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ABSTRACT 

A series of studies investigating the impact of irrigation projects on malaria and rift valley fever 
(RVF) were undertaken in Jizan province in Saudi Arabia, an area with moderate to high 
malaria endemicity and where RVF was first recorded in 2000. Studies on the mosquito vector 
populations in both irrigated and non-iffigated villages were carried out over a 12-month period 
from January to December 2004, by larval surveys and adult mosquito surveys using pyrethrum. 
knockdown catches (PKD), CDC light-traps baited with dry ice. A geographic information 
system (GIS) was used to examine the geographical distribution of malaria and RVF in all 
selected villages, and to determine if the risk of disease was influenced by man-made water 
resources in the area. A KAP survey was undertaken to assess the knowledge, attitudes and 
practices of the local community regarding malaria and RVF and their mosquito vectors. 

In total, 6,135 mosquito larvae belonging to three genera were collected during the study 
period, of which 2,637 were culicines and 3,498 were anophelines. Of these, Culex 
tritaeniorhynchus Say, the vector of RVF in Saudi Arabia, represented 74% of the total culicine 
catch, while Anopheles dthali comprised 50 % of the total anopheline, with the highest number 
collected from the irrigated sites. Overall, 22,825 adult mosquitoes were collected, and 19,887 
were culicines: Cx tritaeniorhynchus Say and Aedes vexans ssp. arabiensis Patton were the 
most abundant (78 % and 18 % respectively), with the highest number collected from the 
irrigated area, 79% (n= 11875) and 19% (n=2850) of the total catch respectively. A total of 
2938 anopheline adults were collected 53% (n=1574) were An. dthali Patton, 31% (n--924) 
were An. pretoriensis Theobald, and 7% (n=212) were An. gambiae s. l. Giles. Overall A 
significance t test show that there is no significant difference between irrigated and 
non-iffigated area in vector density (P > 0.05) while there was a significant difference 
between irrigated and non-iffigated area in malaria and RVF cases (P < 0.05). 

A total of 413 household heads were interviewed: 231 (55.9%) in 3 villages in the irrigated 
areas and 182 (44.1%) in 3 villages in non-irrigated areas. Households in both villages were 
significantly different (p<0.001) in all characteristics studied. Also, there was a marked 
difference in the total number of RVF cases reported during the 2000 epidemic between 
irrigated villages and non-iffigated villages, with much higher numbers occurring in irrigated 
areas (254) compared with non-irrigated areas (13). 

The GIS study showed that malaria positivity tended to be negatively correlated with the 
distance between houses and the nearest breeding sites and wadis in both irrigated non-iffigated 
villages. Overall, the households with RVF cases during the 2000 epidemic tended to have a 
higher mean malaria positivity score, and were, on average, closer to breeding sites and wadis, 
than those houses which did not have RVF cases in both irrigated villages and non-iffigated 
villages. 

The current rapid growth in agriculture and irrigation projects in Saudi Arabia, with little or no 
attention for their health impact cannot be sustained. Studies to gain new insight on their 
potential impact on RVF and malaria transmission are urgent as there is rapid, often unplanned, 
expansion and this could alter vector-borne disease epidemiology. Our study in irrigated and 
non-irrigated areas contributed to this by highlighting several risk factors to be considered in 
filrther studie's. It is considered that RVF and malaria transmission in irrigated areas can be 
ameliorated by control techniques, such as Insecticide-Treated Bednets, that are readily 
accepted by communities. 
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Chapter One: Introduction 
1.1 Introduction 

In the 120 years since mosquitoes were shown to transmit human disease, hundreds of 

viruses, bacteria, protozoa, and helminths have been found to require a 
haematophagous (blood-sucking) arthropod for transmission to vertebrate hosts (Gubler 

et aL, 1991). Historically, malaria, dengue, yellow fever, plague, filariasis, louse-borne 

typhus, trypanosomiasis, leishmaniasis, and other vector-borne diseases were 

responsible for more human disease and death in the 17th through to the early 20th 

centuries than all other causes combined (Gubler et aL, 1991). 

Mosquitoes are hosts to a variety of pathogens and parasites, including viruses, 
bacteria, fungi, and nematodes. Approximately 430 species of mosquitoes of the genus 
Anopheles are recognised (Service & Townson, 2002). Around 70 species worldwide 

can transmit malaria, but of these only about 40 are vectors of major importance 

(Service & Townson, 2002). Mosquitoes also transmit the viruses responsible for Rift 

valley fever, yellow fever, dengue haemorrhagic fever and several forms of encephalitis 
(Clements, 1992). 

