1980; Sandosham & Thomas, 1983; Patz et al., 2000a).  

3.6.2 Sukabumi – West Java 

In Sukabumi, West Java, malaria remains a serious health problem. Sukabumi 

District is categorised as an unstable malaria area with fewer cases. However the 

number of cases increased dramatically from 1998 to 2003. In 1998, only one 

malaria case was reported but the number reached 1,790 in 2003 (Sukabumi 

District Health Office, 2006; Stoops et al., 2007).  

In 2003 Sukabumi experienced a malaria outbreak, mostly affecting 15 to 44 year 

olds (57%) and predominantly among males (60%). Occupation type and outdoor 

activities may account for the outbreak, since more than 58% of the population 

works in the agriculture sector (West Java, 2000). In addition, P. falciparum was 

the dominant parasite in Sukabumi during the 2003 malaria outbreak. Similarly in 

Africa, north-west India and Sri Lanka, P. falciparum was responsible for a huge 

malaria epidemic (Sinden & Gilles, 2002). Areas with a high number of P. 

falciparum, such as in Sukabumi, have the potential for a malaria outbreak 

(Bruce-Chwatt, 1980; Oaks et al., 1991; Reiter et al., 2004; Wiser, 2005).  

The highest incidence of malaria outbreaks in Sukabumi was in Langkap Jaya 

Village, Lengkong. This village, where most of the villagers are farmers, is 

located at an altitude of 725 m above sea level. The village is a local 

transmigration area in Sukabumi District, as most of the villagers are not 

originally from this area. This might account for the high malaria incidence and 

malaria outbreaks in this village. In Kenya, Shanks et al. (2002) found that in 

highland areas unstable for malaria, changes of land-use pattern and human 
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migration were amongst the factors that led to a high malaria incidence. In 

addition, people in highland areas usually have less immunity against malaria 

(MARA/ARMA, 1998). 

 

 

 

 

 

Figure 62. Road conditions on the route to Lengkong and Sanggrawayang, 
Sukabumi 

Sukabumi has very poor road conditions in some malaria-infected areas. For 

example, during the data collection for this study, some villages could be 

accessed only by motorbike. Access could be worse in the rainy season due to 

muddy road conditions. As an example, Sangrawayang Village is difficult to 

access during the rainy season. Figure 62 shows the road conditions in two 

malaria villages, Lengkong and Sanggrawayang both in Sukabumi District. 

Access to Sangrawayang Village, which is located on the coast about 12 km from 

Pelabuhan Ratu, the district capital city, is limited to using a small boat by sea. 

However, access to this area can be even more restricted by bad weather 

conditions, high seas or tide. Isolated conditions make malaria harder to 

overcome in this village. As Barcus et al. (2002) pointed out, poor or non-existent 

roads limit access to health facilities, and this also correlates with a malaria 

epidemic.  

In the Sukabumi District, malaria incidence tended to decrease over time; 

however the infected areas became more widespread and so malaria 

transmission kept reoccurring. The wider spread of malaria infection in Sukabumi 

could be related to environmental factors, the presence of malaria vector in the 

region and human factors. All of these factors will be discussed in the next 

section. 
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3.6.3 Kebumen – Central Java 

In Kebumen District, most malaria-infected villages are located in the northern 

and eastern parts of the district. In the northern area, Kebumen shares its 

boundary with Banjarnegera District, and on the east, with Purworejo District. 

Baird et al. (1996b) reported that areas in Central Java including Purworejo, 

Jepara, Pekalongan and Banjarnegara are places where malaria is endemic. 

Moreover, Manoreh Hill and Dieng Plateau in northern Kebumen are also known 

as malaria pocket areas (Nalim et al., 2002), where explosive malaria outbreaks 

have occurred (Barcus et al., 2002).  

Kebumen features a wide range of rice-cultivation areas and approximately 53% 

of the population work in the agricultural sector. Prabowo (2002) confirmed that 

irrigated rice cultivation is one of the factors potentially contributing to high 

malaria prevalence in Kebumen District. In line with this result, in Ghana, Afrane 

et al. (2004) found that irrigated agriculture increased man-mosquito contact and 

the number of malaria episodes. Ricefields and irrigated crops provide an ideal 

habitat for mosquitoes (Reiter, 2001). 

Moreover, since most of the malaria-infected villages are located on hillsides, 

people tend to be more exposed to contact with malaria vectors. Barcus et al. 

(2002) pointed out that people living in hills areas are separated by vast stretches 

of rice paddy. These people tend to be more exposed to biting anophelelines and 

also generally they are less wealthy and less mobile than coastal residents 

(Barcus et al., 2002). The large number of infected villagers are also more likely 

to act as a source of secondary malaria infection to other people. In addition, 

Barcus et al. (2002) reported that the Manoreh Hills villagers are less likely to 

have access to early and effective malaria treatment.  

Further more, Nalim, et al. (2002) suggested that the factors contributing to high 

malaria incidence in Central Java include anti-malaria drug resistance, a 

decrease in the malaria control program, an increased malaria risk caused by 

environmental change and people movement, and returning villagers who carried 

malaria.  

In order to prevent the spread of the malaria parasite by the returning villagers, 

Kebumen District Health Office conducted an early warning system for imported 
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malaria surveillance since 2003. The reason for doing this is that many malaria 

outbreaks in the area started with people who contracted the infection outside the 

village (Kebumen District Health Office, 2006).  

A study in Colombia found that a migrating population plays a role in the 

epidemiology of urban P. falciparum. Thus this has to be considered in planning 

the malaria control program in the endemic areas (Osorio et al., 2007). Indeed 

Lederman et al. (2006) reported that although autochthonous malaria does not 

exist in Jakarta, Jakarta is reported to have malaria incidence associated with 

travel among civilian and military populations. These conditions confirm that an 

early warning surveillance system for imported malaria, such as in Kebumen, is 

necessary to prevent a malaria outbreak.  

In Kebumen, malaria incidence was high but it decreased dramatically in 2006. 

The API was 24.7 per 1,000 in 2002, decreasing to only 1.97 per 1,000 in 2006. 

This significant decrease in API might be related to several intensive malaria 

intervention programs, including active case detection, indoor residual spraying 

(IRS), and the distribution of impregnated treated net (ITN). However, during this 

study, analysis was not performed to investigate the effect of  IRS and ITN on the 

reduction of malaria cases in Kebumen. Nevertheless, a study by Barcus et al. 

(2002), showed that in Purworejo, the neighbouring district to Kebumen, the IRS 

was significantly correlated with the API.  

3.6.4 Biophysical factors for malaria transmission 

3.6.4.1 Altitude, topography and boundary zones 

Many researchers have pointed out that altitude has a strong relationship to 

malaria incidence. Altitude may be a proxy for temperature and different land-use 

patterns, which could influence the presence and distribution of different types of 

malaria vectors. According to the results of this research, altitude and topography 

appear to be important factors for malaria transmission.  

Altitude was negatively correlated with malaria in West Timor. The reason is that 

lower temperatures in the highland areas slow down the development rate of 

both parasites and mosquitoes (Malakooti et al., 1998; Patz et al., 2000a; 

Minakawa et al., 2006). Similarly, many researchers found that in Africa the 
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transmission of Plasmodium falciparum generally decreased with increasing 

elevation (Cohen et al., 2008; Malakooti et al., 1998; Minakawa et al., 2006).  

Although the statistical analysis shows that, in contrast to West Timor, altitude 

had no statistically significant effect on malaria incidence in Sukabumi, West 

Java, the villages with high malaria incidence were all located in highland areas. 

Similarly, in Kebumen, Central Java higher altitude villages had significantly more 

malaria. 

Several factors may lead to high malaria transmission in the higher altitude 

villages in Sukabumi, West Java. Since most of these malaria-infected villages 

are transmigration locations, the change in land-use pattern, human migration 

and changes in vector populations may be responsible for the high malaria 

incidence. In many transmigration locations, land clearing to convert forest to 

agriculture land is a common practice. In Uganda, Lindblade et al. (2000) found 

that the effect of land-use change is to alter malaria transmission, because the 

change in vegetation affected the evapo-transpiration pattern and local climate, 

thus leading to an increase in temperature, which may increase malaria 

transmission. In Flores, Indonesia, Pattanayak et al. (2004) found that the 

change from primary to secondary forest was positively related to child incidence 

of malaria. Deforestation also has a strong correlation to the increase in malaria 

incidence in many parts of the world, including Brazil (Patz et al., 2000b), South 

America (Pattanayak et al., 2004), and Africa (Matola et al., 1987; Malakooti et 

al., 1998; Lindblade et al., 1999; Lindblade et al., 2000). 

Moreover, since the highland villages in Sukabumi are local transmigrant areas, 

there were newly established settlements. These newly established settlements 

could lead to an increase in malaria transmission because newcomers could 

increase opportunities for host-vector contact, for exchange of parasite types and 

have susceptibility to infection. The results from other places show that in new 

areas, newcomers might have less malaria immunity, which puts them at greater 

malaria risk (Patz et al., 2000a; Reiter, 2001; Pattanayak et al., 2004). 

Altitude was positively correlated with malaria in Central Java. In Kebumen, 

Central Java, high incidence malaria villages were located more in the higher 

topography areas and altitude was positively correlated to malaria incidence. As 

was explained previously, since Kebumen shares some boundaries with 
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Banjarnegara, Purworejo, Manoreh Hills and Dieng Plateau, which are all malaria 

pocket areas in Central Java (Barcus et al., 2002; Nalim et al., 2002; Prabowo, 

2002; Rijadi, 2002; Sanjana et al., 2006), this proximity might explain why these 

villages had a higher incidence of malaria. In higher topography areas in 

Kebumen, there were also many rice fields that could be good breeding places 

for mosquitoes (Afrane et al., 2004; Prabowo, 2002; Reiter, 2001).  

The high malaria incidence in the highlands of Sukabumi and Kebumen may be 

related to the fact that Indonesia is also experiencing the effect of global climate 

change. Indonesia‘s temperature is increasing at a rate of 0.2 to 0.3oC per 

decade (Sari et al., 2007). Scientists predict that an increase in global 

temperature will progressively increase vector migration from lower to higher 

altitudes (Lindsay & Birley, 1996; Patz et al., 2000a; Aron & Patz, 2001; Patz et 

al., 2002). Martens (1995) suggested that at higher altitudes, an increase in 

temperature of several degrees centigrade can increase the potential 

transmission of malaria. Sutherst (2004) also confirmed that in recent years, 

there has been an increase from 12% to 27% in malaria epidemics due to climate 

change. In Africa there is recent evidence of the increase in malaria incidence in 

highland areas (MARA/ARMA, 1998). 

Apart from this, Lindblade et al. (2000) suggests that malaria is unstable in 

highland areas. This causes population in those areas to have little or no 

immunity; therefore they are vulnerable to an explosion in malaria when the 

vector density and weather conditions favor transmission. Another factor is that in 

unstable areas, the dominant parasite is P. vivax (The Wellcome Trust, 2001). As 

mentioned before, P. vivax has a relapse characteristic (Oaks et al., 1991) which 

can increase malaria incidence. In Sukabumi, an outbreak of malaria in 2003 was 

associated with the dramatic increase of malaria vivax and falciparum (Sukabumi 

District Health Office, 2006; Stoops et al., 2007).  

Finally, WHO (1979) suggested that topography and altitude have to be 

considered as important factors, because they determine the amount of water 

surface favourable to vector breeding sites. In Manoreh Hill, Central Java, it is 

confirmed that during the dry season, mosquitoes use small streambeds as 

breeding sites (Nalim et al., 2002). In addition, in the Kenyan highland of Africa, 

Cohen et al. (2008) found that highland terrain with high predicted water 
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accumulation could be a variable in predicting high malaria risk. This might 

explain why malaria was prevalent in hilly and highland areas of Kebumen and 

Sukabumi. 

One of the most important finding of this research is the high risk of malaria 

transmission in boundary areas. Boundary areas become important in malaria 

transmission because they are associated with movement of people and the 

existence and performance of local infrastructure are limited and could become 

an institutional challenge (Mills et al., 2008). For example living in the district 

boundary areas could have a negative implication in regard to malaria control 

activities. Sometimes, malaria control activities differ between districts. If one of 

the districts properly conducts a specific malaria program while the other district 

does not, the effectiveness of the malaria program could be undermined and 

consequently malaria incidence would not be reduced. Also, population migration 

between villages from different districts in boundary areas could lead to the 

increase of malaria transmission.   

3.6.4.2 Rainfall  

Since water is essential for mosquito larval development, rainfall influences 

malaria transmission by providing larval habitat and increasing humidity, which 

improves mosquito survival rates (Aron & Patz, 2001; Reid, 1998; Reiter, 2001; 

WHO, 1979).  

The result of this research shows that, the number of rainfall days had a 

significant positive correlation to malaria incidence in West Timor villages. 

However, the General Linear Model results suggested there was no significant 

difference in malaria cases between dry and wet season at district level. In West 

Timor, overall rainfall index was lower than in West Java and Central Java. The 

increased number of rain days probably influences the increase of rainfall 

density, which later could provide more mosquito breeding places.  

In Sukabumi, West Java and Kebumen, Central Java, rainfall was not 

significantly correlated with malaria incidence. However, the average data shows  

that malaria incidence in these districts decreased as the rainfall decreased.  
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By contrast, many researchers have found that a wetter rainy season is more 

favourable for the transmission of malaria. In Zimbabwe (Taylor & Mutambu, 

1986), Pakistan (Bouma et al., 1996), and Haiti (Vanderwal & Paulton, 2000), 

researchers found that the transmission of malaria increased during the rainy 

season. In India, Devi & Jauhari (2006) confirmed that rainfall, temperature, and 

humidity were associated with monthly parasite incidence; however the highest 

significant correlation was found between rainfall and malaria incidence. In 

Sudan, researchers found that rainfall was a significant climatic variable in 

malaria transmission and heavy rainfall was found to initiate epidemics (Himeidan 

et al., 2007). In Mali in the wet season, Anopheles mosquito populations increase 

rapidly (Sogoba et al., 2007). Similarly, the man-biting rate of malaria vectors in 

Roraima, Brazil was at its highest during the rainy season, which coincided with 

the highest rates in malaria transmission. The explanation was that, during the 

rainy season, the neighbouring alluvial forest was extensively flooded, which 

increased the presence of breeding places. As the river receded, the distribution 

range of Anopheles and density decreased, which also corresponded to a 

malaria decrease (de Barros & Honorio, 2007). Snow and Gilles (2002a) also 

suggested that malaria incidence increased in line with increased rainfall. 

In regard to dry and wet season at district levels, the Local Indicator of Spatial 

Association (LISA) results showed that, in the all study areas (West Timor, West 

Java and Central Java), the number of high risk malaria transmission areas were 

higher in the dry season than in the wet season. In the wet season, in some cases, 

excessive rainfall may flush away many larvae and pupae, which can result in 

relatively less malaria transmission (Craig et al., 1999; Snow & Gilles, 2002a).  

The difference between malaria patterns at district level and at village level may 

be due to many factors. Firstly, malaria was distributed unevenly within the 

villages. Secondly, malaria is influenced by specific local conditions, whilst at 

district level, the areas of endemic malaria are very broad and variable. Thus, it 

was very difficult to obtain a clear pattern of malaria transmission. 

In Africa, the scarcity of basic data continues to be an enormous problem in 

malaria control programs (MARA/ARMA, 1998). In India, although some malaria 

outbreaks have been reported to increase with increased rainfall, caused by the 

El Niño southern oscillation (ENSO), no clear relationship was observed between 
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rainfall and malaria incidence by Singh & Sharma (2002). Moreover, Craig et al. 

(1999) suggested that the relationship between rainfall, malaria and mosquito 

abundance is complex and it is therefore difficult to show a clear direction of the 

relationship. 

3.6.4.3 Temperature 

Temperature plays a major role in malaria transmission since it influences both 

mosquito and parasite development and survival rate. Although each species of 

Anopheles differs in its ecological conditions, as a general rule, the mosquitoes 

develop more rapidly and feed more frequently in warmer temperatures. In 

addition, the parasites within the mosquitoes develop earlier in their life cycle and 

multiply more rapidly (Oaks et al., 1991; Epstein et al., 1998; Patz, 1998; Patz et 

al., 2000a; Reiter, 2001; Patz et al., 2002; Snow & Gilles, 2002b; Bi et al., 2005). 

In this study, temperature data was available only in two weather monitoring 

stations: Kupang Municipality, West Timor and Sukabumi, West Java. The 

temperature range in Kupang Municipality was 20oC to 33oC (average 27oC). The 

cooler months were from June to September and the hotter ones from October to 

November. In Sukabumi District, temperature ranged between 17oC and 32oC 

(average 24oC). The cooler months were from July to September, whilst the 

hottest temperature was in May. Theoretically, the optimum temperature for the 

extrinsic incubation period (EIP) for parasites is about 20oC to 27oC (Epstein et 

al., 1998) and 25oC to 27oC for the mosquito development (Epstein et al., 1998; 

Reid, 1998). The optimum temperature for egg hatching ranges from 24oC to 

30oC (Impoinvil et al., 2007).  

The temperatures in Kupang Municipality and in Sukabumi were within the 

optimum range for malaria transmission. The statistical analysis, however, 

showed that only maximum temperature in Kupang Municipality was significantly 

correlated with malaria incidence. In Kupang, high malaria incidence occurred 

from November to February. This is the period when the temperatures were 

about 27oC to 29oC and these high temperatures were accompanied by heavy 

rainfall. In Yunnan, China, researchers found that higher rainfall, combined with 

higher temperatures, increased malaria incidence (Hu et al., 1998). Similarly, the 

mean monthly temperature range of 24oC to 28oC and maximum temperature 

(24oC to 28oC), combined with high rainfall, were suitable for transmission in 
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Zimbabwe (Mabaso et al., 2005). In Kenya, a study by Ye et al. (2007)  found 

that, at a local scale, the meteorological factor most closely associated with 

clinical malaria was mean temperature.  

The differences of the effect of temperature on malaria transmission in Kupang 

Municipality and Sukabumi were caused by many factors. However, the 

correlation between these variables is complex and might have been confounded 

by other environmental factors, such as rainfall, type of vegetation and the 

presence of breeding places (Breslin, 1994; Martens et al., 1995). 

3.6.4.4 Humidity 

One of the other important weather variables for malaria transmission, along with 

rainfall and temperature, is humidity, which influences Anopheles survival rate 

and its life span (Epstein et al., 1998; Patz et al., 2000c; Reiter, 2001; Beniston, 

2002; Bi et al., 2005). Humidity and temperature determine Anopheles 

establishment and reproduction (Gilles, 1993; Reid, 1998; Reiter, 2001). Rainfall 

favours high humidity, thereby enhancing vectorial potential (Reiter, 1988; 

Warrell & Gilles, 2002).  

In this study, humidity and rainfall were analysed using data obtained from two 

districts, Kupang Municipality, West Timor and Sukabumi, West Java. The 

average relative humidity in Kupang Municipality was between 67% and 87% 

with an average of 76%. Sukabumi‘s relative humidity was 83% to 93% with an 

average of 88%. In both districts, relative humidity was positively correlated with 

malaria incidence; malaria incidence increased as relative humidity rose.  

This is consistent with what happened in New Jersey, USA, in 1990 when 

malaria incidence increased by 230% compared to 1980 (Zucker, 1996). The 

reason for this increase was that the weather was hotter and more humid than 

usual, which increased the Anopheles density (Zucker, 1996). Similarly, in Africa, 

Lindsay and Bayoh (2004) suggested that warmth and moisture are essential for 

most insects‘ reproduction, development and survival. In India, Devi and Jauhary 

(2006) also found a high positive association between monthly parasite incidence 

and climatic components (temperature, rainfall and humidity). In China, Bi et al. 

(2003) found that monthly mean relative humidity and monthly precipitation were 

positively correlated with the monthly incidence of malaria. In Pakistan, the 
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association between temperature, rainfall and humidity and P. falciparum rate 

was confirmed by Bouma et al. (1996). 

Similarly in Australia, researchers found that relative humidity influences longevity, 

mating, dispersal, feeding behaviour, and oviposition of mosquitoes. Researchers 

noted that mosquitoes could disperse further because of a longer age, during 

periods of high humidity. Therefore, they have a greater opportunity for transmitting 

diseases. Furthermore, the researchers explained that relative humidity affects 

evaporation rates, so vector breeding sites may dry up if the humidity is lower, or 

may remain wet longer in higher humidity (Tong & Hu, 2001; Tong et al., 2002; Tong 

& Hu, 2002; Tong et al., 2004; Tong et al., 2005). 

3.6.4.5 Wind 

Wind influences malaria incidence by playing an important role in mosquito 

dispersal and migration (Reiter, 1988). In malaria transmission, mosquito flight 

range is another important factor in the spread of malaria by Anopheles. Along 

with rain, temperature, humidity, and the mosquito‘s physiological stage, wind 

velocity influences mosquito flight distances (Becker et al., 2003; Bidlingmayer et 

al., 1995; Bruce-Chwatt, 1980; Harijanto, 2000; Snow, 1980).  

In this study, wind speed data were available only for Kupang Municipality, West 

Timor and Sukabumi, West Java. The statistical results show that in both Kupang 

and Sukabumi, wind speed had no correlation with malaria incidence. Similarly, a 

study in Egypt found that wind speed had no significant correlation with either 

larvae or adult Anopheles in the endemic area of Fayoum Governorate 

(Bassiouny et al., 1999).  

In contrast to this study, other studies confirm the significant link between wind 

and mosquitoes or malaria incidence. Snow (1980) showed that the number of 

Anopheles that attempted to bite humans at ground level and at 4 m and 8 m on 

scaffolding tower in cleared bush in Gambia was correlated with wind speed. It 

showed that wind speed assisted mosquitoes‘ flight, enabling them to more easily 

approach and bite men on the scaffolding. 

A study conducted in Saibai Island in the northern Torres Strait, Australia, indicated 

that northerly winds were capable of carrying insects from New Guinea to Saibai 
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Island (Johansen et al., 2003). Cho et al. (2002) showed that An. sinensis in Korea 

was able to fly at least 12km in one night. In Croatia, Bogojevic et al. (2007) found 

that the floodwater mosquito from the natural marshland in Kopacki could spread up 

to 11.7 km from its breeding ground. Mosquito dispersal was greatly influenced by 

wind speed (Bogojevic et al., 2007). 

3.6.4.6 Spatial analysis of malaria  

Geographic information systems (GIS) have been recognised and widely used as 

an important tool for malaria control programs (Kleinschmidt et al., 2000). One 

example of a success story of the implementation of GIS in malaria control is the 

Atlas of Malaria-risk in Africa which has used to understand malaria determinants 

and its spatial scales (MARA/ARMA, 1998). In Indonesia, GIS has been used to 

map malaria prevalence in the Manoreh Hills and has started to be incorporated 

in many malaria transmission studies (Sipe & Dale, 2003; Dale et al., 2005; 

Stoops et al., 2008). 

In this study, the GIS approach was used to analyse malaria distribution spatially 

by area, incorporating elevation and population density over time (temporally) by 

months and seasons. Using the GIS approach combined with SPSS analysis, 

this research has indentifies the location of high malaria areas. In West Timor, 

the results show that malaria incidence was higher in coastal areas and along the 

district boundaries. In West Timor malaria transmission occurred in areas of less 

dense human population areas. This indicated that malaria was higher in rural 

than urban areas.  

AMI stratification showed that 184 of 701 villages had a high AMI in West Timor. 

However, the LISA analysis showed that there were 97 very high-risk malaria 

villages. This indicated that LISA analysis can be used to select and prioritise 

villages for intervention. 

The LISA analysis also showed that seasonally, in West Timor, there were more 

high risk malaria villages in the dry than in the wet season. In the dry season, high 

risk malaria  villages were found in southern part of the island. In contrast, in the wet 

season, there were more high risk villages in the northern part of the island. This 

condition might be related to the weather pattern, where the southern part of the 

island is influenced by Australian weather and experiences late rainfall.  
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In West Java, the spatial analysis also showed that more malaria cases occurred 

in lower population density areas. The LISA analysis also was able to identify 

four villages as having high malaria transmission. This result can be useful to 

focus control efforts and attention on these villages in order to reduce high 

malaria pocket villages. 

Similar results appeared in Central Java. Malaria was found more in rural areas 

with less dense population. In addition, the LISA analysis was able to identify 

eight high risk malaria pocket areas that could be prioritised for control activities. 

From the results, it was clear that a GIS approach can be used as a tool to 

enhance malaria decision-making by providing better information about malaria 

distribution and other determinant factors for malaria transmission and help to 

priority and focus control. 

3.7 Summary of Malaria Pattern Analysis 

The findings from this  chapter confirm that, although malaria is a widespread 

disease, in some respects it has local characteristics resulting from the 

combinations of many variables. In this study, biophysical factors greatly 

influenced malaria transmission and incidences. Altitude and geographical 

features determined the level of malaria incidence in districts of West Timor, 

Sukabumi District in West Java and Kebumen District in Central Java. Boundary 

zones are one of the important factors for malaria transmission in West Timor 

and Central Java. Rainfall positively influenced the number of malaria cases in 

West Timor. However, the correlation was not consistent with in West Java and 

Central Java Districts. The other climatic variables (temperature and humidity) 

consistently influenced malaria cases in West Timor and West Java, but wind 

speed was not associated with malaria transmission in both areas.  

Variables that were consistently significantly associated with malaria 

transmission in all study areas were population density and altitude. In general, 

malaria transmission occurred higher in less dense population areas and also in 

coastal areas. The GIS approach and LISA analysis were useful potential tools 

to enhance malaria control programs. 
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CHAPTER IV — MALARIA VECTORS AND THEIR 
BEHAVIOUR RELEVANT TO 
MALARIA RISK IN INDONESIA  

4.1 Introduction 

Malaria is a life-threatening disease in Indonesia with an estimated 5 million 

annual cases and 42,000 deaths (UNDP, 2004; MoH.RI-CDC, 2006a; SEARO, 

2007). Malaria is transmitted via the bites of infected Anopheles mosquitoes. 

There are 24 Anopheles species recorded throughout Indonesia, divided into 

Oriental and Australian species (O'Connor & Soepanto, 1989; Takken et al., 

1990; Laihad, 2000).  

Takken et al. (1990) looking at the history of malaria control in the Indonesia 

archipelago, suggested that the failure of the malaria eradication program from 

1955 to 1969 was because it focused on malaria vectors without paying attention 

to their ecology.  

This chapter describes 11 of these Anopheles species, their habitats and biting 

habits in three areas of Indonesia: West Timor and Java. This chapter aims to 

answer the research question:  

―What are the malaria vectors and their behaviour relevant to malaria risk in 

Indonesia?‖. 

4.2 An Overview of Malaria Vectors in Indonesia 

The most extensively occurring species of Anopheline in Indonesia are An. 

sundaicus, An. subpictus, An. barbirostris, An. maculatus, An. aconitus, An. 

balabacensis (Takken et al., 1990; Harijanto, 2000). An. sundaicus was believed 

to be responsible for a malaria outbreak in Batavia (now Jakarta) in 1733 (Van 

der Brug, 1997). It is a coastal, brackish water breeder, widely distributed from 

Sumatra through Java to Bali (O'Conor & Arwati, 1974). On Sumatra, however, 

An. sundaicus regularly breeds in fresh water (Soeparmo & Laird, 1954). An. 

subpictus also transmits malaria in Java (Issaris & Sundararawan, 1954; Soerono 

et al., 1965). An. aconitus, which breeds in rice-paddies, is also a main malaria 
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vector in Java (Muir, 1963; Soerono et al., 1965; O'Conor & Arwati, 1974). An. 

balabacensis is reported to be a forest-dwelling malaria vector in Kalimantan 

(Verdrager et al., 1976) and is also recorded in western Sumbawa Island 

(Maekawa et al., 2009). An. punctulatus, An. farauti and An. koliensis are the 

main vectors of malaria in Papua (Metselaar, 1957; Verdrager et al., 1975a). In 

Central Java, Barcus et al. (2002) found that An. sundaicus was the dominant 

vector in coastal areas, whilst An. aconitus and An. barbirostris were more often 

found in the coastal plains area. In the foothills zone, An. maculatus and An. 

balabacensis were dominant. A summary of the geographic distribution of the 24 

malaria-competent Anopheles species in Indonesia is shown in Table 60. Figure 

63 and Table 61 show the distribution of the ten best-known malaria vectors. 

Table 60. Geographic distribution of Anopheles species in Indonesia 

No S p e c i e s 
Australian Oriental 

Papua Java Sumatra Kalimantan Sulawesi 

1 An. aconitus   ▲ ▲ ○ ○ 

2 An. aitkenii   ○ ○ ○ ○ 

3 An. annularis   ○ ▲ ○ ○ 

4 An. balabacensis   ○   ▲   

5 An. bancrofti ▲         

6 An. barbirostris ○ ○ ▲ ○ ○ 

7 An. beazai   ○ ○ ▲ ○ 

8 An. farauti ▲         

9 An. flavirostris   ▲ ? ○ ▲ 

10 An. kochi   ○ ▲ ○ ○ 

11 An. koliensis ▲         

12 An. letifer     ○ ○   

13 An. leucosphyrus     ▲ ○   

14 An. maculatus   ▲ ▲ ○ ○ 

15 An. minimus   ○ ○ ○ ▲ 

16 An. nigerrimus   ○ ▲ ○ ○ 

17 An. punctulatus ▲         

18 An. roperi     ○ ○   

19 An. sinensis     ▲     

20 An. subpictus ○ ▲ ▲ ○ ▲ 

21 An. sundaicus   ▲ ▲ ▲ ▲ 

22 An. tesselatus   ▲ ○ ○ ○ 

23 An. umbrosus   ○ ○ ▲ ○ 

24 An. vanus       ○ ▲ 

 
Source: Takken et al. (1990, p.20) 

▲= Species is known to have a role in malaria transmission in that part of Indonesia 

○= Species present in that part of Indonesia but not recorded as a malaria vector in that location 

? = distribution and role as vector unknown in that area 
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Figure 63. The geographic distribution of ten important malaria vectors in Indonesia 

Red = high malaria risk areas, yellow = medium; green = low 
Source: Modified from MoH.RI-CDC (2005) 
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Table 61. A summary of malaria vectors with a role in malaria 
transmission in Indonesia 

Species Sumatra Java Kalimantan Sulawesi Bali & Nusa 
Tenggara 

Maluku & 
Papua 

An. aconitus        

An. balabacensis       

An. barbirostris       

An. farauti       

An. koliensis       

An. letifer       

An. maculatus       

An. punctulatus       

An. subpictus       

An. sundaicus       

Source: MoH.RI-CDC (2005) 

All mosquitoes have immature stages that require water. The breeding sites may 

be classified as temporary or permanent, and natural or man-made (Bruce-

Chwatt, 1980), or according to other characteristics. Factors such as the nature 

of terrain, characteristics of water bodies and their vegetation types play an 

important role in determining the species of mosquito which inhabits an area 

(Sandosham, 1965; Patz et al., 2000b). In general, each mosquito species 

utilizes a different type of habitat (Bruce-Chwatt, 1980). Thus Sandosham and 

Thomas (1983) suggested that Anopheles habitats may be divided into three 

main topographic zones: brackish-water zone, coastal plain, and hills and 

mountains, and this classification is used here. 

The habitat of Anopheles larvae in Indonesia is also influenced by factors 

including the presence of vegetation, size and depth of water body, quality of 

water, the absence of predacious fish species, sunlight and shading, water 

movement, temperature, pH, salinity, nutrients for the larvae and the level of 

nitrates (the impact of nitrogen on larvae may inhibit certain species)  (Takken et 

al., 1990). Table 62 summarises the site characteristics of the 24 Indonesian 

species of Anopheles including the 10 known malaria vectors. A summary of 

feeding, resting and biting habits of the Anopheles species is presented in Table 

63 below. 
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Table 62. A summary of larvae and pupal site characteristics of important malaria vectors in Indonesia  

BREEDING SITE CHARACTERISTICS 

A
n

. 
a
c
o

n
it

u
s
 

A
n
. 

a
it
k
e
n
ii 

A
n
. 

a
n
n
u
la

ri
s
 

A
n

. 
b

a
la

b
a

c
e
n

s
is

 

A
n
. 

b
a
n
c
ro

ft
i 

A
n

. 
b

a
rb

ir
o

s
tr

is
 

A
n
. 

b
e
a
z
a
i 

A
n

. 
fa

ra
u

ti
 

A
n
. 
fl
a
v
ir
o
s
tr

is
 

A
n
. 
k
o
c
h
i 

A
n

. 
k
o

li
e
n

s
is

 

A
n

. 
le

ti
fe

r 

A
n
. 

le
u
c
o
s
p
h
y
ru

s
 

A
n

. 
m

a
c
u

la
tu

s
 

A
n
. 
m

in
im

u
s
 

A
n
. 

n
ig

e
rr

im
u
s
 

A
n

. 
p

u
n

c
tu

la
tu

s
 

A
n
. 

ro
p
e
ri
 

A
n
. 
s
in

e
n
s
is

 

A
n

. 
s
u

b
p

ic
tu

s
 

A
n

. 
s
u

n
d

a
ic

u
s
 

A
n
. 
te

s
s
e
la

tu
s
 

A
n
. 

u
m

b
ro

s
u
s
 

A
n
. 
v
a
n
u
s
 

Light intensity 
Heliophilic #     ●   ●   ●   ● # ●   * ● # #   # # #   ● ● 

Heliophobic ● # # # # # # ● # ● ● # #   #   ● #       # # # 

Salinity of the 
water 

High (brackish)     ●     ● # ●   ● ●   ●       ●     # # ● ● ● 

Low (fresh) # # # # # #   ● # # ● # # * # # # # # ● ● ● ● # 

Turbidity of 
the water 

Clear # # # # # # ? ● # ● # ● ● * ● # ● # # # # ● # # 

Polluted             ? ●   ● ● # ●   ●   ● ●   ● ● ● ●   

Water 
movement 

Stagnant #   # #   ● # # ● ● # # ●   ● # # # # # # ● # ● 

Running ● # ●   # ●     # ●     ● * #       ● ●   ● ● ● 

Vegetation 
Higher plants, algae etc # # #   # # ? ● # ● ● # ●   # # ● # # ● # # ? # 

no vegetation       #     ? ● ● ● ●   ● * ●   ●     ●   ● ?   

NATURAL AND MAN-MADE BREEDING SITES                                           

Natural water 
collections 
(large) 

Lagoons                     ●                 # ▲       

Lakes ●   ●                     ●   #     #           

Marshes # # #   ▲ ● ▲       ●   #     #     # # #   ▲ ● 

Bogs                                     ●           

Slow flowing rivers   #     # ●     ●         *         ●         ● 

Man-made 
water 
collection 
(large) 

Borrow pits (large)                               #     # ● ●       

Rice fields ▲ ● ▲     ▲     ● ●       ● ● ▲ ●   ▲ ▲ # ▲   ▲ 

Fish ponds ▲   ▲     #     ● ● ●   #   # ● ●     ▲ ▲ # # # 

Irrigation channels                 ●           ● #       ●         

Table 62 continued over page 
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Table 62 (continued).     A summary of larvae and pupal site characteristics of important malaria vectors in Indonesia  

BREEDING SITE CHARACTERISTICS 

A
n

. 
a
c
o

n
it

u
s
 

A
n
. 

a
it
k
e
n
ii 

A
n
. 

a
n
n
u
la

ri
s
 

A
n

. 
b

a
la

b
a

c
e
n

s
is

 

A
n
. 

b
a
n
c
ro

ft
i 

A
n

. 
b

a
rb

ir
o

s
tr

is
 

A
n
. 

b
e
a
z
a
i 

A
n

. 
fa

ra
u

ti
 

A
n
. 
fl
a
v
ir
o
s
tr

is
 

A
n
. 
k
o
c
h
i 

A
n

. 
k
o

li
e
n

s
is

 

A
n

. 
le

ti
fe

r 

A
n
. 

le
u
c
o
s
p
h
y
ru

s
 

A
n

. 
m

a
c
u

la
tu

s
 

A
n
. 
m

in
im

u
s
 

A
n
. 

n
ig

e
rr

im
u
s
 

A
n

. 
p

u
n

c
tu

la
tu

s
 

A
n
. 

ro
p
e
ri
 

A
n
. 
s
in

e
n
s
is

 

A
n

. 
s
u

b
p

ic
tu

s
 

A
n

. 
s
u

n
d

a
ic

u
s
 

A
n
. 
te

s
s
e
la

tu
s
 

A
n
. 

u
m

b
ro

s
u
s
 

A
n
. 
v
a
n
u
s
 

Natural water 
collections 
(small) 

Small streams   ▲     # #   # ▲ ● ▲   # ▲ ▲ ● ● ▲ #     ● # # 

Seepage springs   ▲   #                 # ● ●         ● ●       

Pools   #   #     ▲ # ● # ▲ ▲ #       #   ●     # #   

Wells           #     #                     ● ●     # 

Depressions in ground       #                 #                       

Man-made 
water 
collections 
(small) 

Overflow water       ●         ●                 ▲             

Irrigation ditches #   ●   # ●   # ● #   ▲   * ▲   ● # # #     # ● 

Borrow pits (small)     ●                       ●                   

Wheel ruts       ●                 #                       

Hoof prints                   #     #       ▲     ● ● ●     

Puddles near rice fields               ●     ●           ●     ●         

Artificial sites empty cans, shells, etc ●   ●         #   ●         ●   #     ●         

Note: ▲= preferred habitat; # = common habitat; ● = rare habitat; ? = no reference found; blank = not expected habitat 

Source: Takken et al., 1990, p.25 
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Table 63. A summary of feeding, resting and biting habits of malaria 
vectors in Indonesia  

Feeding, resting 
and biting habits 

Feeding habits Resting habits Biting habits 

Anthropophilic Zoophilic Exophilic Endophilic Exophagic Endophagic 

An. aconitus ● ● ▲   ● ● 

An. aitkenii ● ▲   ▲ ▲   

An. annularis ▲ ● ● ▲ ● ● 

An. balabacensis ▲ ● ▲   ▲ ● 

An. bancrofti ▲   ? ? ? ? 

An. barbirostris ▲ ● ▲ ● ▲ ● 

An. beazai ● ● ▲   ? ? 

An. farauti ▲   ▲ ● ▲ ● 

An. flavirostris ▲   ▲     ▲ 

An. kochi ● ▲   ▲   ▲ 

An. koliensis ▲     ▲ ? ? 

An. letifer ▲ ● ▲   ▲ ● 

An. leucosphyrus ▲   ▲   ● ▲ 

An. maculatus ▲   ▲   ● ● 

An. minimus ▲     ▲ ● ● 

An. nigerrimus ▲   ▲   ▲   

An. punctulatus ▲ ● ▲ ● ● ▲ 

An. roperi ▲   ? ? ? ? 

An. sinensis ▲     ▲ ? ? 

An. subpictus ● ▲ ● ▲ ● ● 

An. sundaicus ▲     ▲ ● ● 

An. tesselatus ● ● ▲ ● ▲ ● 

An. umbrosus ▲   ● ▲   ▲ 

An. vanus ▲     ▲ ? ? 

Note: ▲= Common; ● = Rare;? = no reference found, blank = not expected habits 

Source: Takken et al. (1990, p.39) 

Takken et al. (1990) suggested important factors, which contribute to the capacity 

of mosquitoes to become malaria vectors are: 

1. The density of the malaria vector in locations where it occurs; 

2. The longevity of the vector, meaning that the longer the vector lives, the 
higher its chance of becoming infected and contacting humans, as more 
gonotrophic cycles can be completed and it will produce more offspring; 

3. Susceptibility of the species to malaria infection; 

4. Vector‘s ability to transmit malaria; 

5. Feeding habits: anthropophily, the choice to feed on humans or zoophily, the 
choice to feed on other animals (Warrell & Gilles, 2002); 

6. House-frequenting habits: exophily, resting outside; or endophily resting 
inside man-made structure (Gillies, 1956); The mosquito house-frequenting 
habits are related to feeding habits. The concept of opportunity may influence 
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mosquito choice of resting place. When the species are mixed, that is 
anthropophilous and zoophilous, it would maximise the likelihood of repeated 
bites on people.  

7. Site of feeding, endophagy, obtaining the blood-meal inside man-made 
structures or exophagy, obtaining the blood-meal outdoors (Warrell & Gilles, 
2002); 

8. Dispersal, including flight range; 

9. Climate and seasonal factors contribute to the capacity of a mosquito to 
transmit malaria. The environmental factors such as rainfall, temperature and 
humidity affect the survival rate of anophelines and their population size 
(Service & Towson, 2002).  

Based on these factors, the characteristics of a dangerous vector species are as 

follows: 

1. It occurs in great numbers; 

2. The females are long-lived; 

3. It is highly susceptible to infection by the malarial parasite; 

4. It is strongly anthropophilic; exophilic; and exophagic. The exophilic and 
exophagic species are considered to be more dangerous than endophilic and 
endophagic species since it is impossible to control them by indoor spraying; 

5. It has a strong flight capacity and active dispersal; and 

6. It prevails throughout the year (Takken et al., 1990, p.38). 

4.3 Method 

4.3.1 Study areas 

Ten villages (five in West Timor and five in Java) were chosen to represent 

different types of topography adapted from the habitat information provided by 

Sandosham and Thomas (Sandosham & Thomas, 1983). These were coastal 

plain, hilly (rice fields), and highland areas. The selection of villages was also based 

on their pattern of malaria, the availability of local assistants and access constraints. 

The areas were in West Timor, West Java and Central Java (together referred to 

as Java) as shown in Chapter 1, Figure 4, page 23. The villages, selected by 

topographic types and land use, are discussed in more detail in section 4.4.1. 

4.3.2 Adult mosquito surveys 

In this study, the entomological survey was designed to explore malaria vectors and 

their interaction with humans in the context of the transmission of malaria in the 
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study areas. The adult mosquito surveys were conducted fortnightly, based on a 

method recommended by WHO (WHO, 2003a, 2003b), and described below.  

The entomological survey began with a mosquito larval survey. Larvae, the key 

indicators for mosquito habitat and oviposition behaviour of gravid females (Service, 

1993; Stoops et al., 2007), were collected by using a ―soup ladle‖ dipper, 9 to 10 cm 

in diameter holding 100 to 150 ml water (Service, 1993). A general larval 

identification was made in the field to determine the genus, based on larval physical 

appearance and body position in the water. The larval identification results were 

used to choose the location for adult mosquito surveys. 

To explore mosquito biting behaviour, human landing collections were conducted 

indoors and outdoors. Adult mosquitoes were caught when landing on human 

volunteers‘ bare legs or hands during the night.  

Four to six people (depending on the location) were employed to catch host-

seeking mosquitoes. The collectors were divided into indoor and outdoor groups. 

Both indoor and outdoor catches were carried out throughout the night, generally 

from 6pm to 6am at one hour intervals. The landing collection was conducted for 

forty minutes, followed by ten minutes collecting mosquitoes resting on the wall in 

the house, and outdoor-resting mosquitoes in animal shelters. The last ten 

minutes were used for collectors to rest and change positions. To avoid collector 

bias, each collector was rotated into different location on an hourly basis. The 

collectors were equipped with torches; aspirators and paper cups were used to 

catch and store the mosquitoes. 

4.3.3 Mosquito identification, age-grading methods and sporozoite 
detection 

The collections were identified to determine Anopheles species, followed by 

examination of the abdominal condition. Some mosquitoes were kept to be tested 

for the presence of malarial sporozoites. 

Mosquito identifications were based on the Anopheles taxonomic and 

identification key to female Anophelines of Indonesia provided by the Indonesian 

Ministry of Health (O'Connor & Soepanto, 1989).  

Female mosquitoes that have not taken a blood meal nor laid any eggs are called 
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nulliparous, while those that have taken a blood meal and have laid their eggs at 

least once are called parous.  

In this study, Anopheles age-grading was investigated based on the mosquito‘s 

physiological age (Davidson, 1954; Warrell & Gilles, 2002). This age-grading 

method was first described by the Russian entomologist, Polovodova 

(Polovodova, 1949; Detinova, 1962) and is based on the visual condition of the 

mosquito‘s ovaries. The mosquito physiological age was determined  

from inspecting its ovaries (Sandosham & Thomas, 1983; Warrell & Gilles, 2002; 

WHO, 2003a, 2003b). The inspection of ovaries was based on the technique 

described by Warrell and Gilles (2002, p.80) as follows: 

1. The freshly killed mosquito is placed on a microscope slide with a drop of 
distilled water surrounding the posterior part of the abdomen. 

2. On the sixth or seventh segment, a cut was made in the abdomen and the 
contents pulled out gently. 

3. The ovaries were transferred to the slides with a small drop of water and they 
were allowed 15 to 30 minutes to dry.  

4. The ovaries were then studied under the microscope to determine whether 
they were nulliparous or parous. The nulliparous condition is indicated by the 
tightly coiled endings to the tracheoles (skeins) while the parous female by 
uncoiled endings as shown by Figure 64. 

 

 
Source: Warrell and Gilles (2002, p.80) 

Figure 64. Tracheation the ovary of an adult Anopheles. 
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The parity rate (PR) reflects the proportion of parous from the total number of 

ovaries dissected (Sandosham & Thomas, 1983; Warrell & Gilles, 2002; WHO, 

2003a, 2003b). 

Sporozoite detection was also attempted, using enzyme-linked immunosorbent 

assay (ELISA) on the crushed thorax of the collected mosquitoes. An Amersham 

ELISA reader with the monoclonal antibody from KPL (Kirkegaard and Perry 

Laboratories) was used. The precipitin testing was also processed for host blood 

meal identification. These tests were performed by the Laboratory of Vector and 

Reservoir Diseases Research Centre, Salatiga-Central Java, Indonesia. For this 

reason, only mosquitoes collected from Central Java were tested for sporozoites.  

4.3.4 Mosquito abundance  

In this study, landing rates of mosquitoes on ‗standardised‘ volunteers were taken 

as a proxy measure for biting activity. Much of the analysis of landing rates is 

based on actual numbers of mosquitoes, but some analyses of the data require 

measures of relative densities or abundances. For this purpose ―man-hour 

density‖ (MHD) was used as the measure. 

Man Hour Density or MHD. This measure of abundance is the average 

frequency of mosquito landing per man per hour. MHD is the relative density of 

female mosquitoes in units of per volunteer per hour during the collection hours 

(Sandosham & Thomas, 1983; Warrell & Gilles, 2002; WHO, 2003a, 2003b). The 

MHD is calculated by using the following formula: 

tuc

y
MHD  

Where  MHD = Man Hour Density 
  y = number of collected mosquitoes  
 c = number of collectors 
 u = number of collection nights  
 t = number of collection hours per night  
 

4.3.5 Vectorial capacity 

Garrett-Jones (Garrett-Jones, 1964; Garrett-Jones & Grab, 1964) gives a lucid 

explanation of vectorial capacity, which is the number of subsequent first-order 

infections that can be expected from a single infected person being bitten in one 
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day by a given species of mosquito. The following is based on Garrett-Jones‘s 

paper. 

One may presume that there are a certain number of mosquitoes in an area, per 

person, a number we may call m. Only a fraction of these will be ready to seek a 

blood meal, and this fraction has been taken, in the literature, as inversely 

proportional to length of the gonotrophic cycle gc. Further, only a fraction of the 

mosquitoes will feed on man, a variable known as the human blood index hbi.  

Thus the number of bites on any person daily (br) will be product of these 

variables, i.e. 

gc

hbim
br  

Only a portion of these bites on an infected person will infect the mosquito, and 

this is a component of the vectorial competence of the species, which we may 

assign v1. Thus the number of mosquitoes infected daily (D) from one infected 

host is  

1vbrD  

Once infected, the mosquito must survive sufficient time to incubate the infection 

(I) and then transmit it. It is assumed that a fixed proportion of the population dies 

each day, and so a daily probability of survival (P) can be assigned. P may be 

calculated from the parity rate (Par) and the length of the gonotrophic cycle (gc) 

and is given by 

gc
ParP  

Given that fraction P of the population survives one day, the fraction that survives 

I days is PI.  