Environmental change and ecological disturbance, due to both natural phenomena and 
human intervention, have exerted and continue to exert a marked influence on the 

emergence and proliferation of parasitic diseases (Patz et aL 2000). Deforestation and 

ensuing changes in land use, human settlement, commercial development, construction 

of roads, water control systems (dams, canals, irrigation systems, reservoirs), and 

climate, both alone and in combination, have been accompanied by global increases in 

morbidity and mortality from a number of emergent parasitic diseases (Lederberg et al., 
1992). Changes, such as agricultural practices and deforestation increase the risk for 

vector-borne disease transmission (Birley, 1991; Lederberg et al., 1992). Many 
irrigation systems and dams have been built in the past 50 years without regard to their 

effect on vector-borne diseases. Similarly, tropical forests are being cleared at an 
increasing rate, and agricultural practices such as rice production have also increased. 
Reservoirs, irrigation canals, and dams are closely associated with parasitic disease. 
The replacement of forests with crop farming, ranching, and raising of small animals 
can create a supportive habitat for parasites and their vectors. Introduction of non- 
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native species, such as cattle, pigs, and chickens can result in either increased or 
decreased transmission of parasitic disease to humans (Service, 1991). With livestock 

to feed on, the vectors may reduce feeding on humans or, conversely, vectors may 

multiply and seek additional human blood-meals (Giglioli, 1963). With the larger 

reservoirs of infection, there is increased parasite transmission and, the humans not 

only become ill, but also further increase the parasite reservoirs. 

Typically, larger breeding sites produce larger numbers of adult mosquitoes (Spiers, 

2003). In the tropics, during construction of dams and canals, excavation pits provide 
breeding sites for mosquitoes. The range of water bodies that can support the 

developing larval and pupal stages of the main malaria vectors is broad, ranging from 

foot/ hoof prints to extensive irrigated rice fields covering hectares in area, although 

each species is considered to prefer certain site types where it appears to proliferate and 

compete best (Service & Townson, 2002). Tropical reservoirs and irrigation systems 

provide ideal sites for rapid reproduction and growth of fluke-transmitting aquatic 

snails (Patz et aL, 2000). Additional breeding sites are provided by creation of basin 

irrigation for rice, by poor drainage, and impounded water and seepage. Hydrological 

changes following irrigation development or dam construction may lead to a significant 
increase in the extent of mosquito breeding sites and in their seasonal duration. Thus 

seasonal transmission of a disease such as malaria may be extended. As each vector has 
its own peculiar biology and environmental requirements, therefore the detailed design 

of a water development project should take account of the attributes of local vector 

species (Birley 1991). 

Understanding where mosquitoes breed and why they prefer certain water bodies over 

others is vital for the elaboration of sound mosquito control strategies and is 

particularly important in areas where large-scale irrigation is being practiced (Birley, 

1991; Ijumba & Lindsay, 2001). The key questions that have to be answered when 

water management measures are considered for vector bome disease control are: What 

are the local vectors? Where do they breed? Are the breeding opportunities that are 
created in the irrigated area likely to contribute significantly to the overall vector 
abundance and disease transmission level? Vector ecology and disease transmission are 
dynamic and complex processes and it is sometimes difficult to draw general 
conclusions (Birley, 1991). This must be considered when reading examples from 
different countries. 
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1.2 Vector-borne disease and Irrigation in Jizan province, Saudi Arabia 

Following the extensive malaria control programmes in Saudi Arabia, malaria is now 

.. restricted to- the southwestem part of the country (Tihama). About 5% of the national 

population of Saudi Arabia are at risk (1.04 million). Jizan Region, in the SW of Saudi 

Arabia and bordering Yemen, is known to be the most malarious region in Saudi 

Arabia, accounting on average for 60-70% of all locally acquired malaria cases 

recorded during the period from 1983 to 2001 (Al Sheikh, 2004). In valleys and 

villages at the foothills of Sarawat Mountains in Jizan region where P. falciparum is 

common (over 90% of cases) and where rainfall is relatively abundant, malaria occurs 

at meso- to hyperendemic level (Al-Seghayer 1983; Al-Seghayer et aL, 1999). In 

addition to the imported and border malaria, two major technical problems now face 

malaria control programme in Saudi Arabia. (a) the already developed resistance of 

vectors to organochlorine insecticides and the expected resistance to the insecticides in 

use, and (b) P. falciparum resistance to chloroquine that showed progressive increase in 

recent years among locally acquired cases in areas bordering Yemen. With this 

situation, monitoring of both vector and parasite resistance must be regularly carried 

out with vigilance (Al-Seghayer et aL, 1999) 

In mid-September 2000, it was confirmed that Rift Valley fever (RVF) infection had 

occurred in both humans and livestock in the Kingdom of Saudi Arabia (CDC, 

2000a, b). This is the first time that RVF virus has been reported outside Africa and 
Madagascar. The epidemic appears to have started simultaneously in Jizan Dam area 
in the Jizan Region in the southwest, as well as in neighbouring Yemen, and to have 

continued until the end of November (CDC, 2000 a, b). Although the epidemic was 

centred in Jizan Region and northern Yemen, it subsequently extended northwards into 

the Aseer and Al Quenfadah health regions. It was concluded that both Culex (Culex) 

tritaeniorhynchus Giles and . 4edes vexans arabiensis Patton were vectors of RVF in 

Saudi Arabia on grounds of abundance, distribution, preference for humans and sheep, 
the virus isolations and vector competence tests (Jupp et aL, 2002). In April 2004, the 
Saudi authorities lifted a 3-year-old ban on the movement of livestock between regions 
hit by Rift Valley Fever (RVF). The ban was imposed on animals in Jizan, the Tihama 

areas of Asir, Makkah Area (MOA, 2004). In September 2004 RVF occurred again in 

Jizan region. 5 cases of viral disease were detected during periodic examinations in 
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Jizan by the agriculture ministry. Four of the samples which tested positive are in Abu 

Arihs governorate and one in Al-Arid governorate, both govermnents are in Jizan Dam 

and Irrigation Project Area (MOA, 2004). 

Wadi Jizan Dam (1703'N, 4258'E; 15 km east of Abu Arish, Jizan region) is probably 

the largest and most variable expanse of freshwater habitats in the southwestern 

provinces of Saudi Arabia. It was constructed to provide year-round water for irrigation 

purposes and for flood control. The reservoir is supplied by water from the major wadis 

and has a very large catchments area, extending south into Yemen. The depth of the 

reservoir has been reduced following sedimentation and, in flood periods, the reservoir 

can cover an area of 1,000 ha. Large quantities of silt have effectively cut off some 

pools and larger expanses of open water from the main reservoir; one can be regarded 

as an almost permanent lake of about 60 ha (MOA, 1995). 

There is a major possible change in land use in Jizan Dam area. Intensive cultivation 

continues to increase as the local human population expands (Rahmah, 1994). Further 

development is likely along the newly built al-Arida road. The impact of water 
development schemes on health is unknown. The increase in the local human 

population poses the biggest threat of vector-borne diseases such as malaria and RVF 

as more and more land is cleared for housing and agriculture. Methods of cultivation, 
field and water surface sizes and typical circular thatched dwelling huts give the Jizan 

Dam area, including nearby Wadis an African character unique in Saudi (Rahmah, 

1994). 

1.3 Aims of the study 
The overall aims of this study were: 

e To measure the potential effect of water development schemes on vector-borne 
diseases through literature reviews on similar development projects. 

9 To conduct an assessment of the effect of irrigation systems on vector-borne 
diseases in the Jizan area. 
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Through the findings of the study to make appropriate recommendations for 

mitigating measures where needed and to provide baseline information to 

prevent similar and additional problems from happening in similar irrigation 

systems elsewhere. 

Specific objectives 

Environmental factors: To investigate vector breeding and transmission sites 

associated with the irrigation system in Jizan area for malaria and RVF through vector 

sampling and direct observation. 