Once a mosquito survives sufficient time to become infective, it then must bite 

another person and transmit the infection. Once infective, the mosquito has a life 

expectancy of LE and will have LE/gc opportunities to take a blood meal, hbi 

fraction of which will be from humans, each of which may transmit the infection 
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with a chance of v2 (the second aspect of vectorial competence) for each blood 

meal. 

Life expectancy (LE) (which is a constant at any age if survival is independent of 

age, as assumed above) is calculated from the proportion of survival daily (P) as  

P
LE

ln

1
 

So, for each mosquito infected on a given day, the fraction (F) that subsequently 

transmits infection to another person is 

2vhbi
gc

LE
PF I  

Thus of each of the D infected mosquitoes, F subsequent infections occur, and 

the total number of subsequent first-order infections per infected host (C) is 

FDC  

And substituting from the equations above, this gives 

21
ln

v
gcP

hbi
Pv

gc

hbim
C I

 

Which simplifies to 

P

P
gc

hbi
mvv

C

I

ln

2

21

 

Typically, v1 and v2 are taken as certainty (i.e. 1), and the term hbi/gc is 

assigned the symbol a and described as the ―man-biting habit (frequency of 

feeding × human blood index)‖ and the product m×a is therefore the ―man-biting 

rate‖, br, above. 

The variables required to calculate the vectorial capacity are as listed in the 

following table: 
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Table 64. Variables required to calculate the vectorial capacity 

Variable Meaning Value Source 

m Mosquito density per person species and location specific this study 

gc Length of gonotrophic cycle 3 days literature 

hbi Fraction of blood meals taken from 
humans 

0.590 (An. barbirostris) 

0.248 (An. subpictus) 

0.033 (An. vagus) 

literature 

v1 Probability that a mosquito will be 
infected from blood taken from an 
infected host 

1 assumed 

Par The mosquito parity rate species and location specific this study 

I The sporogenic period in an infected 
mosquito 

11 days literature 

v2 Probability that a fresh host will be 
infected by a bite from an infected 
mosquito 

1 assumed 

As noted in Table 64, values for some of these variables are not available for this 

study. The vectorial competence values (v1 and v2) will be taken as unity, as is 

often done in such studies (e.g. Garrett-Jones, 1964; Garrett-Jones & Grab, 

1964; Lee et al., 2001; Prakash et al., 2001). The length of the gonotrophic cycle 

comes into this equation several times, but a value for the mosquitoes studied 

here is not available and a value of 3 (days) will be used, as has been often 

taken by other workers (e.g. for An. leucosphyrus group mosquitoes as vectors of 

malaria in relation to transmigration and forestry in Indonesia (White, 1983; MoH-

RI, 2001; Susanna, 2005) and An. sinensis in Korea (Lee et al., 2001). The 

length of the incubation period for sporozoites in the mosquito is usually taken as 

11 (days) (e.g. WHO, 1975; Lee et al., 2001) and this value will be used here. 

The value of m was not directly assessed here, but the landing rate of 

mosquitoes on volunteers was recorded, and this can be related to m as the 

landing rate will convert into the biting rate given that some fraction of landing 

mosquitoes would proceed to feed, and the fraction may be assumed to be close 

to unity. When the biting rate is known, the value of m can be inferred from gc 

and hbi as indicated in the first equation above. Thus, for the purpose of 

calculations here, the value of C can be computed as 

P

P
hbi

br

C
ln

3

11
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4.3.6 Curve-fitting to landing rate data for vector density feeding 
behaviours 

Landing rates were partitioned into 12 one-hour periods from sunset to sunrise 

and varied from hour to hour but usually with some overall trend or curve through 

the night. A summary of activity, as measured by landing rates, was required, 

which reported the time of peak activity, and the range of the night during which 

most of the biting occurred. 

To simplify the variations from hour to hour for this analysis, a smoothing routine 

was required, and a polynomial curve-fitting was chosen. Its operation is 

described as follows: 

The 12 points were used as dependent values for a polynomial regression on 

hour of night, and regressions were computed up to sixth order polynomials — 

i.e. seven models were computed, (1) with just the mean, (2) the intercept plus 

trend on time, (3) the intercept plus trend plus the square of time, (4) plus the 

cube up to (7) plus the sixth power of time. The seven models thus comprised an 

estimate of the mean plus an increasing number of polynomial terms. The best 

model to fit the data was the highest order model for which the highest order 

polynomial was significant at 0.05. For example a set of landing rates over time 

might have yielded a mean that was significant at 0.00012, an intercept plus 

trend in which the trend was significant at 0.08, and a mean plus trend plus 

quadratic on time with the last term significant at 0.002 while the coefficient for 

the highest polynomial term in higher order models was not significant. The 

second order (quadratic) model would thus be chosen. 

The outcome of this process was the best curve to fit the data, with confidence 

that up to a sixth order polynomial no more complex curve provided any 

worthwhile improvement in fit to the data. It is important to note that this was a 

curve-selection procedure for the purpose of smoothing, not a modelling process, 

and the nature of the fitted curve is not the subject of the computations. As such, 

the stringencies of polynomial regression analysis were not of importance to the 

procedure – it was only intended to identify a satisfactory curve to summarise 

changes in activity through the night.  

Once the curve was identified, it was used to determine the time of night that 
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activity peaked (the peak point on the curve) and the period of the night within 

which the majority (90%) of activity occurred. These times are reported to the 

nearest 10 minutes, to avoid the impression that this technique could estimate 

these times to any particular precision. 

4.4 Results 

4.4.1 Introduction of study areas 

Table 65 below shows the summary of surveys conducted in the three study 

areas.   

Table 65. Vector surveys summary in West Timor, West and Central Java 

No Location 
Topographical 

features 
Population 

(2005) 
Altitude 

(M) 

No of surveys No of 
Collector- 

Nights 
Dates of survey 

Nights Collectors 

WEST TIMOR   

1 Noelbaki Coastal – 
rice field 

7,174 20 2 6 12 21-Jun, 5-Jul 2006 

2 Tablolong Coastal 922 10 2 6 12 20-Jul, 18-Aug 2006 

3 Liufeto-
Tuadale 

Coastal, flat, 
rice field, 
lakes 

1,008 15 3 6 18 2-Aug, 31-Aug, 28-Dec 2006 

4 Sikumana Hilly – rice 
field 

10,767 198 6 6 36 29-Jun, 13-Jul, 27-Jul,  
24-Aug, 12-Sep 06,  
05-Jan 2007 

5 Haumenbaki Highland – 
rice field 

1,337 739 12 4 48 25-Jun, 07-Jul, 21-Jul,  
3-Aug, 25-Aug, 21-Sep, 
19-Oct, 3-Nov, 17-Nov, 
30-Nov, 7-Dec, 14-Dec 2006 

T o t a l  25 28 126 from 21-Jun-06 to 28-Dec-06 

WEST JAVA - SUKABUMI    

1 Loji Coastal 10,665 35 4 6 24 30-Nov, 13-Dec, 28-Dec 
2006, 12-Jan 2007 

2 Kertajaya  Coastal 10,089 25 4 6 24 1-Dec, 12-Dec, 27-Dec 
2006, 9-Jan 2007 

3 Langkap Jaya, 
Lengkong 

Highland 5,673 725 4 6 24 27-Nov, 11-Dec, 27-Dec 
2006, 12-Jan 2007 

T o t a l  12 18 72 from 27-Nov-06 to 12-Jan-07 

CENTRAL JAVA – KEBUMEN   

1 Sadang Kulon Hilly – rice 
field 

3,544 144 6 4 24 18-Jan, 2-Feb, 17-Feb, 
3-Mar, 17-Mar, 31-Mar 2007 

2 Jojogan Hilly  – rice 
field 

6,560 146 6 4 24 18-Jan, 02-Feb, 17-Feb, 
3-Mar, 17-Mar, 31-Mar 2007 

T o t a l  12 8 48 from 18-Jan to 31-Mar 2007 
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A total of 49 mosquito surveys were conducted from June 2006 to March 2007; 

25 in West Timor and 24 in Java (12 in West Java, Sukabumi and 12 in Central 

Java, Kebumen). Ten villages (5 in West Timor and 5 in Java) were chosen to 

represent different types of topography: a coastal zone, a hilly rice field zone, and a 

highland zone. The villages were chosen on the basis of high malaria incidence, the 

availability of local assistants and access constraints. 

4.4.1.1 West Timor 

The mosquito surveys in West Timor were conducted from June 2006 to 

November 2006. In West Timor (Figure 65), the three coastal villages have 

different types of coastal environment, which is reflected by the type of occupation 

of the people in each villages.  

 

Figure 65. Anopheline survey locations in West Timor 

Noelbaki is located in a coastal area with a mixture of rice fields and most of the 

people are farmers. Tablolong‘s villagers are mostly fishermen, whilst Tuadale‘s 

villagers are a mixture of farmers and fishermen. In coastal areas, the average 

local weather was relatively stable. The mean indoor temperature for the days of 

survey ranged from 21OC to 28OC with a relative humidity from 61% to 80 %. The 
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mean outdoor temperature was from 19OC to 28OC, with a relative humidity of 

61 % to 86 %. The wind speed was from 0 to 2 m/s. 

Sikumana Village at 198 m ASL in a hilly area is a semiurban village with a varied 

environment of rice fields, coconut plantations and mixed farming areas. The 

local weather in Sikumana during the surveys was very similar to that at the 

coastal villages, which is also within the optimum range for mosquito and malaria 

parasites, both indoors and outdoors. The mean temperature was from 21OC to 

28OC indoors and from 20OC to 27OC outdoors with a relative humidity of 60% to 

83% and 62% to 86% for indoor and outdoor respectively. The air was relatively 

calm. The wind speed ranged from 0.1 to 2 m/s.  

Haumenbaki Village, at 739 m ASL is in a higher elevation region, and is 

surrounded by coconut plantations and rice fields. The Haumenbaki villagers also 

grow a mixture of plants such as cassava, peanuts, corn, banana, chilli, etc. In 

Haumenbaki, the mean temperature was 21OC to 24OC indoors and 19OC to 

23OC outdoors. The relative humidity was high, with a range of 77% to 83% 

(indoors) and 76% to 82% (outdoors). Wind speed was not recorded, but during 

the surveys most of the time there was very little or no wind.  

Table 66 shows the average local weather condition during entomological 

surveys in West Timor. The average local weather is the arithmetic mean of 13 

hourly weather (temperature, humidity and wind speed) readings from sunset to 

sunrise (6 pm to 6 am).  

Table 66. Average local weather condition in West Timor during 
entomological survey 

Average local weather condition Topographical settings 

Coastal Hilly Highland 

Temperature (
O
C )  Inside Max 28 28 24 

Min 21 21 21 

Outside Max 28 27 23 

Min 19 20 20 

Humidity (%)  Inside Max 80 83 83 

Min 61 60 77 

Outside  Max 86 86 82 

Min 61 62 76 

Wind Max 2 2 NA 

Min 0 0.1 NA 
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4.4.1.2 Sukabumi, West Java 

In Sukabumi, West Java, as Table 65 shows, mosquito surveys were conducted 

during November 2006 to January 2007 in three different places as shown in 

Figure 66: Loji, Kertajaya and Langkap Jaya. Loji and Kertajaya are located in the 

coastal areas (around 33m ASL) and are part of Simpenan Health Centre service 

area. In both villages, apart from the residential areas, the land is dominated by 

secondary rainforest owned by the state  (31%), with plantation and rice field areas 

making up the remaining 20% (Simpenan Health Center, 2005).  

Langkap Jaya, is located in a highland area at an altitude of 725 m ASL. Langkap 

Jaya village is part of Lengkong Health Centre service area. Land-use is largely 

dominated by rice fields, tea plantations and mixed farming. More than 95% of 

the Langkap Jaya population are farmers (Lengkong Health Centre, 2005). 

Figure 66 shows the locations of the entomological surveys in Sukabumi, West 

Java. 

 

 

 

 

 

Figure 66. Anopheline survey locations in Sukabumi District 

The local weather conditions recorded in Table 67 showed very little fluctuation 

during the surveys. In coastal areas, the mean temperature for the days of survey 

ranged from 27 OC  to 29OC (indoors) and 27OC to 29OC (outdoors) with a relative 

humidity of 74% to 89% (indoors) and 78% to 93% (outdoors). In Langkap Jaya - 

the highlands – the temperature was 21OC  to 23 OC  (indoors) and 21OC  to 23OC  

(outdoors). The relative humidity inside the house was around 82%, whilst 

outdoors it was 87%. Wind speed was not recorded but mostly the wind was very 

light or calm during the survey. 
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Table 67. Average local weather conditions in Sukabumi, West Java 
during entomological survey 

Average local weather condition Topographical settings 

 Coastal   Highland  

Temperature (
O
C )  Inside Max 29 23 

Min 27 21 

Outside Max 29 23 

Min 27 21 

Humidity (%)  Inside Max 89 82 

Min 74 82 

Outside  Max 93 87 

Min 78 87 

4.4.1.3 Kebumen, Central Java 

The vector surveys in Kebumen, Central Java took place in two villages: Sadang 

Kulon and Seboro, in Sadang Sub District. The locations of the vector surveys in 

Kebumen District are shown in Figure 67. 

 

 

 

 

 

Figure 67. Anopheline survey locations in Kebumen District 

Despite Central Java having a relatively low endemicity of malaria (Barcus et al., 

2002), there are several persistent pockets of malaria in the hilly areas of 

Kebumen District, in which Sadang Kulon and Seboro are located (Kebumen 

District Health Office, 2006). Sadang Kulon and Seboro villages are situated at 

an altitude of 144m–146m ASL. The settlements in these two villages are mostly 

scattered and most of the population are farmers, who cultivate rice and practise 

different types of agro-forestry.  
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The local weather in Sadang Kulon and Seboro was quite stable during the 

surveys as shown in Table 68. The temperature recorded was in the range of 

26OC to 29OC (indoors) and 25OC to 28OC (outdoors) with relative humidity of 

77% to 94% (indoors) and 80% to 92% (outdoors). Wind was not recorded during 

the survey, however it was mostly very light or calm.  

Table 68. Average local weather condition in Kebumen, Central Java 
during entomological survey 

Average local weather condition Min Max 

Temperature (
O
C )  Inside 26 29 

Outside 25 28 

Humidity (%)  Inside 77 94 

Outside 80 92 

4.4.2 Anopheles species behaviour in West Timor and Java 

In this part Anopheles species behaviour is investigated. The Anopheles 

mosquitoes data (from landing and resting collections) from West Timor was 

compared to Java. Further, a topographical comparison was conducted within 

these three different topographical settings and finally a test was performed to 

analyse mosquitoes‘ propensity to enter the house.  Table 69 shows the 

summary results of the entomological survey in West Timor and Java. 

Table 69. Summary results of entomological surveys in West Timor and 
Java and total mosquitoes captured both landing and resting 

Entomological surveys West Timor Java Grand Total 

Total number of surveys 25   24   49   

Total collector-nights 126   120   246   

Number of Anopheles mosquitoes by species 

 Total %
1
 Total %

1
 Mosquitoes % 

An. aconitus 10 0.6 1,100 19.8 1,110 15.4 

An. annularis 16 1.0 489 8.8 505 7.0 

An. barbirostris 247 15.2 518 9.3 765 10.6 

An. flavirostris 0 0.0 4 0.1 4 0.1 

An. indefinitus 0 0.0 481 8.6 481 6.7 

An. kochi 0 0.0 9 0.2 9 0.1 

An. maculatus 6 0.4 88 1.6 94 1.3 

An. subpictus 1,065 65.5 415 7.5 1,480 20.6 

An. sundaicus 0 0.0 35 0.6 35 0.5 

An. tesselatus 0 0.0 4 0.1 4 0.1 

An. vagus 282 17.3 2,420 43.5 2,702 37.6 

Total mosquitoes captured 1,626 100 5,563 100 7,189 100 
1
 The percentage off all mosquitoes captured at this location belonging to each species 
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Data from Sukabumi, West Java and Kebumen, Central Java was combined. The 

analysis was done by the χ2 analysis of a contingency table. Where practicable 

(depending on the numbers caught) analysis was done separately on each of the 

11 species of mosquitoes caught in the study. 

In West Timor, there were six Anopheles species captured of which An. subpictus 

was the most abundant species (65.5%). However, An. subpictus is localised 

only in coastal areas. Species with widespread distribution from coastal to 

highland areas in West Timor were An. barbirostris and An. vagus.  

Table 70. Total mosquitoes captured both landing and resting in West 
Java and Central Java 

Anopheles Species 
West Java Central Java Total 

Mosquito % Mosquito % Mosquito % 

An. aconitus 230 23.4 870 19.0 1,100 19.8 

An. annularis — — 489 10.7 489 8.8 

An. barbirostris 518 52.7 — — 518 9.3 

An. flavirostris — — 4 0.1 4 0.1 

An. indefinitus — — 481 10.5 481 8.6 

An. kochi — — 9 0.2 9 0.2 

An. maculatus 87 8.9 1 0.0 88 1.6 

An. subpictus — — 415 9.1 415 7.5 

An. sundaicus 35 3.6 — — 35 0.6 

An. tesselatus 1 0.1 3 0.1 4 0.1 

An. vagus 112 11.4 2,308 50.4 2,420 43.5 

Total 983 100 4,580 100 5,563 100 

Note: The use of a dash (—) indicates no mosquitoes captured in that areas. 
 The percentage off all mosquitoes captured at this location belonging to each species 

Table 70 shows mosquitoes captured in Java. The most abundant species by 

area were different for West Java and Central Java. In Sukabumi, West Java six 

Anopheles species were captured. The most abundant species in West Java was 

An. barbirostris (52.70%). In Kebumen, Central Java, nine Anopheles species 

were captured and the most abundant species was An. vagus (50.39%). In Java, 

the widespread species were An. aconitus and An. maculatus. An. sundaicus 

only occurred in the coastal area. An. annularis, An. flavirostris, An. indefinitus,  

An. kochi and  An. subpictus were captured only in hilly rice field zones. 
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4.4.2.1 Contingency analysis for Anopheles species independence 

From Table 69, it is clear that some Anopheles species occur across both West 

Timor and Java. To assess whether the distribution and topographical 

preferences of these species are independent, a contingency test by Chi-square 

was performed. The results are presented in Table 71. 

Table 71. Independence comparison of Anopheles species between West 
Timor and Java for the total mosquitoes captured 

Species 

Frequency of observed Mosquitoes 
Independence 
Comparison 

Remark 

Geographic Coastal 
Hilly- 

rice field 
Highland 2 df p 

An. aconitus West Timor 0 10 0 
2.64 2 0.267 

Not 
significant Java 50 870 180 

An. annularis West Timor 5 11 0 
154 2 3.1x10

-34
 Significant 

Java 0 489 0 

An. barbirostris West Timor 220 19 8 
359 2 1.1x10

-78
 Significant 

Java 128 0 390 

An. flavirostris West Timor 0 0 0 
— 2 — — 

Java 0 4 0 

An. indefinitus West Timor 0 0 0 
— 2 — — 

Java 0 481 0 

An. kochi West Timor 0 0 0 
— 2 — — 

Java 0 9 0 

An. maculatus West Timor 0 1 5 
40 2 2.1x10

-09
 Significant 

Java 81 1 6 

An. subpictus West Timor 1,065 0 0 
1,480 2 ~0 Significant 

Java 0 415 0 

An. sundaicus West Timor 0 0 0 
— 2 — — 

Java 35 0 0 

An. tesselatus West Timor 0 0 0 
— 2 — — 

Java 1 3 0 

An. vagus West Timor 66 197 19 
316 2 2.5x10

-69
 Significant 

Java 112 2,308 0 

Note: the use of a dash (—) indicates that the contingency table was too sparse to permit analysis. 

The contingency analysis shows that An. aconitus had a similar occurrence 

pattern in coastal, hilly rice field and highland areas in West Timor and Java  

( 2
2

 = 2.64, p = 0.27). An. aconitus is predominantly a hilly rice field species, and 

was much more common in Java than West Timor. Data for this species were 

combined for both geographical areas and were subsequently analysed together. 

An. annularis was most common in the hilly rice field areas in both Java and 
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West Timor but much more common in Java. The analysis indicates that the 

propensity for particular topography differed between Java and West Timor ( 2
2

 = 

154, p = 3.1×10–34), but this conclusion is based largely on its absence from 

coastal areas in Java while a small number was found in coastal areas of West 

Timor. Because of the small number in Java, An. annularis from the Java data 

was pooled with West Timor data for further analysis. 

An. barbirostris has a dramatically different preference for topography between 

Java and West Timor ( 2
2

 = 359, p = 1.1x10
-78). It is very much a coastal species in 

West Timor, but predominantly highland in Java, although it does occur in small 

numbers on the coast in Java. Thus, An. barbirostris will be separately analysed 

for West Timor and Java.    

The other species: An. flavirostris, An. indefinitus, An. kochi, An. sundaicus and 

An. tesselatus were collected only in Java and, with the exception of An. 

indefinitus, only in small numbers. They each showed a strong preference for 

only a single topography (hilly, with the exception of the coastal species An. 

sundaicus). Given collection in only one geographic location and/or topographical 

setting, analysis of independence between geography and topography was not 

possible (nor meaningful).  

An. maculatus was not common, but it is apparently a highland species in West 

Timor and both more common and a coastal species in Java ( 2
2

 = 39.99, 

p = 2.1x10
-09

). Given the very small numbers in West Timor, the data for this 

species were pooled, as the West Timorese counts would not distort the pattern 

strongly evident in Java. 

An. subpictus was an abundant species in both Java and West Timor, but 

restricted to hilly topography in Java and exclusively coastal in West Timor 

( 2
2 = 1480, p = ~0).  This species will be kept separate in further analyses. 

An. vagus appeared in all topographic settings in West Timor. In Java the species 

is strongly concentrated in hilly areas, but this concentration is much weaker in West 

Timor ( 2
2

  = 316, p = 2.5x10
-69). An. vagus was absent from highland areas of Java. 

This species will be kept separate in further analyses.   
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4.4.2.2 Anopheles geographic and topographic preference in West 
Timor and Java 

Further analysis of the landing data explores the preference each species may have 

for a particular geographic area (Java or West Timor) of for a topographic setting 

(coastal, hilly or highland). Analyses reported in Table 71 and discussed in the 

section above indicate that data from the two geographic areas can be pooled for 

most species, thereby minimising the number of separate analyses required. The 

rationale for this is described in Box 1. 

Box 1:  

The analyses reported here test the number of mosquitoes of a particular species 

collected in each setting against the number that would be expected if their number had 

been in proportion to all mosquitoes collected in those settings. It therefore takes account 

of differences in effort or suitability of the setting for mosquito activity or capture, and 

assesses if a particular species has a distribution which departs from the average 

distribution of the mosquitoes. Thus these tests are effectively of whether a species‘ 

fraction of the catch differs between the settings being compared. 

An alternative, and simpler hypothesis would be to test whether the numbers are equal in 

the two or three settings being compared, perhaps weighted for effort in each setting. 

This would simply indicate that some settings (e.g. highland) have fewer mosquitoes than 

others, a trivial result that might apply to all species, even though some may be much 

more likely to be collected at high elevation than others. The invalidity of this approach is 

easily seen when a comparison between numbers caught inside and outside houses is 

made. Given the ease of approach of a mosquito to an outdoors volunteer, compared to 

the limited access for a mosquito to the interior of a house, a lesser number of 

mosquitoes landing indoors on a volunteer would indicate the difference between indoors 

and outdoors, not necessarily the disposition of the mosquito species. By standardising 

against all mosquitoes, some species may be found to be more likely to land on indoor 

volunteers than other species. 

This section shows an analysis which permits a contrast between geography 

(Java or West Timor) or topography (coastal, hilly rice field and highland). The 

numbers of three species An. flavirostris, An. kochi, and An. tesselatus, however, 

were too small to analyse. Table 72 below shows the differences in distribution of 

Anopheles species by geographical areas and topography.   
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Table 72. Summary results of geographic (area) and topographic 
preference of Anopheles species in West Timor and Java  

Anopheles 
species 

Geography** Topography** 

Preference 2 df p Preference 2 df p 

An. aconitus Java 299.11 1 5.2x10
-67

 highland 285.30 2 1.1 x10
-62

 

An. annularis Java 109.15 1 1.5 x10
-25

 rice field 234.00 2 1.5 x10
-51

 

An. barbirostris West Timor 40.87 1 1.6 x10
-10

 coastal (W Timor) 557.00 2 1.1 x10
-121

 

 highland (Java) 3,082.00 2 ~0 

An. flavirostris insufficient data 

An. indefinitus Java 140.59 1 2.0 x10
-32

 rice field 237 2 3.4 x10
-52

 

An. kochi insufficient data 

An. maculatus Java 14.16 1 1.7 x10
-04

 insufficient data (W Timor) 

 coastal (Java) 221.00 2 1.0 x10
-48

 

An. subpictus West Timor 2058.71 1 ~0 coastal (W Timor) 3,278.00 2 ~0 

 rice fields (Java) 204.00 2 5.0 x10
-45

 

An. sundaicus Java 10.23 1 1.4 x10
-03

 coastal 108.00 2 3.5 x10
-24

 

An. tesselatus insufficient data 

An. vagus Java 229.07 1 9.5 x10
-52

 no preference (in 
W Timor) 

1.47 2 0.480 

 rice fields (Java) 885.00 2 6.7 x10
-193

 

** Preference is measured against the overall proportion of mosquitoes at each location 

An. aconitus was more common in Java than West Timor. It was predominant in 

the highland areas. Similarly, An. annularis was more common in Java. However, 

An. annularis was one of the hilly ‗rice field species. 

An. barbirostris was more commonly collected in Java (n=518) than West Timor 

(n=247) but as a proportion of the catch, it was predominant in West Timor. This 

species showed remarkably different behaviour in the two geographic locations, 

being almost exclusively a coastal species in West Timor and a highland species 

in Java, but with a moderate catch in coastal Javanese villages, too. 

An. indefinitus was found only in Java and only in hilly rice field locations. It was 

captured in numbers in an animal barn. 

An. maculatus was more common in Java than West Timor and in Java it is a 

coastal species. Too few were collected in West Timor to analyse further.  

An. subpictus is the only species that was collected in greater numbers in West 

Timor (n=1,065) than Java (n=415). In Java it was exclusively collected in hilly 

areas, while in West Timor it was a coastal species.  
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An. sundaicus, although uncommon, was restricted to coastal areas of Java.  

An. vagus was more common in Java (n=2,420) than West Timor (n=282). In 

West Timor An. vagus appeared across all topographical settings, similar in 

proportion to the total mosquitoes, while in Java it was more common in hilly rice 

field areas than other topographical settings.  

Furthermore Figure 68 and Figure 69 present the schematic topographical 

features of Anopheles distribution recorded from this study. 
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Figure 68. A schematic topographical feature of malaria vectors distribution in West Timor 
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Figure 69. A schematic topographical feature of malaria vectors distribution in Java 
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4.4.3 Anopheles blood feeding location and night-time activity patterns 

4.4.3.1 Domesticity 

This section documents Anopheles species domesticity, that is, feeding habits, 

whether indoor or outdoor, along with the preferred time of feeding during the 

night. The data for Anopheles feeding habits were obtained from human landing 

collection surveys.  

Across the whole area, a total of 7,189 mosquitoes were captured, of which 

1,626 were from West Timor and 5,563 were from Java. Of the total, 1,411 

mosquitoes were captured in the human landing collection. The proportion of 

mosquitoes landing on volunteers in West Timor was significantly higher (60.8%) 

than in Java (7.6%), showing that man-mosquito contact in West Timor was 

significantly higher 2
2 = 2251, p ~0) than in Java. 

Table 73 shows the results from the analyses of human landing collection 

surveys in West Timor and Java. The number of An. annularis was too few to 

analyse. An. flavirostris, An. indefinitus, An. kochi, and An. tesselatus were not 

captured during the human landing collection. 

Table 73. Summary results of human landing collection surveys indoor 
(in) and outdoor (out) in West Timor and Java  

Species Geographic 
Partition 

West Timor  Java Domesticity 

In Out In Out Preference 2 df p  

An. aconitus Java only insufficient 
data 

48 127 No Preference 2.84 1 0.09 

An. annularis Summed 1 2 1 1 insufficient data 

An. barbirostris West Timor 79 100   Indoor 40 1 1.9x10
-4

 

 Java   1 81 Outdoor 287 1 2.4x10
-64

 

An. flavirostris 

}                       
No mosquitoes from human landing collection

 An. indefinitus 

An. kochi 

An .maculatus Java  insufficient 
data 

11 46 No Preference 0.38 1 0.54 

An. subpictus W Timor  190 503 insufficient 
data 

No Preference 2.82 1 0.09 

An. sundaicus Java     5 15 No Preference 0.11 1 0.74 

An. tesselatus No mosquitoes from human landing collection 

An. vagus West Timor 28 79   No Preference 0.93 1 0.34 

 Java   24 60 No Preference 1.92 1 0.17 
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This analysis again estimates the number of mosquitoes captured in a given 

setting against the number which would have been expected if their propensity 

for that setting was the same as (the sum of) all mosquitoes. It is not sufficient 

simply to compare the numbers indoors and outdoors as the fact that some 

collectors were indoors indicate that there were greater obstacles for host-

seeking mosquitoes to reach the indoor volunteers than those located outdoors. 

Thus a significant preference for a location indicates that the mosquito species 

was more given to landing (and thus one may presume feeding) in that location 

than the Anopheles mosquitoes in that locality as a whole. 

Only An. barbirostris showed any preference for indoors and this preference was 

different in Java (where it was an outdoor species) and West Timor (where it was 

more likely to be encountered indoors than the sum of Anopheles species in 

West Timor). An alternative analysis by 2 × 2 contingency table showed a highly 

significant difference in propensity to enter dwellings ( 2
1 = 46.7, p = 8.0×10–12). 

An inspection of the figures shows that this species is roughly equally likely to 

land on a volunteer indoors or outdoors in West Timor, but is virtually absent from 

indoors collection in Java. 

4.4.3.2 Anopheles species night-time activities pattern  

This section presents the analysis of Anopheles species night-time activities 

pattern. Table 74 shows the number of mosquitoes captured from landing 

collection in West Timor and Java by hours.   
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Table 74. Number of captured mosquitoes from human landing collection in West Timor and Java by hours 

Time 
An. aconitus An. annularis An. barbirostris An. maculatus An. subpictus An. sundaicus An. vagus Total 

W Timor Java W Timor Java W Timor Java W Timor Java W Timor Java W Timor Java W Timor Java W Timor Java 

18:00-19:00 1 17 0 0 4 5 0 0 6 0 0 0 8 0 19 22 

19:00-20:00 0 16 0 0 12 7 0 5 25 0 0 0 6 2 43 30 

20:00-21:00 2 13 1 0 11 9 0 4 87 0 0 0 11 3 112 29 

21:00-22:00 0 20 0 0 15 7 0 2 106 0 0 0 11 13 132 42 

22:00-23:00 0 22 0 0 14 9 1 7 110 0 0 0 21 1 146 39 

23:00-24:00 0 17 2 0 17 5 1 2 69 0 0 3 12 1 101 28 

24:00-01:00 0 7 0 0 28 10 0 7 85 0 0 0 7 1 120 25 

01:00-02:00 1 16 0 0 49 11 0 10 94 0 0 11 19 12 163 60 

02:00-03:00 0 17 0 0 8 5 0 15 66 0 0 3 6 23 80 63 

03:00-04:00 0 14 0 1 5 7 0 2 15 1 0 1 3 15 23 41 

04:00-05:00 0 9 0 1 11 7 0 3 7 0 0 2 1 4 19 26 

05:00-06:00 0 7 0 0 5 0 0 0 23 2 0 0 2 9 30 18 

Total 4 175 3 2 179 82 2 57 693 3 0 20 107 84 988 423 
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An initial Kolmogorov-Smirnov two-sample test was performed to investigate 

whether the night-time activities varied between geographic area or not. The 

results in Table 75 indicate that most species had a similar night-time pattern in 

both Java and West Timor. Thus it is appropriate to combine data from both 

areas to simplify further analysis. 

Table 75. Kolmogorov-Smirnov Two-Sample Test for night-time activity 
patterns  

Species Max diff p Pattern Further analysis 

An. aconitus 0.487 0.3 Similar Combined 

An. annularis data was too sparse to analyse 

An. barbirostris 0.138 0.22 Similar Combined 

An. maculatus 0.649 0.37 Similar Combined 

An. subpictus 0.935 0.011 Different, but data too 
sparse in West Timor 

Combined 

An. sundaicus Only occured in Java 

An. vagus 0.495 ~0 Different Partition 

Note: Only captured Anopheles species from human landing collection was presented. 

An. aconitus, An. barbirostris, and An. maculatus had similar night activity 

patterns. Thus data from West Timor and Java can be summed. Numbers of An. 

annularis were too small to analyse. An. subpictus showed a significantly 

different night-time activity but due to the small number of mosquitoes in West 

Timor, the data were combined. An. sundaicus occurred only in Java. An. vagus 

was the only Anopheles species in this study which showed a notable difference 

in night-time activity pattern between Java and West Timor; so geographic 

partition on the data for this species is merited. 

Table 76 presents the summary of time of actively seeking a host for these 

Anopheles species. For An. annularis, there was insufficient data to be analysed, 

whilst An. maculatus and An. sundaicus show no trend in landing rates.   
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Table 76. Anopheles species time of active biting 

Species 

Time of active biting 

Peak Landing 
Time 

Early Range 
Limit* 

Late Range 
Limit 

Model Fit 

An. aconitus 18:00 18:00 04:20 Linear 

An. annularis Insufficient data 

An. barbirostris 00:00 19:20 04:30 2° polynomial 

An. maculatus       No trend in landing rates 

An. subpictus 22:30 19:40 04:00 3° polynomial 

An. sundaicus**       No trend in landing rates 

An. vagus (West Timor) 23:00 18:50 03:30 2° polynomial 

An. vagus (Java) 02:40 20:30 05:30 6° polynomial 

* early and late limits of the period in which 90% of the night's activity occurred 

** absent from West Timor collections 

An. aconitus collections were high at sunset, and generally decreased thereafter, 

and 90% of catches were made before 04:20 (Figure 70). The best smoothing of 

the curve was a linear decrease in activity as night progressed. 
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Figure 70. The linear fitted model for An. aconitus host seeking activities  

An. barbirostris activity peaked around midnight and was more or less 

symmetrical through the night, with 90% of catches occurring between 19:20 and 

04:30, according to the second degree polynomial smoothing curve (Figure 71). 
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Figure 71. The 2O polynomial curve fitted model for An. barbirostris host 
seeking activities  

The best smoothing curve for An. subpictus was a 3O polynomial curve (Figure 

72) which indicates a rapid rise in activity after sunset, peaking about 22:30 and 

falling relatively slowly after this. 90% of activity occurred between 19:40 and 

04:00. 

0

20

40

60

80

100

120

1800-

1900

1900-

2000

2000-

2100

2100-

2200

2200-

2300

2300-

2400

2400-

0100

0100-

0200

0200-

0300

0300-

0400

0400-

0500

0500-

0600

Time of Night

L
an

d
in

g
 R

at
e 

(p
er

 h
o

u
r)

 

Figure 72. The 3O polynomial curve fitted model for An. subpictus host 
seeking activities  

An. vagus was the only species to have different times in West Timor and Java. 

In West Timor, An. vagus was already active at sunset and activity peaked at 

23:00, while 90% of activity occurred between 18:50 and 03:30 as shown by the 

2O polynomial smoothing in Figure 73. By contrast, in Java, the time of active 

biting fitted to a 6O polynomial model although the implications of this must be 

interpreted with awareness that this curve is likely the result of over-fitting the 
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data (Figure 74). In general terms, and in contrast to activity in West Timor, An. 

vagus commenced activity well after sunset and peaked after midnight (around 

02:40). According to the smoothing curve, 90% of activity occurred between 

20:30  and 05:30 — i.e. An. vagus is an early species in West Timor and a late 

one in Java. 
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Figure 73. The 2O polynomial curve fitted model for An. vagus host seeking 
activities in West Timor  
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Figure 74. The 6O polynomial curve fitted model for An. vagus host seeking 
activities in Java 

4.4.3.3 Further analysis of night-time activity of Anopheles species  

In order to obtain a clearer understanding of time-of-night activity, a more 

detailed analysis of activity patterns was done using test.  The investigated 

whether there was a relationship between number of mosquitoes collected in 

each of the following sub-divisions of the night:   
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a. Hourly basis (hour by hour) 

b. The six hours before midnight, or six hours after midnight 

c. Evening (three hours after sunset) or Morning (three hours before sunrise) 

d. Dusk (the hour after sunset) or dawn (the hour before sunrise) 

e. Crepuscular (the first and last hours of the night) or night (10 hours between 
the crepuscular hours) 

Table 77 shows summary of greater night-time activity of Anopheles species by 

this analysis. 

Table 77. Summary of night-time activity of Anopheles species 

Species 
Geographic 

Partition 

Contrast 

Hour-by-Hour 
Before or After 

Midnight 
Evening or Morning Dusk or Dawn 

Crepuscular or 
Night 

Time of 
Greater 
Activity 

p 
Time of 
Greater 
Activity 

p 
Time of 
Greater 
Activity 

p 
Time of 
Greater 
Activity 

p 
Time of 
Greater 
Activity 

p 

An. aconitus summed No 0.094 before 0.0057 evening 0.033 dusk 0.028 no  0.094 

An. annularis  Data too sparse to analyse 

An. barbirostris summed yes 3.1×10-18 no  0.055 no  0.15 no  0.290 night 9.6×10-7 

An. maculatus summed yes 8.2×10-6 no  0.051 no  0.29 no data — night 5.9x10-4 

An. subpictus summed yes 1.9×10-57 before 3.1×10-5 evening 5.5×10-8 dawn 6.4 x10-4 night 5.4×10-18 

An. sundaicus* Java only yes 5.8×10-10 after 1.7×10-3 no  0.083** no data — night 0.046** 

An. vagus Java yes 1.9×10-13 after 1.6×10-6 morning 6.2×10-5 dawn 0.0027** no 0.14 

An. vagus West Timor yes 1.1×10-6 before 0.0027 evening 0.00064 no  0.058*** night 0.042 

* specimens only collected in Java 

** data were sparse and the test may have low power 

*** data are sparse, but numbers suggest greater activity at dusk than dawn 

The numbers of An. annularis were too small to analyse. The period of greater 

activity for An. aconitus is early in the night, with significantly more specimens 

collected at dusk than dawn, evening than morning and before rather than after 

midnight.  

An. barbirostris was more active during the night time than the crepuscular hours 

and similarly, An. maculatus activity was reduced in the crepuscular hours. 

An. subpictus was one of the busier Anopheles species. It had a significantly 

higher activity in the evening period than in the morning, before midnight rather 

than after, during the night rather than in the crepuscular hours, but despite these 

indications of it being an early in the night species there was significantly more 

activity just before dawn than just after sunset. This is attributable to the slow 
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reduction of activity after the peak in late evening, which had not fallen to zero by 

sunset (see Figure 72)  

An. sundaicus was significantly more active after midnight. The sparse collection 

data showed a weakly significant higher hourly landing rate in the night hours 

than the crepuscular hours.  

An. vagus showed a remarkable contrast in biting patterns between West Timor 

and Java. This species in West Timor was more active before midnight: in 

contrast, it was more active after midnight in Java. Similar conclusions are drawn 

from a comparison of activity in evening and morning hours. 

4.4.3.4 Anopheles resting preference  

During this study, the preferred resting places of mosquitoes were monitored 

throughout the night. Table 78 shows the summary results of 2 analysis of 

Anopheles resting places in West Timor and Java. 

Table 78. Anopheles resting preference in West Timor and Java  

Species Geographic 
Partition* 

West Timor Java Resting Preference 

Animal Human Animal Human Preference 2 df p  

An aconitus Summed 6 0 889 36 no difference 0.55 1 0.46 

An annularis Summed 9 4 476 11 no difference 2.22 1 0.14 

An barbirostris West Timor 6 62     Human 128 1 1.3×10
-29

 

Java     434 2 Animal 2.42 1 0.12 

An flavirostris Java   4 0 Insufficient data 

An indefinitus Java     481 0 Only found in animal barn 

An kochi Java     9 0 Insufficient data 

An maculatus Summed 2 2 24 3 Human 10.3 1 1.3×10
-03

 

An subpictus West Timor 259 113     no difference 0.34 1 0.56 

Java     411 1 no difference 3.6 1 0.06 

An sundaicus Java     15 0 Animal Insufficient data 

An tesselatus Java     3 1 Insufficient data 

An vagus West Timor 171 4     Animal 60.6 1 6.8×10
-15

 

Java     2327 13 Animal 10.2 1 1.4×10
-03

 

* Preference is measured against the overall proportion of mosquitoes at each location 

Care must be taken in interpreting this table. Consider the results for An. 

aconitus. 895 mosquitoes were collected across Java and West Timor in the 

animal shelters but only 36 of those were in human habitations. Clearly, this 
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species is more commonly encountered in animal shelters — indeed in only one 

instance (An. barbirostris in West Timor) were more mosquitoes collected in 

houses than barns. A simple interpretation is that all mosquitoes prefer barns to 

houses (except An. barbirostris in West Timor). This may be a misleading 

conclusion: we do not know how many animals were in each barn, or people in 

houses, nor do we know the size of the houses relative to the barns, the ease of 

access of host-seeking mosquitoes, the ease of collection of mosquitoes in the 

buildings, the proximity of the buildings to mosquito breeding sites, protection 

from breezes, lighting level, etc. Thus, the relative numbers may represent 

differences in preference for building or host type by the mosquitoes, but they 

could represent differences that have nothing to do with the mosquitoes 

themselves. Box 2 describes the rationale for this analysis. 

Box 2: As was done in previous analyses, comparisons made here are of the number of 

mosquitoes observed for a given species compared with the number that would be 

expected if this species‘ numbers in each location were in the same proportion as the 

sum of all mosquitoes in each of the compared locations. Effectively, this is a test of 

whether the proportions of the species in the two resting locations is biased towards 

human or animal shelters, relative to all mosquitoes collected in these shelter types at 

that geographic and/or topographic location. 

The analysis indicates that An. barbirostris in West Timor (but not in Java) and 

An. maculatus in both locations tend to occur in houses more often than would be 

expected from the relative numbers of all mosquitoes. Correspondingly, An. 

barbirostris in Java and An. vagus in both locations are less likely to be found in 

houses and appear to be relatively zoophilous. 

4.4.4 Anopheles parity rate, age and vectorial capacity (VC)  

4.4.4.1 West Timor  

Due to the number of mosquitoes from human landing collection, only the three 

species in West Timor, An. barbirostris, An. subpictus and An. vagus, provided 

sufficient data to enable calculation of the age of mosquito. The results are 

shown in Table 79. In West Timor the parity rates ranged from 80% to 87% and 

the age of Anopheles spp. were 23 days for An. subpictus, 21 days for An. vagus 

and 13 days for An. barbirostris.  
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Table 79. The age of Anopheles in West Timor 

Anopheles species 
Number of Mosquitoes   Age 

(days) Collected  Dissected Parous  Par  P 

An. barbirostris 173 64 51 0.80 0.93 13.21 

An. subpictus 693 244 214 0.88 0.96 22.87 

An. vagus 98 92 80 0.87 0.95 21.47 

4.4.4.2 Central Java (Kebumen) 

The hilly rice field areas of Kebumen, Central Java had more Anopheles species 

and a higher number of mosquitoes compared to West Timor and Sukabumi. 

Neverthless, of the nine species, only two were collected (from human landing 

collection) in sufficient numbers to permit calculation of their age. The parity rates 

of An. aconitus and An. vagus were 38% and 40% respectively, yielding 

estimates of  their age only a little more than 3 days (see Table 80). 

Table 80. The age of Anopheles in hilly rice field areas of Kebumen 

Anopheles species 
Number of Mosquitoes  Age 

(days) Collected Dissected Parous Par P

An. aconitus 47 47 19 0.40 0.74 3.31 

An. vagus 32 32 12 0.38 0.72 3.06 

4.4.4.3 Malarial infection rate in collected mosquitoes  

In Central Java, captured mosquitoes were tested for Plasmodium sporozoite 

detection (Elisa testing) and host blood meal identification (precipitan testing). 

However, all testing returned with a negative status. The results are shown in 

Table 82 (Elisa testing) and Table 81 (Precipitin testing). 

Table 81. Elisa  test results of Anopheles species from resting collection 
in Central Java 

Anopheles species 
No of mosquitoes Number of 

Positive Results Collected Elisa 

An. aconitus         870         572  0 

An. annularis         489          208  0 

An. indefinitus         481         231  0 

An. subpictus         415          306  0 

An. tesselatus            3             1  0 

An. vagus      2,308       1,727  0 

Total 4,566 3,045 0 
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Table 82. Precipitin test results of Anopheles species from Central Java 

Anopheles species No of  Tested Mosquitoes Number of Positive Results 

An. aconitus 11 0 

An. subpictus 4 0 

An. vagus 10 0 

Total 25 0 

This seems to indicate a very low level of infection, or a difficulty with the testing 

procedure. The following analysis tests the likelihood that an entirely negative 

outcome from 3045 mosquitoes could be the result of sampling, when the testing 

protocols were reliable. As shown by Table 80, this negative result could be 

related to the age of mosquitoes. The age of mosquito in Central Java is only a 

little more than 3 days.  

4.4.4.4 Estimation of vectorial capacity (VC)  

As explained above, the Human Blood Index (HBI) data was not available during 

this survey; thus to estimate vectorial capacity (VC) in West Timor and Central 

Java, the HBI data was taken from Bruce-Chwatt (1966). 

Table 83. Estimation of vectorial capacity (VC) of Anopheles species in 
West Timor and Central Java 

West Timor 

Anopheles species br Par hbi gc P I LE C 

An. barbirostris 3.33 0.80 0.590 3 0.927 11 13.2 3.76 

An. subpictus 13.33 0.88 0.248 3 0.957 11 22.9 15.6 

An. vagus 1.88 0.87 0.033 3 0.954 11 21.5 0.27 

Central Java 

Anopheles species br Par hbi gc P I LE C 

An. subpictus 2.94 0.40 0.248 3 0.739 11 3.31 0.029 

An. vagus 2.00 0.38 0.033 3 0.721 11 3.06 0.0018 

Table 83 summarises the estimated vectorial capacity of Anopheles species in West 

Timor and Central Java. Vectorial capacity was much higher in West Timor than 

Central Java, as would be expected from the considerably a longer age of 

mosquitoes in West Timor. Even the one species found in both locations (An. vagus) 

was much more capable of transmitting malaria in West Timor (0.27) than in Central 

Java (0.0018). The abundance of An. subpictus and An. barbirostris in West Timor, 

both of which had very high vectorial capacity (15.6 and 3.8 respectively), is 

consistent with the persistence and frequency of malaria in that area.   
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4.5 Discussion 

Effective vector control has to be based on better understanding of vector 

behaviour. For example for high effectiveness of indoor residual spraying against 

malaria vectors, knowledge of factors such as mosquitoes‘ resting places is 

essential (Takken et al., 1990; Pates et al., 2002; Warrell & Gilles, 2002). In 

addition, the variations of time-related blood feeding patterns across different 

Anopheles species as related to hours when most people are sleeping are some 

of the important factors which influence the effectiveness of an impregnated bed 

net strategy for malaria protection (Pates et al., 2002). This study brings some 

information that can increase the effectiveness of malaria vector control program 

in Indonesia, especially in West Timor, West Java and Central Java. These 

findings are discussed in the following paragraphs.  