Community vulnerability: To find out and compare the knowledge, attitudes and 

practices of households in man-made irrigated areas and in naturally irrigated areas 

with regard to malaria and RVF. To understand how community perceptions and 
behaviour may affect their vulnerability and to find out the magnitude of vulnerability 

and exposure through estimation of prevalence rates. 
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Chapter Two: Literature Review 

2.1 Health impact of water resource development 

Many diseases are associated with water either directly, such as the diarrhoeal diseases 

transmitted by ingestion of infected water, or indirectly, where a disease's intermediate 

hosts or vectors depend on water for their development. In the latter case, the 

abundance and the consequent prevalence of the disease are often inadvertently 

increased when water resources are developed. Vector-borne diseases in particular can 
become serious problems and predicting how such developments might affect vector 

populations, in order to ensure that negative outcomes can be avoided, is a crucial part 

of any new scheme. 

Health Impact Assessment (HIA) is an approach that aims to identify, predict, 

safeguard and mitigate the impact of development projects on health; the assessment 

procedure involves identification of health hazards, interpretation of the health haza ds 

as health risks attributable to the project and finally health risk management (Birley & 

Perelta, 1995). HIA can be defined as: - 

An assessment of the change in health risk reasonably attributable to a project, 
programme or policy and undertakenfor a specific purpose. 
(Birley, 1995) 

and 

The estimation of the effects of a specified action on the health of a defined 

population. 
(Scott-Samuel, 1998) 

Birley (1991,1995, and 1996) conducted studies for predicting when vector-borne 
diseases might increase following water resource development and Hunter et aL (1993), 
investigated changes in parasitic diseases in the same situations. 
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The water-based and water-related vector-borne diseases are most likely to be found in 

areas where irrigation has introduced large new water surface areas (Tiffen, 1991). 

These include: 

" Malaria 

" Schistosomiasis 

" Lymphatic filariasis 

" Japanese encephalitis 

2.2 Vector-borne disease 

Insect vectors represent the largest group of disease transmitting agents. In most cases 

and for the most widespread diseases, mosquitoes are the main vectors. Among a wide 

range of vector-borne diseases, Birley (1995) named two diseases, malaria and 
lymphatic filariasis, as serious health hazards in the context of poor drainage. These 

and others, important in the Arabian Peninsula are reviewed here. 

Malaria 

Malaria is the most common vector-borne disease worldwide, with 300-500 million 

clinical cases per year in some 100 countries (Seyown et al., 2003) (Figure 2.1). 

Global malaria mortality is estimated at 1.5-2.7 million (WHO, 1997). Malaria is one of 
the most serious health problems facing African countries and a major limitation on 
their socio-economic progress. Children under the age of five and pregnant women are 
most at risk. WHO (1997) reports that 90 percent of the global burden of this disease 

can be attributed to environmental factors, including land and water management. 

Malaria is transmitted by anopheline mosquitoes. Approximately 430 species of 

anopheline mosquitoes are recognized; only about 70 are important vectors (Service & 

Townson, 2002). In each locality there are usually only one or two important species, 

each species having a unique combination of breeding-site preferences and other 
behaviours. Broadly speaking, malaria vectors 'prefer' to breed in relatively clean 

water (i. e. unpolluted or with lower organic content) and therefore malaria is most 

common in rural and peri-urban areas (Rozendaal, 1997; Service & Townson, 2002; 

Hay et al, 2005). 

Many of the malaria parasite species and their vectors respond sharply to changes in the 

ecology of their habitat: deforestation, vegetation, density of human population, bodies 
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of water and their locations and climate. For example, upsurges of malaria have been 

coincident with changes in land-use and human settlement subsequent to deforestation 

in Africa (Coluzzi et al., 1979,1985), Asia (Bunnag et al., 1979), and Latin America 

(Kaplan et al., 1980; Tadei et al., 1998) Each Anopheles species occupies a unique 

ecological niche, and has a different level of vector competence. 

Peri-urban areas represent pockets of rural environment within the larger urban 

conurbation. During the dry season many towns and cities practise irrigated agriculture. 
Malaria prevalence varies greatly from one district of a city to another, as a result of the 

mobility of the human population, the abundance of breeding sites for the mosquito, 

and the quality of housing and services (Rossi- Espapet et aL, 1991; Atkinson and 
Merkle, 1993; Birley, 1995; Klinkenberg et aL, 2005a and 2005b). 
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Figure 2.1: Global Malaria Distribution; Map A shows global malaria distribution, Malaria is 
endemic in tropical and subtropical regions. Map B&C show location of malaria-affected 
areas in Saudi Arabia (map A) and Yemen (map B); substantial malaria risk is shaded in dark 
red. Source: (CDC graph 2003; WHO/RBM, 2002). 
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Rift Valley Fever (R VF) 

Rift Valley Fever (RVF) is an acute viral disease that affects domestic animals 
(typically cattle, sheep, goats, buffalo and camels) and humans (WHO, 2000; Megan & 

Bailey, 1988). RVF has occurred most frequently in eastern and southern Africa 

(Figure 2.2) where sheep and cattle are raised, but the virus exists in most countries of 
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reported in Saudi Arabia and subsequently Yemen. These cases represented the first 

Rift Valley fever cases identified outside Africa (Jupp et aL, 2002; Gubler, 2002). 

RVF is a phlebovirus in the family Bunyaviridae. Epidemics typically occur in years 

with heavy rains (WHO, 1985b). Humans can get RVF infection either as the result of a 

mosquito bite or if they are exposed to blood or other fluids of infected animals 
(Wilson et al., 1994). 

The main vectors incriminated in transmission RVF in East and South Africa are the 

. 
Aedes mosquitoes, especially Aedes circumluteolus and Aedes mcintoshi, in addition to 

Aedes vexans and Aedes ochraceus in Western Africa (Thonnon et aL, 1999). RVF 

virus has also been isolated from Aedes dalzieli (Balkhy & Memish, 2003). 
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Figure 2.2: World distribution of Rift Valley Fever (RVF).: Map A shows the world 
distribution of RVF in Eastern and Southern Africa and in Saudi Arabia and Yemen in 
Southwest Asia (for the first time outside Africa). Map B shows regions affected by RVF in 
2000 in Saudi Arabia and Yemen. (Source CDC graph 2003 & EMPRES Transboundary 
Animal Diseases Bulletin Issue number: 1513-4 - 2000). 
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Dengue and Dengue haemorrhagic Fever 

Dengue is considered the most common human viral disease transmitted by arthropod 

vectors (Gubler, 2002). Annually there are an estimated 50 -100 million cases of DF, 

and 250,000 to 500,000 cases of dengue haernorrhagic fever (DHF) in the world 

(Solomon & Mallewa, 2001; Gubler, 2002) (Figure 2.3), involving more than 100 

countries in Africa, the Americas, the Eastern Mediterranean, South-east Asia and 

Western Pacific (Figure 2.3). 

Dengue virus infections may be asymptomatic or lead to a range of clinical 

presentations, even death. The dengue viruses belong to the genus Flavivirus (family 

Flaviviridae) (Solomon & Mallewa, 2001). There are four serotypes of dengue viruses 

transmitted by Aedes mosquitoes (Gubler, 1998 a& b). 

The main vectors of dengue are Aedes aegypti and to a lesser extent Ae. albopictus. The 

rainwater and drinking-water containers in which the vectors breed include tin cans, 

coconut husks, rubber tyres, water-storage jars and buckets. Leaf axils and tree holes 

are probably the natural habitats (Gubler & Clark, 1996; Guzman et al., 2003). 

There is no specific treatment for dengue fever: clinical management by experienced 

physicians prevents death of DHF patients. With appropriate intensive supportive 
therapy, mortality may be reduced to less than 1% (WHO, 1997). Vaccine development 

for dengue and DHF is difficult because any of four different viruses may cause 
disease, and because protection against only one or two dengue viruses could increase 

the risk of more serious disease (Saluzzo, 1996). 

Yellow fever, also transmitted by Ae. aegypti, is frequently fatal but a good vaccine is 

available and outbreaks are currently very sporadic (Tiffen, 1991). 

Intensified transmission of Japanese encephalitis (JE) has been observed in other parts 

of South-East Asia and the Western Pacific, most likely due to an expansion of 
irrigated agriculture and pig husbandry, as well as changing climatic factors. Water 

resource development and management, in particular flooded rice production systems, 

are considered among the chief causes for several JE outbreaks (Akiba et al., 200 1) 
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Figure 2.3: World distribution of Dengue and the primary mosquito vector, Aedes 

aegypti shows that Saudi Arabia and Yemen are infected with this disease. (Source 
Centers for Disease Control and Prevention (CDQ 