4.5.1 Comparison of Anopheles species in West Timor and Java 

This section presents the summary and discussion of results from the entomological 

surveys of Anopheles species in West Timor and Java as shown in Table 84.  

Table 84. The summary of entomological surveys in West Timor and Java  

Anopheles 
species 

Range Limit of Active 
Biting Time 

Preference* 

Geography Topography Domesticity Resting 
Peak Early Late 

An. aconitus 18:00 18:00 04:20 Java Highland No preference No preference 

An. annularis No trend in landing rate Java Rice field Insufficient data No preference 

An. barbirostris 
00:00 19:20 04:30 

West Timor Coastal (West Timor) Indoor Human 

  Highland (Java) Outdoor Animal 

An. flavirostris — Insufficient data – no human landing captured 

An. indefinitus — Java Rice field No mosquitoes Animal 

An. kochi — Insufficient data – no human landing captured 

An. maculatus 
No trend in landing rate 

West Timor Insufficient data  Insufficient data 
Human  

  Java Coastal No preference 

An. subpictus 
22:30 19:40 04:00 

West Timor Coastal (W Timor) No preference No preference 

  Rice fields (Java) No preference No preference 

An. sundaicus — Java Coastal No preference Animal 

An. tesselatus — Insufficient data – no human landing captured 

An. 
vagus 

West 
Timor 

23:00 18:00 02:50 
Java 

No preference  
(West Timor) 

No preference Animal 

Java 02:40 20:30 05:30 Rice fields (Java) No preference Animal 

* Preference is measured against the overall proportion of mosquitoes at each location 

— Absent from West Timor collections 

Early and late limits of the period in which 90% of the night's activity occurred 
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4.5.1.1 An. aconitus  

An. aconitus represented a similar proportion of the overall mosquito catch in 

both West Timor and Java. An. aconitus was more common in Java, appeared to 

be abundant in hilly rice field areas, but topographically, it formed a higher 

proportion of all mosquitoes in highland areas. An. aconitus was found not to 

have a distinct host seeking location. Similarly, An. aconitus had no resting 

preference. An. aconitus‘s 90% active biting time ranged from 18:00 to 04:20.   

Other studies have shown that An. aconitus is a malaria vector in rice field areas 

(Barcus et al., 2002; Mardiana, 1990; Muir, 1963; Munif & Sukirno, 1994; 

O'Conor & Arwati, 1974; Ompusunggu et al., 1994; Sandosham, 1965; 

Sandosham & Thomas, 1983; Van Hell, 1952). It is associated with shallow 

water, higher water temperatures, higher acidity and salinity concentrations 

(Stoops et al., 2007). An. aconitus was confirmed as the main malaria vector in 

Java and Sumatra (Van Hell, 1952; Kirnowardoyo, 1985) and is also found in 

Bali (Mardiana, 1990). An. aconitus is also one of the malaria vectors in the 

endemic area of Kokap, Yogjakarta (Soerono et al., 1965; Baird et al., 1996b) 

and in the study areas (Barcus et al., 2002; Nalim et al., 2002). 

An. aconitus is normally zoophilic but can mostly be found resting indoors where 

humans share their habitation with animals (Van Thiel & Winoto, 1951; Sandosham 

& Thomas, 1983; Lestari, 1990; Munif & Sukirno, 1994). This study result showed 

that An. aconitus was found to have no preference for resting place. 

In another study in Purworejo of Central Java, peak biting hours of An. aconitus 

were earlier, between 18:00 and 19:00 (Rijadi, 2002) which is supported by 

findings from this study. This study also confirmed that An. aconitus is one of 

the important malaria vectors due its night activity patterns. Since the greater 

biting period started from 18:00, it can be a great threat for communities who 

are usually still active at the same time as An. aconitus. 

4.5.1.2 An. annularis 

There were too few An. annularis for analysis. However, An. annularis was more 

common in hilly rice fields and it had no resting preference. Noerhadi (1960) noted 

that An. annularis was one of the most difficult Anopheles species to find. An. 

annularis was found in Lampung. However it has not yet been confirmed as one of 
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the malaria vectors in the study area (Boesri, 1994). Ompusungu et al. (1994) found 

that An. annularis was not a potential malaria vector in Flores, Nusa Tenggara Timor 

(NTT). An. annularis was found to breed in rice fields, swamps and vegetated pits 

(Boesri, 1994; Ompusunggu et al., 1994). Similarly, this study also found that An. 

annularis showed a preference for hilly rice fields, especially in Java. 

4.5.1.3 An. barbirostris 

An. barbirostris represented a higher proportion of the mosquito catch in West 

Timor than Java. It was more common in West Timor coastal, feeding indoors 

and resting in human structures. In contrast, it was a highland species in Java, 

feeding outdoors and resting more in animal barns. 

An. barbirostris has been confirmed as a malaria vector in NTT (Lee et al., 1983), 

Sulawesi (Lien et al., 1977), Bali (Mardiana, 1990), the Thousand Islands of 

Jakarta (Maguire et al., 2005), Banten (West Java) and Nias (North Sumatra) 

(Boewono et al., 1997), and Lampung (Boesri, 1994). An. barbirostris habitats 

include wet rice fields, swamps, lagoon, and fresh water fishponds, neglected 

fishponds, drainage ditches and rivers (Van Hell, 1952; Lestari, 1990; Takken et 

al., 1990; Ompusunggu et al., 1994). An. barbirostris also has been observed in 

the Manoreh Hills of Central Java (Nalim et al., 2002).  

An. barbirostris is reported to be associated with higher elevation, rice areas, 

relatively shallow water depths, higher water temperatures, higher acidity and 

salinity concentrations, and a greater average distance from human habitation 

(Stoops et al., 2007; Stoops et al., 2008).  

In this study, An. barbirostris was found both indoors (West Timor) and outdoors 

(Java) with peak feeding around midnight. In Central Sulawesi, An. barbirostris 

was more active outside human dwellings with feeding hours, between 23:00 and 

04:00 (Garjito et al., 2004).  

4.5.1.4 An. flavirostris 

During this study few An. flavirostris were captured from resting collection in 

animal barns; only in Java in hilly rice fields of Kebumen, Central Java. This 

species has not been reported as one of the potential malaria vectors in this 

area. In contrast, An. flavirostris was confirmed as one of the malaria vectors in 
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Sulawesi island in 1949 (Lestari, 1990); however, Sikka, Ompusunggu et al. 

(1994) considered that the density of this species was too small to transmit 

malaria. An. flavirostris was also found in Lombok island (Somboon et al., 2000) 

and Sikka, Flores (Ompusunggu et al., 1994). An. flavirostris normally breeds in 

foothill streams along the shaded edges, especially in bamboo roots, slowly 

running water (Lestari, 1990; MoH.RI-CDC, 1985, 2006), rice fields and lagoons 

(Ompusunggu et al., 1994).  

4.5.1.5 An. indefinitus 

An. indefinitus in this study, was caught from resting collection in animal barns 

and only in hilly rice field areas of Kebumen in Java. It was not considered to be 

one of the potential malaria vectors for this area, and in fact has not been 

confirmed as a malaria vector in Indonesia. An. indefinitus is a freshwater 

mosquito which can be found in grassy pools, ponds and ditches (Sandosham & 

Thomas, 1983). In Sikka, Flores, An. indefinitus was found in rice fields and 

lagoons but in limited numbers only (Ompusunggu et al., 1994).  

4.5.1.6 An. kochi 

In this study, An. kochi was only found in resting collection in animal barns. It 

was not considered to be one of the potential malaria vectors in Kebumen. An. 

kochi has mostly been found in Sumatra and Sulawesi (Boewono et al., 1997; 

MoH.RI-CDC, 1985, 2006; Van Hell, 1952) and Halmahera island, North 

Maluku (Soekirno et al., 1997) but it has never been found to be infectious (Van 

Hell, 1952). An. kochi is a zoophilic Anopheles species, and, consistent with 

this study, is mostly present in cattle sheds. It breeds in stagnant water with 

direct sunlight or under light shade and in muddy pools close by human 

settlements (Sandosham & Thomas, 1983).  

4.5.1.7 An. maculatus 

An. maculatus was the dominant species in the coastal area of Java. A smaller 

number of An. maculatus also was found in hilly rice field areas of West Timor. 

An. maculatus has a wide distribution area including Sumatra, Java, Kalimantan, 

Bali and Nusa Tenggara islands (Lestari, 1990; MoH.RI-CDC, 1985, 2006; Van 

Hell, 1952). It is an important species in open hilly areas, in cleared mountain 
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forest areas (Sandosham & Thomas, 1983) and in forested hills such as in 

Central Java (Barcus et al., 2002; Nalim et al., 2002). Its habitats include sunlit 

puddles in streambeds and along the slow running edges of streams, ditches, rice 

fields, or close hilly areas (Van Hell, 1952; Nalim et al., 2002). Its presence is also 

associated with seepage springs, pools and stagnant water in cattle footprints 

(Barcus et al., 2002). During the study, An. maculatus were caught in rice field sites 

which were next to the river estuary in the coastal areas of Sukabumi (outdoors), 

where it was the dominant species. 

In this study An. maculatus showed no preference to seek a host indoors or outdoors 

with no clear night activity pattern, but resting more inside houses than animal-

occupied structures.  By contrast, other studies have reported that An. maculatus 

was more active outdoors, especially in highland areas, with the same peak activity 

hours (around 21:00 to 03:00) (Lestari, 1990). Sandosham & Thomas (1983) 

reported that An. maculatus’ preference is for animal barns, and it prefers to feed in 

open areas. In Purworejo, Rijadi (2002) also found that the peak activity hours of An. 

maculatus were between 21:00 and 24:00. The peak density of An. maculatus 

occurred in June and November (Suwasono et al., 1997).  

4.5.1.8 An. subpictus 

An. subpictus was the dominant Anopheles species in coastal areas of West 

Timor and hilly rice fields in Java. An. subpictus was more attracted to human 

hosts (anthropophilic) and has been confirmed as one of the malaria vectors in 

Nusa Tenggara Timor (NTT) Province since 1975 (Lee et al., 1983; Mardiana, 

1990). An. subpictus is widely distributed across Sumatra, Java, Sulawesi, Bali 

and Nusa Tenggara islands (Collins et al., 1979; Issaris & Sundararawan, 1954; 

MoH.RI-CDC, 1985, 2006; Soerono et al., 1965; Van Hell, 1952; Van Thiel & 

Winoto, 1951). Although An. subpictus was grouped with the Oriental Anopheles 

mosquitoes (Mardiana, 1990), it was found in Lalipipi and Biak in Papua by 

Metselaar (1957), where it mostly appeared in hyperendemic malaria villages 

during the dry season, even though the environmental condition was 

unfavourable for the survival of mosquitoes (Metselaar, 1957).  

In line with the findings from this study, in Sikka (Flores Island), a district of NTT, 

An. subpictus has been confirmed as one of the malaria vectors in the coastal 

area. It was found mostly in mangroves, lagoons, brackish water and river 
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estuaries which have direct sunlight (Collins et al., 1979; Mardiana, 1990; 

Ompusunggu et al., 1994).  

Similarly, in the Thousand Island District of Jakarta, An. subpictus appeared to be 

one of the dominant vectors. It was found in mangroves and fishponds (Maguire 

et al., 2005). Since it is so widely distributed, An. subpictus may occur in great 

density and account for a great amount of malaria transmission (Van Hell, 1952). 

Thus, An. subpictus is one of the vectors that needs to be properly controlled to 

reduce malaria transmission. 

An. subpictus in West Timor had no preference for biting indoors or outdoors nor 

preference for resting inside houses or animal barns; however, this species is a 

significant malaria risk due to its long night feeding activity. Mardiana (1990) and 

Barodji (2000) reported that in Flores, NTT Province, An. subpictus was active both 

inside and outside the house, with peak activity hours from 01:00 to 02:00. In 

addition, Barodji (2000) reported that An. subpictus in Flores was found throughout 

the year, with its peak density between April and June, and November to January.  

4.5.1.9 An. sundaicus 

An. sundaicus is one the most dangerous Anopheles species in Indonesia (Van 

Hell, 1952; Van der Brug, 1997). An. sundaicus is widely distributed in Sumatra, 

Java, Kalimantan, Bali and Nusa Tenggara, but is not so widely found in Maluku 

or Papua (Collins et al., 1979; Kirnowardoyo, 1985; MoH.RI-CDC, 1985, 2006; 

Muir, 1963; O'Conor & Arwati, 1974; van der Brug, 1997; Van Hell, 1952; Van 

Thiel & Winoto, 1951). 

During this study, An. sundaicus was captured in coastal areas of Java (in 

Sukabumi). This finding is similar to Muir (1963) who found that on the south 

coast of Java, man-made fishponds along the edge of relatively calm water were 

potential An. sundaicus sites. Researchers have found that An. sundaicus is one 

of the important malaria vectors in coastal areas (Issaris & Sundararawan, 1954; 

O'Conor & Arwati, 1974; Collins et al., 1979; Sandosham & Thomas, 1983; 

Takken et al., 1990; Van der Brug, 1997, 2001; Barcus et al., 2002). On Sumatra 

island, however, An. sundaicus is found associated with fresh water (Soeparmo 

& Laird, 1954). The most favourable An. sundaicus habitats include small islands, 

mangroves, brackish water, salt marshes or lagoons, and the mouths of rivers. 
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Man-made brackish water pits, created by washing procedures employed for 

cultivating sea grass, were also identified as potential sites (Collins et al., 1979; 

Maguire et al., 2005; Muir, 1963).  

An. sundaicus had no clear biting pattern and location, but the numbers 

suggested that this species had a tendency to avoid houses. Kirnowardoyo 

(1985) found that An. sundaicus was a predominantly exophilic and exophagic 

Anopheles species. Similarly, Mardiana (1990) also found that An. sundaicus 

was more active outdoors. In Cibinong and Ujung Gagak, West Java, An. 

sundaicus was active all night from dusk to dawn and to be most abundant in 

May to June and September to October (Mardiana, 1990).  

4.5.1.10 An. tesselatus 

An. tesselatus was captured only from resting collection in animal barns in the 

hilly rice field areas of Kebumen, Central Java. An. tesselatus has been found in 

Nias Island, North Sumatra (Boewono et al., 1997). It is associated with rice 

fields, shaded pools, forests, swamps and fresh water fishponds (MoH.RI-CDC, 

1985, 2006a). It was found in North Maluku but is not yet confirmed as a malaria 

vector (Soekirno et al., 1997). An. tesselatus prefers animals to humans as a 

blood source. It breeds in stagnant water in swamps, pools and drains with 

particularly heavy shade (Sandosham & Thomas, 1983).  

4.5.1.11 An. vagus 

An. vagus appeared to be more common in Java than in West Timor. In West 

Timor, An. vagus was equally distributed in all topographical settings with no 

preference location for blood feeding, and it rests more in animal barn. In Java, it 

was a hilly rice field species, resting more in animal barn. 

This result is in line with a study in Sikka, Flores in which An. vagus was found in 

almost all types of places: lagoons, rice fields, rivers and stagnant water 

(Ompusunggu et al., 1994). In addition, in a study of Anopheles behaviour in 

West Java, Noerhadi (1960) confirmed that An. vagus was one of the ubiquitous 

Anopheles species. An. vagus has also been found in the Manoreh Hills of 

Central Java (Nalim et al., 2002). An. vagus larvae are found in a very wide 

range of habitats: in small and open muddy ponds, in animal footprints or in 
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brackish water. Sandosham also confirmed that An. vagus was endemic 

everywhere in coastal, hilly and highlands areas (Sandosham, 1965; Sandosham 

& Thomas, 1983). In Sukabumi, the presence of An. vagus was associated with 

lower elevation fields, deeper and cooler water, and less acidic and saline 

conditions (Stoops et al., 2007).  

An. vagus was found to be an active Anopheles species, seeking hosts in both 

West Timor and Java. Previous studies by the NTT Provincial Health Office Team 

in 1988, 1989, 1995 and 2001 confirmed that An. vagus was one of the main 

malaria vectors in West Timor (CDC-NTT, 2005).  

4.5.2 Night-time activity of Anopheles species in relation to malaria 
exposure 

This study documented that 4 of 11 Anopheles species captured during this 

study; An. aconitus, An. barbirostris, An. subpictus, and An. vagus, are very 

active in host-finding at night. However, all of these species have a different host 

seeking or biting pattern.  

A study by Bockarie et al. (1996) on the biting habit of parous An. gambiae in 

Sierra Leone and An. punctulatus in Papua New Guinea shows that the parous 

mosquitoes have a tendency to bite later than nulliparous ones.  

This study did not make a distinction between parous and nulliparous mosquitoes 

during the night. However, three species were found to have their peak host seeking 

or biting activities late at night: An. barbirostris (00:00), An. subpictus (22:30) and An. 

vagus (23:00 in West Timor and 02:40 in Java). These species have been confirmed 

as malaria vectors in both West Timor and Java (Collins et al., 1979; Lee et al., 

1983; Mardiana, 1990; Boewono et al., 1997; CDC-NTT, 2005). In addition, we 

found that the proportion of these species that was parous in West Timor was high: 

An. barbirostris (80%), An. subpictus (88%) and An. vagus (87%). 

It is generally assumed that only parous mosquitoes could have been infected 

with malaria sporozoites, and so they represent a much greater danger than 

nulliparous females. Malaria control therefore, needs to protect people from the 

bites of the parous mosquitoes. Bockarie et al. (1996) also showed that African 

children are better protected against the bite of parous mosquitoes if they are 

sleeping under the insecticide treated net (ITN) during the night.  
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4.5.3 Anopheles species age and vectorial capacity 

Oaks et al. (1991) stated that not all mosquitoes can transmit human malaria due 

to several factors: those mosquitoes do not feed on humans (hbi is too low), they 

are not susceptible to human malaria (v1 is too small) and their ages are too short 

to allow the parasite to fully mature (P and thus LE is too small). In general only a 

small number of Anopheles species have a long enough lifetime to survive and 

then transmit malaria (Snow & Gilles, 2002b).  

Knowing the age composition of Anopheles population is important to determine 

their epidemiological danger, as well as to appraise the effectiveness of control 

measures taken against them (Detinova, 1962). Vectorial capacity (VC) can be 

used to determine the probable capacity of Anopheles species to transmit 

malaria (Snow & Gilles, 2002b). 

The longevity of an adult female mosquito depends on environmental factors 

such as temperature and relative humidity, and also varies among species 

(Service & Towson, 2002). Those authors noted that the average duration of life 

of female Anopheles in tropical areas is about 10-14 days and occasionally can 

reach 21 days. On average the average daily death rate of human malarial 

mosquitoes is 4-5% and consequently the age ranges between 20 – 25 days 

(Snow & Gilles, 2002b). The average lifespan of An. barbirostris under laboratory 

condition is 34 days, range from 7 to 63 days (Sandosham & Thomas, 1983; 

Takken et al., 1990). 

Since the malarial parasite needs time to develop in a mosquito, the longer the 

lifespan of an Anopheles species, the more effectively it functions as a vector (Bruce-

Chwatt, 1980). Depending on environmental conditions and the species of malaria 

parasite, the malaria parasite‘s life cycle in the mosquito host takes 8 to 35 days to 

be completed (Bruce-Chwatt, 1980; Chin, 2000; Sandosham, 1965; Sandosham & 

Thomas, 1983). Even for the most efficient human parasite, the sporogony last for 8 

– 25 days, depending on temperature (Snow & Gilles, 2002b).  

This study found that two malaria vectors that have high vectorial capacity were 

An. subpictus (15.6) and An. barbirostris (3.8) in West Timor. The high vectorial 

capacity of these species in West Timor is attributable to a longer age and 

consequent high parity rate of these mosquitoes in West Timor. 
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In relation to epidemiological assessment of malaria vectors, the results indicate 

that these two Anopheles species are probably the most important vectors and 

play a vital role in transmitting malaria in West Timor. An. subpictus occurred 

mostly in coastal areas in which the high malaria transmission occurs, which 

reinforces the important role of this vector in malaria transmission.  

Since the lifespan of the Anopheles species in West Timor is higher than in Java 

(Kebumen), the vectorial capacity of mosquitoes in West Timor is expected to be 

higher. Lee et al. (2001) found that in Korea the An. sinensis parity rate increased 

early in the dry season. Lee, et al., (2001) concluded that, since at the end of the 

wet season there were many mosquitoes around, and with the advent of the dry 

season breeding sites disappeared, there was, early in the dry season, a poor 

recruitment of fresh (nulliparous) mosquitoes, which had previously been 

abundant, and in the absence of younger mosquitoes the proportion of older 

(parous) mosquitoes increased. This was a transient effect, and peaked in the 

first month of the dry season. Warell & Gilles (2002) noted that high parity rates 

in mosquitoes are more common in drier areas or in dry season conditions, 

although they did not suggest a reason or mechanism.  

West Timor is drier than Kebumen, Central Java. This weather condition might 

explain why the Anopheles species have a longer lifespan in West Timor than in 

Central Java.  In this study we found that the age of Anopheles spp. in West 

Timor were  23 days, 21 days and 13 days for An. subpictus, An. vagus and 

An. barbirostris respectively. In Java, the age for An. aconitus and An. vagus was 

only a little more than 3 days.  

4.5.4 The important findings from this study for future vector control  

Mosquitoes and humans are the host for malaria parasites (Oaks et al., 1991). 

Having a better understanding of the interaction between mosquitoes and 

humans in maintaining the cycle of malaria transmission can effectively facilitate 

a better outcome in malaria prevention and control activities. 

Takken et al. (1990) showed that the failure of the malaria eradication program 

from 1955 to 1969 was because it focused on malaria vectors without paying 

attention to their ecology. Malaria control methods such as species sanitation, 

which have been shown to be an effective control measure in the past, are no 
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longer used. The use of insecticide spraying leads to insecticide resistance. 

Effective malaria control can only be achieved through a multi-faceted approach 

including drug-therapy, vector control as well as personal and community 

protection. Vector control will be more effective if it is combined with good 

surveillance and chemotherapy.  

The study found that mosquito distribution, feeding and resting habits differ among 

Anopheles species. For example, An. barbirostris and An. subpictus are typical 

coastal species in West Timor. In Java, the typical coastal species are An. sundaicus 

and An. maculatus. The rice field species in West Timor is An. vagus.,while in Java, 

An. annularis, An. indefinitus, and An. vagus are the rice field species. West Timor 

does not have a typical highland species. However, An. aconitus and An. barbirostris 

appeared to more dominant than other species in highland. 

An. barbirostris tends to feed more indoors in West Timor, but it is more an  

outdoor feeder in Java. The other mosquitoes do not have a clear host seeking 

preference. In terms of resting habitat, the main species that rest in human 

dwellings are An. aconitus and An. annularis, while most species rest in animal 

barns. An. barbirostris has contrasting resting habits. In West Timor, it prefers to 

rest inside human dwellings, while in Java, it rests in animal barns. 

Species that feed outside (exophagic) could be a great danger for community 

members who keep active outside during the time of mosquito activity, while the 

endophagic mosquitoes will put the whole community at risk of malaria.  

The results of this study document the time and place of certain Anopheles 

species habits. The mosquito host preference also varies according to Anopheles 

species or even within species in different geographical locations. In some cases, 

some individual mosquitoes from the same Anopheles species may be more 

attracted to a particular host than others (Sandosham & Thomas, 1983). As well, 

some people provide a stronger attraction to mosquitoes than others, though the 

explanation is still unknown (Warrell & Gilles, 2002). Sandosham and Thomas 

(1983) also noted that host preference is influenced by the variety, accessibility, 

and density of the host available at the time the mosquito is ready to feed. 

Human-mosquito contact is one important factor for malaria transmission. As a 

fraction of the total collection of mosquitoes (landing on volunteers plus resting 
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on walls) the proportion of mosquitoes landing on people was very significantly 

higher in West Timor (61%) than in Java (7%). This would contribute to the higher 

incidence of malaria in West Timor than Java. 

Knowing the specific resting place also helps people to avoid being bitten and to 

determine appropriate prevention and control measures. An. barbirostris for 

example, was a coastal species in West Timor, feeding indoor and resting inside 

human dwellings. By contrast, in Java, it is more common in highland areas, 

feeding outdoor and resting more in animal barns. Thus, in West Timor, the use 

of an insecticide treated net is more likely to be more effective for malaria vector 

intervention. However, in Java, the use of animals as barriers could be an option 

for malaria prevention. People in Java are also recommended to wear clothing 

that covers arms and legs while outside to protect them from mosquito bites. 

Knowing the relative abundance of different Anopheles species according to their 

resting in human or animal shelters may give some information about the basic 

feeding preference of the mosquitoes (Sandosham & Thomas, 1983). This 

information is important in making any decisions regarding types of intervention (e.g. 

breeding site management) required in malaria control programs.  

This study also found that the host-seeking activity, as reflected by mosquitoes‘ 

landing patterns, varied across different Anopheles species. Most of the species 

captured were outside the houses.  

An. barbirostris, An. subpictus and An. maculatus are the predominant malaria 

vectors in West Timor. Thus the vector control program needs to focus on these 

three Anopheles species. An. barbirostris, and An. maculatus feed indoors and 

rest indoors. Given these charateristics, the implementation of insecticide treated 

nets (ITN) is more likely to be effective than in areas where other malarial vectors 

are dominant. Insecticide residual spraying (IRS) could also be an option to 

reduce populations starting with resting females in houses. However, considering 

the cost and side effects to the environment of IRS, then ITN might be the 

preferred option. 

In Java, all Anopheles species captured in this study show a distinct preference 

location for host seeking. Most of the Anopheles species in Java, excluding An. 

maculatus, rest in animal barns. However, Warell and Gilles (2002) stated the 
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choice between animal and human blood could be opportunistic. A zoophilic 

Anopheles species can change its host preference and feed on humans. Studies 

in Jepara, Central Java (Barodji et al., 1992), in China (Warrell & Gilles, 2002) 

and in Ethiopia (Seyoum et al., 2002) show that having animal barns a certain 

distance from human settlements will reduced human-mosquito contact. Thus, 

locating animal barns at a certain distance could be one option to achieve 

malaria reduction. Evidence from Sukabumi shows that using animals as a 

barrier to mosquitoes was one of the success stories in the malaria control 

program in the outbreak areas (Maman, Sukabumi District Malaria Manager, 

personal communication, 2007).  

This study also documented that every malaria vector occupies a specific 

topographical setting. Referring back to the success story of species sanitation 

program (Takken et al., 1990), an environmental management program to modify 

certain type breeding places to discourage larval survival in parallel with other 

vector control programs could have better and more sustained results.   

Another intervention method that could reduce the number of mosquitoes 

entering the house is the improvement of living conditions. Dobson (1989) shows 

that the malaria incidence decreased in England through improvement of living 

condition programs such as the drainage of marshes and mosquito-proofing 

houses. Dobson pointed out that whitewashing the wall of open houses 

discouraged resting indoors. In addition, Lindsay et al. (2002)  shows that 

screening windows and doors of houses, in effect mosquito-proofing them, has 

reduced malaria incidence in many malarial areas around the world. 

Thus this study indicates that, in areas like West Timor, where high mosquito 

biting rates and abundant resting inside houses is the norm, the improvement of 

living conditions and the implementation of mosquito-proof house programs 

(house-screen programs) would be a promising option for malaria control.  

In addition, local weather conditions, human behaviour, and the proximity of 

houses to potential mosquito habitats are other important factors to be 

considered for the implementation of a proper vector control programs. 
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CHAPTER V — HUMAN RISK FACTORS IN 
MALARIA TRANSMISSION  

5.1 Introduction 

Malaria is an ecological disease (Garrett, 1994), in which disease transmission is 

influenced by fundamental physical and biological processes (Wilson, 2001) as 

well as socio-economic and cultural factors (Jones & Williams, 2004). Factors 

such as economic status and occupational patterns affect exposure to malaria as 

well as the severity of the disease (Koram et al., 1995a, 1995b). Other important 

factors affecting malaria transmission are land use (Worrall et al., 2003; Afrane et 

al., 2004; Klinkenberg et al., 2004), education (Koram et al., 1995a, 1995b; 

Worrall et al., 2003), people movement (Aron & Patz, 2001), house condition 

(Koram et al., 1995a, 1995b; Worrall et al., 2003; Lindelow, 2005) and social and 

cultural roles (Kondrashin & Kalra, 1988b, 1988a, 1989b, 1989a, 1990; 

Kondrashin & Kalra, 1991; Jones & Williams, 2004).  

This chapter addresses research question 3:  

“What are the human risk factors in malaria transmission in Indonesia?” 

5.2 Factors Associated with Malaria Incidence 

5.2.1 Age 

While malaria incidence varies with age, children are the most vulnerable to 

malaria infection due to their lack of immunity (Meremikwu, 2003; RBM et al., 

2005). Age has a positive correlation with the level of human immunity for 

malaria. Baird et al. (1990) point out that immunity as a defence mechanism 

increases slowly with age in heavy-exposure malaria areas. In addition, in a 

highly malaria-endemic area, people can develop sufficient immunity in their early 

years (Nájera et al., 1998). Malaria immunity increases during puberty (Kurtis et 

al., 2001; Taylor-Robinson, 2001), and in low-level malaria transmission areas, 

malaria incidence rises among children in their late teens and remains either 

constant or decreases in young adults (Kleinschmidt & Sharp, 2001). This 



 206 

suggests that clinical tolerance to the P. falciparum infection in adults is related to 

early childhood infections. 

5.2.2 Occupation and land-use pattern 

Occupation has been shown to be associated with malaria. Agricultural and 

outdoor activities bring people into contact with Anopheles. Also, temporary 

migrants who are looking for jobs in new areas may contribute to the increase of 

malaria transmission (Worrall et al., 2003). In Zaire and Ethiopia, researchers 

have found that migrant labourers from the highlands where malaria was 

minimal, who descend to lower agricultural and industrial areas, have a greater 

malaria risk than local people (Worrall et al., 2003). The lack of immunity against 

malaria, and sleeping outdoors, tend to contribute to increased malaria risk. 

Land-use patterns influence malaria risk (Lindblade et al., 2000). The changes in 

land-use alters malaria transmission parameters by modifying ambient 

temperature (Lindblade et al., 2000). Lindblade et al. (2000) also found that high 

malaria incidence in Uganda was also related to cultivated swamps, although 

differences between cultivated and natural swamps were not statistically 

significant. However, maximum and minimum temperatures were significantly 

higher in communities bordering cultivated swamps. 

In Ghana, Afrane et al. (2004) found that episodes of malaria and subsequent 

days lost due to illness reported in peri-urban and urban agricultural locations 

were significantly higher than in non-agricultural urban locations. This suggests  

that open-space, i.e irrigated vegetable fields in cities, can provide suitable 

breeding sites for An. gambiae. This is reflected in higher numbers of adult An. 

gambiae in settlements in the vicinity of irrigated urban agriculture where people 

have more contact with mosquitoes and increased malaria episodes (Afrane et 

al., 2004). In contrast, in Mali, areas with irrigated agriculture have less malaria 

than areas without irrigation  (Sissoko et al., 2004). Similar results were found in 

Sri Lanka (Klinkenberg et al., 2004) and in other parts of Africa (Worrall et al., 

2003).  

5.2.3 Education 

Educational attainment is associated with other social, economic and cultural 

factors. Some studies show that malaria is more prevalent in less educated 
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populations. In Malawi, researchers found that women with lower education were 

more likely to have malaria than women who were more highly educated (Worrall 

et al., 2003). Koram et al. (1995a, 1995b) suggested that in Gambia education is 

an important factor that influences a mother‘s decision on how quickly to take a 

child with malaria symptoms to a health centre.  

5.2.4 House conditions 

Housing conditions are closely related to malaria risk. Houses with exposure to the 

outside due to lack of window screens, tend to increase human-vector contact. 

However, some housing features limit human-vector contact and thus reduce 

infection (Worrall et al., 2003). In Sri Lanka, poorly constructed houses, proximity of 

housing to breeding sites, and types of vegetation and cattle surrounding the 

house have been shown to increase malaria incidence (Hoek et al., 1998). 

Similarly in Gambia, Koram et al. (1995a, 1995b) found that malaria among 

children was associated with poor housing and low socio-economic status.  

Houses can provide shelter and blood-feeding places for mosquitoes during 

unfavourable conditions (Reiter et al., 2004). In Sudan, malaria transmission is 

restricted to the rainy season; however, malaria is transmitted throughout the 

year. During the dry season, the female An. gambiae continues her blood-feeding 

and resting in dwellings and other sheltered places but no eggs are laid until the 

rains return. This phenomenon is known as gonotrophic dissociation. Similarly, 

An. antroparvus, the principal vector of malaria in Holland in the mid-twentieth 

century, used this strategy to survive during the winter (Reiter et al., 2004). 

5.2.5 Economics and income 

Many researchers have shown that malaria has a strong relationship with 

economic status and poverty. Weller (1958) stated, ―it has long been recognised 

that a malarious community is an impoverished community‖ (cited in Gallup & 

Sachs, 2001, p.85). Weller pointed out that countries that are the most malarious 

including most of Africa, India and Haiti, are also those with high poverty levels. In 

line with Weller, Gallup and Sachs (2001) explained that people within countries 

affected by malaria have a 30% lower income than those without malaria. 

Even though malaria is most prevalent in the poorer countries, the economic 

burden it causes is debatable. The question is: does malaria cause poverty or is 
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malaria a consequence of poverty? Gallup and Sachs (2001) discussed the 

coincidence between malaria and low income and they argue that low income 

could be caused by many other factors, such as soil conditions, agricultural 

systems, and access to markets, or even because of colonization. Gallup and 

Sachs (2001) also pointed out that weak institutions, poor economic policy, or 

conflict might be the reasons for poverty and thus become proxies for malaria in 

Africa. A study by Lindelow (2005) in Mozambique shows that income is a 

relatively unimportant determinant of health care choices; other factors are more 

important, including education and physical access to health care facilities. 

Income also influences peoples‘ choice regarding type of diagnosis and 

treatment for malaria. In Nigeria, researchers found that people with higher 

incomes or higher socio-economic status were more likely to rely on laboratory 

tests for diagnosis and to visit hospitals when seeking treatment. In contrast, 

most poor people were more likely to seek treatment from traditional healers or 

community-based health workers (Onwujekwe et al., 2005). 

The relationship between the economy and malaria is difficult to measure 

(Martens & Thomas, 2003; Worrall et al., 2004). Martens and Thomas (2003) 

provide five reasons why the relationship between the economy and malaria is 

difficult to measure. First, malaria transmission is primarily influenced by 

geographical conditions and climate variation. Second, the national level of per 

capita income does not reflect the distribution of wealth or how well it is 

managed. Third, political instabilities and economic development can increase 

malaria transmission through conflict, movement of refugees, poor development 

approaches, and deforestation. Fourth, many malaria control activities rely on 

external donations which can be terminated at any time. Finally, the quality of 

data in the most severely affected countries is poor (Martens & Thomas, 2003).  

Gallup and Sachs (2001) confirm that malaria has a strong negative association 

with income levels. If malaria is present, the income level in those areas grows at 

a lower rate than in non-affected areas. Furthermore, Sachs and Malaney argue 

that in many African countries, malaria impedes direct foreign investment, tourism 

and trade and keeps those countries impoverished (Sachs, 2002; Sachs & 

Malaney, 2002). In regard to the economic burden of malaria, Sachs and 
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Malaney conclude that ―where malaria prospers most, human societies have 

prospered least‖ (Sachs & Malaney, 2002, p.680).  

5.2.6 Human population and movement 

The world population is projected to grow to around ten billion by 2050. This will 

alter population distribution with more people living in urban areas. On the one 

hand, rapid population growth is associated with poverty and a lack of 

infrastructure such as health and sanitation facilities so that artificial mosquito 

breeding places may be created, from which vector-borne diseases spread. On the 

other hand, cities are expanding toward forests where natural hosts and vector-

borne diseases exist. Both of these trends will increase the risk of being infected 

(Sutherst, 2004). 

In some circumstances population movement increases human contact with 

mosquitoes and thus increases malaria transmission (Aron & Patz, 2001). In 

times of military conflict and war, unfavourable ecological changes happen, 

forcing a large number of unprotected, non-immune and physically weakened 

refugees, or internally displaced people (IDP), to move into malarious areas.  

These immune-naïve people settle alongside a forest area, the mosquito population 

expands and malaria is soon rampant due to unfamiliar conditions and lack of 

immunity (Garrett, 1994; Patz et al., 2000b).  

There are several types of movement or migration relevant to communicable 

disease such as malaria. They include: 

1. Pathogens in people, reservoir hosts or vectors move to a country from which 

they were previously absent. 

2. Pathogens migrate, in people, vectors or reservoir hosts, in sufficient 

numbers, between two countries where the pathogen is already present - the 

quantitative effect of these migrating will be a major research interest. 

3. Non-immune people enter a highly endemic country for the pathogen cycle 

being considered ,where they will be liable to heavier or more lethal infections 

than the indigenous inhabitants. 

4. Vector species reach new habitats. 

5. Vectors migrate between countries in which they are found. 

6. Potential reservoir hosts are transferred to new countries. 
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7. Genes and alleles are transferred to countries from which they were 

previously absent (Bradley, 2001). 

5.2.7 Social-cultural roles  

Malaria is influenced by social and cultural factors including how people perceive 

disease, cultural norms, and beliefs which influence people‘s behaviour (Jones & 

Williams, 2004). Jones and Williams (2004) suggest that the effect of human 

behaviour on malaria is influenced by many factors such as sex, age, socio-

economic status, class, ethnicity, and political affiliation. Jones and Williams 

(2004), however, admit that it is very difficult to quantify the social burden of 

malaria. An anthropologic approach, which concerns social meaning, is needed 

for a better understanding of how social and cultural factors relate to malaria 

perception.  

Jones and Williams (2004) acknowledge that in any society, there are norms that 

determine how people should behave when they become ill. Personal and social 

perceptions about related diseases that they have experienced shape these 

behaviours. Jones and Williams (2004) recognise that socially vulnerable groups 

have limited control over their ability to acknowledge illness, mobilize resources, 

access services, and make decisions. In many cases, malarial mortalities in this 

group are due to delays in seeking treatment (Jones & Williams, 2004).  

Kondrasin and Kalra introduced the malaria modelling and transmission concept 

known as the Malaria as Anthropo-Ecosystem or MAES in 1988 (Kondrashin & 

Kalra, 1988b, 1988a, 1989b, 1989a, 1990; Kondrashin & Kalra, 1991; Zahar, 

1996). The MAES model proposes six concepts of the anthropo-ecosystem 

relationship in malaria transmission. These concepts include the inter-relationship 

between the environment, social behaviour, cultural and other elements in one 

system; the diversity within the genetic system of the malaria parasite; the 

diversity of malaria in time and space; the genetic, biological, and environmental 

adaptation in regard to malaria transmission; and the influence of demographic 

subsystem (DSS) influence in MAES.  
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5.3 Methods 

5.3.1 Data collection 

The locations for interviews were villages selected to reflect different 

topographical settings (coastal, hilly rice fields and highland areas), the 

availability of local support, and access constraints. 

Java was represented by five villages: three villages in Sukabumi District, West 

Java and two villages from Kebumen District, Central Java. Sukabumi‘s villages 

were located in coastal (one village) and a mix of coastal and highland zones 

(one village), while Kebumen‘s two villages were in a hilly rice field area.  The 

locations are shown in Figure 75. 

 

Figure 75. Location of selected villages in West Timor and Java. 
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West Timor was represented by eleven villages ranging from coastal to hilly and 

highland areas, from three Districts: Kupang Municipality (four villages), Kupang 

District (five villages) and Timor Tengah Selatan (TTS) District (two villages). 

These villages were chosen from six different health centres, where 

entomological surveys were conducted.  

Data was collected by interviews using a semi-structured questionnaire. Trained 

health centre staff conducted the interviews. One day of training in health centres 

or in district health offices was provided for the interviewers prior to data 

collection.    

The sampling unit was the household or family. The respondent was an adult 

family member (18 years old or more) and preferably the head of household. The 

respondent was selected using systematic sampling, where the first house of the 

village or sub village was chosen to be the starting point. The next house was 

determined based on the number of total houses in the selected area divided by 

the number of questionnaires needed for the area.  

A quota of 900 questionnaires was desired (300 for each of the three topographic 

settings). The response rate for completed questionnaires was 92% (839 

questionnaires completed).  

Basic data on the questionnaire is provided in Table 85 and Table 86. 

Table 85. Distribution of respondents by location and ecological setting 

Geographical 
locations 

Topographical Settings Total 

Coastal Hilly Highland 

West Timor 160 79 100 339 
West Java 138 — 172 310 

Central Java — 190 — 190 

Total 298 269 272 839 
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Table 86. Description of study areas by villages  

Sikumana 10,767 198 Hilly Semi urban, hilly, rice fields, 

coconuts, mixed plants

48

Nun Baun Dela 3,056 60 Coastal Semi urban, mixed farming 17

Nun Baun Sabu 3,100 60 Coastal Semi urban, mixed farming 27

Manutapen 4,363 75 Hilly Semi urban, hilly, mixed farming 16

Manubelon 2,190 20 Coastal Village, coastal plain, rice fields, 

coconuts, mixed plants

32

Oenesu 1,044 155 Hilly Vilage, rice fields, coconuts, 

mixed plants

15

Noelbaki 7,174 20 Coastal Village, coastal plain, rice fields, 

coconuts, mixed plants

50

Tablolong 922 30 Coastal Village, coastal plain 7

Lifuleo/Tuadale 1,008 14 Coastal Village, coastal plain, rice fields, 

bush

27

Haumenbaki 1,337 739 Highland Village, highland, rice fields, 

coconuts, mixed plants

50

Supul 1,441 800 Highland Village, highland, mixed plants, 

cocunuts

50

Kertajaya 10,089 20 - 400 Coastal - 

Highland

Village, coastal, highland, rice 

fields, mixed farming

172

Langkap Jaya 5,673 725 Highland Village, highland, rice fields 110

Loji 10,665 33 Coastal Village, coastal plain, rice fields 28

Sadang Kulon 3,544 144 Hilly Village, hilly, rice fields 100

Seboro 6,560 146 Hilly Village, hilly, rice fields 90

839

West Timor 

Altitude (m)Areas District Village
Population 

(2005)

Timor Tengah 

Selatan (TTS) 

District (2 

Villages)

Kupang District 

(5 Villages)

Total

Respond

ents
Landuse Description

Topo-

graphy

Sukabumi

KebumenCentral Java

West Java

Kupang 

Municipality    

(4 Villages)

 

5.3.2 Variables 

The questionnaire contained the following variables: age, gender, occupation, 

socio-economic status (SES), malaria experienced in the family, nocturnal 

activities related to malaria, the presence of mosquito breeding and resting 

places close to houses, malaria protection and behaviour for malaria treatment. 

 Age is the age of family member who experienced the malaria infection. Age 

is grouped into: infant, 1 – 5 years, 6 – 14 years, and more than 14 years. 

 Occupation is the respondent‘s primary form of employment. Respondents‘ 

occupations were grouped into two main groups; farmer or fishermen (FF) 

group and non-farmer or non-fishermen group (Non FF). 

 Socio-economic status (SES) was determined by education, average 

household income, type of energy used for cooking and lighting in the family, 
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housing and floor conditions, toilet ownership and access to drinking water as 

shown in Table 87.  

Table 87. Coding for respondents’ socio-economic status 

NO VARIABLE CATEGORY VALUE 

1 Education Primary school or no school 1 

Junior high school 2 

Senior high school or university 3 

2 Average household income < Rp.650,000 1 

Rp.650,000 – Rp. 1.000.000 2 

> Rp. 1.000,000 3 

3 Energy alternative for lighting Kerosene 1 

Electricity 2 

4 Alternative energy for cooking Wood 1 

Stove (kerosene, gas, or electric) 2 

5 Housing type of wall Bamboo or "bebak" 1 

Semi permanent 2 

Brick 3 

6 Housing type of floor Soil 1 

Tile/cement/wooden 2 

7 Type of toilet ownership Backyard, river, other 1 

Toilet separated from main house 2 

Own toilet (in-house) 3 

8 Sources of drinking water River/lake/spring water 1 

Public tab/well 2 

Piped plumbing 3 

Total value/score Minimum 8 

Maximum 21 

 SES = Score of variables (1+2+3+4+5+6+7+8) 

 
Where:  Score = 8 – 12  Low SES;  

Score = 13 – 16  Middle SES;  
Score= 17 – 21  High SES 

Using a simple method, the respondents‘ socio-demographic characteristics 

were assigned a score which was used to estimate the  respondents‘ socio-

economic status (SES). Details of the scoring system are provided in Table 

87. Respondents were then placed into one of three different SES groups: 

low, middle, and high SES. Malaria experienced in the family was measured 

by the number of malaria episodes amongst family members during the last 

three months.  

 Nocturnal behaviour pattern. This variable aimed to measure activities such 

as staying and sleeping outdoors at night.  
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 Personal protection. Respondents were asked what personal protection they 

used against mosquitoes. This question aimed to find out about the type of 

personal protections practised, such as the use of bed nets, mosquito repellent, 

mosquito coils, etc.  

 Access to and distance from health facilities.  Variables included in this 

study related to seeking treatment for malaria are access to and distance 

from the closest health facilities. The distance of villages from health centres 

and district capital cities were measured as straight line distance (linear 

distance). For altitude the distances of villages were calculated indirectly 

using Google Earth software version 4.2.02 (kh.google.com, 2007) and 

ArcGIS version 9.3 (Gorr & Kurland, 2005; ESRI, 2007). ArcGIS was used to 

generate the ―x,y‖ position.  

The linear distance between two places was calculated in Microsoft Excel 

2003 using the Haversine formula for the shortest distance over the earth‘s 

surface (Sinnott, 1984), as follows: 

Haversine formula =  

Δlat = lat2− lat1 

Δlong = long2− long1 

a = sin²(Δlat/2) + cos(lat1).cos(lat2).sin²(Δlong/2) 

c = 2.atan2 ( a, (1−a)) 

d = R.c,;  where R = earth‘s radius (mean radius = 6,371km) 

This formula then transferred to Excel as follows (Movable Type Ltd, 2008): 

=ACOS(SIN(Lat1)*SIN(Lat2)+COS(Lat1)*COS(Lat2)*COS(Lon2-Lon1))*6,371 

5.3.3 Data analysis 

GIS methods and simple statistics were used in the data analysis. Tables and 

graphs were used to display quantitative variables. Chi-square, Spearman 

correlation and logistic regression were used to analyse the independent 

variables for malaria transmission in the study areas. Microsoft Excel 2003 and 

SPPS version 17 were used for most of the calculations and data validation as 

well as for producing graphs and tables. 
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5.4 Results 

5.4.1 Demographic characteristics of respondents 

This section provides basic demographic characteristics of the survey 

respondents based on interviews conducted with 839 individuals. A summary of 

these data is provided in Table 88. 

Table 88. Education, occupation and income characteristics  

Variables   Areas Total 

  West Timor West Java Central Java 

Education level 

Primary 
n 198 288 162 648 

% 58.4% 92.9% 85.3% 77.2% 

Higher than Primary 
n 141 22 28 191 

% 41.6% 7.1% 14.7% 22.8% 

Occupation 

Farmer/Fisherman 
n 228 246 175 649 

% 67.3% 79.4% 92.1% 77.4% 

Non Farmer/Fisherman 
n 111 64 15 190 

% 32.70% 20.60% 7.9% 22.6% 

Average household income 

< 650,000 
n 273 296 137 706 

% 81.0% 95.8% 72.5% 84.6% 

> 650,000 
n 64 13 52 129 

% 19.0% 4.2% 27.5% 15.4% 

Seventy seven percent of respondents had only a primary education with West Java 

having a higher proportion of these individuals. Most respondents work as fishermen 

or farmers (77%), and about 85% of respondents had average household incomes 

that were less than Rp 650.000 per month (~AU$ 81.25; 1 AU$ = 8,000 Rp). The 

regional minimum monthly wage was Rp 650,000 for West Timor, Rp 571,000 in 

West Java and Rp 547,000 in Central Java (Pajak Net, 2009). 

The main crops grown are rice and corn, while cassavas, bananas, peanuts and 

vegetables are also common. In West and Central Java, farmers normally have two 

planting seasons. In West Timor shortage of water is a problem faced by farmers. 

West and Central Java have higher annual rainfalls compared to West Timor with 

West Timor receiving about  750mm rain, compared to 1,875mm in West Java and 

1,340mm in Central Java. It is common for farmers in West Timor to have only one 

annual harvest. Most of the farmers plant their main crops between December and 
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January to coincide with the rainy season. This is the best season to grow rice or 

corn, which is harvested between March and May coinciding with the dry season.  

Subsistence farming is a common practice throughout Indonesia and particularly 

in West Timor. People grow food to satisfy their own needs and do not undertake 

business-oriented farming. This may explain why most of the respondents earned 

less than AU$ 81 per month.  

The main activities for fishermen are fishing and growing seaweed. Most 

fishermen, however, like the farmers, just fish and grow seaweed to fulfil their 

basic daily needs, and not for commercial gain. Most fishermen stated that the 

best time for fishing is during the dry season. During the rainy season when the 

weather is unfavourable for fishing, some fishermen work as farmers.  

Table 89 shows housing and basic sanitation characteristics.  

Table 89. Respondents’ characteristics by housing and basic sanitation 

Variables   Areas Total 

  West Timor West Java Central Java 

Type of housing wall  (N=839) 

Bamboo or "bebak" n 173 170 8 351 

% 51.0% 54.8% 4.2% 41.8% 

Other or semi 
permanent 

n 62 30 5 97 

% 18.3% 9.7% 2.6% 11.6% 

Brick n 104 110 177 391 

% 30.7% 35.5% 93.2% 46.6% 

Source of drinking water (N=833) 

River/Lake/Spring 
Water 

n 76 166 113 355 

% 22.6% 53.5% 60.8% 42.6% 

Public Tap/Well n 215 138 73 426 

% 63.8% 44.5% 39.2% 51.1% 

In-house Plumbing n 46 6 0 52 

% 13.6% 1.9% 0% 6.2% 

Toilet ownership (N=835) 

Outdoor Toilet n 298 268 116 682 

% 87.9% 86.5% 62.4% 81.7% 

Own toilet (in-house) n 41 42 70 153 

% 12.1% 13.5% 37.6% 18.3% 
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The common housing types in West Timor and Java are brick, half brick (―semi-

permanent‖ in the local term) and bamboo or ―bebak1‖ wall types. In general, houses 

with brick walls were owned by 47% of respondents, followed by 42% owning 

bamboo or ―bebak‖ wall homes and 12% owning house with semi-permanent2 walls. 

Typical houses in the study areas are shown in Figure 76. More than half 

respondents in West Timor (51%) have bamboo or bebak wall type houses, while 

57% of the Java respondents have houses with brick walls.  

 

 

West Timor typical traditional houses. On the left, the typical highlander traditional house with a mud-
brick wall and thatch roof. On the right, a bebak wall house with a palm leaf roof;  this is commonly 
found in coastal and hilly areas. Both houses have a soil floor 

  

Java houses.  In this area, a timber or bamboo wall house with a metal roof is common. On the right, 
a mosquito collector tries to catch mosquitoes on the wall (resting collection). 

Figure 76. Typical houses in West Timor and Java 

                                                
1
  ―Bebak‖ is a local indigenous material made from the stalk of palm tree leaves. Normally, the 

bebak type house has a thatch or palm leaf roof with a soil floor.  
2
  Semi-permanent walls are constructed of concreted brick or mud-brick for the bottom half and 

bamboo or ―bebak‖ material for the top half. 
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Figure 77. A 25 m deep open well for 
drinking water in West 
Timor; a West Timor 
highlander girl goes to 
collect spring water  

Lack of water and poor sanitation conditions are common problems. Many 

respondents in West Timor had insufficient clean water. While 77% had access 

to piped drinking water, water supplies were not always available.  

In West Timor‘s highland area there is no water network. Most respondents 

indicated that they get their water from rivers, spring water or from open wells. 

Figure 77 shows an example of an open well for drinking water in West Timor. 

In Java, clean water sources are available, however there is no water network. About 

54% of respondents in West and Central Java get their water from rivers or springs 

as piped drinking water is limited to certain areas. Only 14% of respondents in West 

Java have piped water and there is no piped water in Central Java.  

Apart from clean water, toilets are the other basic sanitation issue. Only 18% of 

total respondents have a toilet. By location, 12% of respondents in West Timor, 

14% in West Java, and 38% in Central Java have a toilet. For those that lack 

toilets, places for defecation include sharing toilets with neighbours or using the 

backyard, river or beach.  

Table 90 provides a description of the socio-economic status (SES) in the study 

areas. Overall, 57% of the respondents were from low socio-economic 

backgrounds. By study area, 50% of West Timor and 77% of West Java 
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respondents were from low SES background. In Central Java, 54% of 

respondents were from middle SES background. 

Table 90. Respondents distribution by socio-economic status 

Variables   Areas Total 

  West Timor West Java Central Java 

Socio-economic status (SES) 

Low 
n 166 238 68 472 

% 49.6% 77.0% 38.0% 57.4% 

Middle 
n 122 62 97 281 

% 36.4% 20.1% 54.2% 34.1% 

High 
n 47 9 14 70 

% 14.0% 2.9% 7.8% 8.5% 

5.4.2 Malaria infection experienced by respondents 

5.4.2.1 Malaria infection experienced by family members 

Malaria is a common disease in the study areas with 70% of the respondents 

indicating that at least one family member has had malaria.  

Table 91. Family members experienced with malaria 

Variables 
Malaria in the family 

df P 
Freq Yes No Total 

Geography 

West 
Timor 

n 265 74 339 

2 68.053 0.000 

% 78.2% 21.8% 100% 

West 
Java 

n 237 73 310 

% 76.5% 23.5% 100% 

Central 
Java 

n 88 102 190 

% 46.3% 53.7% 100% 

Topography 

Coastal 
n 237 61 298 

2 79.855 0.000 

% 79.5% 20.5% 100% 

Hilly 
n 134 135 269 

% 49.8% 50.2% 100% 

Highland 
n 219 53 272 

% 80.5% 19.5% 100% 

Total 
n 590 249 839 

N of Valid Cases = 839 % 70.3% 29.7% 100% 

At Table 91 shows most residents from West Timor (78%) and West Java (77%) 

had have had at least one malaria episode in their family ( = 68.05; p = 0.000). 

By ecological setting, 80% of coastal and 81% of highland respondents have had 

malaria in their families ( = 79.86; p = 0.000). In hilly areas, however, only half 

of respondents (50%) have had malaria.   
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5.4.2.2 Malaria infection experienced by family members in the last 
three months 

In the three months prior to the interview, 25% of the respondents indicated that 

they or a family member had at least one episode of malaria. Table 92 shows 

that West Timor (41% of respondents) had significantly more malaria cases ( = 

83.19; p = 0.000) compared to West Java (11%) and Central Java (18%). By 

topographical settings, coastal areas (33%) had significantly more cases than 

hilly (23%) or highland (17%) areas  ( = 21.84; p = 0.000). 

Table 92. Malaria infection experienced by family members in the last 
three months 

Variables  Malaria in the family 
df p Freq Yes No Total 

Geography 

West 
Timor 

n 138 201 339 

2 83.192 0.000 

% 40.7% 59.3% 100% 

West 
Java 

n 34 276 310 

% 11.0% 89.0% 100% 

Central 
Java 

n 34 156 190 

% 17.9% 82.1% 100% 

Topography 

Coastal 
n 99 199 298 

2 21.835 0.000 

% 33.2% 66.8% 100% 

Hilly 
n 62 207 269 

% 23.0% 77.0% 100% 

Highland 
n 45 227 272 

% 16.5% 83.5% 100% 

Total 
n 206 633 839 

N of Valid Cases = 839 
% 24.6% 75.4% 100% 

5.4.2.3 Multiple malaria infection experienced by family members  

This study found that respondents or their family members may have had more 

than one malaria infection during the year. Table 93 shows that 50% of the West 

Timor respondents had experienced two or more malaria episodes in the 

previous year. By contrast, respondents with multiple malaria infections in West 

Java made up only 22% and 1% of respondents in Central Java  ( = 87.91; 

p = 0.000). By ecological setting, people in coastal areas (49%) are more 

vulnerable to multiple malaria episodes ( = 59.78; p = 0.000) than those living in 

highland (24%) or hilly areas (13 %).  
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Table 93. Average of family having malaria per year 

Variables Average of family having malaria per year 
df p 

Freq 1 time  2 or more Total 

Geography 

West 
Timor 

n 133 132 265 

2 87.911 0.000 

% 50.2% 49.8% 100% 

West 
Java 

n 184 53 237 

% 77.6% 22.4% 100% 

Central 
Java 

n 87 1 88 

% 98.9% 1.1% 100% 

Topography 

Coastal 
n 121 116 237 

2 59.777 0.000 

% 51.1% 48.9% 100% 

Hilly 
n 116 18 134 

% 86.6% 13.4% 100% 

Highland 
n 167 52 219 

% 76.3% 23.7% 100% 

Total 
n 404 186 590 

N of Valid Cases = 590 
% 68.5% 31.5% 100% 

5.4.2.4 Number of days lost due to malaria infection 

Malaria affects respondents‘ daily activities as it can lead to a significant 

economic loss because of the loss of employment. In addition there are the time 

lost and cost of seeking and receiving treatment.  

Table 94. The number of days lost due to a family member having malaria  

Variables 

Number of days lost due to malaria 

df p 
Freq 

1-4 
days 

5 days or 
more 

Total 

Geography 

West 
Timor 

n 90 175 265 

2 7.849 0.020 

% 34.0% 66.0% 100% 

West 
Java 

n 58 179 237 

% 24.5% 75.5% 100% 

Central 
Java 

n 19 69 88 

% 21.6% 78.4% 100% 

Topography 

Coastal 
n 63 174 237 

2 0.709 0.702 

% 26.6% 73.4% 100% 

Hilly 
n 38 96 134 

% 28.4% 71.6% 100% 

Highland 
n 66 153 219 

%s 30.1% 69.9% 100% 

Total 
n 167 423 590 

N of Valid Cases = 590 
% 28.3% 71.7% 100% 
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Table 94 shows that 72% of respondents indicated that malaria in the family 

caused them or members of family to lose five or more productive days. By 

location, 66% of West Timor, 76% of West Java and 78% of Central Java 

respondents lost five or more productive days due to malaria ( = 7.85; 

p = 0.020).  

5.4.3 Human risk factor in malaria transmission 

5.4.3.1 Age  

Age is a malaria risk factor. Since age data is not always recorded by the health 

centres, age for this study was obtained through interviews.  

Table 95. Malaria episodes among family members in the last three 
months 

HH 

Members

Have 

Mal
%

HH 

Members

Have 

Mal
%

HH 

Members
Have Mal %

HH 

Members
Have Mal %

Baby 30 5     16.7 7 1     14.3 23 0        -               60 6     10.0 

1-5 Years 132 18     13.6 55 10     18.2 54 4     7.4            241 32     13.3 

6-14 Years 165 23     13.9 101 6       5.9 118 6     5.1            384 35       9.1 

> 14 Years 512 56     10.9 246 19       7.7 273 11     4.0         1,031 86       8.3 

Total 839 102     12.2 409 36       8.8 468 21     4.5         1,716 159       9.3 

HH 

Members

Have 

Mal
%

HH 

Members

Have 

Mal
%

HH 

Members
Have Mal %

HH 

Members
Have Mal %

Baby 11 0          -  16 0          -  2 0        -               29 0          -  

1-5 Years 68 0          -  76 0          -  64 3     4.7            208 3       1.4 

6-14 Years 144 1       0.7 176 0          -  152 6     3.9            472 7       1.5 

> 14 Years 337 3       0.9 561 31       5.5 394 27     6.9         1,292 61       4.7 

Total 560 4       0.7 829 31       3.7 612 36     5.9         2,001 71       3.5 

West JavaCentral Java

Hilly (N=190)

West Java

West Timor (N=339)

Age Groups
Hilly (n=79) Highland (n=100)

Age Groups

Total
Coastal (n=160)

Total
Coastal (N=138) Highland (N=172)

 

Table 95 shows that among 839 respondents surveyed, the total number of 

family members was 3,717, of whom 230 (6%) had had malaria in the three 

months prior to the survey. From West Timor, 159 (9%) family members had 

malaria, while West and Central Java family members with malaria was 71 (4%).  

Of the total number of malaria cases surveyed, those under five years of age 

were most vulnerable to infection, especially in the coastal areas of West Timor. 

Overall, the highest malaria incidence was in West Timor among children under 

five (13% of respondents), followed by babies (10%), children under 14 years old 

(9%) and adults (8%). In West and Central Java, no cases were found in babies 

with most of the cases among adults (5% of respondents). 
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5.4.3.2 Occupation  

In this study, respondents‘ occupations were categorised into three groups: 

farmers, fishermen and others. However, due to the small number of respondents 

who were fishermen, that category was combined with the farming category.  

Table 96. Family members with malaria by occupation 

Total Mal % Total Mal % Total Mal % Total Mal %

Farmer/Fisherman 228 197       86.4 246 194     78.9 175 86     49.1    649         477      73.5 

Non Farmer/Fisherman 111 68       61.3 64 43     67.2 15 2     13.3    190         113      59.5 

Total 339 265       78.2 310 237     76.5 190 88     46.3    839         590      70.3 

Total Mal % Total Mal % Total Mal % Total Mal %

Farmer/Fisherman 209 167       79.9 206 111     53.9 234 199     85.0    649         477      73.5 

Non Farmer/Fisherman 89 70       78.7 63 23     36.5 38 20     52.6    190         113      59.5 

Total 298 237       79.5 269 134     49.8 272 219     80.5    839         590      70.3 

Highland

Topographical Settings

Occupation

Occupation

Location

Total 
Coastal Hilly

Total 
West Timor West Java Central Java
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( = 13.8501;  =0.00020, OR = 1.89; CI=1.35 - 2.65). 

Figure 78. Family members who had malaria (%) based on occupation 

Table 96 and Figure 78 show the number of families with malaria by occupation. 

Of the 839 respondents, the number of farmers and fishermen was 649 (77%). 

Overall, malaria episodes in family members were higher among farmers and 

fishermen (74%) than other professions (60%). The highest malaria prevalence 

among farmers and fishermen was in West Timor (86%). 
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Table 97. Summary of statistical results ( ) of respondents with malaria 
by type of occupation 

Yes No Lower Upper

FF 102 92.2 7.8

Non-FF 58 74.1 25.9 1.62 10.40

FF 31 80.6 19.4

Non-FF 48 43.8 56.3 1.86 15.43

FF 95 82.1 17.9

Non-FF 5 80.0 20.0

FF 228 86.4 13.6

Non-FF 111 61.3 38.7 2.35 6.88

FF 107 68.2 31.8

Non-FF 31 87.1 12.9 0.10 0.98

FF 139 87.1 12.9

Non-FF 33 48.5 51.5 3.07 16.60

FF 246 78.9 21.1

Non-FF 64 67.2 32.8 1.00 3.34

FF 175 49.1 50.9

Non-FF 15 13.3 86.7 1.38 28.66

FF 649 73.5 26.5

Non-FF 190 59.5 40.5 1.35 2.65

1.89

4.10

5.36

4.02

Grand Total (N=839) 13.850 0.000

6.28Central 

Java

Hilly 

(n=190)
7.125 0.008

Total West Java 3.845 0.050
1.82

Highland 

(n=172)
24.472 0.000

0.32

7.14

West Java 

(N=310)

Coastal 

(n=138)
4.290 0.038

Total West Timor 27.656 0.000

Highland 

(n=100)
0.014 0.905

Hilly (n=79) 10.541 0.001
West Timor 

(N=339)

Coastal 

(n=160)
9.753 0.002

OR
2 (df=1) pOccupation Freq

Have Malaria (%)
Location

 
Note:  FF = Farmer/Fisherman; Non-FF= Non Farmer/Fisherman.  

Bold indicates correlation is significant at the 0.01 level (2-tailed). 

The statistical results in Table 97 shows that overall there was a significant 

difference of malaria episodes in families of farmers/fishermen (FF) when 

compared to other occupations/Non-FF ( = 13.85; p = 0.000). The odds risk 

(OR) of malaria for the FF group was almost two times higher than for the non-FF 

group (OR = 1.89; CI (Confidence interval) = 1.35 to 2.65).  

An examination of occupation by case study area and topography found that the 

FF highlanders group in Sukabumi, West Java had the highest malaria risk 

(OR=7.14; CI = 3.07 to 16.60). The farmers in Kebumen, Central Java also had a 

higher risk of having malaria than other occupations (OR=6.28; CI=1.38 to 28.66) 

as was the case in West Timor for both coastal and hilly areas. However, since 

95% of respondents in highland West Timor were farmers, the result was not 

significant. 

The coastal FF group of West Java had different results. Although there was a 

significant difference in having malaria, the non-FF group had a higher malaria 

risk. In West Java coastal areas, the FF group seemed to have lower malaria risk 

(OR = 0.32; CI = 0.10 to 0.98). The Spearman correlation result was negative    

(-0.176). The lower malaria risk among FF group in West Java might be related 
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to other factors such vectors density and behaviours. The malaria vectors and 

interactions with humans to transmit malaria in Indonesia was investigated in 

more detail in Chapter Four. 

In summary, malaria was associated with occupation; farmers/fishermen had a 

higher risk of contracting malaria except in the coastal area of West Java. 

5.4.3.3 Education 

Overall, education was not associated with malaria incidence. The data show the 

percentage of respondents with malaria was similar for both low (71%) and high 

(69%) levels of education. The exception is for respondents in the highland areas 

of Sukabumi, West Java ( =11.75; p=0.001, OR=11.25; CI=2.08–60.78) and in 

Kebumen, Central Java‘s hilly area ( =4.16; p=0.041, OR=2.44; CI=1.02–5.86). 

In these two areas, malaria episodes in the family were significantly different for 

families with low and high education levels. The risk of having malaria among 

respondents with low education was 11.3 times and 2.4 times higher compared 

to those with high education in West Java and Central Java, respectively. Table 

98 shows the summary statistics results for malaria incidence by education. 

Table 98. Summary statistics ( ) of malaria by education  

Yes No Lower Upper

Primary 97 87.6 12.4

Higher 63 82.5 17.5

Primary 31 45.2 54.8

Higher 48 66.7 33.3

Primary 70 80.0 20.0

Higher 30 86.7 13.3

Primary 198 78.3 21.7

Higher 141 78.0 22.0

Primary 123 71.5 28.5

Higher 15 80.0 20.0

Primary 165 81.8 18.2

Higher 7 28.6 71.4 2.082 60.779

Primary 288 77.4 22.6

Higher 22 63.6 36.4

Primary 162 49.4 50.6

Higher 28 28.6 71.4 1.016 5.856

Primary 648 70.7 29.3

Higher 191 69.1 30.9

OR
Location Education Freq

Have Malaria (%)

Hilly (n=79) 3.581

2 (df=1) p

West Timor 

(N=339)

Coastal 

(n=160)
0.804 0.370

0.426

0.058

Total West Timor 0.003 0.953

Highland 

(n=100)
0.632

West Java 

(N=310)

Coastal 

(n=138)
0.479 0.489

Highland 

(n=172)
11.746 0.001

11.250

0.142

Central 

Java

Hilly 

(n=190)
4.159 0.041

2.439

Total West Java 2.160

Grand Total (N=839) 0.174 0.677

 
 
Note:  Primary = Primary school of less; Higher = Junior high school or more.  

Bold indicates correlation is significant at the 0.01 level (2-tailed). 
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5.4.3.4 Average household monthly income 

Average household income was associated with malaria incidence. Overall, the 

2 results show that respondents with incomes of less than Rp 650,000 

(=AU$ 81.3) per month had a higher risk of malaria ( =9.69; p=0.002, 

OR=1.84; CI=1.25 to 2.71) than those with incomes of Rp 650,000 or greater. 

The results from West Timor and West Java showed a similar association. In 

Central Java, however, the 2 result shows that monthly household income was 

not associated with malaria incidence. Table 99 shows the summary statistics for 

malaria by average monthly household income. 

Table 99. Summary of statistical results ( ) of respondents with malaria 
by average monthly household income (Rp.000) 

Yes No Lower Upper

< Rp 650 133 85.0 15.0

> Rp. 650 27 88.9 11.1

< Rp 650 44 61.4 38.6

> Rp. 650 33 51.5 48.5

< Rp 650 96 82.3 17.7

> Rp. 650 4 75.0 25.0

< Rp 650 273 80.2 19.8

> Rp. 650 64 68.8 31.3 1.005 3.381

< Rp 650 126 73.8 26.2

> Rp. 650 12 58.3 41.7

< Rp 650 170 80.6 19.4

> Rp. 650 1 0.0 100.0 0.143 0.264

< Rp 650 296 77.7 22.3

> Rp. 650 13 53.8 46.2 0.970 9.194

< Rp 650 137 46.0 54.0

> Rp. 650 52 48.1 51.9

< Rp 650 706 72.5 27.5

> Rp. 650 129 58.9 41.1 1.249 2.712
Grand Total (N=835) 9.694 0.002

1.840

Central 

Java

Hilly 

(n=189)
0.066 0.797

Total West Java 3.966 0.046
2.987

Highland 

(n=172)
4.029 0.045

0.194

West Java 

(N=309)

Coastal 

(n=138)
1.315 0.251

Total West Timor 3.980 0.046
1.843

Highland 

(n=100)
0.037 0.112

Hilly (n=77) 0.747 0.387
West Timor 

(N=337)

Coastal 

(n=160)
0.281 0.596

Location Income (000) Freq
Have Malaria (%)

2 (df=1) p
OR

  

Note: 1 AUD approximately = Rp. 8,000 as at April 2008. 
  Bold indicates correlation is significant at the 0.01 level (2-tailed). 

5.4.3.5 Housing type 

Housing conditions, particularly wall type, are known malaria risk factors. Overall, 

more than half (53%) of the respondents owned a non-brick house. The 2 results 

in Table 100 show that malaria incidence was associated with non-brick houses 

( =40.40; p=0.000, OR = 2.66; CI=1.96 to 3.61). The chance of getting malaria 

was 2.7 times higher for those living in a non-brick (bamboo or bebak) house 
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than for brick house families because bamboo or bebak walls provide a greater 

opportunity for mosquitoes to enter the house.  

Based on location and topographical setting, only West Java ( =9.64; p= 0.002, 

OR = 2.31; CI=1.35 to 3.94) showed a significant difference in malaria incidence 

between families with non-brick and brick houses. Moreover, in West Java 

highland areas, the relationship between malaria incidence and housing was 

even stronger with malaria risk for non-brick house respondents that was 6.3 

times higher than for those with brick houses ( =22.99; p=0.000, OR=6.28; 

CI=2.82 to 14.00). 

Table 100. Summary of statistics ( ) of malaria by housing type 

Yes No Lower Upper

Non Brick 103 85.4 14.6

Brick 57 86.0 14.0

Non Brick 42 54.8 45.2

Brick 37 62.2 37.8

Non Brick 90 83.3 16.7

Brick 10 70.0 30.0

Non Brick 235 79.1 20.9

Brick 104 76.0 24.0

Non Brick 72 70.8 29.2

Brick 66 74.2 25.8

Non Brick 128 88.3 11.7

Brick 44 54.5 45.5 2.817 13.991

Non Brick 200 82.0 18.0

Brick 110 66.4 33.6 1.352 3.944

Non Brick 13 53.8 46.2

Brick 177 45.8 54.2

Non Brick 448 79.7 20.3

Brick 391 59.6 40.4 1.959 3.613
Grand Total (N=839) 40.403 0.000

2.660

Central 

Java

Hilly 

(n=190)
0.318 0.573

Total West Java 9.638 0.002
2.309

Highland 

(n=172)
22.992 0.000

6.278

West Java 

(N=310)

Coastal 

(n=138)
0.201 0.654

Total West Timor 0.429 0.512

Highland 

(n=100)
1.084 0.298

West Timor 

(N=339)

Coastal 

(n=160)
0.008 0.927

Hilly (n=79) 0.443 0.506

2 (df=1) p
OR

Location Housing Freq
Have Malaria (%)

 

Bold indicates correlation is significant at the 0.01 level (2-tailed). 

5.4.3.6 Socio-economic status (SES)  

SES was initially divided into three categories: low, middle and high; however, for 

the purpose of this analysis it was combined into two groups: low SES and 

middle/high SES with most respondents being from a low SES background 

(57%).  
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Table 101. Summary of statistics ( ) for malaria by socio-economic status 
(SES)  

Yes No Lower Upper

Low 60 88.3 11.7

Med/High 100 84.0 16.0

Low 22 54.5 45.5

Med/High 54 59.3 40.7

Low 84 81.0 19.0

Med/High 15 86.7 13.3

Low 166 80.1 19.9

Med/High 169 76.3 23.7

Low 92 75.0 25.0

Med/High 46 67.4 32.6

Low 146 83.6 16.4

Med/High 25 60.0 40.0 1.361 8.436

Low 238 80.3 19.7

Med/High 71 64.8 35.2 1.234 3.954

Low 68 57.4 42.6

Med/High 111 37.8 62.2 1.195 4.086

Low 472 76.9 23.1

Med/High 351 61.8 38.2 1.518 2.786

2.209

Grand Total (N=823) 22.010 0.000
2.056

Central 

Java

Hilly 

(n=179)
6.482 0.011

Total West Java 7.317 0.007
2.209

Highland 

(n=171)
7.439 0.006

3.389

West Java 

(N=309)

Coastal 

(n=138)
0.890 0.346

Total West Timor 0.705 0.401

Hilly (n=76) 0.142 0.706
West Timor 

(N=335)

Coastal 

(n=160)
0.572 0.449

Highland 

(n=99)
0.279 0.597

Location SES Freq
Have Malaria (%)

2 (df=1)
OR

  
Bold indicates correlation is significant at the 0.01 level (2-tailed). 

The statistical results in Table 101 show that overall there was a significant 

difference of malaria incidence between low SES and mid/high SES ( =22.01; 

p=0.000). The risk of having malaria in low SES families was two times higher (OR = 

2.06; CI=1.52 to 2.79) than in mid/high SES families. SES was a significant malaria 

risk factor in West Java ( =7.32; p=0.007, OR = 2.21; CI=1.23 to 3.95), particularly 

in West Java‘s highland area ( =7.44; p=0.006, OR = 3.39; CI=1.36–8.44) and in 

Central Java‘s hilly area ( =6.48; p=0.011, OR = 2.21; CI=1.20–4.09).  

5.4.3.7 Nocturnal activities 

Night time activities puts people into contact with mosquitoes, with a high risk of 

being bitten. People stay out at night for many reasons including being on night 

patrols, talking with friends (―begadang‖), praying, visiting family, etc. A complete 

list of responses is shown in Table 102.  
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Table 102. Reasons for nocturnal activity 

 

 

Table 103. The distribution of respondents with malaria who were active 
outside the house at night  

Yes No

Yes 109 89.0 11.0

No 51 78.4 21.6

Yes 35 71.4 28.6

No 44 47.7 52.3

Yes 37 91.9 8.1

No 63 76.2 23.8

Yes 181 86.2 13.8

No 158 69.0 31.0

Yes 108 78.7 21.3

No 30 50.0 50.0

Yes 143 85.3 14.7

No 29 51.7 48.3

Yes 251 82.5 17.5

No 59 50.8 49.2

Yes 125 54.4 45.6

No 65 30.8 69.2

Yes 557 77.4 22.6

No 282 56.4 43.6

0.000

3.54 (0.95 - 

13.19)

2.81 (1.63 - 

4.82)

OR

39.544 0.000
2.65 (1.94 - 

3.60)

26.535 0.000
4.55 (2.48 - 

8.33)

9.604 0.002
2.68 (1.42 - 

5.06)

0.048

9.694 0.002
3.70 (1.58 - 

8.66)

16.784 0.000
5.42 (2.29 - 

12.85)

Freq

0.034
2.7 (1.07 - 

7.02)

3.893

14.626

Coastal 

(n=160)

Hilly (n=79)

Highland 

(n=100)

Total West Timor

Have Malaria (%)

0.076 2.22 (0.91 - 5.45)

Stayed out 

at night
Location

West Timor 

(N=339)

3.147

2 (df=1) p

Central Java Hilly (n=190)

Highland 

(n=172)

West Java (N=310)

Total West Java

Coastal 

(n=138)

Grand Total (N=839)

4.502

 
Bold indicates correlation is significant at the 0.01 level (2-tailed). 

Overall, 557 (66%) respondents had spent time outside the house at least one 

night in the week prior to being interviewed for this study. Except for West Timor‘s 

coastal area, the statistical results in Table 103 show that people who were 

outside their house at night had 1.9 to 3.6 times higher risk of contracting 

malaria, compared to those who stayed inside at night. The highest risk was for 

respondents in the West Java highland area ( =16.78; p=0.000, OR=5.42; 

CI=2.29–12.85).  

Activities Freq % 

Night patrol or ―ronda malam‖ 121 33.9 

Staying up and talking all night (―begadang‖) 90 25.2 

Family praying together, praying in the mosque 56 15.7 

Family business/family visits 27 7.6 

Fishing 23 6.4 

Irrigating, regulating water in rice fields 17 4.6 

Defecating in yard (no toilet in the house) 8 2.2 

Beach activities (preparing for going offshore) 6 1.7 

Late night shopping 5 1.4 

Livestock patrol  4 1.1 

Total 357 100 
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Figure 79. Timing of nocturnal activity for all study areas 

Figure 79 shows the range of time in which people left their houses was from 

17:00 to 03:00. The peak hour when people started to go out was 19:00 (57%) 

and the peak time when they returned home was 20:00 to 21:00 (56%). 

5.4.3.8 Sleeping outside 

Whilst some respondents were active outside the house at night, others (67 or 

8%) actually slept outside the house. Of those sleeping outside the house, 93% 

were infected with malaria.  

Table 104. The distribution of respondents: malaria and outside sleeping  

Yes No

Yes 37 94.59 5.41

No 123 82.93 17.07

Yes 5 60.00 40.00

No 74 58.11 41.89

Yes 11 90.91 9.09

No 89 80.90 19.10

Yes 53 90.57 9.43

No 286 75.87 24.13

Yes 10 100.00 0.00

No 128 70.31 29.69

Yes 2 100.00 0.00

No 170 79.41 20.59

Yes 12 100.00 0.00

No 298 75.50 24.50

Yes 2 100.00 0.00

No 188 45.74 54.26

Yes 67 92.54 7.46

No 772 68.39 31.61

Location Freq
Have Malaria (%)

2 (df=1)Sleeping out p

NS

OR

West Timor 

(N=339)

Coastal 

(n=160)
3.1460 0.0761

Hilly (n=79) 0.0069 1.0000 NS

Highland 

(n=100)
0.6646 0.6834 NS

Total West Timor 5.6561 0.0174
3.05 (1.16 - 

7.97)

NS

West Java (N=310)

Coastal 

(n=138)
4.0969* 0.0616

Highland 

(n=172)
0.5170* 1.0000 NS

Total West Java 3.8450* 0.0757 NS

NSCentral Java Hilly (n=190) 2.3428* 0.2132

Grand Total (N=839) 17.2189 0.0000
5.73 (2.28 - 

14.43)  
Bold indicates correlation is significant at the 0.01 level (2-tailed). 
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The statistical results in Table 104 show that overall, respondents who slept 

outside had a higher risk of being infected with malaria ( =17.22; p= 0.000, 

OR=5.73; CI=2.28–14.43). In West Timor, the risk of contracting malaria due to 

outside sleeping was 3.1 times higher compared to those sleeping inside the 

house ( =5.66; p=0.017, OR=3.05; CI=1.16–7.97). Outside sleeping, however, 

was not a significant malaria risk factor for respondents in West Java and Central 

Java.  

5.4.3.9 Other activities related to malaria risk 

Human-mosquito contact factors play an important role in infection by the malaria 

parasite. Since the malaria mosquito (Anopheles spp) has a specific blood-meal 

time, the pattern of daily human activities can be used as a malaria risk factor. 

For this study, respondents were asked about their routine activities. Figure 80 

showed that people could be at risk of getting mosquito bites especially if they 

remained outside between 18:00 and 06:00, the prime activity time for 

Anopheles. For fishermen, the times when they finish work in the morning and 

the evening preparation time prior to going out on their boats, put them at greater 

risk of coming into contact with mosquitoes. Farmers are also at risk of coming 

into contact with mosquitoes because they start working early in the morning 

(04:00 to 06:00) and finishing up to 20:00 – both times when mosquitoes are 

active. 

Other activities related to active mosquito times are the collection of firewood 

(05:00 to 08:00 = 8% of respondents), collection of drinking water in the morning 

(04:00 to 06:00 = 73% of respondents), bathing in the morning (05:00 to 06:00 = 

46% of respondents), washing in the morning (04:00 to 06:00 = 25% of 

respondents), collecting drinking water in the afternoon (17:00 to 19:00 = 50% of 

respondents), bathing outside in the afternoon (17:00 to 19:00 = 61% of 

respondents), washing outside in the afternoon (17:00 to 18:00 = 38 % of 

respondents), and spending time out at night (18:00 to 00:00 = 89% of 

respondents).  
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Respondents‘ daily activities  

1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00

Starts working on the field (n=176)

Finishes working on the field  (n=175)

Starts off shore (n=10)

Finishes (on shore, n = 14)

Time to collect wood from bush (n= 228)

Time to collect water in the morning (n=222)

Time for bathing in the morning (n = 144)

Time for washing in the morning (n = 116)

Time for returning home in the evening (n=104)

13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 0:00

Starts working on the field (n=176)

Finishes working on the field  (n=175)

Starts off shore (n=10)

Finishes (on shore, n = 14)

Time to collect wood from bush (n= 228)

Time to collect water in the afternoon (n=211)

Time for bathing in the afternoon (N=132)

Time for washing in the afternoon (N=81)

Time for going out in the evening (n=107)

Time for returning home in the evening (n=104)

RESPONDENTS DAILY ACTIVITIES PATTERN RELATED TO 

MALARIA

Farmer

116 (66.29%) 47 (26.86 %)

Fisherman 5 (50.00%)

3 (21.43 %)

8 (3.50%)All 

Respondents

193 (84.6%)

106 (50.24%)

12 (11.21 %) 95 (88.79%)

98 (88.79%)

Farmer 50 (28.41%)

All 

Respondents

Fisherman

105 (49.76%)

51 (38.64%) 81 (61.36 %)

50 (61.73%) 31 (38.27%)

115 (65.34 %) 11 (6.25%)

12 (6.86 %)

67 (45.48%) 8 (54.42 %)

5 (50.00%)

4 (28.57 %) 7 (50.00%)

RESPONDENTS DAILY ACTIVITIES PATTERN RELATED TO 

MALARIA

6 (5.77%)

Afternoon to Night (pm)

Night to Morning (am)

87 (75.00 %)29 (25.00 %)

9 (3.90%)18 (7.90%)

162 (72.97%) 60 (27.03%)

 

Note: the red areas are Anopheles mosquito biting time (18:00 to 06:00) 

Figure 80. Daily activities related to Anopheles mosquito activity 

Anopheles mosquito biting time-line 

Anopheles mosquito biting time-line 
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5.4.3.10 Living next to mosquito breeding places 

From the interviews, 90% of respondents lived in houses that were surrounded 

by potential mosquito breeding places.  

Table 105. Types of breeding places within two kilometres of respondents’ 
houses 

n %

Spring Water or River (SWR) 110 14.57

Rice Field (RF) 106 14.04

Pond or Lake (PL) 37 4.90

Brackish or mangrove (BM) 5 0.66

SWR + RF 301 39.87

SWR + RF + PL 70 9.27

RF + PL 33 4.37

BM + PL 27 3.58

BM + SWR + RF + PL 26 3.44

SWR + PL 18 2.38

BM + SWR 10 1.32

BM + RF + PL 6 0.79

BM + SWR + RF 5 0.66

BM + SWR + PL 1 0.13

755 100.00Total

 (Total N = 755)
Type of potential breeding places

Single type of mosquito 

breeding place

Mixed breeding places 

type (2 or more mosquito 

breeding places)

 

Common breeding places found close to respondents‘ houses were rice fields 

and water bodies such as ponds or lakes, spring water, rivers, and brackish 

water or mangrove areas. In many cases there was more than one potential 

breeding site in close proximity to respondents‘ houses. Table 105 provides the 

types of breeding places found within two kilometres of respondents‘ houses. 

Rice fields and water bodies such as spring waters and rivers or a combination of 

rice fields and spring waters/rivers were the most common (69%) mosquito 

breeding places.  
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Figure 81. Types of potential mosquito breeding places in research areas  

Mangrove (a), creek (b), animal hoof prints (c1-c4), stagnant water in the river (d) 
and rice field with algae. 

Figure 81 shows types of potential mosquito breeding places found in the case 

study areas: mangroves, creeks, animal hoof prints, stagnant river water; and rice 

fields with algae.  
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Figure 82. Types of breeding places with malaria cases in the family 

Note:  

 

Types of breeding place: 
0 = no breeding place 
1 = rice field  
2 = pond or lake  
3 = rice field and pond or lake 
4 = spring water or river 
5 = rice field and spring water or river  
6 = pond or lake and spring water or river 
7 = rice field, pond or lake and spring water or river 
8 = brackish or mangrove 
9 = rice field and brackish or mangrove 
10 = pond or lake rice field and brackish or mangrove 
11 = rice field, pond or lake rice field and brackish or mangrove 
12 = spring water or river and brackish or mangrove 
13 = rice field, spring water or river and brackish or mangrove 
14 = pond or lake, spring water or river and brackish or mangrove 
15 = rice field, pond or lake, spring water or river and brackish or mangrove 

Figure 82 shows that the breeding places with the highest malaria incidence were 

rice fields, spring water and rivers or a combination of a rice field and spring 

water or river. The breeding place with the highest family malaria incidence was 

the combination of rice field with spring water or river (29%). Respondents who 

live next to a rice field, spring water or river comprised about 60% of all malaria 

cases.  
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Table 106. Living next to mosquito breeding places and malaria incidence 

Yes No

Yes 112 95.5 4.5

No 48 62.5 37.5

Yes 68 61.8 38.2

No 11 36.4 63.6

Yes 83 91.6 8.4

No 17 35.3 64.7

Yes 263 85.6 14.4

No 76 52.6 47.4

Yes 137 72.3 27.7

No 1 100.0 0.0

Yes 170 79.4 20.6

No 2 100.0 0.0

Yes 307 76.2 23.8

No 3 100.0 0.0

Yes 185 46.5 53.5

No 5 40.0 60.0

Yes 755 72.2 27.8

No 84 53.6 46.4
12.549 0.000

2.25 (1.42 - 

3.55)

0.000
5.33 (3.02 - 

9.39)

0.186 NS

30.271 0.000
19.90 (5.64 - 

70.21)

Breeding 

Places
Location

Have Malaria (%)
2 (df=1)

0.000
12.84 (4.40 - 

37.45)

Freq OR

Total West Timor

Coastal 

(n=138)

29.792

37.446

Hilly (n=79)

Highland 

(n=100)

Coastal 

(n=160)

West Timor (N=339)

Central Java Hilly (n=190)

Highland 

(n=172)

West Java (N=310)

Total West Java

Grand Total (N=839)

2.512

 
Bold indicates correlation is significant at the 0.01 level (2-tailed). 

According to the results in Table 106, the presence of mosquito breeding places 

has a significant relationship to the malaria incidence. Overall, the risk of 

contracting malaria for respondents living within 2km of a potential breeding 

place is 2.3 times higher than for those not living next to breeding places 

( =12.55; p=0.000, OR = 2.25; CI=1.42–3.55). 

In West Timor, especially in coastal and highland areas, living next to breeding 

places could increase malaria risk by up to 12.8 to 19.9 times. In West Java and 

Central Java, a statistical analysis was not conducted because most respondents 

(99% for West Java and 97% for Central Java) are already living next to 

mosquito breeding places.  

Table 107. Relative distance from respondents’ houses to mosquito 
breeding places 

Yes % No %

< = 200 m 400 68.4 185 31.6 585

> 200 - 2,000 m 145 85.3 25 14.7 170

Total 545 72.19 210 27.81 755

0.37 (0.24 - 0.59)

Have MalariaDistance to Mosq 

Breeding Places
Total OR2 (df=1) p

18.777 0.000

 

Table 107 shows that about 85% respondents who live within a 200m to 2,000m 

radius of potential mosquito breeding sites did have malaria in the family. Even 

though the presence of mosquito breeding places was significantly correlated 
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with malaria, respondents who lived less than 200m from the nearest mosquito 

breeding site, however, had lower malaria risk ( =18.78; p= 0.000, OR=0.37; 

CI=0.24–0.59) compared to those who lived within a 200m to 2km radius.  

5.4.3.11 Living next to potential mosquito resting places  

Table 108 shows that 743 (89%) respondents‘ houses are surrounded by bush or 

gardens, which are potential mosquito resting places, before or after feeding. 

Overall, the presence of bush and gardens seemed to be one of the most 

significant malaria risk factors ( =52.46; p= 0.000, OR = 4.64; CI=2.98–7.23).  

Table 108. Living next to potential mosquito resting places and malaria in 
the family 

Yes No

Yes 137 86.1 13.9

No 23 82.6 17.4

Yes 52 67.3 32.7

No 27 40.7 59.3

Yes 89 91.0 9.0

No 11 9.1 90.9

Yes 278 84.2 15.8

No 61 50.8 49.2

Yes 137 72.3 27.7

No 1 100.0 0.0

Yes 170 79.4 20.6

No 2 100.0 0.0

Yes 307 76.2 23.8

No 3 100.0 0.0

Yes 158 53.8 46.2

No 32 9.4 90.6

Yes 743 74.4 25.6

No 96 38.5 61.5

p ORLocation

Bush/ Garden 

surrounding 

house

Freq

Have Malaria (%)

2 (df=1)

West Timor 

(N=339)

Coastal 

(n=160)
0.1985* 0.747 NS

Hilly (n=79) 5.157 0.023
3.00 (1.14 - 

7.84)

Highland 

(n=100)
44.512 0.000

101.25 (11.44 - 

895.86)

Total West Timor 32.611 0.000
5.15 (2.83 - 

9.34)

West Java 

(N=310)

Coastal 

(n=138)
0.3828* 1.000 NS

Highland 

(n=172)
0.5170* 1.000 NS

Total West Java 0.9331* 0.334 NS

Grand Total (N=839) 52.460 0.000
4.64 (2.98 - 

7.23)

11.26 (3.29 - 

38.48)
Central Java

Hilly 

(n=190)
21.119 0.000

 
Bold indicates correlation is significant at the 0.01 level (2-tailed). 

The presence of bush or gardens as malaria risk factors is more significant in 

West Timor and Central Java. In West Timor‘s hilly and highland areas, the 

relationship between gardens or bush surrounding the house and the malaria 

incidence was quite strong (r=0.26 for West Timor and r=0.67 for Central Java). 

In West Java, however, the presence of gardens or bush surrounding the house 

was not significantly related to malaria incidence. 
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5.4.3.12 Living next to animal barns 

Some mosquitoes are attracted to animals (zoophilic), while others are attracted 

to humans (anthropophilic) or to both animals and humans (anthropo-zoophilic). 

Of the 839 respondents, 581 (69%) lived with animals or had animal barns within 

20m of their houses.  

Table 109. Living within 20m of animal barns and malaria incidence 

Yes No

Yes 81 82.7 17.3

No 79 88.6 11.4

Yes 39 71.8 28.2

No 40 45.0 55.0

Yes 82 91.5 8.5

No 18 38.9 61.1

Yes 202 84.2 15.8

No 137 69.3 30.7

Yes 107 72.0 28.0

No 31 74.2 25.8

Yes 114 71.9 28.1

No 58 94.8 5.2

Yes 221 71.9 28.1

No 89 87.6 12.4

Yes 158 48.7 51.3

No 32 34.4 65.6

Yes 581 69.9 30.1

No 258 71.3 28.7
Grand Total (N=839) 0.177 0.674 NS

Central Java
Hilly 

(n=190)
2.207 0.137 NS

Total West Java 8.681 0.003
0.36 (0.18 - 

0.73)

Highland 

(n=172)
12.435 0.000

0.14 (0.04 - 

2.12)

West Java 

(N=310)

Coastal 

(n=138)
0.060 0.807 NS

Total West Timor 10.501 0.001
2.35 (1.39 - 

3.97)

Hilly (n=79) 5.829 0.016
3.11 (1.22 - 

1.52) 

NS

16.84 (4.95 - 

57.25)

West Timor 

(N=339)

Coastal 

(n=160)
1.128 0.288

Highland 

(n=100)
27.641 0.000

Freq
Have Malaria (%)

2 (df=1) p ORLocation Animal Barns

 
Bold indicates correlation is significant at the 0.01 level (2-tailed). 

Overall, the statistical analysis shows that having a barn next to the house was 

not significantly related to the presence of malaria ( =0.18; p=0.674). The 

frequency of the respondents living within 20m of animal barns and malaria 

incidence is provided in Table 109. 

Nevertheless, the results for each of the case study areas were different. In West 

Timor and West Java, having an animal barn next to the house was statistically 

significantly related to malaria incidence. However, this differed for two areas. In 

West Timor, particularly in hilly (OR=3.11) and highland (OR=16.84) areas, 

having animal barns next to houses increased malaria risk. Conversely, having 

animal barns next to the house reduced the malaria risk ( =12.44; p=0.000, 

OR = 0.14; CI=0.04–2.12) in the West Java highland area.  

 



 240 

5.4.4 Malaria protection and access to health facilities 

5.4.4.1 Bed net ownership and malaria incidence 

There are several types of protection against malaria that are practiced by survey 

respondents. In general, bed nets (64%) are the preferred method of malaria 

protection. In West Java, most  respondents have bed nets (93%). Wearing 

sarongs or long sleeved shirts, indoor residual spraying and taking malaria 

prophylaxis regularly were not methods commonly used by respondents to 

protect against malaria. To reduce mosquito resting places, 68% of respondents 

indicated that they regularly cleaned their garden.  

Table 110. Bed net ownership and malaria incidence 

Yes No Lower Upper

Yes 102 88.24 11.76

No 52 80.77 19.23

Yes 47 65.96 34.04

No 28 50.00 50.00

Yes 37 86.49 13.51

No 24 91.67 8.33

Yes 186 82.26 17.74

No 104 75.00 25.00

Yes 118 71.19 28.81

No 20 80.00 20.00

Yes 171 80.12 19.88

No 1 0.00 100.00

Yes 289 76.47 23.53

No 21 76.19 23.81

Yes 64 53.13 46.88

No 98 51.02 48.98

Yes 539 75.70 24.30

No 223 64.57 35.43 1.2190 2.3951

p
OR

Hilly (n=75)

Location
Bed net 

Ownership
Freq

Have Malaria (%)
2 (df=1)

West Timor 

(N=290)

Coastal 

(n=154)
1.5679 0.2105

0.17241.8617

Total West Timor 2.1683 0.1409

Highland 

(n=61)
0.3845 0.5352

0.2035

West Java 

(N=310)

Coastal 

(n=138)
0.6657 0.4145

Highland 

(n=172)
3.2070

Total West Java 0.0009 0.9767

Central Java
Hilly 

(n=162)
0.0687

Grand Total (N=762) 9.7732 0.0018
1.7087

0.7933

 
Bold indicates correlation is significant at the 0.01 level (2-tailed). 