World Distribution of Dengue - 2005 

Schistosomiasis 

Schistosomiasis (Bilharzia) is caused by the digenetic blood trematodes, mainly 

Schistosoma haematobium. S. mansoni and Sjaponicum, when the free-swimming 

infective larvae penetrate human skin in water. Larvae develop in specific fresh-water 

snails of three genera, Biomphalaria, Bulinus, and Oncomelania (WHO, 1985a & 

20 

Areas infested Mh Aodes aegyp6 
Areas vAhAedes aegyp6 and dengue epidemic activity 



disease after malaria in terms of public health and economic impact in tropical and 

subtropical areas (WHO, 1985a). An estimated 200 million people are infected and 
transmission occurs in about 74 countries (Utzinger et al., 2003). Water development 

projects, especially those associated with the irrigation of large areas, have often been 

linked to an increased incidence of schistosomiasis: intestinal schistosomiasis was 

unknown or infrequent in the Nile, Senegal and Volta deltas before the construction of 

the Aswan, Diarna and Alosombo darns (Lines et al., 1994; Birley, 1995). 

Filariasis 

About 100 million people are infected with filariasis worldwide (Ottesen et al., 1997). 

The most important urban and periurban form is bancroftian filariasis, caused by a 

nematode parasite which is principally transmitted by the mosquito Culex 

quinquefasciatus. But also by -4nopheles and Aedes spp. Cx quinquefasciatus is the 

vector in India, Urban East Africa, Haiti and part of Brazil (Gyapong et al., 1996; 

Evans et al., 1993). The mosquito breeds in water which is highly polluted with 

organic matter. Such water is characteristic of dense human settlement, mosquitoe 
breeding occurs in wet pit latrines, blocked sewage systems and drains, cesspits and 

septic tanks, often because the structures have been poorly designed, or because they 

are blocked by solid waste as a result of ineffective garbage-collection systems. 
Organically polluted, stagnant water accumulates behind the blockages (Rajagopalan et 
al., 1990). Because of the association of the mosquito with polluted water, there is 

sometimes an irregular gradient in mosquito density from high densities in the city to 
low densities at the periphery. A study in India (Caimcross et al., 1988) demonstrated 

the relative importance of different kinds of breeding site within one coastal town and 
this enabled control activities to be prioritised. 

In rural areas, anopheline mosquitoes and Mansonia sp. mosquitoes are important 

vectors, in Africa and Asia. In West Africa and New Guinea anopheline mosquitoes are 
the filariasis vectors. In Polynesia Aedes species are the vectors of diurnally periodic W. 
bancrofti. Mansonia spp. are the main vectors of Brugia malayi. 

Leishmaniasis 

Visceral leishmaniasis is a severe parasitic disease caused by Protozoan parasites 
Leishmania sp. and transmitted by phlebotomine sandflies. The larvae of these flies are 
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terrestrial but routes by which irrigation may have an impact on Leishmaniasis are 
described below. 

In parts of the Middle East and Asia there is urban transmission of cutaneous 
leishmaniasis, or oriental sore. The vector, also a phlebotomine sandfly, appears to 
favour high-density, low quality housing and construction sites in dry cities and peri- 

urban areas. Cities from which it has been recorded include Kabul, Teheran and 
Aleppo. Different species of Leishmania have their main reservoir either in humans or 

various domestic or wild animals (Tiffen, 1991). 

2.3 Irrigation and vector-borne disease 
The risk that one or more of the diseases described above is introduced or has an 
increased impact following an irrigation development is increased in certain 

circumstances, typically in schemes where soils present drainage problems and 
drainage channels are absent or not well maintained or where rice or sugar-cane is 

cultivated; reservoirs constructed and borrow pits left with stagnant water; canals are 

unlined or have unchecked vegetation growth (Tiffen, 1991). Different types of crop 
irrigation has often been blamed for aggravating the health risks of local communities 

as it can provide habitats suitable for vector mosquitoes and the snail, intermediate 

hosts of schistosomiasis (Bradley, 1988; Gratz, 1988; Service, 1989; Hunter et aL, 
1993; Birley, 1995 & 1999). Of these crops, rice is considered to pose the greatest 
danger to health since it is grown in flooded conditions, which provide ideal breeding 

sites for malaria mosquitoes. 

2.3.1 Dams and reservoirs 
The communicable diseases most often associated with reservoirs are malaria, 
schistosomiasis and onchocerciasis. Large engineering projects involving rivers have 
frequently led to explosive malaria epidemics during construction (Birley, 1995). 