While bed nets were the most common malaria protection practised, Table 110 

shows that in all study areas, and across all topographical settings, the number of 

malaria cases was not significantly different between respondents with and 

without bed nets.  

Surprisingly, for all respondents, the statistical analysis shows that respondents 

having bed nets had a higher incidence of malaria than those without ( =9.77; 
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p=0.002, OR=1.71; CI=1.22 to 2.40). This phenomenon will be explained more in 

the discussion.  

5.4.4.2 Access to health facilities 

Getting access to health facilities is important in preventing the malaria infection 

from becoming fatal, and to prevent further transmission. Estimating access was 

a two-step process.  First, respondents were asked where they went to get 

treatment for malaria. Second, the correlation between distance of villages to 

health centres and to the district capital city was calculated. 

In accordance with the national health system in Indonesia, malaria treatment is 

delivered through private and public hospitals, healthcare centres, and sub-

centres and mobile healthcare units. Presently there are more than 7,243 

healthcare centres, 21,115 sub healthcare centres and 6,849 mobile healthcare 

units, including 651 private and public hospitals involved in malaria treatment and 

control programs. Moreover, to extend the delivery of malaria treatment and 

control programs service, more than 243,783 integrated health services and 

village midwife posts were involved in the program (MoH & SW RI & WHO, 2001) 

Table 111 shows that there are different patterns for where people go to get help 

for malaria treatment. In West Timor, in Kupang Municipality, most people visited 

health centres (66%) and sub healthcare centres (30%). By contrast, village 

malaria posts (65%) were the most visited place for receiving malaria treatment in 

Kupang District. In highland areas such as the TTS district, most of the 

respondents (88%) received treatment at a midwife‘s village post. 

In Java, 74% of respondents visited sub healthcare centres in Sukabumi, West 

Java, whilst in Kebumen, Central Java, about half of respondents (50%) went to 

health centres and 41% visited sub health centres.  
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Table 111. Distribution of respondents by closest malaria treatment facility 

The Closest 
Health Facilities 

Midwife 
Post 

Sub-Health 
Centre 

Health 
Centre 

Private 
hospital 

Village 
malaria 

post 
T o t a l 

Kota 
Municipality 

n 1 32 70 1 2 106 

% 0.94 30.19 66.04 0.94 1.89 100 

Kupang 
District 

n 2 7 34 2 83 128 

% 1.56 5.47 26.56 1.56 64.84 100 

TTS District 
n 87 5 0 0 7 99 

% 87.88 5.05 0.00 0.00 7.07 100 

Sukabumi 
n 6 228 59 16 0 309 

% 1.94 73.79 19.09 5.18 0.00 100 

Kebumen 
n 7 68 83 9 0 167 

% 4.19 40.72 49.70 5.39 0.00 100 

Total 
n 103 340 246 28 92 809 

% 12.73 42.03 30.41 3.46 11.37 100 

Another factor that might be associated with malaria incidence is distance to a health 

facility. The association between distance and malaria incidence was measured in 

two ways. First, the distance to the closest health facilities was obtained by asking 

respondents, and second the distance was calculated using Arc GIS 9.3, Google 

Earth 4.2 and Microsoft Excel. The results are presented in and discussed in the 

following paragraph. 

Table 112. Distance to the nearest health facility and malaria incidence 

Yes No Lower Upper

< 1 km 121 81.8 18.2

> 1 km 29 100.0 0.0 0.752 0.890

< 1 km 40 82.5 17.5

> 1 km 27 25.9 74.1 4.115 44.088

< 1 km 36 83.3 16.7

> 1 km 46 87.0 13.0

< 1 km 197 82.2 17.8

> 1 km 102 74.5 25.5

< 1 km 60 60.0 40.0

> 1 km 67 83.6 16.4 0.129 0.674

< 1 km 17 64.7 35.3

> 1 km 150 82.7 17.3

< 1 km 77 61.0 39.0

> 1 km 217 82.9 17.1 0.181 0.574

< 1 km 60 60.0 40.0

> 1 km 105 48.6 51.4

< 1 km 334 73.4 26.6

> 1 km 424 72.4 27.6
Grand Total (N=758) 0.085 0.771

Central 

Java

Hilly 

(n=165)

Total West Java 15.506 0.000
0.322

2.001 0.157

Highland 

(n=167)
3.180 0.075

0.295

West Java 

(N=294)

Coastal 

(n=127)
8.817 0.003

Highland 

(n=82)
0.212 0.645

Total West Timor 2.469 0.116

13.469

0.818

Hilly (n=67) 21.444

2 (df=1) pLocation Distance

0.000
West Timor 

(N=299)

Coastal 

(n=150)
6.179

Freq
Have Malaria (%) OR

0.013

 
Bold indicates correlation is significant at the 0.01 level (2-tailed). 
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As Table 112 shows, the distance to health facilities was categorised into two 

groups, less or equal to one kilometre and more than one kilometre. These 

categories were based on the average walking distance to a specific health facility in 

the village. Distance has a significant association with malaria cases in coastal areas 

of West Timor and West Java as well as in hilly areas; however, the results were 

contradictory. In coastal areas closer to a health facility, malaria incidence increased 

by 1.2 times ( =6.18; p= 0.013, OR = 0.82) and 3.4 times ( =8.82; p= 0.003, 

OR=0.30) for West Timor and West Java, respectively. In hilly areas of West Timor, 

malaria was positively associated with distance from the closest health facility 

( =21.444; p= 0.000, OR = 13.47; CI = 4.12 to 44.09). Respondents who live more 

than one kilometre from the closest health facility were 13 times more likely to have 

malaria than those who live within one kilometre of the nearest health facility.  

Table 113. Average distances of villages to health centres, sub-districts and 
district capital cities 

LOCATION West Timor West Java 
Central 

Java 

No of villages with malaria 701 65 97 

No of health centres with malaria 69 15 10 

Distance village to health centre 
(km) 

Min 0.61 1.66 1.03 

Average 7.17 14.58 5.74 

Max 37.68 63.19 23.45 

SD 4.65 16.49 4.50 

Distance health centre to district 
capital city (km) 

Min 0.61 2.38 30.04 

Average 24.68 27.76 37.68 

Max 78.82 51.74 43.70 

SD 17.48 13.37 4.69 

Distance village to district capital city 
(km) 

Min 0.61 2.38 17.76 

Average 26.51 25.09 35.94 

Max 99.80 51.74 48.56 

SD 18.07 15.11 7.03 

Statistic: Distance from village to 
health centre  

r - 0.1556 0.0252 0.0188 

R
2
 0.0242 0.0006 0.0004 

p 0.0000 0.8422 0.8597 

N 701 65 91 

Statistic: Distance from village to 
capital city  

r 0.1497 -0.1659 0.2245 

R
2
 0.0224 0.0275 0.0504 

p 0.0001 0.1866 0.0270 

N 701 65 97 

Statistic: Distance from health centre 
to capital city  

r 0.2661 -0.0647 0.1004 

R
2
 0.0708 0.0042 0.0101 

p 0.0351 0.8189 0.7825 

N 69 15 10 

*) Bold indicates correlation is significant at the 0.01 level (2-tailed). 
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7.17 km buffer of 

average distance 

from village to health 

centre

7.17 km buffer of 

average distance 

from village to health 

centre

Table 113 shows distances from villages to health centre and to capital cities for 

all study areas. On average, the minimum distance from the village to the closest 

health centre ranged from 0.6km to 1.7km, and the maximum was 23.5km to 

63.2km, with an average of 5.7km to 14.6km. In addition, the maximum distance 

between village and the district capital was 99.8km (West Timor). The maximum 

distance of a health centre to a district capital city was 78.8km (West Timor).  

The Pearson correlation results show that in West Timor, distances were 

associated with malaria infection; however scale made a difference. In West 

Timor, at the health centre level, the distance between villages and health 

centres was significantly negatively correlated with malaria cases. Villages closer 

to health centres had more malaria cases. By contrast, at the district level, 

villages situated further from the district capital city, had more malaria cases. 

Figure 83, Figure 84 and Figure 85 show maps of malaria incidence and distance 

to health centres in West Timor and Java (Sukabumi, West Java and Kebumen, 

Central Java).  

 

Figure 83. Malaria incidence and distance to health centres in West Timor 
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Figure 84. Malaria incidence in regard to distance to health centres in 
Sukabumi, West Java 

 

Figure 85. Malaria incidence and distance to health centres in Kebumen, 
Central Java 

14.48 km buffer of 

average distance 

from village to health 

centre

14.48 km buffer of 

average distance 

from village to health 

centre

5.74 km buffer of 

average distance 

from village to health 

centre

5.74 km buffer of 

average distance 

from village to health 

centre
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5.4.5 Summary of the analysis of human risk factors for malaria 
transmission 

Based on the analysis results, a number of human risk factors can be 

identified as having significant associations with malaria incidence in West Timor, 

West Java and Central Java as shown in Table 114.  

Table 114. Summary table of human risk factors analysis from analysis  

Variables Categories Remark (overall respondents) 
Occupation  - Farmers/Fishermen (FF) Significant,  

Farmers/Fishermen (FF)  - Non FF 

Education  - Primary  Not significant  
 - Higher 

Average Income  - < Rp 650,000 Significant,  
Income < Rp 650.00  - > Rp 650,000 

House condition  - Non-brick house Significant,  
Non-brick house  - Brick house 

Socio-Economic Status  - Low SES Significant,  
Low SES  - Middle to High SES 

Spent night hours outside  - Yes Significant,  
Yes – spent night hours outside  - No 

Sleeping outside at night  - Yes Significant,  
Yes, Sleeping outdoors  - No 

Bed net ownership  - Yes Significant,  
Yes, Had bed net  - No 

Living next to the potential 
breeding site 

 - Yes Significant, Yes - Living next to the 

potential breeding site < 2 km    - No 

Living next to the potential 
resting site 

 - Yes Significant, Yes, Living next to the 

potential resting site  - No 

Living next to animal barn  - Yes  Not significant 
 - No 

Distance to health facility  - < 1 km  Not significant 
 - > 1 km 
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5.4.6 Logistic regression analysis of human risk factors for malaria 
transmission 

This section presents the logistic regression analysis of human risk factors for 

malaria transmission. The logistic regressions were used to investigate which 

variables influence or could predict the presence of malaria.  

Of the 839 respondents (see Table 115), only 717 (86%) respondents were 

included in the logistic regression analysis. The remaining 122 (15%) 

respondents were not included due to incomplete data. The analysis was 

performed for all respondents, by case study area, and by topographic setting. 

Table 115. Respondents included in the logistic regression analysis 

Areas Respondents Included Missing Cases Total 

N % n % n % 

West Timor 265 78.2 74 21.8 339 100 

West Java 293 94.5 17 5.5 310 100 

Central Java 159 83.7 31 16.3 190 100 

Total 717 85.5 122 14.5 839 100 

 

5.4.6.1 Logistic regression analysis of human risk factors for malaria 
transmission for all respondents 

Overall, the logistic regression for the all respondents in Table 116 suggested 

that respondents living in West Timor, West Java and Central Java had a 

significant association with the presence of malaria, however, West Java and 

Central Java had lower risks as the odds ratio (OR) was 0.27 and 0.35, 

respectively.  

According to topographical settings, coastal and hilly areas were associated with 

malaria cases, but hilly areas had lower risks than coastal areas (OR = 0.29). 

Occupations other than farmers or fishermen appeared to be a protection against 

becoming infected as the OR was 0.52. 

Bamboo or bebak and semi-permanent housing walls were associated with the 

presence of malaria. However, the OR of respondents living in semi-permanent 

housing was lower (OR = 0.43). Other variables were associated with the 



 248 

presence of malaria included living next to the potential mosquito habitats 

(breeding and resting sites) and spent night hours outdoors.   

Table 116 shows a summary of the logistic regression results of human risk 

factors for malaria transmission. 

Table 116. Summary results of the logistic regression analysis of human 
risk factors for malaria transmission 

Variables Dependent variable (malaria case) = Yes Exp(B) 95% C.I.for EXP(B) 

B S.E. Wald df Sig. Lower Upper 

West Timor     16.070 2 0.000     

West Java -1.319 0.359 13.509 1 0.000 0.267 0.132 0.540 

Central Java -1.052 0.438 5.772 1 0.016 0.349 0.148 0.824 

Coastal     10.984 2 0.004       

Hilly -1.254 0.401 9.788 1 0.002 0.285 0.130 0.626 

Highland 0.139 0.277 0.253 1 0.615 1.149 0.668 1.976 

Education > Primary School 0.334 0.284 1.385 1 0.239 1.397 0.800 2.439 

Occupation non FF -0.648 0.259 6.253 1 0.012 0.523 0.315 0.869 

Average income > Rp 650,000 -0.043 0.271 0.025 1 0.875 0.958 0.563 1.631 

Bamboo or bebak wall     6.100 2 0.047       

Semi Permanent Wall -0.852 0.352 5.841 1 0.016 0.427 0.214 0.851 

Brick Wall -0.345 0.249 1.918 1 0.166 0.708 0.435 1.154 

Living next to breeding places 1.546 0.380 16.525 1 0.000 4.691 2.227 9.884 

Living next to resting places 0.867 0.260 11.084 1 0.001 2.380 1.428 3.965 

Living next to animal barns -0.354 0.228 2.398 1 0.121 0.702 0.449 1.098 

Distance to health facility > 1 km 0.136 0.217 0.390 1 0.533 1.145 0.748 1.753 

Spent night outdoors 0.757 0.213 12.580 1 0.000 2.131 1.403 3.238 

Sleeping outdoors  1.023 0.557 3.372 1 0.066 2.783 0.933 8.294 

Have bed net -0.133 0.231 0.332 1 0.564 0.875 0.556 1.377 

Constant 0.196 0.460 0.182 1 0.669 1.217     

5.4.6.2 Logistic regression analysis of human risk factors for malaria 
transmission  in West Timor 

In West Timor, Table 117 shows that coastal and hilly areas were associated with 

malaria cases, but hilly areas had a lower OR than coastal areas (OR=0.23). 

Respondents with low education had a greater risk of contracting malaria 

(OR=2.32). Occupations other than farming or fishing appeared to have less risk 

of malaria infection (OR=0.17). Finally, living next to potential mosquito breeding 

sites can increase the risks of becoming infected (OR=5.91). 
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Table 117. Summary of the logistic regression results of human risk factors 
for malaria transmission in West Timor 

Variables Dependent variable (malaria case) = 
Yes 

  
Exp(B) 

95% C.I.for 
EXP(B) 

B S.E. Wald df Sig. Lower Upper 

Coastal     8.547 2 0.014       

Hilly -1.457 0.505 8.315 1 0.004 0.233 0.086 0.627 

Highland -1.037 0.665 2.43 1 0.119 0.355 0.096 1.306 

Education > Primary School 0.841 0.416 4.088 1 0.043 2.319 1.026 5.242 

Occupation non FF -1.776 0.493 12.989 1 0.000 0.169 0.064 0.445 

Average income > Rp 650,000 -0.086 0.515 0.028 1 0.867 0.918 0.335 2.517 

Bamboo or bebak wall     0.736 2 0.692       

Semi Permanent Wall 0.031 0.576 0.003 1 0.957 1.031 0.334 3.189 

Brick Wall 0.385 0.475 0.655 1 0.418 1.470 0.579 3.732 

Next to breeding places 1.776 0.444 15.995 1 0.000 5.905 2.473 14.100 

Next to resting places 0.351 0.452 0.603 1 0.438 1.420 0.586 3.440 

Next to animal barns 0.434 0.402 1.168 1 0.280 1.544 0.702 3.393 

Distance to health facility > 1 km 0.047 0.437 0.011 1 0.915 1.048 0.445 2.470 

Spent night outdoors 0.506 0.374 1.834 1 0.176 1.659 0.797 3.452 

Sleeping outdoors  0.449 0.633 0.504 1 0.478 1.567 0.453 5.415 

Have bed net 0.045 0.372 0.015 1 0.904 1.046 0.505 2.168 

Constant 0.235 0.715 0.108 1 0.742 1.265     

 

5.4.6.3 Logistic regression analysis of human risk factors for malaria 
transmission  in West Java 

For respondents in West Java, Table 118 suggests that living in a semi-

permanent housing or next to an animal barn decreases the risk for malaria 

infection as the OR for these two variables was 0.31 and 0.36, respectively. The 

risks, however, were significantly higher for respondents living more than one 

kilometre from the closest health facilities (OR = 3.29) and those who spent time 

outside at night (OR = 4.08). 



 250 

Table 118. Summary of the logistic regression results of human risk factors 
for malaria transmission in West Java 

Variables Dependent variable (malaria case) = Yes   
Exp(B) 

95% C.I.for 
EXP(B) 

B S.E. Wald df Sig. Lower Upper 

Hilly -0.480 0.387 1.543 1 0.214 0.619 0.290 1.320 

Education > Primary School -0.587 0.642 0.836 1 0.360 0.556 0.158 1.956 

Occupation non FF 0.090 0.456 0.039 1 0.843 1.095 0.448 2.676 

Average income > Rp 650,000 -0.368 0.815 0.204 1 0.652 0.692 0.140 3.417 

Bamboo or bebak wall     5.896 2 0.052       

Semi Permanent Wall -1.177 0.533 4.874 1 0.027 0.308 0.108 0.876 

Brick Wall -0.642 0.382 2.819 1 0.093 0.526 0.249 1.113 

Next to breeding places -18.746 2.842E+04 0.000 1 0.999 0.000 0.000 . 

Next to resting places 1.052 0.581 3.282 1 0.070 2.864 0.917 8.943 

Next to animal barns -1.031 0.456 5.113 1 0.024 0.357 0.146 0.872 

Distance to health facility > 1 km 1.192 0.416 8.208 1 0.004 3.294 1.457 7.447 

Spent night outdoors 1.405 0.407 11.934 1 0.001 4.076 1.837 9.047 

Sleeping outdoors  20.184 1.148E+04 0.000 1 0.999 5.834E+08 0.000 . 

Have bed net 0.918 0.740 1.541 1 0.215 2.504 0.588 10.669 

Constant 17.758 2.842E+04 0.000 1 1.000 5.152E+07     

5.4.6.4 Logistic regression analysis of human risk factors for malaria 
transmission in Central Java 

The logistic regression results in Table 119 show that for Central Java 

respondents, the only variable that was associated with the presence of malaria 

incidence was living next to potential mosquito resting places (OR = 9.18). 

Table 119. Summary of the logistic regression results of human risk factors 
for malaria transmission in Central Java 

Variables Dependent variable (malaria case) = Yes Exp(B) 95% C.I.for EXP(B) 

B S.E. Wald df Sig. Lower Upper 

Education > Primary School -0.11 0.631 0.03 1 0.863 0.897 0.26 3.089 

Occupation non FF -0.78 0.968 0.656 1 0.418 0.457 0.068 3.044 

Average income > Rp 650,000 0.593 0.435 1.859 1 0.173 1.809 0.772 4.241 

Bamboo or bebak wall     2.437 2 0.296       

Semi Permanent Wall -0.45 1.688 0.072 1 0.789 0.636 0.023 17.41 

Brick Wall -1.4 0.98 2.045 1 0.153 0.246 0.036 1.681 

Next to breeding places -2.7 1.395 3.747 1 0.053 0.067 0.004 1.035 

Next to resting places 2.217 0.655 11.467 1 0.001 9.178 2.544 33.11 

Next to animal barns -0.05 0.539 0.009 1 0.925 0.95 0.33 2.733 

Distance to health facility > 1 km -0.65 0.382 2.905 1 0.088 0.521 0.246 1.103 

Spent night outdoors -0.13 0.505 0.064 1 0.800 0.88 0.327 2.366 

Sleeping outdoors  21.13 2.841E+04 0 1 0.999 1.507E+09 0 . 

Have bed net -0.17 0.378 0.196 1 0.658 0.846 0.404 1.773 

Constant 2.721 1.689 2.596 1 0.107 15.198     
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5.4.6.5 Logistic regression analysis of human risk factors for malaria 
transmission by topographical settings: Coastal areas 

The main risks of contracting malaria in coastal areas are living next to potential 

mosquitoes breeding (OR=2.82) and resting sites (OR=3.72), housing located 

more than one kilometre from the nearest health facility (OR=2.44), spending 

time outside at night (OR=2.26) and sleeping outdoors (OR=6.84). Table 120 

shows a summary of the logistic regression analysis of human risk factors for 

malaria transmission in coastal areas. 

Table 120. Summary of the logistic regression results of human risk factors 
for malaria transmission in coastal areas 

Variables Dependent variable (malaria case) = 
Yes 

  
Exp(B) 

95% C.I.for 
EXP(B) 

B S.E. Wald df Sig. Lower Upper 

Education > Primary School 0.887 0.47 3.566 1 0.059 2.428 0.967 6.097 

Occupation non FF -0.043 0.448 0.009 1 0.923 0.958 0.398 2.304 

Average income > Rp 650,000 -0.004 0.549 0 1 0.995 0.996 0.34 2.923 

Bamboo or bebak wall     0.507 2 0.776       

Semi Permanent Wall -0.156 0.507 0.094 1 0.759 0.856 0.317 2.312 

Brick Wall 0.172 0.397 0.189 1 0.664 1.188 0.546 2.586 

Next to breeding places 1.037 0.465 4.967 1 0.026 2.821 1.133 7.024 

Next to resting places 1.313 0.446 8.657 1 0.003 3.718 1.55 8.918 

Next to animal barns -0.45 0.381 1.395 1 0.238 0.637 0.302 1.346 

Distance to health facility > 1 km 0.893 0.417 4.592 1 0.032 2.442 1.079 5.527 

Spent night outdoors 0.815 0.356 5.232 1 0.022 2.260 1.124 4.545 

Sleeping outdoors  1.923 0.777 6.129 1 0.013 6.841 1.493 31.35 

Have bed net -0.267 0.437 0.372 1 0.542 0.766 0.325 1.805 

Constant -1.297 0.74 3.074 1 0.08 0.273     

5.4.6.6 Logistic regression analysis of human risk factors for malaria 
transmission by topographical settings: Hilly areas 

Hilly respondents‘ risk of contracting malaria was increased (see Table 121) by 

living next to potential mosquito resting places (OR=2.95). In contrast, the 

respondents whose houses were located more than one kilometre from the 

closest health facilities had lower risks of contracting malaria (OR=0.32). This 

contradictive finding will be discussed in more detail in discussion section. 
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Table 121. Summary of the logistic regression results of human risk factors 
for malaria transmission in hilly areas 

Variables Dependent variable (malaria case) = Yes Exp(B) 95% C.I.for EXP(B) 

B S.E. Wald df Sig. Lower Upper 

Education > Primary School 0.67 0.422 2.512 1 0.113 1.953 0.853 4.471 

Occupation non FF -0.588 0.476 1.527 1 0.217 0.555 0.218 1.412 

Average income > Rp 650,000 0.02 0.348 0.003 1 0.955 1.02 0.515 2.018 

Bamboo or bebak wall     0.54 2 0.763       

Semi Permanent Wall -0.584 0.899 0.423 1 0.515 0.557 0.096 3.244 

Brick Wall -0.267 0.46 0.337 1 0.562 0.766 0.311 1.886 

Next to breeding places 0.202 0.723 0.078 1 0.780 1.224 0.297 5.049 

Next to resting places 1.083 0.396 7.501 1 0.006 2.954 1.361 6.414 

Next to animal barns 0 0.376 0 1 0.998 0.999 0.478 2.087 

Distance to health facility > 1 km -1.154 0.314 13.545 1 0.000 0.315 0.17 0.583 

Spent night outdoors 0.204 0.365 0.314 1 0.575 1.227 0.6 2.507 

Sleeping outdoors  1.314 1.206 1.187 1 0.276 3.721 0.35 39.56 

Have bed net 0.267 0.308 0.751 1 0.386 1.306 0.714 2.392 

Constant -0.235 0.802 0.086 1 0.77 0.791     

5.4.6.7 Logistic regression analysis of human risk factors for malaria 
transmission by topographical settings: Highland areas 

Table 122 shows the summary results of the logistic regression analysis of 

human risk factors for malaria transmission in highland areas.  

Table 122. Summary of the logistic regression results of human risk factors 
for malaria transmission in highland areas 

Variables Dependent variable (malaria case) = Yes   
Exp(B) 

95% C.I.for EXP(B) 

B S.E. Wald df Sig. Lower Upper 

Education > Primary School 0.265 0.62 0.183 1 0.669 1.304 0.387 4.395 

Occupation non FF -1.264 0.574 4.856 1 0.028 0.283 0.092 0.87 

Average income > Rp 650,000 -1.235 1.57 0.619 1 0.431 0.291 0.013 6.31 

Bamboo or bebak wall     10.695 2 0.005       

Semi Permanent Wall -0.794 0.636 1.56 1 0.212 0.452 0.13 1.572 

Brick Wall -1.558 0.479 10.581 1 0.001 0.211 0.082 0.538 

Next to breeding places 0.628 1.181 0.283 1 0.595 1.874 0.185 18.97 

Next to resting places -0.301 0.986 0.093 1 0.760 0.74 0.107 5.112 

Next to animal barns -1.052 0.631 2.777 1 0.096 0.349 0.101 1.204 

Distance to health facility > 1 km 0.91 0.498 3.344 1 0.067 2.484 0.937 6.588 

Spent night outdoors 0.053 0.484 0.012 1 0.913 1.054 0.408 2.722 

Sleeping outdoors  1.546 1.538 1.011 1 0.315 4.693 0.230 95.55 

Have bed net -0.168 0.755 0.05 1 0.824 0.845 0.192 3.715 

Constant 2.365 1.68 1.983 1 0.159 10.648     

In this topographical setting, there were three variables were associated with the 

malaria incidence. Bamboo walled housing was positively related to malaria 

incidence. However occupations other than farming or fishing (OR=0.28) and 
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having a brick house (OR=0.21) appeared to reduce the risks of contracting 

malaria. 

5.4.7 Summary of the logistic regression analysis of human risk factors 
for malaria transmission 

Figure 86 summarises the results of the logistic regression analysis of human risk 

factors for malaria transmission. 

Selected Variables
Dependent Variable: 

Malaria In The Family

Independent Variable:

• Areas

• Topographical settings

• Education

• Occupation

• Average income

• Type of housing wall

• Living next to potential 
breeding places

• Living next to potential 
resting places

• Living next to animal barn 
Near the house

• Spent night hours 
outdoor

• Sleeping outdoor

• Bednet ownership

• Distance to health facility 

ALL CASES

BY LOCATIONS

BY ECOLOGICAL 

SETTINGS

WEST TIMOR

WEST JAVA

CENTRAL JAVA

COASTAL

HIILY

HIGHLAND

Significant Variables: 

• Areas (All areas), 

• Topographical settings (Coastal and Hilly)

• Occupation non Farmers/Fishermen*

• Housing wall  (Bamboo/bebak and Semi permanent)

• Living next to potential resting places

• Living next to animal barn Near the house

• Spent night hours outdoor

• Topographical settings (Coastal and Hilly)

• Education (Primary)

• Occupation non Farmers/Fishermen*

• Living next to potential breeding places

• Semi Permanent Wall*

• Living next to animal barns*

• Distance to health facility > 1km

• Spent night hours outdoor

• Living next to potential breeding places

• Living next to potential breeding places

• Living next to potential resting places

• Distance to health facility > 1km

• Spent night hours outdoor

• Sleeping outdoor

• Living next to potential resting places

• Distance to health facility > 1km*

• Occupation non Farmers/Fishermen*

• Bamboo or bebak house

• Brick wall house*

Note:

Bold indicates significant 

variables

* Variables which have 
protective effects against 

malaria infection

 

Figure 86. Summary of the logistic regression analysis of human risk 
factors for malaria transmission 
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The logistic regression results show that location was one of the determinant 

factors for malaria transmission. In addition coastal and hilly areas appeared to 

be associated with the presence of malaria. Other factors including education 

levels, occupation type, proximity of housing to the potential mosquito habitats 

(breeding and resting places), external sleeping arrangements, and proximity to 

animal barns. Factors that were not associated with malaria transmission include 

average household income and bed net ownership. 

5.5 Discussion 

5.5.1 Roles of human risk factors for malaria transmission 

Humans are the intermediate host for malaria transmission (Bruce-Chwatt, 1980; 

Harijanto, 2000; Aron & Patz, 2001; Warrell & Gilles, 2002) and malaria infection 

is influenced by many human factors such as age, socio-economic status (SES), 

occupation and other human behaviour factors (Kondrashin & Kalra, 1988b, 

1988a, 1989b, 1989a, 1990; Kondrashin & Kalra, 1991; Jones & Williams, 2004). 

A recent study in Ghana revealed that self-reported malaria is associated with 

age, education, overall health and socio-economic status (Stoler et al., 2009). 

The following sections discuss human related aspects and malaria transmission 

in the case study areas.  

5.5.1.1 Age 

Results from this research shows that in the high malaria incidence areas such 

as the coastal areas of West Timor, children under 14 years of age were the 

most vulnerable age group for becoming infected with malaria. Researchers have 

pointed out that while malaria cases vary across age, children make up the most 

vulnerable group due to their lack of immunity (Meremikwu, 2003; RBM et al., 

2005). Scientists have also found a positive correlation between increasing age 

and immunity for malaria. Baird et al. (1990) showed that immunity as a defence 

mechanism increases slowly with age with heavy exposure to malaria; 

Najera et al. (1998) found that people can develop sufficient immunity in their 

early life; and Kurtis et al. (2001) and Taylor-Robinson (2001) confirmed that 

malaria immunity increases during puberty.  
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In Sukabumi and Kebumen there were more malaria cases among adults. In line 

with the results from Sukabumi and Kebumen, in Donggala, Central Sulawesi, a 

study by Papayungan (2002) also revealed that there was more malaria 

incidence among the productive age group (15 to 45 years) than other age 

groups. The reason for this is that high mobility and outdoor activities such as 

farming increased malaria incidence (Papayungan, 2002). A similar condition 

also occurred in Sri Lanka (Attanayake et al., 2000). An adult‘s outdoor activities 

increased malaria transmission in Kebumen and Sukabumi and this is consistent 

with mosquito feeding behaviour where more Anopheles species were captured 

outside and most were caught in rice fields.  

The information regarding susceptibility to malaria among different age groups is 

important in order to track where the transmission takes place. When malaria is 

higher in the younger age groups, especially babies, it shows that malaria is very 

likely to be transmitted locally, inside houses or among the local neighbourhood. 

As has been discussed in the vector section, although most of Anopheles 

species feed outside human shelters, many mosquitoes were captured inside 

houses. On the other hand, the high transmission rate among adults gives an 

indication that malaria is transmitted outside human dwellings and transmission is 

associated with type of occupation and migration patterns. 

5.5.1.2 Occupation 

The results from this research show that farmers and fishermen in coastal and hilly 

areas had a higher risk of becoming infected with malaria than other occupations, 

while farmers and fishermen from coastal areas of Sukabumi had a lower malaria 

risk than other occupations. The logistic regression shows that overall farmers and 

fishermen had a greater risk of contracting malaria infection than other occupational 

groups . 

Prabowo (2002) showed in Kebumen, Central Java, that farmers had higher 

levels of malaria incidence than other occupations. This finding was supported by 

Barcus et al. (2002) and Nalim et al. (2002). Several studies have shown that 

working in agriculture and outdoor activities were associated with malaria 

transmission (Worrall et al., 2003). The reason for this is that agricultural 

environments provide suitable conditions for malaria transmission, in particular 

temporary water bodies (van den Berg & Knols, 2006) such as in rice fields 
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where many Anopheles species such as An. aconitus, An. vagus and An. 

maculatus are abundant. A related fact noted by Barcus et al. (2002); Noerhadi 

(1960); Ompusunggu et al. (1994); and Sandosham & Thomas (1983) is that 

these species have a flight range that can reach nearby housing. Studies in 

Africa show a similar result with people from agricultural areas having a higher 

incidence of malaria.  (Afrane et al., 2004).  

By contrast, in Mali, Africa, Sissoko (Sissoko et al., 2004) found that irrigated 

agricultural had less malaria than non-irrigated agriculture. Similar results were 

found in Sri Lanka (Klinkenberg et al., 2004) and Africa (Worrall et al., 2003). 

One explanation for this relationship is provided by Worrall, et al., (2003) who 

argued that only those with considerable wealth could afford to irrigate their fields 

and that this wealth allowed them to take protective measures against malaria 

(Worrall et al., 2003).  

5.5.1.3 Socio-economic status (SES) 

SES status plays an important role in malaria infection and control (WHO, 1979; 

Jones & Williams, 2004). This is due, in part, to disparities in education levels 

and income distribution which cause differences in people‘s exposure to malaria 

(Koram et al., 1995a, 1995b; Stoler et al., 2009). 

This study found that malaria cases occurred in the low SES groups. Income and 

housing conditions were the two main factors associated with malaria incidence. 

People with lower incomes and non-brick houses had higher levels of malaria 

incidence. This one of the reasons why WHO (1979) emphasised the importance 

of socio-economic factors in malaria transmission. In recent study in Central 

Sulawesi, Papayungan (2002), found that malaria was higher among those with 

monthly incomes of US$30 or less.  

Moreover, in Central Java, Saikhu (2002) found that malaria risk for people living 

in non-brick (primarily bamboo or wooden) houses was 2.5 times higher than for 

those in brick houses. In Bangka island, Sumatra, Rizal (2001) confirmed that 

malaria cases were significantly higher among those with low incomes and living 

in poorly constructed houses (Keating et al., 2005). Similarly, in Sri Lanka, 

researchers confirmed that people who live in a poorly constructed houses were 
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more likely to have a higher malaria risk (Gunawardena et al., 1998; Konradsen 

et al., 2003; Van Der Hoek et al., 2003) 

A recent study in Gambia also showed that mosquitoes were more likely to enter 

houses constructed with mud bricks walls than concrete walls, as mud wall 

houses can provide micro environments conducive for mosquitoes‘ survival  

(Sintasath et al., 2005; Kirby et al., 2008). These findings suggest that housing 

type can be used as a proxy for SES (Lindsay et al., 2002; Lindsay et al., 2003; 

Keating et al., 2005; Sintasath et al., 2005; Kirby et al., 2008). 

The educational aspect of SES was not associated with malaria incidence in 

most areas, except for West Timor where the lower educated group had greater 

level of malaria incidence. The results also show that in the hilly areas of 

Kebumen, Central Java and the highland areas of Sukabumi, West Java, malaria 

incidence was higher among people with a lower education. This suggests that in 

these areas, people with more education might have a better knowledge of how 

to protect themselves against malaria. Thus, this study confirmed that more 

education can lead to lower malaria incidence.  

5.5.1.4 Night time activities outdoors 

Spending night hours outdoors is also one of the significant malaria risk factors in 

West Java and in coastal areas, based on the logistic regression results. The 

time period for people staying out at night, shown by Figure 79, was between 

17:00 and 03:00. Figure 80 also shows respondents daily activities were related 

to Anopheles biting time. In addition, the previous results from the entomological 

study, showed in Table 76 and Table 84, the peak hour of Anopheles species 

blood feeding outdoors was around 18:00 to 04:00; for example that for An. 

aconitus active time was from 18:00 to 04.20. This might be the reason why 

nocturnal outdoor activities increased malaria incidence. Saikhu (2002) confirmed 

that the risk of external activities at night was that people were twice as likely to 

be infected with malaria.  

This study found that sleeping outside was significantly correlated to malaria 

incidence. In Nepal sleeping outside was found to be associated with malaria 

prevalence (Joshi & Banjara, 2008) and in Gambia, Okoko (2005) found that 

those who slept outdoors in the first six hours of the night were more likely to get 
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malaria than those sleeping inside. In line with these studies, the findings from 

this research confirm that nocturnal outdoor activities increased malaria risk. With 

respect to the Anopheles species peak feeding hours, the level of malaria risk 

depends on the length of time people are engaged in outdoor activities and 

where they sleep. Local customs and behaviour need to be considered when 

addressing malaria prevention and control programmes. 

5.5.1.5 Living next to mosquito breeding places  

Water is essential for mosquito development and thus its presence is the most 

important element in mosquito breeding habitats. This study found that mosquito 

habitats can include rice fields, spring water, rivers and any combination of these 

and that these habitats are associated with increased incidence of malaria.  

This finding is consistent with other research including (Prabowo, 2002) and  

(Barcus et al., 2002), who found that residing next to agricultural areas increased 

the risk of mosquito bites. (Sugianto, 2002) found that in Pamotan Village of West 

Java, rice fields, rivers or estuaries were breeding places for the Anopheles 

mosquito. Rijadi (2002) found that in Purworejo-Central Java traditional irrigation 

canals for rice fields were associated with increased malaria incidence.  

Proximity to mosquito habitats is another important factor in malaria transmission. 

In this study, most malaria incidence occurred between 200m and 2,000m from 

mosquito breeding sites. Hutajulu (2002) in Ujung Gagak Village of Central Java 

found that the highest number of repeated malaria cases were located where the 

mosquito breeding places were between 100m and 500m from the homes. 

Similarly, Susanna (2005) found that most malaria cases were located either 

400m from hilly, rice field areas or 200m from coastal areas.  

The high malaria incidence in families within a radius of 200m to 2,000m from 

breeding habitat may be associated with mosquito flight ranges. The flight range 

of An. subpictus in Flores was 1.5km (Mardiana, 1990) and the flight range of An. 

aconitus was between 420m and 900m (Lestari, 1990). In Sri Lanka, Konradsen 

et al. (2003) found that a distance of 750 metres between residence and vector 

breeding sites was strongly associated with the presence of An. culicifacies in the 

house. Thus, people who live within these flight ranges have a higher risk of 

malaria than those living outside the flight range. 
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The types of water bodies reported in this study represent potential mosquito 

breeding sites only, since not all water bodies were checked for larval presence. 

When respondents were questioned about mosquito breeding sites, they 

mentioned beaches, lakes, lagoons or mangroves. However, their presence is 

not necessarily related to malaria because not all of them always contain 

mosquito larvae. Furthermore, the distances to these bodies of water were 

estimations and the actual distances were not checked. While these factors might 

affect the accuracy of this analysis, this study found that the presence of water 

bodies was associated with increased malaria incidence. 

This study found that the presence of bushes and gardens appeared to be a 

significant malaria risk factor in West Timor and Central Java. Saikhu (2002) in 

Central Java also found that the presence of bushes around the house increased 

the malaria risk by almost four times. An. aconitus is one of the Anopheles 

species that rests in bushes and gardens before and after feeding (Service, 

2000). This is consistent with the fact that most Anopheles species captured 

during this study were more exophagic and exophilic. Thus, one way to prevent 

mosquitoes from biting humans is to clear bushes and gardens that are close to 

dwellings.  

5.5.1.6 Living next to animal barns 

This research made two important findings regarding the presence of animal 

barns and malaria cases. The first is that in hilly and inland areas of West Timor, 

animal barns next to houses increased malaria risk. In contrast, findings from 

Sukabumi, West Java showed that animal barns next to houses reduced malaria risk.  

Warell and Gilles (2002) stated that mosquitoes‘ choice between animal and 

human blood is probably genetically, developmentally and opportunistically 

determined. A zoophilic Anopheles species can change their host preference and 

feed on humans. Thus if there was a shortage of animals, the zoophilic 

Anopheles species could become a human malaria vector. 

In Sukabumi, West Java, using animals as a barrier to mosquitoes was a  malaria 

control success story (Maman, Sukabumi District Malaria Manager, personal 

communication). In Kebumen, Central Java, a high proportion of mosquitoes 

occupied the house when the animal barn shared part of the house with humans. 
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In West Timor, due to security issues, many families put their animals close to the 

house increasing contact between humans and mosquitoes.  

A study by Barodji et al. (1992) in Jepara, Central Java showed that there was a 

positive correlation between location of cattle shelters and malaria cases. Moving 

cattle shelters from inside to the outside of the house, reduced the number of An. 

aconitus in the house by 83.5%. In China, animals are kept at the boundaries of 

the villages between the rice fields and other mosquito breeding habitats and 

human dwellings, which reduced human-mosquito contact (Warrell & Gilles, 

2002). In Ethiopia, keeping animals in homesteads increased the man-mosquito 

contact rate. However, separating animal sheds from human dwellings reduced 

the human-mosquito contact (Seyoum et al., 2002). 

5.5.1.7 Malaria protection  

In this study, using a bed net (64%) was the most favoured method for malaria 

protection; however, bed nets had no significant effect in reducing malaria 

incidence.  Surprisingly the statistical analysis showed that respondents with bed 

nets had more malaria than those without a bed net.  

This might be due to several factors. In many places, bed nets were not provided 

prior to malaria incidence. The bed nets were provided after an outbreak 

occurred, or were delivered to the place where many malaria cases had been 

found. Because of this, the data show that people with bed nets seemed to have 

higher malaria infection compared to those without. Those people were probably 

infected by malaria first and then were targeted to receive bed nets. Thus the 

malaria infection occurred before the bed nets were provided. However in the 

case of highland West Timor, where most of respondents did not have bed nets, 

malaria incidence was higher among those without bed nets. 

It should also be noted that the aim of bed net distribution was to prevent future 

malaria cases. However, when people responded to the questionnaire, they 

reported their previous malaria episodes (incidences which occurred before the 

bed nets were distributed). This resulted in making the number of respondents 

with bed nets appear to have a higher level of malaria. 
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In many cases, the number of bed nets distributed was not sufficient to protect 

the whole family. Thus, unprotected family members were still vulnerable to 

infection. Furthermore, having a bed net did not necessarily mean it was being 

used. High temperatures and humidity and the discomfort of sleeping under the 

net in some areas resulted in improper  or non-use of the bed nets. A survey by 

UNICEF in East Timor found that only 22% of Timorese children slept under the 

net and only 2.4% of the nets were insecticide treated (Care International - 

Indonesia, 2008).  

In West Timor, some bed net recipients used the bed nets for other purposes. 

Some used it as a fishing net, while other resold them to make money 

(Hironimus, West Timor malaria manager, personal communication, 2007). 

Observations from the field found that sometimes the impregnated treated bed 

net (ITN) lost its efficacy because its surface was covered by smoke or dust. In 

West Timor, many families have a kitchen next to their bedrooms and they cook 

using wood as fuel. As a result the smoke from the kitchen has covered the bed 

net surface that contains insecticide, resulting in the bed net losing its efficacy. 

Thus using a bed net did not give full protection (Acep Effendy, West Timor 

malaria manager, personal communication, 2007).  

In Central Java, very few people who had a bed net linked its use to preventing 

malaria. As a result, very few people slept under the net (Sanjana et al., 2006). 

Moreover, in Gambia, Okoko (2005) found that even though people understood 

the usefulness of bed nets, the local weather conditions made them sleep without 

it. Education and access to nets are other issues in bed net use. In Kenya, 

education of the mother and easy access to the retail bed net outlets or markets 

were positively associated with the use of nets by children aged under 5 years 

(Noor et al., 2006). 

5.5.1.8 Access to health facilities 

An important aspect for health outcomes in regard to diseases treatment 

including malaria is having access to health facilities. Access could be 

institutional access or spatial access (distance or remote area). In this research, 

there are different institutions in places which respondents used to receive 

malaria treatment. In Kupang Municipality, Kebumen and Sukabumi, the most 

accessible treatment facility for malaria is the health centres and sub-centres. 
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Village malaria posts and village midwife posts are the most visited places for 

malaria treatment in Kupang District and in Timor Tengah Selatan (TTS) 

highland, respectively. 

The health care system in Indonesia is a mix of public and private providers. 

While the private sector contribution to health care services is mostly delivered by 

physicians in private practice and by allied health personnel, the government is 

responsible for public health care by providing health care services through 

hospitals and healthcare centres. Each healthcare centre has at least one 

medical doctor and assisting health service personnel. Each healthcare centre 

also has several sub-centres. In addition, for health care service at village level, 

the government has been trying to provide a midwife to every village (Widiatmoko 

& Gani, 2002).  

In 2001, the Global Fund project to combat malaria in four eastern Indonesia 

provinces assisted in establishing village malaria posts in West Timor, aiming to 

reach remote villages to reduce the incidence and mortality rate due to the 

infection of malaria. These village malaria posts involve active participation from 

the community for malaria detection and basic treatment (MoH. R.I, 2005). 

In Sukabumi, West Java and Kebumen, Central Java, based on national figures, 

there are enough healthcare centres and sub-centres to provide basic health 

care services including malaria treatment for all of the community (MoH. RI, 

2006). In addition, Kebumen has employed village malaria cadres and volunteers 

as trained malaria personnel to support malaria case finding and treatment in 

these areas. These are the reasons why the healthcare centres are highly 

accessed by community for their health care services, including malaria 

treatment. 

In Indonesia, taking all health care facilities into account, the health centres are 

the most favoured place for outpatient care. NTT province is one of the provinces 

where the most out-patients utilise the health centre for their health services 

(MoH. RI, 2006). This is why in Kupang Municipality most malaria patients go to 

the health centre for malaria treatment. 

Since West Timor is one of the malaria-endemic areas, malaria control and 

treatment have been extended by using trained midwives to diagnose and treat 
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malaria at the village midwife posts. In addition, since the establishment of the 

village malaria posts, much malaria treatment has been done through the malaria 

cadres. The cadres have been trained to diagnose malaria, take blood samples 

and give the malaria suspect patient a basic treatment in the village. The village 

malaria posts in West Timor are one of the good malaria control measures and 

have gained much support from the community. This success story can be 

disseminated and applied in other malaria-endemic areas. 

Another issue in accessing health facilities is spatial access. The statistical 

results show that distance has a significant association with malaria cases in 

coastal areas of West Timor and Sukabumi as well as in other hilly areas. 

However, the results were contradictory. In coastal areas, the closer to the health 

facility the higher the incidence of malaria. By contrast, in hilly areas, malaria 

incidence increased as respondents‘ distance from health facilities increased.  

In coastal localities, residential areas are a more densely concentrated than in 

hilly areas. As the breeding places for mosquitoes in coastal areas are located on 

the beach, there is a higher risk for malaria infection, even though there are some 

health facilities in situ. From observations during the data collection, in coastal 

areas, more respondents live close to potential breeding places. This condition is 

supported by the statistical analysis in the previous section, which showed that in 

coastal areas of West Timor and Sukabumi, respondents who live within 2 km of 

a potential breeding site have a higher malaria incidence.  

In hilly areas, malaria incidence increased as the distance from a health facility 

increased. This increase might be related to several factors. Residents in hilly 

areas are more scattered and widespread. This condition might increase patient 

travel time to seek malaria treatment or for the health workers and volunteers to 

access the patient. In Kenya, a greater distance to health facilities also increased 

malaria incidence (Noor et al., 2003).  

Moreover, in Uganda, Anokbonggo et al. (2004) found that decentralisation of 

health care facilities may increase health access spatially, which can lead to a 

reduction of malaria. Indonesia is currently decentralizing all government systems 

except for finance, security and defence, foreign affairs and religious affairs 

(Sujudi, 2004a, 2004b). According to Indonesian Law 22/1999, the district and 
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municipality are now fully autonomous, so the head of the district is responsible 

for the control of communicable diseases, including malaria  (Sujudi et al, 2004a).  

However, referring to the malaria incidences (AMI and API) there is no confirming 

evidence that the influence of decentralization has increased the equity and 

efficiency of malaria control in Indonesia. Budgets continue to be the major problem 

for malaria control programs. In Indonesia, reductions in the malaria control budget, 

especially after the economic crisis of 1997, have impeded malaria control activities 

(Gani, 2000). In Central Java, Barcus et al. showed that, as the budget was reduced, 

the number of houses sprayed decreased and the Annual Parasite Incidence (API) 

increased (Barcus et al., 2002). Additionally, as the budget was reduced, local 

districts found it difficult to manage their malaria control program properly. These 

conditions may explain why at district level, as the distance of the village or a health 

centre from the district capital city increases, malaria incidence appears to be higher.  

In conclusion, this study found that the extent of health facilities and health care 

delivery using local resources such as village midwives and malaria village 

cadres could reduce the malaria incidence. The existence of health facilities at 

local level has to be supported with enough resources to maintain the suitability 

of malaria control programs. Spatial and institutional access are important to the 

success of malaria control program. 

5.5.2 Economic loses due to malaria 

Afrane et al. (2004), Gallup & Sachs (2001), Kiszewski & Teklehaimanot (2004) 

and Sachs (2002) acknowledge that malaria has significant social and economic 

implications. Most of the malaria incidence occurs in low socio-economic groups 

and within these groups it is responsible for substantial economic losses.  

This study found that 72% of respondents stated that during every malaria 

episode they lost five or more productive days. Economic losses were associated 

with reduced opportunity to earn income and the costs of treatment and 

transportation costs.  

A report by Pampana (1969) suggested that Indonesia lost $23 million a year due 

to malaria. This figure was based on the number of days lost because of illness, 

plus the cost of treatment (Nájera & Hempel, 1996). At macro level some have 

estimated that annual growth rates in malaria-endemic countries are 1.3% lower 
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than non-endemic countries (Chuma et al., 2006), which results in poverty 

through spending on health care expenses and through income losses (Chuma 

et al., 2006) 

The 1998 Indonesian Socio-economic Survey reported that in one province, NTT 

with a population of 3.6 million, the annual economic losses from malaria 

infection and treatment were AU$14.4 million. As a point of reference, 

government tax revenues for the same areas were just A$19.7 million. Thus 

economic losses caused by malaria equalled 73% of government tax income 

(Gani, 2000).  

5.6 Summary 

This study found that malaria transmission is influenced by many human factors, 

including age, occupation, education, housing type/construction, socio-economic 

status, nocturnal activities, living next to potential mosquitoes habitats (breeding 

and resting places), living next to animal barn and distance to health facilities. 

However, the degree of association between these factors and malaria differs 

between areas and topographical settings. This study also confirmed that local 

characteristics are important factors in understanding malaria transmission and 

need to be considered in malaria control programs. 
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CHAPTER VI — ECO-EPIDEMIOLOGICAL IN 
MALARIA CONTROL  

6.1 Introduction 

This chapter summarises the results of this study and discusses the use of the eco-

epidemiological approach for malaria control in Indonesia. This study has analysed 

malaria data at different levels of resolution and different topographical settings. 

Although malaria was examined at three levels of resolution (Table 123), the eco-

epidemiological approach was applied only at district and villages levels. The was 

due to the fact that the national level analysis was literature-based and thus did 

not involve the collection of many key variables needed for an eco-

epidemiological analysis. 

The description of malaria in Indonesia highlighted the history of malaria from the 

Dutch era to the present, and malaria outbreaks from 1998 to 2005. This led to 

the discussion of factors that influence malaria transmission and malaria 

intervention programs.   

Indonesia is made up of many islands, which leads to varying local malaria 

incidence rates. The Java and Bali areas have a low malaria transmission rate, 

while the islands outside Java and Bali, especially in the eastern part of 

Indonesia, have a high malaria transmission rate.  

For this thesis, factors influencing malaria incidence in high malaria and stable 

malaria transmission areas in West Timor were compared with factors from low 

and unstable malaria transmission areas represented by West Java and Central 

Java. At this level, some important factors that have been taken into account in 

the analysis include the physical environment (topography, climate variables of 

rainfall, humidity, temperature and wind speed), and also the proximity of malaria 

areas to administration boundaries. The effect of population density on malaria 

incidence was also considered. 

At village level, a snap-shot series of malaria studies was conducted in West Timor, 

West Java and Central Java villages. Interviews using questionnaires investigated 

human factors in malaria transmission. In addition, a series of entomology surveys, 
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to investigate malaria vector behaviour, were also conducted at village level in each 

district. The results are summarised in Table 123 below.  

Table 123. Summary of spatial resolution, variables and analytical approach 

Spatial 
resolution 

Research description Variables discussed Types of study and 
analytical 
approach 

National 

(Chapter 2) 

Description of malaria in 
Indonesia 

History of malaria 

Malaria incidence 

Malaria outbreak 

Malaria intervention programs 

Desktop analysis 
and literature based 
analysis 

District  

(Chapter 3) 

Analysis of physical 
environmental factors in 
malaria transmission in 
districts which have different 
malaria endemicity levels: 

- West Timor districts 
(Stable malaria areas) 

- Sukabumi, West Java 
(Malaria outbreak 
areas) 

- Kebumen, Central Java 
(Persistent malaria 
pocket areas) 

Dependent: 

- Malaria incidence 

Independent:  

- Altitude 

- Population density 

- Boundary zone 

- Climate data (rainfall, 
temperature, humidity and wind 
speed) 

Longitudinal data to 
determine spatial 
and temporal 
patterns of malaria 
in different 
topographical 
settings: 

- Coastal 

- Hilly 

- Highland 

Village 

(Chapter 4 
and 
Chapter 5) 

Analysis of mosquito and 
human factors in malaria 
transmission: 

Mosquito factors: 

- Anopheles species 

- Anopheles feeding location 

- Anopheles feeding pattern 

- Anopheles resting location 

- Anopheles parity rate, age and 

vectorial capacity (VC) 

Human factors: 

- Age  

- Occupation 

- Education 

- Average household monthly 
income 

- Housing 

- Socio-economic status (SES) 

- Nocturnal activity 

- Outdoor sleeping arrangements 

- Proximity to mosquito breeding 
and resting habitat, animal barns 

- Malaria protection and access to 
health facilities 

Cross sectional data 
to determine malaria 
risk factors in 
different 
topographical 
settings: 

- Coastal 

- Hilly 

- Highland 

This study has highlighted some problems related to malaria treatment and control. 

At the national level, the campaign against malaria  faces many problems including 

epidemiological and operational factors. The interventions to reduce malaria have 
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been hampered by antimalaria drug and insecticide resistance problems, a lack of 

resources and trained professional staff, and limited budget for malaria 

interventions (see. Table 124).  

Table 124. Highlighted outcomes from national data 

Highlighted Outcome Sources 

Malaria problems Literature 

 -  Antimalaria drug resistance  

 -  Insecticide resistance  

 -  Governmental or institutional problems including lack of professional 
staff and limited budget for malaria intervention programs 

 

Epidemiology  

 -  Malaria incidence is still higher outside the Java - Bali areas (Nusa 
Tenggara areas, Papua, Maluku, Sulawesi (South, Central), 
Kalimantan (South, Central, East), Aceh 

This study 

 -  Malaria outbreaks still occur in many places This study 

Malaria data at the national level shows that malaria incidence is higher in the 

areas outside Java and Bali. This is related to the malaria intervention policy. In 

the past malaria interventions focused only on Java-Bali and a small part of 

Sumatra. During the Dutch era, most of the sanitation works were carried out in 

the Sumatra (Sibolga) and Java areas (Takken et al., 1990; Verhave, 1990; 

Keiser et al., 2005). Furthermore, the malaria intervention programs during the 

Malaria  Eradication Program (MEP) from 1955 to 1969  focused on the Java – 

Bali areas (Atmosoedjono, 1990; Laihad, 2000; Barcus et al., 2002).  

During the period from 1950 to 1990, endemic malaria was eradicated from most 

of the populated areas of Java and Bali (Baird et al., 1996b; Barcus et al., 2002). 

However, most areas outside Java or Bali were omitted from the early malaria 

control programs mainly due to resource constraints, which led to high malaria 

incidence. As indicated by WHO (2002), limited access to resources led to the 

deterioration of malaria vector control activities. Barcus et al. (2002) also showed 

that the Annual Parasite Incidence (API) increased as the number of houses 

sprayed decreased following a reduction in the malaria control budget. SEARO 

(2005) further reported that lack of trained professional staff and inadequate 

microscopic services have impeded Indonesian malaria control. 

Malaria problems at the national level are also related to institutional capacity and 

resources. Similarly, problems of antimalarial drug and insecticide resistance can 
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be categorised as governmental or institutional problems as these problems can 

only be solved by building new malaria treatment and new intervention policies.  

The high malaria incidence in Nusa Tenggara, Papua and other areas outside Java 

– Bali are also related to diagnostic and malaria treatment  standards. As explained 

above that in the areas outside Java – Bali, malaria diagnostic methods are primarily 

based on clinical symptoms. This will tend to inflate the number of reported cases 

due to misdiagnosis or overdiagnosis of malaria. This misdiagnosis results in the 

waste of malaria resources through overuse of malaria  drugs.  

The high number of malaria cases may be related to the relapse of P. vivax and 

the re-infection of P. falciparum malaria. As one of the malaria problems in 

Indonesia is resistance to antimalaria drugs, this could lead to the relapse of 

P. vivax and  the re-infection of P. falciparum malaria.  

Thus, to overcome these problems, a better standard of malaria diagnosis through 

the strengthening of laboratory resources for malaria microscopic diagnosis is 

needed. In addition, the provision of malaria dipsticks in the areas where malaria 

microscopic diagnostic is not available will improve the diagnostic procedure.  

To reduce the relapse of P. vivax and the re-infection of P. falciparum, malaria 

treatment protocol has to follow the guidelines. In addition, the new malaria 

regimen with the application of Artemisinin-based combination treatment (ACT) 

has to be implemented in all areas to replace the old malaria regimens. To have 

appropriate malaria treatment, a sufficient supply of antimalaria drugs has to be 

available in all health care facilities in all areas. Furthermore, malaria programs 

have to have a better management system to ensure that malaria logistics are 

available when needed. In addition, as malaria policies are managed at national 

level, the support for malaria information from provincial and district levels is 

essential. Thus, the recording, reporting and surveillance system at provincial 

and district levels have to improve.  

More malaria capacity building programs, such as training and workshops, are also 

needed to ensure that professional malaria staff will be available in sufficient numbers 

and skills in all levels of health care facilities. Table 125 provides the summary of 

malaria problems and recommendations for intervention at national level. 
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Table 125. The summary of malaria problems and possible solutions at 
national level 

No Significant problems Recommendation for interventions 

1  Antimalaria drug resistance 
  
  
  

  

 Implementation of a new malaria treatment protocol with 
better drug management 

 Supervision and monitoring of malaria treatment to 
ensure the correct application of the drugs and treatment  
compliance. 

 Improvement of malaria drug management and logistical 
systems to ensure the availability of antimalaria drugs in 
all health care facilities. 

 Better malaria diagnostic protocols to prevent the 
overuse of malaria resources and also to prevent future 
antimalaria drug resistance 

 Improve malaria laboratories, especially at health centres 
in all malaria endemic areas 

2 Insecticide resistance 
  
  

  

 The use of an alternative insecticide which is more 
environmental friendly 

 The use of biological vector control 

 The re-implementation of species sanitation with a more 
appropriate method based on vector ecology 

 The implementation of impregnated treated nets (ITN) for 
malaria protection. 

3 Governmental or institutional 
problems including lack of 
professional staff and limited 
budget for malaria intervention 
programs 

 Capacity building programs to increase skill and 
knowledge of malaria staff in all levels, especially at 
provincial and district levels, are needed. This capacity 
building could be done by providing more malaria training 
and workshops. 

4 Malaria incidence is still higher 
outside the Java - Bali areas 

 Malaria programs have to focus more on these malaria 
endemic areas. However, to have better results, the 
interventions have to be based on the local 
characteristics, including local environmental and 
weather conditions, local vectors and their behaviours, 
and socio-economic and cultural variables. 

5 Malaria outbreaks still occur in 
many places 

 Set up malaria early warning systems which include 
meteorological/weather data, vector density and its 
capacity to transmit malaria, malaria surveillance and 
monitoring data, information on malaria logistics and 
resources. 

6.2 Eco-epidemiological Approach to the Environmental, 
Vector and Human Factor Relationship in Malaria 
Transmission at District and Villages Levels  

The study has showed that malaria determinants differ based on geographic area 

and spatial resolution. At lower levels of spatial resolution, the results are more 

general compared to higher levels of spatial resolution where malaria 

determinants are more specific.  
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6.2.1 District level 

In analysing environmental risk factors in malaria transmission using longitudinal 

malaria and environmental data, this study found that each variable had different 

effects in different locations. A summary from the analysis of the longitudinal data 

at district level is presented in Table 126 below. 

Table 126. Summary of malaria determinant factors from analysis of 
longitudinal data at district level 

Highlighted Outcomes West Timor  West Java Central Java 

Average AMI or API per 1000 116.76 3.88 10.02 

(AMI/medium) (API/medium) (API/high) 

Determinant variables       

- Villages located on boundary-areas Significant NA Significant 

- Altitude (Pearson r) Significant (-) Not Significant Significant (+) 

- topographical settings  Significant Not Significant Significant 

- Population density Significant (-)  Significant (-)  Significant (-)  

- Rainfall Significant (days, +) Not Significant Not Significant 

- Temperature Significant (max, -) Not Significant NA 

- Humidity Significant (+) Significant (+) NA 

- Wind Speed Not Significant Not Significant NA 

Local Indicator of Spatial Association (LISA) Results:   
The number of villages based on level of malaria transmission risks (Dry/Wet season) 

- Very high risk villages  97 / 66 8 / 6 15/13 

- high risk villages 16 / 15 0 / 0 1/1 

- medium risk villages 2 / 0 0 / 1 0/0 

- low risk villages 105 / 99 0 / 0 5/0 

Analysing environmental risk variables for malaria transmission at the district level 

provides some interesting results. At the district level, the significant variables 

included location in boundary area, altitude and topographical settings, population 

density, and weather variables (rainfall, temperature, humidity and wind speed). 

Each district also had a different number of very high risk malaria villages.  

Weather variables are important variables in malaria transmission, however, local 

weather conditions can affect malaria transmission. For example, in West Timor, 

rainfall, temperature and humidity were significantly correlated with malaria 

transmission; but in West Java, humidity was the only variable to be significantly 

associated with malaria transmission. 

The correlation between altitude and malaria also differed between areas. 

Altitude had a negative relationship with malaria in West Timor, but in Central 
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Java altitude and malaria incidence were positively related. Finally in West Java, 

altitude had no effect on malaria incidence.  

Topographical setting was significant correlated with malaria transmission in 

West Timor and Central Java. In West Timor, malaria incidence was higher in 

coastal areas; in Central Java incidence was higher in hilly and highland areas; 

and in West Java topographical setting had no correlation with malaria incidence.  

In all study areas, population density had a significant correlation with malaria 

transmission with malaria incidence being higher in less densely populated areas. 

This indicates that malaria transmission is higher in village areas than in urban 

areas. This means that malaria incidence was higher in village areas as opposed 

to urban areas. Resources for malaria intervention programs should therefore be 

focused on village areas.  

This study found that malaria incidence in boundary villages was higher than in 

non boundary villages in West Timor and Central Java.  West Java had no 

malaria villages located in boundary areas. Mills et al. (2008) argues that 

boundary areas are an institutional challenge because they are associated with 

the movement of people and with limited local resources and infrastructure. 

According to the data on malaria risk, the number of very high risk villages 

differed between the dry and wet seasons. Using a geographic information 

approach, this study found that the number of very high malaria risk villages was 

higher in the dry season than in the wet season. For example, the number of very 

high malaria risk areas was greater in West Timor with 97 and 66 villages in the 

dry and wet seasons, respectively. West Java only had eight malarial villages in 

the dry season and six in the wet season. Central Java had 15 and 13 malarial 

villages in the dry and wet seasons, respectively. 

Because resources are limited, planning for malaria intervention has to be effective 

and efficient. By using a geographic information systems approach, the very high 

malaria risk areas can be mapped more accurately. This approach is a useful 

support for the decision-making process and for setting priorities for malaria 

intervention areas and to determine the correct time for malaria interventions.   
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The summary of malaria problems and the possible solutions based on analysing 

malaria data at district level is shown in Table 127. 

Table 127. The summary of malaria problems and the possible solutions at 
district level 

Areas Significant findings Possible solution for interventions 

West Timor Malaria infection found in all villages, 
of which at least 97 villages are 
categorised as very high malaria risk 
villages 

Malaria intervention needs to be more 
focused on the very high malaria risk 
villages to reduce the source of infection. 
The GIS methods such as LISA application 
could be used to determine the priority 
villages for the intervention. 

Malaria incidence is higher in lower 
altitude (coastal areas) than in hilly 
and highland one. 

The priority areas for malaria interventions 
can be determined by: 
- Very high risk villages based on LISA 

analysis 
- Villages located at lower altitudes 

(coastal areas) and  
- Villages located in boundary zones 

Malaria incidence is higher in less 
densely populated villages 

Malaria incidence is higher in 
villages located on district boundary 
zones than in non-boundary zone 
villages 

Weather variables that had 
significant relationships with malaria 
include number of rainy days (+), 
maximum temperature (-), and 
humidity (+). 

Malaria early warning system is essential to 
predict malaria incidence. Number of rainy 
days, maximum temperature and humidity 
have to be included in the malaria early 
warning system. 

West Java 
(Sukabumi) 

Malaria infection found in 65 of 343 
villages, of which at least 8 villages 
are categorised as very high malaria 
risk villages 

Malaria intervention needs to be more 
focused on the very high risk villages to 
reduce the source of infection. The GIS 
methods such as LISA application could be 
used to determine the priority villages for 
the intervention. 

Altitude is not significant with 
malaria incidence, but the incidence 
is higher in highland areas. 

Highland villages with high malaria 
incidence need to be prioritised to reduce 
the source of infection. Focus of 
intervention is more on village areas than 
on the urban areas. Malaria incidence is higher in less 

densely populated villages 

Weather variable that had significant 
relationships with malaria was 
humidity (+). 

Humidity is linked with temperature and 
rainfall. Thus, these variables have to be 
included as one of malaria early warning 
system variables. 

Central Java 
(Kebumen) 

Malaria infection found in 110 of 331 
villages, of which at least 15 villages 
are categorised as very high malaria 
risk villages 

Malaria intervention needs to be more 
focused on the very high risk villages to 
reduce the source of infection. The GIS 
methods such as LISA application could be 
used to determine the priority villages for 
the intervention. 

Malaria incidence is higher in hilly 
areas 

Hilly villages with high malaria incidence 
need to be prioritised to reduce the source 
of infection. 

Malaria incidence is higher in less 
densely populated villages 

Malaria intervention need to focus on 
village areas. 

Rainfall was not significant for 
malaria incidence 

More analysis need to be conducted to 
validate the relationship between weather 
patterns and malaria incidence. 
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6.2.2 Village level 

Studying malaria at the village level provides insights about malaria risks for 

humans. Two separate studies were conducted at the village level: investigation 

of human risk factors in malaria transmission; and investigation of the potential 

malaria vectors and their interactions with humans to transmit malaria. 

6.2.2.1 Human risk factors 

Human risk factors in malaria transmission differed across areas and 

topographical settings as shown by Figure 86 in Chapter Five. The results from 

this study showed that people from different areas and topographical settings had 

different malaria risks as summarised in Table 128.  

Table 128. Human determinant factors for malaria risks 

Significant variables Significant variables for future interventions 

General significant variables Occupation as Farmers/Fishermen (FF) 

Low Income family (< Rp. 650,000 per month) 

Family with non brick houses 

Low social economic status family 

Sleeping outside the house at night 

Bednet ownership 

Living next to the potential breeding site 

Living next to the potential resting site 

Spent night hours outdoors 

Living next to animal barns 

Significant variables by areas 

West Timor Respondents at lower altitude (coastal and hilly) 

Occupations as farmers or fishermen 

Education 

Living next to the potential breeding site 

West Java Distance to health facility > 1 km 

Spent night hours outdoors 

Central Java Living next to the potential mosquiote habitats 

Significant variables by topographical settings 

Coastal Living next to the potential breeding site 

Living next to the potential resting site 

Distance to health facility > 1 km 

Spent night hours outdoors 

Sleeping outside the house at night 

Hilly - Rice field Living next to the potential resting site 

Distance to health facility > 1 km 

Highland Family with non brick houses 

Occupation as Farmers/Fishermen (FF) 
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In general, significant malaria risk variables in all areas included occupations as 

farmers/fishermen, families with low income and low social economic status, 

families with non-brick house, spending night hours outdoors, outdoor sleeping, 

living next to mosquito habitats (breeding and resting habitats) and bednet 

ownership. Access to health care facilities is also a significant malaria risk in 

West Timor and West Java. 

In West Timor living in coastal and hilly areas increased the risk of malaria 

infection when compared to living in highland areas. Other human factors that 

were associated with malaria transmission in West Timor included: lower 

education levels and living close to potential mosquito breeding habitats. 

Occupations as farmers or fishermen also increased the risk of infection. By 

contrast, having another occupation appeared to be a protective factor for 

malaria infection. 

Human factors which increased malaria risk in West Java were access to health 

centre greater than 1 km, and spending night hours outside the house. Semi-

permanent wall houses and living next to animal barns appeared to be protective 

factors for malaria infection in this area. In Central Java, living next to potential 

mosquito habitat increased malaria risk. 

Malaria risk factors for people living in coastal areas included living next to 

potential mosquito breeding and resting habitats, spending night hours outside 

the house, sleeping outdoors, and distance to health facilities of more than 1 km. 

In hilly areas, only living next to potential mosquito resting habitats appeared to 

be associated with malaria transmission. An interesting finding from the hilly area 

data is that a distance of more than 1 km to the closest health facilities appeared 

to be related to lower malaria incidence. The reason for this is not know, however 

it might be due to surveillance activities or the residential type in these areas. 

In highland areas, houses with bamboo or ―bebak‖ wall were associated with the 

risk for malaria infection. Having an occupation other than farming or fishing 

reduced the malaria risk in this setting. 

These findings suggest that it is important for malaria control to consider local 

conditions. In West Timor malaria interventions should be focused on high-risk 
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coastal and hilly area malaria villages, especially those located in boundary areas. 

Further, the program should target farmers and low social-economic groups 

because these are the most vulnerable groups and could be the source of 

infection that maintains the malaria transmission.  

6.2.2.2 Malaria vectors  

This research found that different localities and topographical settings harboured 

different malaria vectors with each vector exhibiting different host seeking and 

resting area behaviour, as discussed in Chapter Four. 

As part of this study, eleven Anopheles species were captured from West Timor 

and Java (West and Central Java) of which seven are potential malaria vectors. 

Species captured in the West Timor included: An. barbirostris, An. subpictus and 

An. Vagus while the species captured in Java were: An. aconitus, An. annularis, 

An. indefinitus, An. sundaicus and An. vagus. The summary of the entomology 

surveys in West Timor and Java was presented in Table 84 in Chapter Four.  

By topographical settings, An. barbirostris and An. subpictus were typical West 

Timor coastal species and in Java, An. sundaicus and An. maculatus. The rice 

field Anopheles species in West Timor was An. vagus, while in Java, An. 

annularis, An. indefinitus, and An. vagus were found in rice fields. While West 

Timor does not have a typical highland species, An. aconitus and An. barbirostris 

appeared to be more dominant than other species in highland areas. 

Anopheles species that were widely distributed across the whole topographical 

settings in West Timor were An. barbirostris and An. vagus. In Java, the most 

widely distributed species were An. aconitus and An. maculatus.  

With respect to the mosquito‘s propensity to enter the house for blood feeding, 

only An. barbirostris showed a clear indoor pattern. Conversely, this species was 

more of an outdoor feeder in Java. Other mosquitoes captured did not have a 

clear blood feeding location preference.  

Mosquito resting habits also differed by location, particularly the An. Barbirostris. 

In West Timor it rested inside dwellings, while in Java it rested in animal barns. 

Most of the other species captured either rested in animal barns or had no resting 

location preference. 
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Figure 87 and Figure 88 summarise malaria vectors in West Timor and Java. 

These figures provide a useful tool in helping to conduct vector control in high-

risk malaria areas. If the behaviour of these vectors is known, appropriate and 

effective interventions can be selected. Because many vectors behave differently 

based on geographic and topographic setting, customised interventions are 

essential to providing effective control. 

 

 

 

 

 

 

Vectors Significant behaviours Recommendation for  intervention 

An. barbirostris  Wide spread from coastal to highland 
areas, but most abundance in coastal 

 Biting time: 19:20 to 04:30 (peak 00:00) 

 Feeding: indoors 

 Resting: indoors 

 Age: 13 days 

 Using these three species as 
primary indicator for vector control  

 Elimination of mosquito habitats or 
modifying the breeding habitat 
surrounding residence areas 

 Implementation of bed net (if 
vector is an indoor feeder, such 
as An. barbirostris) 

 Covering the body to reduce 
contact with mosquito 

 Screening of doors and windows 
to prevent mosquito coming to the 
house 

 Having cattle as barriers at a  
certain distance to keep 
mosquitoes away from humans. 

An. subpictus  Dominant species in coastal areas 

 Biting time: 19:00 to 04:00 (peak 00:00) 

 Feeding: no preference 

 Resting: no preference 

 Age: 23 days 

An. vagus  Wide spread from coastal to highland 
areas, but most abundance in coastal 

 Biting time: 18:00 to 02:50 (peak 23:00) 

 Feeding: no preference 

 Resting: Animal (outdoors) 

 Age: 21 days 

Figure 87. West Timor, important malaria vectors, behaviour and 
interventions  
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Vectors Significant behaviours Recommendation for  intervention 

An. aconitus  Wide spread (most in hilly and highland) 

 Biting time: 18:00 to 04:00 (peak 18:00) 

 Feeding: no preference 

 Resting: no preference 

 Age: – 

 Using these species as primary 
indicators for vector control: 
- Coastal: An. maculatus and 

An. sundaicus 
- Hilly: An. aconitus, 

An. annularis, An. subpictus 
and An. vagus 

- Highland: An. aconitus and 
An. barbirostris,  

 Elimination of mosquito habitats or 
modifying the breeding habitat 
surrounding residence areas 

 Implementation of Indoor Residual 
Spraying is not recommended as 
most of the vectors are outdoors 
feeders and have no preference 
for feeding places. 

 Implementing use of bed nets 
where An. vagus is found, as it 

rests indoors  

 Covering the body to reduce 
contact with mosquito 

 Screening of doors and windows 
to prevent mosquito coming to the 
house. 

 Having cattle as barriers at a 
certain distance to keep 
mosquitoes away from humans. 

An. annularis  Distribution: Hilly – rice fields 

 Biting time: no preference 

 Feeding: insufficient data 

 Resting: no preference 

 Age: – 

An. barbirostris  Distribution: coastal and highland areas, 
but most abundant in highlands 

 Biting time: 19:20 to 04:30 (peak 00:00) 

 Feeding: outdoors 

 Resting: animal 

 Age: –  

An. maculatus   Wide spread, (most in coastal) 

 Biting time: no preference 

 Feeding: no preference 

 Resting:  indoors (human) 

 Age: – 

An. subpictus  Dominant species in rice fields 

 Biting time: 19:00 to 04:00 (peak 00:00) 

 Feeding: no preference 

 Resting: no preference 

 Age: – 

An. sundaicus  Distribution: coastal areas 

 Biting time: no preference 

 Feeding: no preference 

 Resting: no preference 

 Age: – 

An. vagus  Wide spread from coastal to hilly areas, 
but most abundance in hilly areas 

 Biting time: 18:00 to 02:50 (peak 23:00) 

 Feeding: no preference 

 Resting: animal 

 Age: 3 days 

Figure 88. Java: important malaria vectors, behaviour and interventions 
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6.3.4 Lessons learned for future malaria programs 

This research suggests that examining malaria at different resolutions can give 

an improved understanding of the underlying malaria transmission factors. For 

example, human behaviour variables can only be obtained by conducting 

research at the community level in the village. Similarly, to understand vector 

behaviour, research must be conducted at sites where the mosquitoes live and 

breed.  

Malaria diversity is determined by interactions of various elements. The inter-

relationship between the environment, malaria vectors, human behaviour and 

cultural is important in understanding and controlling malaria transmission. 

Equally important is understanding that local conditions such as local weather, 

human behaviour, topographical and ecological settings, and vector species and 

their specific ecology are important. Thus for better and more sustained results, 

an integrated malaria intervention is needed which includes: 

- Determining the areas of priority for malaria intervention 

- Analysing humans factors related to malaria risks including socio-economic 
and cultural aspects in the priority areas 

- Analysing malaria vectors and their significant behaviour in relation to malaria 
transmission 

- Analysing environmental aspects related to vector ecology and human 
settlements. 

- Analysing weather and seasonal pattern of malaria transmission 

- Developing better malaria surveillance, diagnostic and treatment procedures 
including a malaria early warning system, 

- Improving access to health care facilities. 
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CHAPTER VII — CONCLUSION 

7.1 Introduction 

The research questions posed by this thesis were: 

a. What are the environmental factors that influence the spatial and temporal 

patterns of malaria transmission in Indonesia? 

b. What are the malaria vectors and their behaviour relevant to malaria risk in 

Indonesia? 

c. What are the human risk factors in malaria transmission in Indonesia? 

To address these questions, a series of studies were driven by an eco-

epidemiological approach. They included environmental factors; the spatial and 

temporal patterns of malaria transmission; malaria vectors and their interaction 

with humans; and the human risk factors in malaria in Indonesia were conducted. 

The following sections sum up the findings of the thesis, provide concluding 

remarks, suggest directions for future research, and recommend changes to 

existing malaria control programs.  

A number of research approaches were used including gathering data on malaria 

incidence and weather from primary and secondary resources, entomology 

surveys and community interviews. Data on malaria incidence between 2001 and 

2006 were collected from six districts. These districts included Kupang 

Municipality, Kupang District, Timor Tengah Selatan (TTS), Timor Tengah Utara 

(TTU) and Belu Districts in West Timor, Sukabumi District in West Java and 

Kebumen District in Central Java. Other data collected included temperature, 

humidity and rainfall. Together with altitude, these weather variables have been 

analysed to investigate spatial and temporal malaria patterns. 

Forty-nine mosquito surveys with a total of 120 collector-nights were conducted in 

ten villages. Eleven different Anopheles species were collected and recorded. 

Finally, a total of 839 interviews were conducted, with 339 respondents from West 

Timor, 310 from Sukabumi, West Java and 190 from Kebumen, Central Java. 
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7.2 Significant Findings from this Study  

7.2.1 Environmental determinant factors, spatial and temporal patterns 
of malaria transmission  

A. West Timor 

In West Timor, malaria transmission is stable and infects all the 701 villages. The 

average number of clinical malaria cases from 2003 to 2006 was 116.8 per 

1,000. Belu District had the highest malaria incidence with 159 per 1,000 per year 

on average. 

The number of malaria cases was higher in the villages located adjacent to the 

district boundaries than in non-boundary villages. Malaria incidence in West 

Timor was negatively correlated with altitude. The number of malaria cases was 

greater in the less densely populated villages.  

The number of rainy days was positively correlated with malaria incidence in 

West Timor as was humidity, while maximum temperature was negatively 

correlated. The number of high malaria risk villages was higher in the dry season 

than in the wet season.  

B. Sukabumi, West Java 

The number of malaria infected villages in Sukabumi, West Java, was 65 of 343 

villages (19%). The average Annual Parasite Incidence (API) from 2001 to 2006 

was 3.9 per 1,000 confirmed cases per year. Malaria incidence was higher in less 

densely populated villages. 

In Sukabumi District, altitude was not significantly correlated with malaria 

incidence. The risk of malaria infection was similar for respondents in coastal and 

highland areas. Rainfall, temperature, and wind speed were not significantly 

correlated to malaria incidence; only relative humidity had a significant positive 

correlation with malaria incidence.  

Similar to West Timor, the number of high malaria risk villages was higher in the 

dry season than in the wet season. Four villages consistently had very high risk 

for malaria transmission: Langkap Jaya, Kertajaya, Loji, and Cilangkap.  
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C. Kebumen, Central Java 

In Kebumen, Central Java, 110 of 331 villages (33.2%) were malaria infected areas. 

The average Annual Parasite Incidence (API) from 2001 to 2006 was 10 per 

1,000 confirmed cases per year.  

The number of confirmed malaria cases was higher in villages located adjacent 

to the district boundary than non-boundary villages. Malaria incidence was higher 

in less densely populated villages.  

In contrast to West Timor and West Java, malaria incidence in Central Java was 

positively correlated with altitude. Malaria incidence was higher in the higher 

altitude villages. However, the highest altitude village in Kebumen is located 

381m above sea level, but more cases occurred between 60m and 200m above 

sea level. 

In Kebumen, rainfall was not significantly correlated with malaria incidence. 

Consistent with the other case study areas, the number of high malaria risk villages 

was higher in the dry season than in the wet season.  

7.2.2 Malaria vectors and their behaviour relevant to malaria risk in 
Indonesia 

Eleven Anopheles mosquito species were recorded for this study: An. aconitus, 

An. annularis, An. barbirostris, An. flavirostris, An. indefinitus, An. kochi, An. 

maculatus, An. subpictus, An. sundaicus, An. tesselatus, and An. vagus. 

In West Timor the common species included: An. barbirostris, An. subpictus and 

An. vagus. In Java, the common species were An. aconitus, An. annularis, An. 

barbirostris,  An. maculatus, An. subpictus, An. sundaicus and An. vagus. 

The typical Anopheles species in coastal areas of West Timor were: An. 

barbirostris and An. subpictus. In Java, the typical coastal species were An. 

sundaicus and An. maculatus.  

The typical rice field species in West Timor was An. vagus, while in Java they 

were An. aconitus, An. annularis, An. maculatus, An. subpictus, and An. vagus. 

The species that appeared to be dominant in highland areas were An. aconitus 

and An. barbirostris. 
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The most widely distributed species across all topographical settings in West Timor 

were An. barbirostris and An. vagus. In Java, the most widely distributed species 

were An. aconitus and An. maculatus. 

This study found that Anopheles species were very active in host-finding at night 

including An. aconitus, An. barbirostris, An. subpictus, and An. vagus. These 

three species had their peak host seeking or biting activities late at night: An. 

barbirostris (00:00), An. subpictus (22:30) and An. vagus (23:00 in West Timor 

and 02:40 in Java). An. aconitus was very active at sunset (18.00). 

This study found that two malaria vectors in West Timor that had high vectorial 

capacity: An. subpictus (15.6) and An. barbirostris (3.8). The high vectorial 

capacity of these species in West Timor is attributable to their longer lifespan and 

consequent high parity rate in West Timor. 

This study also found that the average life span of the Anopheles species in West 

Timor was longer than in Kebumen. In West Timor the age of Anopheles spp. 

was 23 days for An. subpictus, 21 days for An. vagus and 13 days for 

An. barbirostris. In Kebumen, the age of Anopheles spp examined was less than 

three days. Since the age of the Anopheles species in West Timor was higher 

than in Java (Kebumen), the vectorial capacity of mosquitoes in West Timor 

would also be expected to be higher. 

7.2.3 The role of human risk factors for malaria transmission 

In a malaria-stable area such as West Timor children under five are the group 

most vulnerable to malaria infection. In Sukabumi and Kebumen, more infection 

occurred among adults. Occupation and outdoor activities were positively 

correlated with malaria incidence. Farmers and fishermen had more risk of being 

infected by malaria than those working in other occupations. However, in 

Sukabumi‘s coastal areas, farmers and fishermen had a lower incidence of 

malaria. This might be related to the lower mosquito density and better malaria 

protection.  

Overall, malaria incidence was higher in low socio-economic groups. Malaria 

incidence, however, was not affected by education status as both low and highly 

educated groups had a similar malaria risk. Malaria incidence was associated 

with low monthly household income, especially in West Timor. In addition, people 
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living in non-brick houses had an increased malaria risk. It was noted that many 

families had sustained great economic loss due to malaria infection. 

In all the research areas, respondents who stayed outdoors at night and/or slept 

outside had a higher risk of being infected with malaria. This higher risk may be 

related to the mosquitoes‘ habit of biting more outdoors. 

This study also found that respondents living between 200m and 2,000m from 

potential mosquito habitats had more malaria incidence in their family. In 

Sukabumi, West Java, the presence of animal barns between mosquito habitats 

and human habitations appeared to reduce malaria incidence. 

This study also confirmed that there was no difference in malaria incidence 

between respondents with and without bed nets. The reasons for this are likely to 

be that the number of bed nets was insufficient for the population, and/or people 

did not use the bed nets properly. In should be noted that in some cases, bed 

nets are only distributed after malaria outbreaks.  

Getting access to health facilities is an important aspect of health outcomes with 

regard to the treatment of diseases, including malaria. Respondents living more 

than one kilometre from the nearest health facility had higher levels of malaria 

incidence than those who lived within one kilometre of a health facility. 

7.2.4 Summary of significant findings  

1. Malaria is still a prominent public health problem in Indonesia. However the 

level of incidence and transmission vary based on geography and 

topographical settings. In general, malaria incidence in areas outside Java-

Bali is still higher than in Java-Bali. 

2. Malaria is a widespread disease, however, it has local characteristics 

resulting from the combination of many variables.  

3. Altitude is significantly related to malaria incidence, however the degree of 

significance differs geographically.  

4. Weather variables influence malaria transmission, however, this significance 

again differs geographically and topographically. 
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5. Adjacency to boundary zones is an important malaria transmission variable. 

Villages located on adjacent to district boundariess have higher malaria 

incidence than non-adjacent villages. 

6. Population density is negatively correlated to malaria incidence, thus malaria 

incidence is higher in less densely populated areas.  

7. Malaria vectors‘ distribution, feeding and resting habits differ among 

Anopheles species. Understanding malaria vectors and their behaviour is an 

important factor in creating successful vector control programs. 

8. The important malaria vectors in West Timor are An. barbirostris, An. 

subpictus and An. vagus. These vectors should be used as primary indicators 

in designing vector control intervention program.  

9. In Java, An. aconitus, An. annularis, An. barbirostris, An. maculatus, An. 

subpictus, An. sundaicus and An. vagus are the important vectors for malaria 

transmission. 

10. In general, human risk factors related to malaria infection are having an 

occupation as farmer or fisherman, families with lower socio-economic status 

including, families with non-brick houses, living next to potential mosquito 

habitats (breeding and resting sites) and limited access to health care 

facilities. As with other variables discussed above, they differ between 

geographically and topographically. 

11. The eco-epidemiological approach is a useful method for gaining insights into 

malaria variables in order to improve our understanding of malaria 

transmission. 
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7.3 Recommendations for Future Malaria Control  

This study offers the following recommendations for future malaria control 

activities: 

1. In West Timor, more attention must be paid to malaria incidence in lower 

altitude areas and villages located adjacent to district boundaries as more 

cases occurred in these areas.  

2. The group most vulnerable to malaria infection in West Timor are children 

under five, and efforts should be made to provide more protection to this 

group. One effective method is the bed net.  

3. West Timor Anopheles species predominantly feed and rest indoors. Thus, 

the implementation of insecticide treated nets (ITN) is likely to be effective in 

this area. The finding from this study confirmed that, even though a bed net 

was a good option for malaria protection, attention is needed to address local 

conditions and to educate people about its function. In addition, bed nets 

must be distributed on time and the number of bed nets must be sufficient to 

cover all vulnerable people in order to reduce malaria transmission. A 

comprehensive study on community perception of bed nets with regard to 

local customs and culture is needed before the programs are implemented. 

4. Indoor residual spraying (IRS) could also be an option to reduce mosquito 

populations, starting with resting females in houses. However, to have a 

longer lasting and a more sustained vector control result, the improvement of 

living conditions and the implementation of mosquito-proof house programs 

(house-screening programs) is recommended. 

5. Since more adults than children were infected by malaria in Kebumen and 

Sukabumi, the malaria promotion program should focus on how to protect 

adults from mosquitoes biting outdoors. People should be advised to wear 

long sleeved shirts and to cover all of the body when outdoors. 

6. In Java more people were bitten by mosquitoes outdoors. Thus indoor 

residua spraying (IRS) is not recommended for malaria control in these areas. 

Sukabumi‘s success story in using animals as mosquito barriers to prevent 
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human contact may be an option; however, further research is needed on 

where the animals should be placed. 

7. The spatial and institutional access to health facilities is important to the 

success of malaria control programs. This research found that the availability 

of health facilities and delivery which employed local resources such as 

village midwives and malaria village cadres helped to increase accessibilty for 

villagers. The existence of local level health facilities has to be supported with 

sufficient resources to ensure the stability of malaria control programs. For 

example, the village malaria posts in West Timor form one effective malaria 

control measure that can be disseminated and applied in other malaria-

endemic areas. 

8. For better and more sustained results, an integrated malaria intervention 

program is needed and should be based on local conditions such as local 

weather, human behaviour, topographical and ecological settings, and vector 

species and their specific ecology. In West Timor, malaria interventions 

should focus on the very high-risk villages in coastal and boundary zones; in 

West Java on highland areas; and in Central Java on hilly areas. All areas 

have their own local characteristics, which must be addressed at the planning 

stage.  

9. The results from this study have shown the potential of the eco-

epidemiological model approach for integration of malaria variables in a 

multivariate level analysis. However, this is beyond the scope of this research 

and should be continued in the future.  

10. Geographic Information System (GIS) is a useful tool for malaria research 

and for malaria control. During the study, malaria distribution maps were 

produced using GIS technology. The malaria distribution maps produced by 

this study can be used to prioritise malaria intervention areas. In the future, 

similar maps with more detailed themes should be produced to improve 

malaria control. In addition, the application of this GIS technology can be 

used as an early warning system and for the use in the design of malaria 

contingency plans to maximize preventative measures. 
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11. Malaria policy is determined at the national level as a top-down process 

informed from the bottom-up. Data and outcomes from the implementation of 

malaria programs in the field from villages to provincial levels form an 

important input to support the decision-making process at the national level. 

7.4 Reseach Limitations and Recommendations for 
Future Research 

The following are a few study limitations that should be considered by other 

researchers working in this area in the future. 

1. Methods 

Malaria data were based on the surveillance data collected from district 

health offices. To improve accuracy, future research in this area should 

consider the use of malaria incidence based on blood tests. 

This research had three study regions which were separated by considerable 

distance. Travelling time around and between these areas was an issue during 

data collection. For future research, the use of local research teams would 

reduce the burden and costs of travel. 

The timing of data collection activities should also be considered, as the 

rainy season impedes the data collection process. In addition data collection 

activities were affected by local holidays and celebrations such as the fasting 

month of Ramadhan, Idul Fitri celebrations, and the Christmas holiday 

period. These issues extended the data collection process beyond initial 

estimates.  

2. Quality of Data 

a. Because some data were collected from secondary resources the 

accuracy and completeness of data was one of the study limitations..  

b. The various scales of data may presented some difficulties. The malaria 

case numbers were based on monthly reports, while the weather 

variables such as rainfall, temperature, humidity and wind speed were 

based on daily reports. To overcome this problem in the analysis, 
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malaria incidence has been incorporated with a one-month lag, allowing 

for malaria incubation and mosquito development period.  

c. The number of weather stations was insufficient to give a complete 

picture of weather conditions. Future research must consider locating the 

study in areas where adequate numbers of weather-monitoring stations 

are available. 

d. The availability of digital maps was an issue because.not all areas have 

digital maps readily available. Thus the researcher had to generate a 

majority of maps needed for this study. 

 

 

 

 

 



 291 

REFERENCES 

Abdur Rab, M., Freeman, T. W., Rahim, S., Durrani, N., Simon-Taha, A., & Rowland, M. (2003). 
High altitude epidemic malaria in Bamian province, central Afghanistan. East Mediterr 
Health J, 9(3), 232-239. 

Abeysekera, T., Goonewardena, D. M., Jayasundera, G., Muthuwatte, L., Kotta, P. K., Senanayake, 
T., Carter, R., et al. (1996). The use of GIS in Research and Control of Malaria Retrieved 
23 October 2005, from http://www.gisdevelopment.net/aars/acrs/1996/ts11/ts11006pf.htm 

Achmadi, U. F. (1985). Intersectoral collaboration for minimizing behavioural exposure to pesticide: 
Rationale from a grassroots study in Central Javanese agriculture. Griffith University, 
Brisbane. 

Achmadi, U. F. (2008). Horison Baru Kesehatan Masyarakat di Indonesia. Jakarta: Rineka Cipta. 

Afrane, Y. A., Klinkenberg, E., Drechsel, P., Owusu-Daaku, K., Garms, R., & Kruppa, T. (2004). 
Does irrigated urban agriculture influence the transmission of malaria in the city of Kumasi, 
Ghana? Acta Tropica, 89(2), 125-134. 

Anokbonggo, W. W., Ogwal-Okeng, J. W., Obua, C., Aupont, O., & Ross-Degnan, D. (2004). 
Impact of decentralization on health services in Uganda: a look at facility utilization, 
prescribing and availability of essential drugs. East Afr Med J, Suppl, S2-7. 

Anselin, L. (1995). Local Indicators of Spatial Association - LISA. . Geographical Analysis, 27(2), 
93-115. 

Aron, J. L., & Patz, J. A. (2001). Ecosystem Change and Public Health: A Global Perspective. 

Baltimore: The Johns Hopkins University Press. 

Atmosoedjono, S. (1990). Malaria control in Indonesia since World War II. In W. Takken, W. B. 
Snellen, J. P. Verhave, B. G. J. Knols & S. Atmosoedjono (Eds.), Environmental measures 
for malaria control in Indonesia. A historical review on species sanitation. Wageningen: 

Wageningen, Netherlands : Wageningen Agricultural University. 

Attanayake, N., Fox-Rushby, J., & Mills, A. (2000). Household costs of 'malaria' morbidity: a study 
in Matale district, Sri Lanka. Trop Med Int Health, 5(9), 595-606. 

Baird, J. K., Bangs, M. J., Marwoto, H. A., Harijani, A. M., A.R., P., & Rustama , D. (1990). 20 Years 
of Progress in Malaria Research. Buletin Penelitian Kesehatan, 18 (3 & 4) TR-1118, 13-17. 

Baird, J. K., Basri, H., Jones, T. R., Purnomo, Bangs, M. J., & Ritonga, A. (1991a). Resistance to 
antimalarials by Plasmodium falciparum in Arso PIR, Irian Jaya, Indonesia. Am J Trop Med 
Hyg, 44(6), 640-644. 

Baird, J. K., Basri, H., Purnomo, Bangs, M. J., Subianto, B., Patchen, L. C., & Hoffman, S. L. 
(1991b). Resistance to chloroquine by Plasmodium vivax in Irian Jaya, Indonesia. Am J 
Trop Med Hyg, 44(5), 547-552. 

Baird, J. K., Jones, T. R., Bangs, M. J., Richie, T. L., & Hoffman, S. L. (1993). Malaria Field Studies 
at NAMRU-2, Indonesia. Navy Medicine, March - April. TR-1133. 

Baird, J. K., Nalim, M. F. S., Basri, H., Masbar, S., Leksana, B., Tjitra, E., Dewi, R. M., et al. 
(1996a). Survey of resistance to chloroquine by Plasmodium vivax in Indonesia. 
Transactions of the Royal Society of Tropical Medicine and Hygiene, 90(4), 409-411. 

Baird, J. K., Sismadi, P., Masbar, S., Ramzan, A., Purnomo, B. W., Sekartuti, Tjitra, E., et al. 
(1996b). A focus of endemic malaria in central Java. Am J Trop Med Hyg, 54(1), 98-104. 

http://www.gisdevelopment.net/aars/acrs/1996/ts11/ts11006pf.htm


 292 

Bakosurtanal (2007). Indonesian Map, from http://www.bakosurtanal.go.id/ 

Barcus, M. J., Laihad, F., Sururi, M., Sismadi, P., Marwoto, H., Bangs, M. J., & Baird, J. K. (2002). 
Epidemic malaria in the Menoreh Hills of Central Java. Am J Trop Med Hyg, 66(3), 287-
292. 