Construction of dams and over 100 small darns in Cameroon has been blamed for 
increased prevalence of endemic diseases including malaria (Ripert & Raccurt, 1987). 
In the Uasin Gishu Highlands in Kenya, the building of dams was associated with 
increased malaria transmission (Khaemba et al., 1994). A large study in the Ethiopian 
highlands showed there was increase in malaria in villages situated near dams 

compared to villages further away (Ghebreyesus et al., 1999). Another example is the 
Mahaweli River, Sri Lanka where the natural flow in the upper reaches, was interrupted 
by dams and diversions and stream pools formed in the dry river-bed, in which malaria 
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vectors bred,. A reservoir of infection was created by human circulation between 

lowland resettlement sites and riverine villages (Wyesundera, 1988). 

Reservoirs constructed in peri-urban areas are likely to be for domestic water supply 

rather than hydropower generation, although both occur. Birley (1995) has reviewed 
the risks associated with such developments. There are important health hazards 

associated with the large bodies of water that are stored, diverted and discharged during 

darn construction and operation - land-use changes occur and many people are 

resettled, possibly with health consequences. Mosquitoes may breed in the shallow, 

sheltered margins of reservoirs. However there is much variation in scenarios between 

regions. In Africa, malaria mosquito breeding is also associated with numerous puddles 

on gently sloping shores, while in Asia, downstream pools in the riverbed tend to be 

more important. A small dam was built to regulate flow to the Edea hydroelectric plant 
in Cameroon. The shallow waters behind the dam soon contained abundant vegetation 

and larvae of the mosquito Anopheles funestus. The prevalence of P. falciparum 

malaria was high in surrounding villages and decreased with distance from the lake 

(Ripert & Raccurt, 1987). 

Schistosomiasis and, to a lesser extent, dracunculiasis are commonly reported hazards 

of reservoir construction. The large reservoirs usually associated with hydro-power 
have many sheltered, shallow inlets where aquatic vegetation thrives. An increase in 

schistosomiasis has been observed across most of Sub-Saharan Africa where water 
development has taken place (Oomen et al., 1990; Chimbari et al., 2001) and therefore, 
fishing settlements are frequently vulnerable. The increases in prevalence have often 
been dramatic and the intense haematuria in children has caused public alarm (Hunter 

et al., 1982). Urinary schistosomiasis was locally of low prevalence before the 
Akosombo Dam was built in Ghana. The reservoir attracted some 150,000 lakeside 

residents and there was an explosive increase in prevalence. Prevalence of the disease 

fell rapidly with distance from the lake shore, due to decreasing dependence on the lake 
for water needs (Hunter et al., 1982). In contrast, schistosomiasis in Asia is often 
contained within small endemic foci and dam development has often proceeded without 
outbreaks of the disease (Utzinger et al., 2005; Steinmann, 2006). 
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In South-east Asia and countries of the former U. S. S. R., Opisthorchis sinensis infection 

is associated with reservoir construction (WHO, 1992a). 

Decomposing plant material often pollutes reservoir outflow. Pollution reduces access 

to potable water for downstream communities that rely on the river, promoting 

transmission of water-borne diseases. Reduced stream flows alter the replenishment 

rate of aquifers, affecting domestic water supply, and promoting saline intrusion on to 

irrigated lands. Reduced nutrient flows disrupt fisheries and reduce food security. 
When groundwater rose in Lower Egypt, as a result of the Aswan Dam, wastewater 
disposal was disrupted and aquifers became polluted (Egboka et al., 1989). 

2.3.2 Rice cultivation 
Rice is an annual grass belonging to the genus Oryza that has two main species, each 

with a great number of varieties: Oryza sativa from Asia and 0. glaberrima from West 

Africa Qjumba & Lindsay, 2001). It is cultivated using one of two systems: upland (dry 

rice) or lowland (wet rice). Upland rice does not require flooding for its growth and can 

be cultivated like other cereal crops, even in mountainous areas. By contrast, lowland 

rice requires almost constant irrigation - intermitten irrigation is successfully used, 

especially in China, for mosquito control with highly prodective rice growing- and is 

generally maintained in 10-15 cm. of water (Chandler, 1969; Grist, 1986) . 
Rice is the 

most common crop grown under irrigation, comprising about one-third of all irrigated 

crops grown in Africa Qjumba & Lindsay, 2001). 