Barodji (2000). Beberapa Aspek Bionomik Vektor Malaria dan Filariasis Anopheles subpictus 
Grassi di Kecamatan Tanjung Bunga, Flores Timur, NTT. Buletin Peneltian Kesehatan-
National Institute of Health Research and Development, Ministry of Health, RI, 27(2). 

Barodji, A., Boewono, D. T., & Suwasono, H. (1992). Fauna Anopheles di Daerah Endemis Malaria 
Kabupaten Jepara Jawa Tengah. Buletin Penelitian Kesehatan, XX(3). 

Bassiouny, H. K., Awad, O. M., & Ahmed, M. H. (1999). Bionomics of the anopheline vectors in an 
endemic area in Fayoum Governorate, Egypt. J Egypt Public Health Assoc, 74(3-4), 241-
261. 

Beck, L. R., Rodriguez, M. H., Dister, S. W., Rodriguez, A. D., Rejmankova, E., Ulloa, A., Meza, R. 
A., et al. (1994). Remote sensing as a landscape epidemiologic tool to identify villages at 
high risk for malaria transmission. Am J Trop Med Hyg, 51(3), 271-280. 

Becker, N., Petric, D., Zgomba, M., Boase, C., Dahl, C., Lane, J., & Kaiser, A. (2003). Mosquitoes 
and Their Control. New York, Boston, Dordrecht, London, Moscow: Kluver 
Academic/Plenum Publishers. 

Beniston, M. (2002). Climatic Change: Possible Impacts on Human Health. Swiss Med Weekly, 
132, 332-337. 

Bergquist, N. R. (2001). Vector-borne parasitic diseases: new trends in data collection and risk 
assessment. Acta Trop, 79(1), 13-20. 

Bi, P., Tong, S., Donald, K., Parton, K. A., & Ni, J. (2003). Climatic variables and transmission of 
malaria: a 12-year data analysis in Shuchen County, China. Public Health Rep, 118(1), 65-

71. 

Bi, P., Parton, A. K., & Tong, S. (2005). El Niño-Southern Oscillation and Vector-Borne Diseases in 
Anhui, China. Vector-Borne and Zoonotic Diseases, 5(2), 95-100. 

Bidlingmayer, W., Day, J., & Evans, D. (1995). Effect of Wind Velocity on Suction Trap Catches of 
Some Florida Mosquitoes. In A. N. Clements (Ed.), Mosquitoes volume 2, Sensory 
reception and behavior. London: CABI Publishing. 

Billingsley, C., & Knols (2003). Rapid assessment of Malaria Risk Using Entomological Techniques: 
Taking an Epidemiology Snapshot - in Thomas, 2003. In W. Takken, P. Martens & R. J. 
Bogers (Eds.), Environmental Change and Malaria Risk: Global and Local Implications. 
Netherlands: Wageningen University and Research Centre  - Wageningen, The 
Netherlands. 

Bockarie, M. J., Alexander, N., Bockarie, F., Ibam, E., Barnish, G., & Alpers, M. (1996). The late 
biting habit of parous Anopheles mosquitoes and pre-bedtime exposure of humans to 
infective female mosquitoes. Transactions of the Royal Society of Tropical Medicine and 
Hygiene, 90(1), 23-25. 

Bodker, R., Akida, J., Shayo, D., Kisinza, W., Msangeni, H. A., Pedersen, E. M., & Lindsay, S. W. 
(2003). Relationship between altitude and intensity of malaria transmission in the 
Usambara Mountains, Tanzania. J Med Entomol, 40(5), 706-717. 

Boesri, H. (1994). Species Anopheles dan Peranannya sebagai Vektor Malaria di Lokasi 
Transmigrasi Manggala, Lampung Utara. Cermin Dunia Kedokteran, 94(Malaria), 29-31. 

Boewono, D. T., Nalim, S., Sularto, T., Mujiono, & Sukarno (1997). Penentuan Vector Malaria di 
Kecamatan Teluk Dalam, Nias. Cermin Dunia Kedokteran, 118. 

http://www.bakosurtanal.go.id/


 293 

Bogojevic, M. S., Hengl, T., & Merdic, E. (2007). Spatiotemporal monitoring of floodwater mosquito 
dispersal in Osijek, Croatia. J Am Mosq Control Assoc, 23(2), 99-108. 

Booman, M., Durrheim, D., La Grange, K., Martin, C., Mabuza, A., Zitha, A., Mbokazi, F., et al. 
(2000). Using a geographical Information System to Plan a Malaria Control Programme in 
South Africa, 2000, 78 (12). Bulletin of The World Health Organization, 78(12), 1438-1444. 

Booman, M., Sharp, B. L., Martin, C. L., Manjate, B., La Grange, J. J., & Durrheim, D. N. (2003). 
Enhancing malaria control using a computerised management system in southern Africa. 
Malar J, 2, 13. 

Bouma, M. J., Dye, C., & van der Kaay, H. J. (1996). Falciparum malaria and climate change in the 
northwest frontier province of Pakistan. Am J Trop Med Hyg, 55(2), 131-137. 

BPS NTT (2006). Nusa Tenggara Timur (NTT) Province in Figures 2006. Kupang: Biro Pusat 
Statistik (BPS) Provinsi Nusa Tenggara Timur. 

Bradley, D. J. (2001). The Biological and Epidemiological Basis of Global Public Goods for Health: 
Commission on Macroeconomics and Health (CMH) Working Paper Series. 

Breslin, K. (1994). Global Climate Change: Beyond Sunburn. Environmental Health Perspectives, 
102(5), 440-443. 

Brêtas, G. (1996, 23 February 1996). Geographic Information Systems for the Study and Control of 
Malaria Retrieved 23 October 2005, from http://archive.idrc.ca/books/focus/766/bretas.html 

Bruce-Chwatt, L. J. (1966). [The epidemiology of malaria]. Bull Soc Pathol Exot Filiales, 59(4), 459-
466. 

Bruce-Chwatt, L. J. (1977). Ronald Ross, William Gorgas, and malaria eradication. Am J Trop Med 
Hyg, 26(5 Pt 2 Suppl), 1071-1079. 

Bruce-Chwatt, L. J. (1980). Essential Malariology. London: William Heinnemann Medical Books Ltd. 

Care International - Indonesia (2008). MIAT - Mitigation of Malaria for the Most Affected Groups on 
Timor Island. CARE's work in Indonesia: Projects - "Where the end of poverty begins"  
Retrieved 28 April, 2008, from 
http://www.careindonesia.or.id/index.asp?lg=en&sb=5&dt=7&id=7 

Carter, E. D. (2008). Malaria, Landscape, and Society in Northwest Argentina in the Early Twentieth 
Century. Journal of Latin American Geography, 7(1). 

CDC-NTT (2000). Roll Back Malaria - Final Report. Kupang: Nusa Tenggara Timor Provincial 
Health Office. 

CDC-NTT (2005). Malaria Situasi di Propinsi Nusa Tenggara Timur - Unpublished Report. Kupang, 

NTT: Dinas Kesehatan Propinsi Nusa Tenggara Timur. 

CDC-NTT (2007). Annual Report - 2006. Provincial Health Office of Nusa Tenggara Timur (NTT). 
Kupang: Provincial Health Office of Nusa Tenggara Timur (NTT). 

Chin, J. (2000). Control of Communicable Diseases Manual: An Official Report of the American 
Public Health Association (17th ed.). Washington, D.C.: American Public Health 

Association. 

Chin, W., Contacos, P. G., Coatney, G. R., & Kimball, H. R. (1965). A Naturally Acquited Quotidian-
Type Malaria in Man Transferable to Monkeys. Science, 149, 865. 

Cho, S. H., Lee, H. W., Shin, E. H., Lee, H. I., Lee, W. G., Kim, C. H., Kim, J. T., et al. (2002). A 

mark-release-recapture experiment with Anopheles sinensis in the northern part of 
Gyeonggi-do, Korea. Korean J Parasitol, 40(3), 139-148. 

http://archive.idrc.ca/books/focus/766/bretas.html
http://www.careindonesia.or.id/index.asp?lg=en&sb=5&dt=7&id=7


 294 

Chuma, J. M., Thiede, M., & Molyneux, C. S. (2006). Rethinking the economic costs of malaria at 
the household level: evidence from applying a new analytical framework in rural Kenya. 
Malar J, 5, 76. 

Claborn, D. M., Masuoka, P. M., Klein, T. A., Hooper, T., Lee, A., & Andre, R. G. (2002). A cost 
comparison of two malaria control methods in Kyunggi Province, Republic of Korea, using 
remote sensing and geographic information systems. Am J Trop Med Hyg, 66(6), 680-685. 

Clarke, K. C., McLafferty, S. L., & Tempalski, B. J. (1996). On epidemiology and geographic 
information systems: a review and discussion of future directions. Emerg Infect Dis, 2(2), 

85-92. 

Cohen, J. M., Ernst, K. C., Lindblade, K. A., Vulule, J. M., John, C. C., & Wilson, M. L. (2008). 
Topography-derived wetness indices are associated with household-level malaria risk in 
two communities in the western Kenyan highlands. Malar J, 7, 40. 

Collins, R. T., Jung, R. K., Anoez, H., Sutrisno, R. H., & Putut, D. (1979). A Study of the coastal 
malaria vectors, Anopheles sundaicus (Rodenwaldt) and Anopheles subpictus grassi, in 
South Sulawesi, Sulawesi, Indonesia (No. WHOLIS033061). Geneva: World Health 
Organization. 

Cox-Singh, J., & Singh, B. (2008). Knowlesi malaria: newly emergent and of public health 
importance? Trends in Parasitology, 24(9), 406-410. 

Craig, M. H., Snow, R. W., & le Sueur, D. (1999). A climate-based distribution model of malaria 
transmission in sub-Saharan Africa. Parasitol Today, 15, 105 - 111. 

Dachlan, Y. P., Yotopranoto, S., Sutanto, B. V., Santoso, S. H. B., Widodo, A. S., Kusmartisnawati, 
Sutanto, A., et al. (2005). Malaria Endemic Patterns on Lombok and Sumbawa Islands, 
Indonesia. Tropical Medicine and Health, 33(2), 105-113  

Dale, P., Sipe, N., Anto, S., Hutajulu, B., Ndoen, E., Papayungan, M., Saikhu, A., et al. (2005). 

Malaria in Indonesia: a summary of recent research into its environmental relationships. 
Southeast Asian J Trop Med Public Health, 36(1), 1-13. 

Davidson, G. (1954). Estimation of the survival rate of anopheline mosquitoes in nature. Nature, 
174(4434), 792-793. 

de Barros, F. S., & Honorio, N. A. (2007). Man biting rate seasonal variation of malaria vectors in 
Roraima, Brazil. Mem Inst Oswaldo Cruz, 102(3), 299-302. 

de Castro, M. C., Yamagata, Y., Mtasiwa, D. E. O., Tanner, M., Utzinger, J., Keiser, J., & Singer, B. 
H. (2004). INTEGRATED URBAN MALARIA CONTROL: A CASE STUDY IN DAR ES 
SALAAM, TANZANIA. Am J Trop Med Hyg, 71(2_suppl), 103-117. 

Detinova, T. S. (1962). Age-grouping methods in Diptera of medical importance with special 
reference to some vectors of malaria. Monogr Ser World Health Organ, 47, 13-191. 

Devi, N. P., & Jauhari, R. K. (2006). Climatic variables and malaria incidence in Dehradun, 
Uttaranchal, India. J Vector Borne Dis, 43(1), 21-28. 

Dobson, M. J. (1989). History of malaria in England. J R Soc Med, 82 Suppl 17, 3-7. 

Dyson, J. (2000). DDT Should Not Be Banned South Africa Readers Digest, December, 2000. 

Epstein, P. R., Diaz, H. F., Elias, S., Grabherr, G., Graham, N. E., Martens, W. J. M., Thompson, E. 
M., et al. (1998). Biological and Physical Signs of Climate Change: Focus on Mosquito-
borne Diseases. Bulletin of the American Meteorological Society, 79(3), 409-417. 

ESRI (2007). ArcView 9.1 Retrieved 26/04/2007, 2004, from www.esri.com 

http://www.esri.com/


 295 

ESRI (2008, May 2009). Making field calculation. ArcGIS 9.2 Webhelp topic, from 
http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Making_field_calculation
s 

ESRI (2009, January 10, 2008). Cluster and Outlier Analysis: Anselin Local Moran's I (Spatial 
Statistics) Retrieved May 2009, 2009, from 
http://resources.esri.com/help/9.3/ArcGISEngine/dotnet/GP_ToolRef/spatial_statistics_tool
s/cluster_and_outlier_analysis_colon_anselin_local_moran_s_i_spatial_statistics_.htm 

Fogt, R. (2006). Common Speed Conversions Retrieved 4 February 2006, from 
http://www.onlineconversion.com/speed_common.htm 

Fryauff, D. J., Tuti, S., Mardi, A., Masbar, S., Patipelohi, R., Leksana, B., Kain, K. C., et al. (1998). 
Chloroquine-resistant Plasmodium vivax in transmigration settlements of West Kalimantan, 
Indonesia. Am J Trop Med Hyg, 59(4), 513-518. 

Fryauff, D. J., Leksana, B., Masbar, S., Wiady, I., Sismadi, P., Susanti, A. I., Nagesha, H. S., et al. 
(2002). The drug sensitivity and transmission dynamics of human malaria on Nias Island, 
North Sumatra, Indonesia. Ann Trop Med Parasitol, 96(5), 447-462. 

Gallup, J. L., & Sachs, J. D. (2001). The economic burden of malaria. American Journal of Tropical 
Medicine and Hygiene, 64(1-2 Suppl), 85-96. 

Gani, A. (2000, 11 - 14  September 2000). Economic Impact of Infectious Diseases. Paper 
presented at the Regional Action Conference for Surveillance and  Response to Infectious 
Diseases Outbreaks in South  East Asia., Denpasar, Bali. 

Gardiner, P., & Oey, M. (1983). Morbidity and Mortality in Java 1880 - 1940: Some Observation 
Based on The Colonial Reports. Yogjakarta - Indonesia: Population Studies Center, 
Gadjah Mada University - Indonesia. 

Garjito, T. A., Jastal, Wijaya, Y., Lili, Chadijah, S., & Erlan, A. (2004). Studi Bioekologi Nyamuk 
Anopheles di Wilayah Pantai Timur Kabupaten Parigi - Moutong, Sulawesi Tengah  Buletin 
Peneltian Kesehatan-National Institute of Health Research and Development, Ministry of 
Health, RI, 32(2), 49-61. 

Garrett-Jones, C. (1964). The Human Blood Index of Malaria Vectors in Relation to Epidemiological 
Assessment. Bull World Health Organ, 30, 241-261. 

Garrett-Jones, C., & Grab, B. (1964). The Assessment of Insecticidal Impact on the Malaria 
Mosquito's Vectorial Capacity, from Data on the Proportion of Parous Females. Bull World 
Health Organ, 31, 71-86. 

Garrett, L. (1994). The Coming Plague - Newly Emerging Diseases in a World Out of Balance. 
Canada: Harper Collins Canada Ltd. 

Gilles, H. (1993). The Malaria Parasites. Essential Malariology. In H. Gilles & D. Warrell (Eds.), 
Essential Malariology (pp. 85-106). London: Edward Arnold. 

Gillies, M. T. (1956). The problem of exophily in Anopheles gambiae. Bull World Health Organ, 
15(3-5), 437-449. 

Gorr, W. L., & Kurland, K. S. (2005). GIS Tutorial: Workbook for ARCVIEW 9. Redland, California: 
ESRI Press. 

Greenwood, B. M., Bojang, K., Whitty, C. J., & Targett, G. A. (2005). Malaria. Lancet, 365(9469), 

1487-1498. 

Greenwood, B. M. (2008). Control to elimination: implications for malaria research. Trends in 
Parasitology, 24(10), 449-454. 

http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Making_field_calculations
http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Making_field_calculations
http://resources.esri.com/help/9.3/ArcGISEngine/dotnet/GP_ToolRef/spatial_statistics_tools/cluster_and_outlier_analysis_colon_anselin_local_moran_s_i_spatial_statistics_.htm
http://resources.esri.com/help/9.3/ArcGISEngine/dotnet/GP_ToolRef/spatial_statistics_tools/cluster_and_outlier_analysis_colon_anselin_local_moran_s_i_spatial_statistics_.htm
http://www.onlineconversion.com/speed_common.htm


 296 

Greenwood, B. M., Fidock, D. A., Kyle, D. E., Kappe, S. H., Alonso, P. L., Collins, F. H., & Duffy, P. 
E. (2008). Malaria: progress, perils, and prospects for eradication. J Clin Invest, 118(4), 
1266-1276. 

Guerra, C. A., Snow, R. W., & Hay, S. I. (2006a). Mapping the global extent of malaria in 2005. 
Trends in Parasitology, 22(8), 353-358. 

Guerra, C. A., Snow, R. W., & Hay, S. I. (2006b). Defining the global spatial limits of malaria 
transmission in 2005. Adv Parasitol, 62, 157-179. 

Guerra, C. A., Gikandi, P. W., Tatem, A. J., Noor, A. M., Smith, D. L., Hay, S. I., & Snow, R. W. 
(2008). The limits and intensity of Plasmodium falciparum transmission: implications for 
malaria control and elimination worldwide. PLoS Med, 5(2), e38. 

Gunawardena, D. M., Wickremasinghe, A. R., Muthuwatta, L., Weerasingha, S., Rajakaruna, J., 
Senanayaka, T., Kotta, P. K., et al. (1998). Malaria risk factors in an endemic region of Sri 
Lanka, and the impact and cost implications of risk factor-based interventions. American 
Journal of Tropical Medicine and Hygiene, 58(5), 533-542. 

Gundelfinger, B. F. (1975). Observations on malaria in Indonesian Timor. Am J Trop Med Hyg, 
24(3), 393-396. 

Gundelfinger, B. F., Wheeling, C. H., Lien, J. C., Atmosoedjono, S., & Simanjuntak, C. H. (1975). 
Observations on Malaria in Indonesian Timor. Am J Trop Med Hyg, 24(3), 393-396. 

Harijanto, P. N. (2000). Malaria: Epidemiologi, Patogenesis, Manifestasi Klinis, dan Penanganan. 
Jakarta: Penerbit  Buku Kedokteran  EGC. 

Harrison, G. (1978). Mosquitoes, Malaria and Man. A History of the Hostilities Since 1880. New 
York: E.P. Dutto. 

Hassan, A. N., Kenawy, M. A., Kamal, H., Abdel Sattar, A. A., & Sowilem, M. M. (2003). GIS-based 
prediction of malaria risk in Egypt. East Mediterr Health J, 9(4), 548-558. 

Hay, S. I., Guerra, C. A., Tatem, A. J., Noor, A. M., & Snow, R. W. (2004). The global distribution 
and population at risk of malaria: past, present, and future. The Lancet Infectious 
Diseases, 4(6), 327-336. 

Hay, S. I., Guerra, C. A., Tatem, A. J., Atkinson, P. M., & Snow, R. W. (2005). Urbanization, malaria 
transmission and disease burden in Africa. Nat Rev Microbiol, 3(1), 81-90. 

Hay, S. I., Smith, D. L., & Snow, R. W. (2008). Measuring malaria endemicity from intense to 
interrupted transmission. The Lancet Infectious Diseases, 8(6), 369-378. 

Hay, S. I., Guerra, C. A., Gething, P. W., Patil, A. P., Tatem, A. J., Noor, A. M., Kabaria, C. W., et 
al. (2009). A world malaria map: Plasmodium falciparum endemicity in 2007. PLoS Med, 
6(3), e1000048. 

Hightower, A. W., Ombok, M., Otieno, R., Odhiambo, R., Oloo, A. J., Lal, A. A., Nahlen, B. L., et al. 
(1998). A geographic information system applied to a malaria field study in western Kenya. 
Am J Trop Med Hyg, 58(3), 266-272. 

Himeidan, Y. E., Hamid, E. E., Thalib, L., Elbashir, M. I., & Adam, I. (2007). Climatic variables and 
transmission of falciparum malaria in New Halfa, eastern Sudan. East Mediterr Health J, 
13(1), 17-24. 

Ho, R. (2006). Handbook of univariate and multivariate data analysis and interpretation with SPSS. 

Boca Raton: Chapman & Hall/CRC. 

Hoek, v. d. W., Konradsen, F., Dijkstra, D. S., Amerasinghe, P., & Amerasinghe, F. (1998). Risk 
Factors for Malaria: a Microepidemiological Study in a Village in Sri Lanka. Transactions of 
The Royal Society of Tropical Medicine and Hygiene, 92, 265-269. 



 297 

Honigsbaum, M. (2001). The Fever Trail - The Hunt for the Cure for Malaria. London: Macillan. 

Hu, H., Singhasivanon, P., Salazar, N. P., Thimasarn, K., Li, X., Wu, Y., Yang, H., et al. (1998). 
Factors influencing malaria endemicity in Yunnan Province, PR China (analysis of spatial 
pattern by GIS). Geographical Information System. Southeast Asian J Trop Med Public 
Health, 29(2), 191-200. 

Hutajulu, B. (2002). The Relationship between Enviromental Factors and Malaria in Ujung Gagak 
Villages  A Study in the Ujung Gagak Village, Cilacap District, Central Java, Indonesia. 
Unpublished Master Thesis, Griffith University, Brisbane. 

Impoinvil, D. E., Cardenas, G. A., Gihture, J. I., Mbogo, C. M., & Beier, J. C. (2007). Constant 
temperature and time period effects on Anopheles gambiae egg hatching. J Am Mosq 
Control Assoc, 23(2), 124-130. 

Indaratna, K., Hutubessy, R., Chupraphawan, S., Sukapurana, C., Tao, J., Chunsutthiwat, S., 
Thimasarn, K., et al. (1998). Application of geographical information systems to co-
analysis of disease and economic resources: dengue and malaria in Thailand. Southeast 
Asian J Trop Med Public Health, 29(4), 669-684. 

Issaris, P. C., & Sundararawan, S. (1954, 15-27 November 1954). Behaviour Change in An. 
sundaicus and Its Effect on Malaria Control in the WHO Project Area, Tjilacap, Indonesia, 
During the Period 1951-1954. Paper presented at the Malaria Conference for the Western 
Pacific and South East Asia Regions, Taipei. 

Jeanne, I. (2000). [Malaria and schistosomiasis: 2 examples using systems of geographical 
information and teledetection in Madagascar]. Bull Soc Pathol Exot, 93(3), 208-214. 

Johansen, C. A., Farrow, R. A., Morrisen, A., Foley, P., Bellis, G., Van Den Hurk, A. F., 
Montgomery, B., et al. (2003). Collection of wind-borne haematophagous insects in the 
Torres Strait, Australia. Med Vet Entomol, 17(1), 102-109. 

Jones, C. O. H., & Williams, H. A. (2004). The Social Burden of Malaria: What Are We Measuring? 
American Journal of Tropical Medicine and Hygiene, 71(2 suppl), 156-161. 

Joshi, A. B., & Banjara, M. R. (2008). Malaria related knowledge, practices and behaviour of people 
in Nepal. J Vector Borne Dis, 45(1), 44-50. 

Keating, J., Macintyre, K., Mbogo, C. M., Githure, J. I., & Beier, J. C. (2005). Self-reported malaria 
and mosquito avoidance in relation to household risk factors in a Kenyan coastal city. J 
Biosoc Sci, 37(6), 761-771. 

Kebumen Central Board of Statistics (2007). KEBUMEN DALAM ANGKA - Kebumen in Figures, 
2007 (0215.5214, Trans.). Kebumen: Regional Development Planning Board of Kebumen 
Regency and Central Board Statistics of Kebumen Regency. 

Kebumen District Health Office (2006). Annual Malaria Report - 2006. Kebumen: Kebumen District 
Health Office. 

Keiser, J., Singer, B. H., & Utzinger, J. (2005). Reducing the burden of malaria in different eco-
epidemiological settings with environmental management: a systematic review. The Lancet 
Infectious Diseases, 5(11), 695-708. 

kh.google.com (2007, Nov 13 2007). Google Earth version 4.2.0205.5730 Retrieved Feb 12 2008, 
2008, from http://earth.google.com/ 

Kirby, M. J., Green, C., Milligan, P. M., Sismanidis, C., Jasseh, M., Conway, D. J., & Lindsay, S. W. 
(2008). Risk factors for house-entry by malaria vectors in a rural town and satellite villages 
in The Gambia. Malar J, 7, 2. 

Kirnowardoyo, S. (1985). Status of Anopheles malaria vectors in Indonesia. Southeast Asian J Trop 
Med Public Health, 16(1), 129-132. 

http://earth.google.com/


 298 

Kiszewski, A. E., & Teklehaimanot, A. (2004). A review of the clinical and epidemiologic burdens of 
epidemic malaria. Am J Trop Med Hyg, 71(2 Suppl), 128-135. 

Kitron, U., Pener, H., Costin, C., Orshan, L., Greenberg, Z., & Shalom, U. (1994). Geographic 
information system in malaria surveillance: mosquito breeding and imported cases in 
Israel, 1992. Am J Trop Med Hyg, 50(5), 550-556. 

Kleinschmidt, I., Bagayoko, M., Clarke, G. P., Craig, M., & Le Sueur, D. (2000). A spatial statistical 
approach to malaria mapping. Int J Epidemiol, 29(2), 355-361. 

Kleinschmidt, I., & Sharp, B. (2001). Patterns in Age-Specific Malaria Incidence in a Population 
Exposed to Low Levels of Malaria Transmission Intensity. Tropical Medicine & 
International Health, 6(12), 986-991. 

Klinkenberg, E., van der Hoek, W., & Amerasinghe, F. P. (2004). A malaria risk analysis in an 
irrigated area in Sri Lanka. Acta Tropica, 89(2), 215-225. 

Kondrashin, A. V., & Kalra, N. L. (1988a). Malaria as anthropo-ecosystem. Part II: Diverstity of 
malaria infection sub-system. J Commun Dis, 20, 349-358. 

Kondrashin, A. V., & Kalra, N. L. (1988b). Malaria as anthropo-ecosystem. Part I: General Concept. 
J Commun Dis, 20, 79-86. 

Kondrashin, A. V., & Kalra, N. L. (1989a). Malaria as anthropo-ecosystem. Part III: Diversity of 
MAES. J Commun Dis, 21(1), 62-70. 

Kondrashin, A. V., & Kalra, N. L. (1989b). Malaria as Anthropo-Ecosystem. Part IV. Adaptation of 
elements of MAES. J Commun Dis, 21(3), 171-182. 

Kondrashin, A. V., & Kalra, N. L. (1990). Malaria as anthropo-ecosystem (MAES): Part V. Self-
regulation and stability of MAES. J Commun Dis, 22(1), 12-22. 

Kondrashin, A. V., & Kalra, N. I. (1991). Malaria as anthropo-ecosystem. Part VI: Demographic 
subsystem (DSS). J Commun Dis, 23(2), 89-99. 

Konradsen, F., Amerasinghe, P., van der Hoek, W., Amerasinghe, F., Perera, D., & Piyaratne, M. 
(2003). Strong association between house characteristics and malaria vectors in Sri 
Lanka. Am J Trop Med Hyg, 68(2), 177-181. 

Koram, K. A., Bennett, S., Adiamah, J. H., & Greenwood, B. M. (1995a). Socio-economic 
determinants are not major risk factors for severe malaria in Gambian children. Trans R 
Soc Trop Med Hyg, 89(2), 151-154. 

Koram, K. A., Bennett, S., Adiamah, J. H., & Greenwood, B. M. (1995b). Socio-economic risk 
factors for malaria in a peri-urban area of The Gambia. Trans R Soc Trop Med Hyg, 89(2), 

146-150. 

Kurtis, J. D., Mtalib, R., Onyango, F. K., & Duffy, P. E. (2001). Human Resistance to Plasmodium 
falciparum Increases during Puberty and Is Predicted by Dehydroepiandrosterone Sulfate 
Levels. Infect. Immun., 69(1), 123-128. 

Laihad, F. J. (2000). Malaria di Indonesia (Malaria in Indonesia). In P. N. Harijanto (Ed.), Malaria, 
Patogenesis, Manifestasi Klinis, & Penanganan (pp. 17-25). Jakarta: EGC - Penerbit Buku 
Kedokteran. 

Last, J. M. (1996). Making the Dictionary of Epidemiology. Int J Epidemiol, 25(5), 1098-1101. 

Lederman, E. R., Sutanto, I., Wibudi, A., Ratulangie, L., Rudiansyah, I., Fatmi, A., Kurniawan, L., et 
al. (2006). Imported malaria in Jakarta, Indonesia: passive surveillance of returned 
travelers and military members postdeployment. J Travel Med, 13(3), 153-160. 



 299 

Lee, H. I., Lee, J. S., Shin, E. H., Lee, W. J., Kim, Y. Y., & Lee, K. R. (2001). Malaria transmission 
potential by Anopheles sinensis in the Republic of Korea. Korean J Parasitol, 39(2), 185-
192. 

Lee, V. H., Atmosoedjono, S., Dennis, D. T., Suhaepi, A., & Suwarta, A. (1983). The anopheline 
(Diptera: Culicidae) vectors of malaria and bancroftian filariasis in Flores Island, Indonesia. 
J Med Entomol, 20(5), 577-578. 

Lengkong Health Centre (2005). Lengkong Health Centre Annual Report 2005. Lengkong: 
Lengkong Health Centre - Sukabumi, West Java. 

Leonardo, L. R., Rivera, P. T., Crisostomo, B. A., Sarol, J. N., Bantayan, N. C., Tiu, W. U., & 
Bergquist, N. R. (2005). A study of the environmental determinants of malaria and 
schistosomiasis in the Philippines using Remote Sensing and Geographic Information 
Systems. Parassitologia, 47(1), 105-114. 

Lestari, E. W. (1990). Tinjauan Hasil Penelitian Vector Malaria Pedalaman di Indonesia. In S. S. 
Soesanto, Sudomo, S. Wasito, S. Sutomo, S. S. Santoso & B. Sukana (Eds.), Tinjauan 
Penelitian Ekologi Kesehatan di Indonesia  (1969 - 1989). Jakarta: National Institute of 
Health Research and Development, Ministry of Health, RI. 

Lien, J. C., Kawengian, B. A., Partono, F., Lami, B., & Cross, J. H. (1977). A brief survey of the 
mosquitoes of South Sulawesi, Indonesia, with special reference to the identity of 
Anopheles barbirostris (Diptera: Culicidae) from the Margolembo area. J Med Entomol, 
13(6), 719-727. 

Lindblade, K. A., Walker, E. D., Onapa, A. W., Katungu, J., & Wilson, M. L. (1999). Highland 
malaria in Uganda: prospective analysis of an epidemic associated with El Niño. Trans R 
Soc Trop Med Hyg, 93, 480 - 487. 

Lindblade, K. A., Walker, E. D., Onapa, A. W., Katungu, J., & Wilson, M. L. (2000). Land use 
change alters malaria transmission parameters by modifying temperature in a highland 
area of Uganda. Tropical Medicine and International Health, 5(4), 263-274. 

Lindelow, M. (2005). The utilisation of curative healthcare in Mozambique: Does income matter? 
Journal of African Economies, 14(3), 435-482. 

Lindsay, S. W., & Birley, M. H. (1996). Climate change and malaria transmission. Ann Trop Med 
Parasitol, 90(6), 573-588. 

Lindsay, S. W., & Martens, W. J. (1998). Malaria in the African highlands: past, present and future. 
Bull World Health Organ, 76(1), 33-45. 

Lindsay, S. W., Emerson, P. M., & Charlwood, J. D. (2002). Reducing malaria by mosquito-proofing 
houses. Trends Parasitol, 18(11), 510-514. 

Lindsay, S. W., Jawara, M., Paine, K., Pinder, M., Walraven, G. E., & Emerson, P. M. (2003). 
Changes in house design reduce exposure to malaria mosquitoes. Trop Med Int Health, 
8(6), 512-517. 

Lindsay, S. W., & Bayoh, M. N. (2004). Mapping members of the Anopheles gambiae complex 
using climate data. Physiological Entomology, 29(3), 204-209. 

Mabaso, M. L., Craig, M., Vounatsou, P., & Smith, T. (2005). Towards empirical description of 
malaria seasonality in southern Africa: the example of Zimbabwe. Trop Med Int Health, 
10(9), 909-918. 

Macdonald, G. (1955). A new approach to the epidemiology of malaria. Indian J Malariol, 9(4), 261-
270. 



 300 

Maekawa, Y., Sunahara, T., Dachlan, Y. P., Yotoranoto, S., Basuki, S., Uemura, H., Kanbara, H., et 
al. (2009). First Record of Anopheles balabacensis from Western Sumbawa Island, 
Indonesia. Journal of the American Mosquito Control Association, 25(2), 203-205. 

Maguire, J. D., Tuti, S., Sismadi, P., Wiady, I., Basri, H., Krisin, Masbar, S., et al. (2005). Endemic 
coastal malaria in the Thousand Islands District, near Jakarta, Indonesia. Trop Med Int 
Health, 10(5), 489-496. 

Malakooti, M. A., Biomndo, K., & Shanks, G. D. (1998). Reemergence of Epidemic Malaria in the 
Highlands of Western Kenya. Emerging of Infectious Diseases, 4(4), 671-676. 

MARA/ARMA (1998). Towards an Atlas of Malaria Risk in Africa - First Technical Report of the 
MARA/ARMA Collaboration. Durban: MARA/ARMA (Mapping Malaria Risk in 
AFRICA/Atlas du Risque de la Malaria en Afrique). 

March, D., & Susser, E. (2006). The eco~ in eco-epidemiology. Int J Epidemiol, 35(6), 1379-1383. 

Mardiana (1990). Tinjauan Tentang Penelitian Vector Malaria di Pantai. In S. S. Soesanto, B. 
Sukana, Sudomo, S. Wasito, S. Sutomo & S. S. Santoso (Eds.), Tinjauan Penelitian 
Ekologi Kesehatan di Indonesia  (1969 - 1989). Jakarta: National Institute of Health 
Research and Development, Ministry of Health, RI. 

Martens, P., & Hall, L. (2000). Malaria on the Move: Human Population Movement and Malaria 
Transmission. Emerging Infectious Diseases, 6(2), 7-13. 

Martens, P., & Thomas, C. (2003). Climate Change and Malaria Risk: Complexity and Scaling. 
Environmental Change and Malaria Risk: Global and Local Implications - Frontis workshop 
on Environmental Change and Malaria Risk: Global and Local Implications  Retrieved 30 
July 2005, 2005, from http://library.wur.nl/frontis/environmental_change/ 

Martens, W. J. (1995). Climate change and malaria: exploring the risks. Med War, 11(4), 202-213. 

Martens, W. J. M., Jetten, T. H., Rotmans, J., & Niessen, L. W. (1995). Climate change and vector-
borne diseases : A global modelling perspective. Global Environmental Change, 5(3), 195-
209. 

Martin, C., Curtis, B., Fraser, C., & Sharp, B. (2002). The use of a GIS-based malaria information 
system for malaria research and control in South Africa. Health & Place, 8(4), 227-236. 

Matola, Y. G., White, G. B., & Magayuka, S. A. (1987). The changed pattern of malaria endemicity 
and transmission at Amani in the eastern Usambara mountains, north-eastern Tanzania. J 
Trop Med Hyg, 90(3), 127-134. 

Medical Dictionary (2009). Eco-epidemiology, from 
http://www.medilexicon.com/medicaldictionary.php?t=27749 

Meek, S., Rowland, M., & Connolly, M. (2000). Outline strategy for malaria control in complex 
emergencies (Vol. WHO/CDS/RBM/2000.16). Geneva: WHO. 

Mendis, K., Rietveld, A., Warsame, M., Bosman, A., Greenwood, B., & Wernsdorfer, W. H. (2009). 
From malaria control to eradication: The WHO perspective. Trop Med Int Health, 14(7), 

802-809. 

Meremikwu, M. (2003). Malaria in Children and Pregnant Women. In C. Murphy, K. Ringheim & S. 
Woldehanna (Eds.), Reducing Malaria's Burden - Evidence of Effectiveness for Decision 
Maker (pp. 8 -16). Washington, DC: Global Health Council. 

Metselaar, D. (1956). A pilot project of residual-insecticide spraying to control malaria transmitted 
by the Anopheles punctulatus group in Netherlands New Guinea. Am J Trop Med Hyg, 
5(6), 977-987. 

http://library.wur.nl/frontis/environmental_change/
http://www.medilexicon.com/medicaldictionary.php?t=27749


 301 

Metselaar, D. (1957). A pilot project of residual insecticide spraying in Netherlands New Guinea, 
contribution to the knowledge of holoendemic malaria. Acta Leiden, 27, 1-128. 

Mills, A., Lubell, Y., & Hanson, K. (2008). Malaria eradication: the economic, financial and 
institutional challenge. Malar J, 7 Suppl 1, S11. 

Minakawa, N., Omukunda, E., Zhou, G., Githeko, A., & Yan, G. (2006). Malaria Vector Productivity 
in Relation to the Highland Environment in Kenya. Am J Trop Med Hyg, 75(3), 448-453. 

MoH-RI (2001). Pedoman Ekologi dan Aspek Perilaku Vektor. Jakarta: Ministry of Health, Republic 
of Indonesia (MoH-RI) - Communicable Diseases Control. 

MoH-RI (2005). Panduan Pos Malaria Desa (POSMALDES). Jakarta Dir.Jen PP dan PL  

MoH & SW RI, & WHO (2001). Malaria Situation - Strategic Plan in Roll Back Malaria (Gebrak 
Malaria) 2001-2005. Jakarta: Ministry of Health and Social Welfare Republic of Indonesia 
(MoH & SW RI), World Health Organization (WHO). 

MoH. R.I (2005). Panduan Pos Malaria Desa (POSMALDES) dan pemberdayaan Jakarta Dir.Jen 
PP dan PL  

MoH. RI (2006). Indonesian Health Profile - 2004. Jakarta: Ministry of Health (MoH), Republic of 
Indonesia. 

MoH.RI-CDC-Malaria (2002). Guidance for malaria situation analysis from epidemiology and 
management perspective. (Panduan analysis situasi malaria ditinjau dari aspek 
epidemiology and aspek managemen. Jakarta: Ministry of Health, Republic Indonesia 
(MoH.RI) - Directorate of Communicable Disease Control (CDC). Malaria Sub Directorate. 

MoH.RI-CDC-Malaria (2006). Indonesia Malaria Control Strategic Plan 2005 - 2009. Jakarta: 
Ministry of Health, Republic Indonesia (MoH.RI) - Directorate of Communicable Disease 
Control (CDC). Malaria Sub Directorate. Unpublished Document. 

MoH.RI-CDC (1985). Vektor Malaria di Indonesia (Malaria Vectors in Indonesia). Jakarta: Ministry 

of Health, Republic Indonesia (MoH.RI) - Directorate of Communicable Disease Control 
(CDC). 

MoH.RI-CDC (1999). Malaria Control Manual (Vol. 1-10). Jakarta: Ministry of Health, Republic 
Indonesia (MoH.RI) - Directorate of Communicable Disease Control (CDC). 

MoH.RI-CDC (2005). Malaria Situation in Indonesia - Unpublished report: Ministry of Health, 
Republic of Indonesia - Communicable Diseases Control. 

MoH.RI-CDC (2006a). Malaria Situation in Indonesia - Unpublished report: Ministry of Health, 
Republic Indonesia (MoH.RI) - Directorate of Communicable Disease Control (CDC). 

MoH.RI-CDC (2006b). Communicable Diseases Control and Environmental Health Profile. Jakarta: 
Directorate General of Communicable Diseases Control (CDC) and Environmental Health 
Profile, Indonesian Ministry of Health. 

MoH.RI (2001). Indonesian National Household Health Survey. Jakarta: Ministry of Health-Republic 
of Indonesia (MoH-RI). 

Morales, A. J. R. (2006). Links between Public Health Policy and Ecoepidemiology in the Integrated 
Control of Public Health Problems: the Example of Malaria in Venezuela. Acta Científica 
Estudiantil, 4(1), 39-40. 

Movable Type Ltd (2008). Calculate distance, bearing and more between two Latitude/Longitude 
points. Advice – Design – Development. Information Systems & Database-driven Websites 
Retrieved 10 April, 2008, from http://www.movable-type.co.uk/scripts/latlong.html 

http://www.movable-type.co.uk/scripts/latlong.html


 302 

Muhe, L. (2002). Community involvement in rolling back malaria. Genava: WHO - World Health 
Organization. 

Muir, D. A. (1963). Observation on the Development and Trend of Insecticide Resistance in Two 
Important Malaria Vectors in Indonesia (No. WHO/Mal/415). Geneva: WHO. 

Munif, A., & Sukirno, S. (1994). Penebaran Konidiospora Metarrhizum anisopliae untuk 
Penanggulangan Populasi Larva An. Aconitus di Persawahan Rejasari, Banjarnegara. 
Cermin Dunia Kedokteran, 94(Malaria), 32-37. 

Nainggolan, N. (2006, 15/9/06). Semangat Baja Relawan Memerangi Malaria. Suara Pembaruan 
Daily,  

Nájera, J., Kouznetsov, R., & Delacollette, C. (1998). Malaria Epidemic. Detection and Control, 
Forecasting and Prevention (Vol. WHO/Mal/98.1084). Geneva: WHO. 

Nájera, J. A., & Hempel, J. (1996). The Burden of Malaria (No. CTD/MAL/96.10). Geneva: World 

Health Organization. 

Nalim, S., Bogh, C., Hartono, Sugeng, & Bos, R. (2002). Rapid Assessment of Correlation between 
Remotely Sensed Data and Malaria Prevalence in the Manoreh Hills Area of Central Java, 
Indonesia - Final report (No. WHO/SDE/WSH/02.06). GENEVA: WHO. 

Narain, J. P. (2008). Malaria in the South-East Asia region: myth & the reality. Indian J Med Res, 
128(1), 1-3. 

Nchinda, T. C. (1998). Malaria: A Reemerging Disease in Africa. Emerging Infectious Diseases 
(EID), 4 No. 3, 398-403. 

Ndoen, E. M. L. (2002). Analysis of Environmental Risk Factors for Malaria - A Study in The Timor 
Tengah Selatan (TTS) District, Nusa Tenggara Timur Province, West Timor- Indonesia. 
Unpublished Master Thesis, Griffith University, Brisbane. 

Neuman, L. (2000). Social research methods: qualitative and quantitative approaches (Fourth ed.). 

Boston: Allyn and Bacon. 

NIMR (2007). Vector Control Project Integrated Disease Vector Control Project - A Profile. New 
Delhi: National Institute of Malaria Research (NIMR). 

Nobre, F. F., Braga, A. L., Pinheiro, R. S., & Lopes, J. A. (1997). GISEpi: a simple geographical 
information system to support public health surveillance and epidemiological 
investigations. Comput Methods Programs Biomed, 53(1), 33-45. 

Noerhadi, E. (1960). Sumbangan perihal sifat biologik Njamuk Anophelini di beberapa dearah 
pedalaman Djawa Barat. Institut Teknologi Bandung - ITB, Bandung. 

Noor, A. M., Zurovac, D., Hay, S. I., Ochola, S. A., & Snow, R. W. (2003). Defining equity in 
physical access to clinical services using geographical information systems as part of 
malaria planning and monitoring in Kenya. Trop Med Int Health, 8(10), 917-926. 

Noor, A. M., Omumbo, J. A., Amin, A. A., Zurovac, D., & Snow, R. W. (2006). Wealth, mother's 
education and physical access as determinants of retail sector net use in rural Kenya. 
Malar J, 5, 5. 

O'Connor, C., & Soepanto, A. (1989). Illustrated Key to Female Anophelines of Indonesia. Jakarta: 
Directorate of Communicable Disease, MoH and US Naval Medical Research Unit No. 2 
Detachment. 

O'Conor, G. T., & Arwati (1974). Insecticide Resistance in Indonesia (No. WHO/Mal/74.839; 
WHO/VBC/74.505). Geneva: WHO. 



 303 

Oaks, S. C., Micthell, V. S., Pearson, G. W., & Carpenter, C. C. J. (1991). Malaria - Obstacles and 
Opportunities - A Report of the Committee for the Study on Malaria Prevention and 
Control: Status Review and Alternative Strategies. Washington DC: Division on 
International Health - Institute of Medicine, National Academy Press. 

Okoko, B. J. (2005). Acquisition of bed-nets, sleeping-habits, and control of malaria in the Gambia: 
sociocultural dimension. J Health Popul Nutr, 23(4), 388-389. 

Ompusunggu, S., Marwoto, H., Sulaksono, S. T., Atmosoedjono, S., Suyitno, & Moersiatno (1994). 
Penelitian Pemberantasan Malaria di Kabupaten Sikka. Penelitian entomologi-2: tempat 
perindukan Anopheles sp. Cermin Dunia Kedokteran, 94(Malaria). 

Omran, A. R. (2001). The epidemiologic transition - A theory of the epidemiology of population 
change (Reprinted from The Milbank Memorial Fund Quarterly, vol 49, pg 509-538, 1971). 
Bulletin of the World Health Organization, 79(2), 161-170. 

Omumbo, J., Ouma, J., Rapuoda, B., Craig, M. H., le Sueur, D., & Snow, R. W. (1998). Mapping 
malaria transmission intensity using geographical information systems (GIS): an example 
from Kenya. Ann Trop Med Parasitol, 92(1), 7-21. 

Onwujekwe, O., Ojukwu, J., Uzochukwu, B., Dike, N., Ikeme, A., & Shu, E. (2005). Where do 
people from different socio-economic groups receive diagnosis and treatment for 
presumptive malaria, in south-eastern Nigeria? Source: Annals of Tropical Medicine and 
Parasitology, 99(5), 473-481. 

Osorio, L., Todd, J., Pearce, R., & Bradley, D. J. (2007). The role of imported cases in the 
epidemiology of urban Plasmodium falciparum malaria in Quibdo, Colombia. Trop Med Int 
Health, 12(3), 331-341. 

Pajak Net (2009). Upah Mininal Propinsi 2008. Retrieved 20 June 2009: http://www.pajak.net/ 

Pampana, E. (1969). A textbook of malaria eradication. London, New York, Toronto: Oxford 

University Press. 

Papayungan, M. S. B. (2002). Assessing Environmental and Human Sosioeconomic Factors 
Related to Malaria Prevalence in Donggala. A Study in the Donggala District, Central 
Sulawesi, Indonesia. Griffith University, Brisbane. 

Pates, H. V., Line, J. D., Keto, A. J., & Miller, J. E. (2002). Personal protection against mosquitoes 
in Dar es Salaam, Tanzania, by using a kerosene oil lamp to vaporize transfluthrin. Med 
Vet Entomol, 16(3), 277-284. 

Pattanayak, K. S., Corey, C. G., Lau, Y. F., & Kramer, R. A. (2004, 22 January 2004). Forest 
Malaria: A Microeconomic Study of Forest Protection and Child Malaria in Flores, 
Indonesia. Paper presented at the Environmental Institution Seminar Series, Durham, 
North California. 

Patz, J. A. (1998). Predicting key malaria transmission factors, biting and entomological inoculation 
rates, using modelled soil moisture in Kenya. Tropical Medicine and International Health, 
3(10), 818-827. 

Patz, J. A., Graczyk, T. K., Geller, N., & Vittor, A. Y. (2000a). Effects of environmental change on 
emerging parasitic diseases. International Journal for Parasitology, 30(12-13), 1395-1405. 

Patz, J. A., Graczyk, T. K., Geller, N., & Vittor, A. Y. (2000b). Effects of Environment Change on 
Emerging Parasitic Diseases. International Journal for Parasitology, 30, 1395-1405. 

Patz, J. A., McGeehin, M. A., Bernard, S. M., Ebi, K. L., Epstein, P. R., Grambsch, A., Gubler, D. J., 
et al. (2000c). The Potential Health Impacts of Climate Variability and Change for the 
United States: Executive Summary of the Report of the Health Sector of the U.S. National 
Assessment. Environmental Health Perspectives, 108(4), 367-376. 

http://www.pajak.net/


 304 

Patz, J. A., Hulme, M., Rosenzweig, C., Mitchell, T. D., Goldberg, R. A., Githeko, A. K., Lele, S., et 
al. (2002). Climate change: Regional warming and malaria resurgence. Nature, 420(6916), 
627-628; discussion 628. 

Polovodova, V. P. (1949). Physiological age assessment in female Anopheles, namely the number 
of gonotrophic cycles. (In Russian). Meditsinskaya Parazitologiya i Parazitarnye Bolezni 
(Medical Parasitology and Parasitic Diseases) 4, 352-355. 

Pope, K. O., Rejmankova, E., Savage, H. M., Arredondo-Jimenez, J. I., Rodriguez, M. H., & 
Roberts, D. R. (1994). Remote sensing of tropical wetlands for malaria control in Chiapas, 
Mexico. Ecol Appl, 4(1), 81-90. 

Prabowo, Y. (2002). A Study of Changing Patterns of Malaria Incidence in Kebumen District, 
Central Java, Indonesia, 1999-2001. Unpublished Master Thesis, Griffith University, 
Brisbane. 

Prakash, A., Bhattacharyya, D. R., Mohapatra, P. K., & Mahanta, J. (2001). Estimation of vectorial 
capacity of Anopheles dirus (Diptera: Culicidae) in a forest-fringed village of Assam (India). 
Vector Borne Zoonotic Dis, 1(3), 231-237. 

Prothero, R. M. (1997). Migration and Malaria. In G. Carosi & F. Castelli (Eds.), Handbook of 
Malaria Infection in the Tropics. Bologna: Italian Association Amici di Raoul Follereau 
(AIFO) - Italy  

Rakotomanana, F., Jeanne, I., Duchemin, J. B., Pietra, V., Raharimalala, L., Tombo, M. L., & Ariey, 
F. (2001). [Geographic approach in malaria control in the central highlands of 
Madagascar]. Arch Inst Pasteur Madagascar, 67(1-2), 27-30. 

RBM (1998). Children and Malaria Retrieved 4 August 2005, from 
http://www.who.int/malaria/cmc_upload/0/000/015/367/RBMInfosheet_6.pdf 

RBM, WHO, & UNICEF (2005). World Malaria Report 2005. Geneva: World Health Organization, 

UNICEF. 

Reid, C. (1998, May 17, 2000). Implications of Climate Change on Malaria in Karnataka, India. 
Senior Honors Thesis, Center for Environmental Studies, Brown University. Retrieved 25 
July 2005, 2005, from 
http://www.brown.edu/Research/EnvStudies_Theses/full9900/creid/index.htm#summary 

Reiter, P. (1988). Weather, Vector Biology, and Arboviral Recrudescence. In T. P. Monath (Ed.), 
The arboviruses: Epidemiology and ecology (Vol. 1). Florida: CRC Press. 

Reiter, P. (2001). Climate change and mosquito-borne disease. Environmental Health 
Perspectives, 109, 141-161. 

Reiter, P., Thomas, J., Hay, S. I., Randolph, S. E., Rogers, D. J., Shanks, G. D., Snow, R. W., et al. 
(2004). Global Warning and Malaria: A Call for Accuracy. The Lancet Infectious Diseases, 
4, 323-324. 

Rijadi, M. (2002). Environmental Determinants of Malaria Incidence and Outbreak in Purworejo 
1995-2001, and Option for Malaria Control. Unpublished Master Thesis, Griffith University, 
Brisbane. 

Rizal (2001). Hubungan Tindakan Pencegahan Keluarga/Individu dengan Kejadian Malaria di 
Wilayah Kerja Puskesmas Tanjung Uban. University of Indonesia, Jakarta. 

Roberts, L., & Enserink, M. (2007). Malaria. Did they really say ... eradication? Science, 318(5856), 
1544-1545. 

Russell, P. F. (1969). Discussion of paper by Leonard J. Bruce-Chwatt: malaria eradication at the 
crossroads. Bull N Y Acad Med, 45(10), 1013-1015. 

http://www.who.int/malaria/cmc_upload/0/000/015/367/RBMInfosheet_6.pdf
http://www.brown.edu/Research/EnvStudies_Theses/full9900/creid/index.htm#summary


 305 

Russell, S. (2004). The economic Burden of Illness for Households in Developing Countries: A 
Review of Studies Focusing on Malaria, Tuberculosis and Human Immunodeficiency 
Virus/Acquired I Immunodeficiency Syndrome. American Journal of Tropical Medicine and 
Hygiene, 71 (suppl 2), 147 - 155. 

Sachs, J. (2002). To Cure Poverty, Heal the Poor. Africa Recovery, 16 No. 1. 

Sachs, J., & Malaney, P. (2002). The economic and social burden of malaria. Nature, 415(6872), 
680-685. 

Saikhu, A. (2002). The Assessing of Environmental Risk Factors that Influence The Distribution of 
Malaria Prevalence in Central Java Province, Indonesia - An Extended Data Analysis from 
The Indonesia Intensified Communicable Diseases Control Program - Benefit Evaluation 
Study, 2001. Unpublished Master Thesis, Griffith University, Brisbane. 

Sandosham, A. A. (1965). Malariology, With Special Reference to Malaya. Singapore: Singapore 

University Press. 

Sandosham, A. A., & Thomas, V. (1983). Malariology, With Special Reference to Malaya. 
Singapore: Singapore University Press. 

Sanjana, P., Barcus, M. J., Bangs, M. J., Ompusunggu, S., Elyazar, I., Marwoto, H., Tuti, S., et al. 

(2006). Survey of Community Knowledge, Attitudes, and Practices During a Malaria 
Epidemic in Central Java, Indonesia. Am J Trop Med Hyg, 75(5), 783-789. 

Sari, P. A., Maulidya, M., Butarbutar, R. N., Sari, R. E., & Rusmantoro, W. (2007). Working Paper: 
Indonesia and Climate Change. Current Status and Policies. Jakarta: Department for 
International Development (DFID) and The World Bank. 

SEARO (2005, 20 June 2005). Malaria Situation in SEAR Countries: Indonesia Retrieved 12 July 
2005, from http://www.searo.who.int/en/Section10/Section21/Section340_4022.htm 

SEARO (2007, 16 JAN 2009). Malaria Situation in SEAR Countries: Indonesia Retrieved 2 March 
2009, from http://www.searo.who.int/en/Section10/Section21/Section340_4022.htm 

Service, M. W. (1993). Mosquito Ecology. Field Sampling Methods (Second ed.). London: 
ELSEVIER APPLIED SCIENCE. 

Service, M. W. (2000). Medical Entomology for Students (3rd ed.). Canbrige, United Kingdom: 

Cambrige University Press. 

Service, M. W., & Towson, H. (2002). The Anopheles vector. In D. A. Warrell & H. M. Gilles (Eds.), 
Essential Malariology (Fourth ed., pp. 59-84). London: Arnold, a member of the Hodder 
Headline Group. 

Seyoum, A., Balcha, F., Balkew, M., Ali, A., & Gebre-Michael, T. (2002). Impact of cattle keeping on 
human biting rate of anopheline mosquitoes and malaria transmission around Ziway, 
Ethiopia. East Afr Med J, 79(9), 485-490. 

Shanks, G. D., Hay, S. I., Stern, D. I., Biomndo, K., & Snow, R. W. (2002). Meteorologic influences 
on Plasmodium falciparum malaria in the Highland Tea Estates of Kericho, Western 
Kenya. Emerg Infect Dis, 8(12), 1404-1408. 

Sharma, V. P., & Srivastava, A. (1997). Role of geographic information system in malaria control. 
Indian J Med Res, 106, 198-204. 

Shell, E. R. (1997). Resurgence of A Deadly Disease. The Atlantic online - The Atlantic Monthly 
Digital Edition, 280, 45-60. 

Simpenan Health Center (2005). Overview of Simpenan Health Center - 2005. Pelabuhan Ratu: 
Simpenan Health Center, Pelabuhan Ratu, Sukabumi - West Java. 

http://www.searo.who.int/en/Section10/Section21/Section340_4022.htm
http://www.searo.who.int/en/Section10/Section21/Section340_4022.htm


 306 

Sinden, R. E., & Gilles, H. M. (2002). The Malaria Parasites. In D. A. Warrell & H. M. Gilles (Eds.), 
Essential Malariology (Vol. Fourth). London: Arnold, a member of the Hodder Headline 
Group. 

Singer, B. H., & de Castro, M. C. (2001). Agricultural colonization and malaria on the Amazon 
frontier. Ann N Y Acad Sci, 954, 184-222. 

Singh, B., Sung, L. K., Matusop, A., Radhakrishnan, A., Shamsul, S. S. G., Cox-Singh, J., Thomas, 
A., et al. (2004). A large focus of naturally acquired Plasmodium knowlesi infections in 
human beings. The Lancet, 363(9414), 1017-1024. 

Singh, N., & Sharma, V. P. (2002). Patterns of rainfall and malaria in Madhya Pradesh, central 
India. Ann Trop Med Parasitol, 96(4), 349-359. 

Sinnott, R. W. (1984). Virtues of the Haversine. Sky and Telescope, 68(2), 159-159. 

Sintasath, D. M., Ghebremeskel, T., Lynch, M., Kleinau, E., Bretas, G., Shililu, J., Brantly, E., et al. 
(2005). Malaria prevalence and associated risk factors in Eritrea. American Journal of 
Tropical Medicine and Hygiene, 72(6), 682-687. 

Sipe, N. G., & Dale, P. (2003). Challenges in using geographic information systems (GIS) to 
understand and control malaria in Indonesia. Malaria Journal, 2, -. 

Sissoko, M. S., Dicko, A., Briet, O. J. T., Sissoko, M., Sagara, I., Keita, H. D., Sogoba, M., et al. 
(2004). Malaria incidence in relation to rice cultivation in the irrigated Sahel of Mali. Acta 
Tropica, 89(2), 161-170. 

Sithiprasasna, R., Linthicum, K. J., Liu, G. J., Jones, J. W., & Singhasivanon, P. (2003a). Some 
entomological observations on temporal and spatial distribution of malaria vectors in three 
villages in northwestern Thailand using a geographic information system. Southeast Asian 
J Trop Med Public Health, 34(3), 505-516. 

Sithiprasasna, R., Linthicum, K. J., Liu, G. J., Jones, J. W., & Singhasivanon, P. (2003b). Use of 
GIS-based spatial modeling approach to characterize the spatial patterns of malaria 
mosquito vector breeding habitats in northwestern Thailand. Southeast Asian J Trop Med 
Public Health, 34(3), 517-528. 

Sithiprasasna, R., Ja Lee, W., Ugsang, D., & Linthicum, K. (2005). Identification and 
characterization of larval and adult anopheline mosquito habitats in the Republic of Korea: 
potential use of remotely sensed data to estimate mosquito distributions. International 
Journal of Health Geographics, 4(1), 17. 

Snow, R. W., & Gilles, H. M. (2002a). The epidemiology of malaria. In D. A. Warrell & H. M. Gilles 
(Eds.), Essential Malariology (Fourth ed.). London: Arnlod, a member of the Hodder 
Headline Group. 

Snow, R. W., & Gilles, H. M. (2002b). The epidemiology of malaria. In D. A. Warrell & H. M. Gilles 
(Eds.), Essential Malariology (Fourth ed., pp. 85-106). London: Arnold, a member of the 
Hodder Headline Group. 

Snow, R. W., Craig, M. H., Newton, C. R. J. C., & Steketee, R. W. (2003). The Public Health 
Burden of Plasmodium falciparumMalaria in Africa: deriving from number. Nairobi: KEMRI-
Wellcome Trust Collaborative Program. 

Snow, R. W., Korenromp , E. L., & Gouws, E. (2004). Pediatirc Mortality in Africa: Plasmodium 
Falciparum Malaria as a Cause or Risk? American Journal of Tropical Medicine and 
Hygiene, 71 (suppl 2), 16 - 24. 

Snow, R. W., Guerra, C. A., Noor, A. M., Myint, H. Y., & Hay, S. I. (2005). The global distribution of 
clinical episodes of Plasmodium falciparum malaria. Nature, 434, 214 - 217. 



 307 

Snow, W. F. (1980). Field estimates of the flight speed of some West African mosquitoes. Ann Trop 
Med Parasitol, 74(2), 239-242. 

Soekirno, M., Santijo, K., Nadjib, A. A., Suyitno, Mursiyatno, & Hasyimi, M. (1997). Fanua 
Anopheles dan Status, Pola Penularan serta Endmisitas Malaria di Halmahera, Maluku 
Utara. Cermin Dunia Kedokteran, 118, 15 - 19. 

Soeparmo, H. T., & Laird, R. L. (1954, 15-27 November 1954). Anopheles sundaicus and Its 
Control by DDT Residual Spraying in Indonesia. Paper presented at the Malaria Confrence 
for The Western Pacific and South East Asia Regions, Baguio - Philippina. 

Soerono, M., Badawi, A. S., Muir, D. A., Soedomo, & Siran, M. (1965). Observation on Double 
Resistant Anopheles aconitus Donitz in Java, Indonesia Including Its Amenability to 
Threatment with Malathion (No. WHO/Mal/488.65). Geneva: WHO. 

Sogoba, N., Doumbia, S., Vounatsou, P., Baber, I., Keita, M., Maiga, M., Traore, S. F., et al. (2007). 

Monitoring of larval habitats and mosquito densities in the Sudan savanna of Mali: 
implications for malaria vector control. Am J Trop Med Hyg, 77(1), 82-88. 

Somboon, P., Tuno, N., Tsuda, Y., & Takagi, M. (2000). Evidence of the specific status of 
Anopheles flavirostris (Diptera: Culicidae). J Med Entomol, 37(3), 476-479. 

Spielman, A., & D'Antonio, M. (2001). Mosquito - the Story of Man's Deadliest Foe. London: 
Faberand Faber Limited. 

Srivastava, A., Nagpal, B. N., Saxena, R., & Sharma, V. P. (1999). Geographic information system 
as a tool to study malaria receptivity in Nadiad Taluka, Kheda district, Gujarat, India. 
Southeast Asian J Trop Med Public Health, 30(4), 650-656. 

Srivastava, A., Nagpal, B. N., Saxena, R., & Subbarao, S. K. (2001). Predictive habitat modelling 
for forest malaria vector species An. dirus in India - A GIS-based approach. Current 
Science, 80(9), 1129-1134. 

Srivastava, A., Nagpal, B. N., Saxena, R., Eapen, A., Ravindran, K. J., Subbarao, S. K., 
Rajamanikam, C., et al. (2003). GIS based malaria information management system for 
urban malaria scheme in India. Computer Methods and Programs in Biomedicine, 71(1), 
63-75. 

Stoler, J., Weeks, J. R., Getis, A., & Hill, A. G. (2009). Distance threshold for the effect of urban 
agriculture on elevated self-reported malaria prevalence in Accra, Ghana. Am J Trop Med 
Hyg, 80(4), 547-554. 

Stoops, C. A., Gionar, Y. R., Shinta, Sismadi, P., Elyazar, I. R., Bangs, M. J., & Sukowati, S. 
(2007). Environmental factors associated with spatial and temporal distribution of 
Anopheles (Diptera: Culicidae) larvae in Sukabumi, West Java, Indonesia. J Med Entomol, 
44(4), 543-553. 

Stoops, C. A., Gionar, Y. R., Shinta, Sismadi, P., Rachmat, A., Elyazar, I. F., & Sukowati, S. (2008). 
Remotely-sensed land use patterns and the presence of Anopheles larvae (Diptera: 
Culicidae) in Sukabumi, West Java, Indonesia. J Vector Ecol, 33(1), 30-39. 

Sugianto (2002). Environmental Factors of Mosquito Density and Implications For Malaria 
Incidence in Pamotan Village - Kalipucang Subdistrict District of Ciamis - West Java 
Province - Indonesia. Unpublished Master Thesis, Griffith University, Brisbane. 

Sujudi, A. (2004a). Membangun Fondasi Reformasi Kesehatan Indonesia (Building the Foundation 
of Health Sector Reform in Indonesia). Jakarta: Mininstry of Health, Indonesia - Jakarta. 

Sujudi, A. (2004b). Pembangunan Kesehatan di Masa Datang, Kebijakan dan Perencanaan 
(Development for future Public Health Policy in Indonesia). Jakarta: Ministry of Health, 

Indonesia; Jakarta. 



 308 

Sukabumi District-BAPPEDA (2007). RPJM KABUPATEN SUKABUMI 2006 - 2010 Available from 
http://bappeda.kabupatensukabumi.go.id/index.php?option=com_content&task=view&id=1
5&Itemid=36 

Sukabumi District (2004). Sukabumi District in Figures 2004. Sukabumi: Badan Pusat Statistik 

Kabupaten Sukabumi and BAPPEDA Kabupaten Sukabumi. 

Sukabumi District (2007, Sept 2007). Sukabumi Point of Interest Retrieved 19 Sept, 2007, from 
http://www.kabupatensukabumi.go.id/index.php?ar_id=127 

Sukabumi District Health Office (2006). Malaria Annual Report. Sukabumi: Sukabumi District Health 

Office. 

Sumawinata, I. W., Bernadeta, Leksana, B., Sutamihardja, A., Purnomo, Subianto, B., Sekartuti, et 
al. (2003). Very high risk of therapeutic failure with chloroquine for uncomplicated 
Plasmodium falciparum and P. vivax malaria in Indonesian Papua. Am J Trop Med Hyg, 
68(4), 416-420. 

Susanna, D. (2005). Dinamika Penularan Malaria di Ekosistem Persawahan, Perbukitan, dan 
Pantai (Studi di Kabupaten Jepara, Purworejo, dan Kota Batam). Unpublished PhD Thesis, 
University of Indonesia, Jakarta. 

Susser, E. (2004). Eco-epidemiology: thinking outside the black box. Epidemiology, 15(5), 519-520; 
author reply 527-518. 

Susser, M., & Susser, E. (1996a). Choosing a future for epidemiology: II. From black box to 
Chinese boxes and eco-epidemiology. Am J Public Health, 86(5), 674-677. 

Susser, M., & Susser, E. (1996b). Choosing a future for epidemiology: I. Eras and paradigms. Am J 
Public Health, 86(5), 668-673. 

Sutanto, I., Supriyanto, S., Ruckert, P., Purnomo, Maguire, J. D., & Bangs, M. J. (2004). 
Comparative efficacy of chloroquine and sulfadoxine-pyrimethamine for uncomplicated 
Plasmodium falciparum malaria and impact on gametocyte carriage rates in the East 
Nusatenggara province of Indonesia. Am J Trop Med Hyg, 70(5), 467-473. 

Sutherst, R. W. (2004). Global Change and Human Vulnerability to Vector-Borne Diseases. Clinical 
Microbiology Reviews, 17(1), 136-173. 

Suwasono, H., Widiarti, Nalim, S., & Anwar (1997). Fluktuasi Padat Populasi An. balabacensis and 
An. maculatus di Daerah Endemis Kabupaten Banjarnegara, Jawa Tengah. Cermin Dunia 
Kedokteran, 118, 5-8. 

Sweeney, A. W. (1998, 16-19 November 1998). The Application of GIS in Malaria Control 
Programs. Paper presented at the 10th Colloquium of the Spatial Information Research 
Centre - University of Otago, University of Otago, New Zealand. 

Swinton, J. (2002). A Dictionary of (Ecological) Epidemiology Retrieved 3 February 2006, from 
http://www.swintons.net/jonathan/Academic/glossary.html 

Syafruddin, D., Asih, P. B., Aggarwal, S. L., & Shankar, A. H. (2003). Frequency distribution of 
antimalarial drug-resistant alleles among isolates of Plasmodium falciparum in Purworejo 
district, Central Java Province, Indonesia. Am J Trop Med Hyg, 69(6), 614-620. 

Syafruddin, D., Krisin, Asih, P., Sekartuti, Dewi, R., Coutrier, F., Rozy, I., et al. (2009). Seasonal 
prevalence of malaria in West Sumba district, Indonesia. Malaria Journal, 8(1), 8. 

Takken, W., Snellen, W. B., Verhave, J. P., Knols, B. G. J., & Atmosoedjono, S. (1990). 
Environmental measures for malaria control in Indonesia. A historical review on species 
sanitation. Wageningen: Wageningen, Netherlands : Wageningen Agricultural University. 

http://bappeda.kabupatensukabumi.go.id/index.php?option=com_content&task=view&id=15&Itemid=36
http://bappeda.kabupatensukabumi.go.id/index.php?option=com_content&task=view&id=15&Itemid=36
http://www.kabupatensukabumi.go.id/index.php?ar_id=127
http://www.swintons.net/jonathan/Academic/glossary.html


 309 

Tanner, M., & de Savigny, D. (2008). Malaria eradication back on the table. Bull World Health 
Organ, 86(2), 82. 

Taylor-Robinson, A. (2001). Immunity to malaria increases during puberty. Trends in Parasitology, 
17(5), 213. 

Taylor, P., & Mutambu, S. L. (1986). A review of the malaria situation in Zimbabwe with special 
reference to the period 1972-1981. Trans R Soc Trop Med Hyg, 80(1), 12-19. 

The United Kingdom Environmental Change Network (2000, 04 October 2000). Climate Change 
Retrieved 20 August 2005, from http://www.ecn.ac.uk/Education/climate_change.htm 

The Wellcome Trust (2001). Malaria. On Topics in International Health - Malaria 2nd edition CD-
ROM. London: The Wellcome Trust. 

Tong, S., & Hu, W. (2001). Climate variation and incidence of Ross river virus in Cairns, Australia: a 
time-series analysis. Environ Health Perspect, 109(12), 1271-1273. 

Tong, S., Bi, P., Donald, K., & McMichael, A. J. (2002). Climate variability and Ross River virus 
transmission. J Epidemiol Community Health, 56(8), 617-621. 

Tong, S., & Hu, W. (2002). Different responses of Ross River virus to climate variability between 
coastline and inland cities in Queensland, Australia. Occup Environ Med, 59(11), 739-744. 

Tong, S., Hu, W., & McMichael, A. J. (2004). Climate variability and Ross River virus transmission 
in Townsville Region, Australia, 1985-1996. Trop Med Int Health, 9(2), 298-304. 

Tong, S., Hu, W., Nicholls, N., Dale, P., MacKenzie, J. S., Patz, J., & McMichael, A. J. (2005). 
Climatic, high tide and vector variables and the transmission of Ross River virus. Intern 
Med J, 35(11), 677-680. 

Tren, R. (2002). Malaria Control and Climate Change in India. New Delhi: Julian Simon Center for 
Policy Research-Africa Fighting Malaria-European Science and Environment Forum-
Liberty Institute. 

UNDP (2004). Indonesia Progress Report on the Millenium Development Goals 2004. Jakarta: 
United Nation Development Program (UNDP). 

UNICEF (2000, 2000/03). Quarter of refugee children in West Timor malnourished Retrieved 10 
April, 2008, from http://www.unicef.org/newsline/00pr03.htm 

van den Berg, H., & Knols, B. G. (2006). The Farmer Field School: a method for enhancing the role 
of rural communities in malaria control ? Malar J, 5, 3. 

van den Berg, H., & Takken, W. (2007). A framework for decision-making in integrated vector 
management to prevent disease. Trop Med Int Health, 12(10), 1230-1238. 

Van der Brug, P. H. (1997). Malaria in Batavia in the 18th century. Trop Med Int Health, 2(9), 892-
902. 

Van der Brug, P. H. (2001). Unhealthy Batavia and the decline of VOC in the eigthteenth century. In 
K. Grijns & P. J. M. Nas (Eds.), Jakarta Batavia. Socio-cultural essays. Leiden: KITLV 
Press. 

Van Der Hoek, W., Konradsen, F., Amerasinghe, P. H., Perera, D., Piyaratne, M. K., & 
Amerasinghe, F. P. (2003). Towards a risk map of malaria for Sri Lanka: the importance of 
house location relative to vector breeding sites. Int J Epidemiol, 32(2), 280-285. 

Van Hell, J. C. (1952). The Anopheline Fauna and Malaria Vectors in South Celebes. Med. Geogr. 
Trop., 4, 45-56. 

http://www.ecn.ac.uk/Education/climate_change.htm
http://www.unicef.org/newsline/00pr03.htm


 310 

Van Thiel, P. H., & Winoto, R. M. P. (1951). Summary Report on the Control of Highly Endemic 
Malaria, Carried by An. Sundaicus, by Means of DDT House Spraying, in a Village of Java 
(Indonesia) (No. WHO/Mal/72). Geneva: WHO. 

Van Thiel, P. H., & Metselaar, D. (1954). A pilot project of residual-insecticide spraying to control 
malaria transmitted by the Anopheles punctulatus group in Netherlands New Guinea. Bull 
World Health Organ, 11(4-5), 521-524. 

Vanderwal, T., & Paulton, R. (2000). Malaria in the Limbe River valley of northern Haiti: a hospital-
based retrospective study, 1975-1997. Rev Panam Salud Publica, 7(3), 162-167. 

Verdrager, J., & Arwati, L. (1974). Resistant Plasmodium falciparum from Samarinda, Kalimantan 
(Indonesia) (No. WHO/Mal/74.837). Geneva: WHO. 

Verdrager, J., Arwati, Simanjuntak, C. H., & Saroso, J. S. (1975a). Response of Falciparum Malaria 
to a Standard Regimen of Chloroquine in Jayapura, Irian Jaya (Indonesia) (No. 

WHO/Mal/75.860). Geneva: WHO. 

Verdrager, J., Arwati, Simanjuntak, C. H., & Saroso, J. S. (1975b). Chloroquine-resistant falciparum 
malaria in East Kalimantan, Indonesia (No. WHO/Mal/75.863). Geneva: WHO. 

Verdrager, J., Arwati, Simanjuntak, C. H., & Saroso, J. S. (1976). Chloroquine-resistant falciparum 
malaria in East Kalimantan, Indonesia. J Trop Med Hyg, 79(3), 58-66. 

Verhave, J. P. (1990). Swellengrebel and species sanitation, the design of an idea. In W. Takken, 
W. B. Snellen, J. P. Verhave, B. G. J. Knols & S. Atmosoedjono (Eds.), Environmental 
measures for malaria control in Indonesia. A historical review on species sanitation. 

Wageningen: Wageningen, Netherlands : Wageningen Agricultural University. 

Warrell, D. A., & Gilles, H. M. (2002). Essential Malariology (Fourth ed.). London: Arnold, a member 
of the Hodder Headline Group. 

West Java, E. P. A. (2000). Environmental Status of West Java - Sukabumi Regency 2000. from 

http://www.bplhdjabar.go.id/soe/deskripsi%20wilayah/02.Kabupaten%20Sukabumi.pdf. 

White, G. B. (1983). The importance of Anopheles leucosphyrus group mosquitoes as vectors of 
malaria and filariasis in relation to transmigration and forestry in Indonesia, with 
assessment of Anopheles balabacensis ecology and vectorial capacity. (Assignment 

Report. Project I.R. V.B.C. 025). Jakarta: Unpublished report to WHO-VBCRU. 

WHO (1954, 15-27 November 1954). Information of the Malaria Control Programme in Netherlands 
New Guinea. Paper presented at the Malaria Confrence for The Western Pacific and South 
East Asia Regions, Taipei. 

WHO (1975). Manual on practical entomology in malaria, Part 1. Vector bionomics and organization 
of anti-malaria activities. Geneva: World Health Organization - WHO. 

WHO (1979). WHO Expert Committee on Malaria - Seventeenth Report, World Health Organisation 
Technical Report Series. Geneva: World Health Organisation. 

WHO (1998, Mon Feb 18 16:59:04 2002). Launch of Roll Back Malaria Retrieved 30 July 2005, 
2005, from http://www.who.int/director-general/speeches/1998/english/19981030_un.html 

WHO (2000). WHO Expert Committee on Malaria (No. 892). Geneva: WHO. 

WHO (2002). Review of Roll-Back Strategies in the South-East Asian Region (No. SEA-MAL-229-
Rev.1). New Delhi: World Health Organization - Regional Office for South-East Asia. 

WHO (2003a). Malaria entomology and vector control - Learner’s Guide. Geneva: World Health 
Organization. 

http://www.bplhdjabar.go.id/soe/deskripsi%20wilayah/02.Kabupaten%20Sukabumi.pdf
http://www.who.int/director-general/speeches/1998/english/19981030_un.html


 311 

WHO (2003b). Malaria entomology and vector control - Tutor's Guide. Geneva: World Health 
Organization. 

WHO (2006a). Malaria Vector Control and Personal Protection- Report of a Study Group. WHO 
Technical Report Series 936. Geneva: World Health Organization (WHO). 

WHO (2006b). Informal consultation on malaria elimination: setting up the WHO agenda. Geneva: 
World Health Organization - WHO. 

WHO (2008). World Malaria Report 2008. Geneva: World Health Organisation - WHO. 

WHO (2009). Malaria Fact sheet No 94. 

Widiatmoko, D., & Gani, A. (2002). International relations within Indonesia's hospital sector. In J. 
Casas & A. Cassels (Eds.), Trade in Health Services: Global, Regional and Country 
Perspectives. Washington DC: Pan American Health Organization, Program on Public 
Policy and Health, Division of Health and Human Development. 

Wilson, M. L. (2001). Ecology and Infectious Disease. In J. L. Aron & J. A. Patz (Eds.), Ecosystem 
Change and Public Health-A Global Prespective. Baltimore & London: The Johns Hopkins 
University Press. 

Wiser, M. F. (2005, February 17, 2005). Malaria Retrieved 4 August 2005, from 
http://www.tulane.edu/~wiser/protozoology/notes/malaria.html 

Worrall, E., Basu, S., & Hanson, K. (2003). The Relationship between Socio-economic Status and 
Malaria: A Review of The Literature (Paper). London: London School of Hygiene and 
Tropical Medicine. 

Yang, G., Zhou, X., Sun, L., Malone, J. B., McCarroll, J. C., Wang, T., Liu, J., et al. (2002a). GIS 
prediction model of malaria transmission in Jiangsu province. Zhonghua Yu Fang Yi Xue 
Za Zhi, 36(2), 103-105. 

Yang, G. J., Zhou, X. N., Malone, J. B., McCarroll, J. C., Wang, T. P., & Liu, J. X. (2002b). 
[Application of multifactor spatial composite model to predict transmission tendency of 
malaria at national level]. Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi, 
20(3), 145-147. 

Ye, Y., Louis, V. R., Simboro, S., & Sauerborn, R. (2007). Effect of meteorological factors on clinical 
malaria risk among children: an assessment using village-based meteorological stations 
and community-based parasitological survey. BMC Public Health, 7(147), 101. 

Zahar, A. R. (1996). Vector Bionomic in the Epidemiology and Control of Malaria Part III. The WHO 
South-East Asia Region & The Western Pacific Region (CTD/MAL/96.1 ed.). Genewa: 

WHO. 

Zar, J. H. (1999). Biostatistical analysis (4th ed.). New Jersey: Upper Saddle River, N.J. : Prentice 
Hall. 

Zucker, J. R. (1996). Changing Patterns of Autochthonous Malaria Transmission in The United 
States: A Review of Recent Outbreaks. Emerging Infectious Diseases (EID), 2 No. 1, 37-

43. 

 

 

http://www.tulane.edu/~wiser/protozoology/notes/malaria.html


 312 



 313 

APPENDICES 

Appendix 1: Ethical Clearance for the Use of Human Subjects 

 



 314 

Appendix 2: Malaria Research Questionnaire 

Malaria Research 

―Environmental factors and an eco-epidemiological model 
of malaria in Indonesia‖ 

Information Sheet 

Dear respondents, you have been invited to participate in a study entitled ―Environmental factors and an 
eco-epidemiological model of malaria in Indonesia‖.  

This research is designed to explore the environmental risk factors of malaria in Indonesia and aims to build an 
eco-epidemiological model of the disease in this country. The study is part of a PhD project at Griffith 
University and is expected to contribute to the understanding of malaria patterns to assess, predict and control 
malaria transmission in Indonesia. The researcher is a PhD student at the School of Environmental Planning, 
Griffith University Australia, He is also a staff member at the Indonesian Ministry of Health, working at NTT 
Provincial Health Office in Kupang – West Timor.  

In the questionnaire, you will be asked to describe some environmental conditions surrounding your house, 
your behaviour and your outdoor nocturnal activities, and how these relate to malaria. Others general 
questions related to your socio-economic conditions such as education and occupation. The researcher is also 
interested in finding out your experience, knowledge and practice regarding malaria protection and malaria 
treatment.  

Risk and safeguards: 

In this research, be assured that there is no risk of harm. You will be asked to tell us only about your 
experience, your feeling about malaria. We will inspect your house and take note of your surrounding 
environmental conditions regarding malaria mosquito‘ breeding places. 

Confidentiality. 

The record of this interview and the record of the observation will be kept strictly confidential. The anonymity of 
each individual is assured. For identification purposes this study will use codes. 

Voluntary Action. 

Completion of this questionnaire is voluntary, however, we will be grateful for your time. The questionnaire will 
take around 15 minutes to complete, and you will not be obligated gated to join this study. You join of your own 
free will. At any point in this study you have the right to accept or refuse to answer any question without 
explanation. 

Research follow up 

Once all questionnaires have been collected and analysis has been conducted, the results will be written up as 
a scholarly paper. All questionnaires are anonymous and only the aggregate result will be presented. You are 
welcome to request a copy from the researchers below: 

 

Researcher: Ermi M.L. Ndoen e.ndoen@griffith.edu.au + 61 (07)373  56733 

Supervisors: Professor Pat Dale p.dale@griffith.edu.au + 61 (07) 373 57136 

 Dr. Neil Sipe n.sipe@griffith.edu.au + 61 (07) 373 57645 

Thank you for agreeing to participate in this study! 

mailto:e.ndoen@griffith.edu.au
mailto:p.dale@griffith.edu.au
mailto:n.sipe@griffith.edu.au
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CONSENT FORM 

I,  ……………………………...……………..                

agree to be interviewed by  Ermi M.L Ndoen, PhD Student, School of 

Environmental Planning, Griffith University, Brisbane, Queensland for the 

purposes of his doctoral research. 

I understand that I am participating in the research as a volunteer and I can 

terminate the research at any time without explanation. I understand that the 

results of the research may be published or presented for a particular purpose. 

My identity and responses will remain strictly confidential. I also confirm that my 

information is true and accurate and will be used to gain fact and for research 

purposes. 

Signature  :  

 

Date  : 

If you would like to receive a summary of the result of this study, please tick the 

box provided below and complete the mailing address. 

 

  Yes, I would like to receive a summary of the research results 

Mailing address : 
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Malaria Questionnaire  

No of Questionnaire :  Interview Date _________/__________/ 20__ 

Respondent CODE  

Interviewer name:  

Instruction for the interviewer: 

1. Interview all respondents with respect. 

2. Circle all answer given or Write in answers if response in not covered by check list (open 

questions)  

3. Do not read out the answers to respondents. 

I. General Data: 

A. Location 

Province  Health Centre  

District  Village  

Sub District  Sub Village  

 

Ecological Type : Coastal Area  Rice Field  Highland  

 

Malaria Endemicity High  Low  

B. Characteristic of respondent  

1 Gender Male (M) Female (F) 

2 Age ________ Years, _______ Months 

3 Number of family members in 
the house (Including 
dependent(s)). 

Age Groups Total 

Baby (s)  

1-5 Years  

6-14 Years  

More than 14 years  

Total  

4 Respondent education level a. Never attended school 
b. Did not completed primary school 
c. Completed primary school 
d. Completed junior high school 
e. Completed senior high school 
f. Tertiary (Diploma, Bachelor/Master/PhD) 

5 Status of respondent in the 
house/family 

a. Husband, head of household 
b. Wife 
c. Mature age child (Adult= >18 years)  
d. Mature age relative (Adult= >18 years)  
e. Other 
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II. Socio-economic Data 

6 Head of household occupation  a. Unemployed 
b. Farmer ( Go to No 7) 
c. Fisherman ( Go to No 17) 
d. Casual worker 
e. Self-employed 
f. Pensioner 
g. In private/commercial employment 
h. Government employee 

If the answer for No. 6 is Farmer, go to No.7, if Fisherman go to question No. 16, other go to 
question no: No. 23 

These following questions are for Farmer 

7 As a farmer, do you have your own land (rice field)? No Yes 

8 How big is your land?             Ha 

9 When (which month) do you start to grow your rice or other crops?  

10 When (which month) do you harvest your rice or other crops?  

11 How many times in a year do you grow rice or other crops?  

12 Do you use insecticides for your rice plants or other crops?  

13 What time do you start working in the field?  

14 What time do you finish?  

15 Do you have fish (mina padi) in your rice field? No Yes 

These following questions are for Fisherman 

16 Do you own your own boat? No Yes 

17 How big is your boat?               M
3
 

18 On average, how many days in a month do you go fishing? Day (s) 

19 When (which month) is the best season for fishing?  

20 What time do you usually go fishing?  

21 What time do you usually come back to shore?  

 

For BOTH farmer and Fisherman: 

22 Do your family members help you on the beach or in the rice field? No Yes 

 

For all respondents 

23 Family ownership a. House M
2
 

b. Housing status Owner / Rented 

c. Land (resident area) M
2
 

d. Radio/tape recorder  

e. Television  

f. Motor cycle  

g. Car  

24 What is the estimation of your family monthly income Rp. __________________ 

 
Or, (if respondents didn’t give a figure)  
Which figure best describes your family 
monthly income? 
 

a.  < Rp.650,000 
b. Rp.650,000 – Rp. 1.000.000 
c. > Rp. 1.000,000 – Rp. 2.000,000 
d. > Rp. 2.000,000 – Rp. 3.000,000 
e.  > Rp. 3.000,000 – Rp. 5.000,000 
f.  > Rp. 5.000,000 
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25 What type of lighting do you have? a.  Electric (PLN) 

b.  Electric (Non PLN) 

c.  Pump light with kerosene   

d.  Other 

26 What type of cooking fuel do you use? a. Firewood 

b. Kerosene stove 

c. Gas stove 

d. Electric stove 

 
III. Environmental Data  

A. House Condition 

27 Housing type of wall  a. Brick 

b. Bamboo 

c. Wood 

d. Other, ________ 

28 Housing type of floor a. Tile 

b. Cement 

c. Land/ground 

d. Other, ________ 

29 No. of windows in the house Window (s) 

a. No. of windows with mosquito proofing Window (s) 

b. No. of windows without mosquito proofing Window (s) 

30 No. of bedrooms Window (s) 

a. No. of bedroom windows with mosquito proofing Window (s) 

b. No. of bedroom windows without mosquito proofing Window (s) 

B. Water and Sanitation 

31 Where do you go for defecation? 

a. Own toilet inside the house (sharing part of your house) 

b. Own toilet (in separate building) 

c. Sharing toilet with neighbour  

d. Backyard or bush 

e. River 

f. Other, …………… 

32 Where do you go to get clean water for daily consumption (cooking, washing, 
bathing)? 

a. Public water pipe supply 

b. Open well (without pump) 

c. Artesian well 

d. River 

e. Buy from mobile water tank  

f. Other, …………… 
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33 What time do you go to the river for: MORNING AFTERNOON 

a. Collecting clean water  No  Yes   

b. Bathing No  Yes   

c. Washing your clothes No  Yes   

d. Other, …………………….. No  Yes   

 

C. Mosquito breeding places 

34 Are any of the following places within a 2 km radius of the house? 

a. Swamp       No  Yes 

b. Rice field  No  Yes 

c. Pond No  Yes 

d. Natural spring  No  Yes 

e. Brackish water No  Yes 

f. Other, …………………….. No  Yes 

35 What is the best description of the distance between your house 
and the closest breeding places 

 
m 

a.  0 to 50 metre 
b.  > 50 to 100 metre 
c.  > 100 to 200 metre 
d.  > 200 to 1,000 metre 
e.  > 1,000 to 2,000 metre 
f.  > 2,000 metre 

36 Which of the following places within a 2 km radius of the house, can mosquitoes be 
found? 

a. Bush No  Yes 

b. Garden No  Yes 

c. Yard No  Yes 

d. Other …………………………. No  Yes 

37 Do you have a paddock / cattle shelter near the house within 20 
metres or do you share part of your house with livestock? 

No  Yes 

IV. Malaria Data 

A. Experience of Having Malaria 

38 Are you or your family members 
experiencing malaria at 
present?  

Age groups M F Total 

a. Baby (s)    

b. 1-5 years    

c. 6-14 years    

d. More than 14 years    

Total    
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39 Did you or your family members 
suffer from malaria during the 
past 3 months? 

Age Groups M F Total 

a. Baby (s)    

b. 1-5 Years    

c. 6-14 Years    

d. More than 14 years    

Total    

40 a. Have you or your family members travelled in the last TWO WEEKS or ONE 
MONTH PRIOR TO HAVING MALARIA?  

NO Yes 

b. Where did you go?  

c. How long did you stay in that place? Day (s) 

41 On average, how many times per year do you or your family 
members experience malaria? 
 

a. Never 

b. 1 times 

c. 2 times 

d. 3 times  

e. > 4 timer  

42 When you or your family members were ill, how many days did you 
stay at home and not go to work/school? 

a. 1-2 Days 

b. 3-4 days 

c. 5-7 Days 

d. 1 week – 2 weeks 

e. > 2 weeks 

B. Access to Health Facilities 

43 What is the closest health facility to your home? 

a. Village midwife post b. Sub health centre c. Health centre 

d. Public Hospital/Clinic e. Private clinic f. Private GP 

g. Village malaria post or cadre h. Other  

44 How far is the closest health facility from your home Km 

45 How do you get there? a. Walk No  Yes 

b. Motorcycle No  Yes 

c. Car No  Yes 

d. Other No  Yes 

46 How long does it take you to get to the closest health facility? Hour(s) 

47 In your last experience, how much did you spend to get there? Rp. 

C. Migration Pattern and Malaria 

48 How often have you or your family 
members travelled outside your 
village for work or to look for a 
work? 

Never Rarely Sometimes Often Very Often 

49 Where did you or your family members spent most of your work time 
outside your village? 

 

50 How long did you or your family members stay in that place? Day (s) 

51 How often do you or your family members return home to visit family?  
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52 How often have you had malaria 
when you are away from the village 
or work? 

Never Rarely Sometimes Often Very Often 

D. Nocturnal Outdoor Activities 

53 In the last week, how many days did you spent the evening/night outside Day (s) 

54 How often do you or your family 
members spend the evening/ night 
outside? 

Never Rarely Sometimes Often Very Often 

55 Do you sleep in the plantation or rice 
field or on the beach at night?  
if NEVER, GO to 59 

Never Rarely Sometimes Often Very Often 

56 What time do you go outside to spend your evening/night?  

57 What time do you return home to sleep?  

58 What are the other activities that you regularly do outside in the evening or night? 

 

 

 

 

E. Malaria Control Protection (Practise) 

59 What do you do to protect yourself and your family from malaria? 

 

 

 

60 Do you have bednets? No  Yes 

a. How many beds have bednets? Bed(s) 

b. How many people sleep under bednets? Person (s) 

c. Type of bednets a. Impregnated bednet (ITN) 
b. Not ITN 
c. Other 

IF the answer for 60 is NO, go to no 62 

61 Where did you get your bednets? 

a. Self provided (you bought it) No  Yes 

b. Distributed by Health Centre  No  Yes 

c. Distributed by NGO (____________________________) No  Yes 

d. Other, No  Yes 

62 
 
 
 
 

Why don‘t you have (or don‘t use) bednets? 
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63 Do you wear sarong/trousers and 
long sleeved shirts when you are 
outside in the evening/ night? 

Never Rarely Sometimes Often Very Often 

64 Has your house been sprayed with 
mosquito insecticide (IRS) 

Never Rarely Sometimes Often Very Often 

65 When was the last time your house was sprayed with 
mosquito insecticides? 

a. less than 1 month 

b. 1 to 5 month ago 

c. 6 month to  1 year ago 

d. more than 1 year ago 

e. Never sprayed 

66 Do you take any medication for 
malaria prophylaxis? 

Never Rarely Sometimes Often Very Often 

67 How often – within a month – do you 
clean your garden or backyard? 

Never Every 
day 

Once a 
week 

Every 
two 

weeks 

Once a 
month 

 

Thank your for your participation. 
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Appendix 3: Case Study: Political Turmoil Increased Malaria in West Timor?  

In many parts of the world, unrest, military conflict and war, along with unfavourable ecological 
changes, may have a big impact on malaria epidemics (Prothero, 1997). In August 1999, during the 
East Timor crisis, most East Timorese moved to West Timor as refugees.  

The number of refugees reached 275,556 in October 1999, and remained at 135,067 in 2000. Most 
of these people (71%) lived in Belu District, the boundaries area between West Timor and East 
Timor. In some places, especially near the boundaries, refugees outnumber the local population. 
For every two local people there are three refugees (CDC-NTT, 2000). 

Most of these people lived in refugee camps in very poor environmental conditions. Basic needs such 
as water supply, sanitation facilities, and food stocks were inadequate and insufficient. The refugees 
made tents or small shelters for their homes. The camps were overcrowded and many refugees had 
no shelter, and slept under trees, crudely constructed tents made from clothing, or in the open air.   

Malaria cases among refugees in West Timor from September 1999 to March 2000 

No District 
Refugee 
numbers 

Malaria cases 
Malaria 
mortality  

CRF (%) 

1. Kupang Municipality 574 444 - - 

2. Kupang 22,174 3,316 15 0.45 

3. Timor Tengah Selatan 2,487 630 2 0.32 

4. Timor Tengah Utara 13,423 1,369 1 0.07 

5. Belu 96,409 26,737 96 0.36 

 TOTAL 135,067 32,496 114 0.35 

Source: (CDC-NTT, 2000)  
 

Due to these circumstances, malaria incidence in West Timor has become critical, especially among 
the refugees. Based on the CDC Section of NTT Provincial Office report of the Refugee Mortality and 
Morbidity Surveillance System, (CDC-NTT, 2000), from August 1999 until March 2000, the number of 
malaria cases was 32,496 cases with 114 deaths (case fatality rate/CFR= 0.35 %). See table for 
distribution of refugees and malaria cases among them.  

The number of malaria cases in West Timor was getting worse as time passed, especially among 
the refugees. Meek et al. (2000) pointed out that malaria is one of the leading causes of morbidity 
and mortality in most refugee settings. Political violence, economic difficulties and environmental 
problems have made a huge contribution to the increase of malaria among refugees (WHO, 2000).  

Based on these circumstances and for the  purposes of protecting refugees from malaria, WHO 
decided that the incidence of malaria in West Timor had reached the status of "Malaria in Complex  
Emergency" (CDC-NTT, 2000), meaning that the situation affects a large number of people, 
resulting in excess mortality and morbidity (Meek et al., 2000). 

This complex emergency in West Timor was based on the following facts. Firstly, there was a 
concentration of people in high-risk malaria areas. Secondly, the nutritional status of the refugees 
was very poor. The Indonesian Ministry of Health predicted that 4 per cent of child refugees under 
five were severely malnourished, with another 20 per cent suffering from moderate malnutrition. 
The United Nations considered that a malnutrition rate at or above 15% is a serious nutritional 
emergency (UNICEF, 2000). This nutritional condition has a close relationship with diseases such 
as malaria. Thirdly, the environmental conditions were deteriorating, so vector breeding was 
potentially escalating. Lastly, there were some problems in medicine supply and a difficulty in 
accessing the refugees due to the lack of personnel and the poor road access (CDC-NTT, 2000). 

 