Irrigated-rice cultivation, depending on the number of cropping cycles, may extend the 
breeding season of malaria mosquitoes and hence increase the annual duration of 
transmission (Ijumba and Lindsay, 2001). Moreover, in dry regions, irrigation will 

elevate relative humidity and aid survival of these vectors. Although An. gambiae sensu 
lato is often associated with irrigated rice, in certain situations An. funestus also thrives 
in paddy fields, especially in parts of Madagascar, while Anopheles funestus typically 
favours breeding sites shaded by vegetation and its presence tends to be indicative of 

more persistent wetland habitats (Gillies & De Meillon, 1968) In ricefields An. funestus 

occurs later in the growth of rice and when the land is fallow (Marrama et al., 1995). 

Under some circumstances, however, An. funestus becomes excluded by well-managed 
irrigation schemes such as those maintained under guidance of the West African Rice 
Development Authority. In general, the predominant vector in irrigated rice systems is 
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that found in surrounding areas, although there is at least one notable exception to this 

rule. The Mopti form of An. gambiae sensu stricto found in West Africa thrives in rice 
fields located in the northern fringes of the Sahel. Thus, in Burkina Faso this cytotype 
is common in the center of the rice fields, but at the edge of the irrigated area the 

Savanna form is more abundant (Robert et aL, 1989). 

Irrigated rice fields represent ideal breeding sites for mosquitoes and they can generate 
large numbers of individuals, although smaller proportions are infective in rice field 

villages than in neighbouring communities (Ijumba and Lindsay, 2001). There is no 

simple association between irrigated rice fields and the degree of exposure to malaria 

parasites as measured using classical entomological methods. Thus, transmission 

intensity in irrigated settlements can appear higher, similar or less than in neighbouring 

villages outside the irrigation scheme. For example, in the rice-growing area of the 

Rusizi valley, Burundi, the vectorial capacity of An. gambiae s. L was 150 times higher 

in the rice irrigation scheme than in adjacent area growing cotton. conversely, in the 

rice-growing areas of Bobo Dioulasso, Burkina Faso, the number of infective bites 

received in the local community was similar to that in the control area, Whilst in the 

Lower-Moshi rice irrigation scheme, Tanzania, the number of infective bites was 2.6 

times lower in an irrigation scheme than in a control village (1jumba et al., 1997). 

However, measurements of exposure may not accurately reflect the levels experienced 
by individuals in the study community. Mosquitoes collected on human baits or from 

light traps will overestimate true biting rates, particularly when large numbers of 

mosquitoes are biting, since people will often avoid receiving large numbers of bites by 

sleeping under a bednet or use some other means of protection (Lindsay et al., 1989). 

2.3.3 Irrigation of wheat and cotton 
Whereas rice thrives in permanently inundated soils, crops such as wheat and cotton 

require less water and are susceptible to water logging. There have been reports that 
irrigation of crops, other than rice, has led to increased malaria transmission (Jobin, 

1992; Hunter et aL, 1993; Jobin, 1995), and Ijumba and Lindsay (2001) reported on 

some well-documented studies of how irrigation of these crops affects malaria 
transmission in Africa. 

An example is the Gezira-Managil irTigation scheme in Sudan (Jobin, 1995). This is the 
largest irrigation scheme in Africa and grew from 400 000 ha in 1925 to 880 000 ha by 
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1987. Cotton has been grown here since its inception. Later, wheat, sorghum, 

vegetables and eucalyptus were introduced during the rapid expansion programme of 

the late 1960s. Although low levels of malaria had always been associated with 

agricultural development in the Gezira, the expansion and intensification programme 

created new mosquito habitats and led to serious outbreaks of malaria (Oomen et al., 

1988). Fadel (1995) concluded that there were many factors that contributed to the rise 

in prevalence, primarily: 

a- The increased acreage required for growing cotton and wheat provided 

additional breeding sites for malaria mosquitoes. 
b- The pattern of transmission also changed since the irrigation of wheat 

during winter months led to a second seasonal peak in malaria. Wheat 

cultivation meant continuous irrigation from mid-October to the end of 

March, on land that had previously been left fallow, or planted with cattle 
fodder. Accordingly, irrigation of wheat occurred at a time when air 

temperatures allowed malaria transmission. Although malaria was found 

almost everywhere in the scheme, transmission was higher upstream where 

rainfall was heavier. 

Excessive use of agricultural pesticides was blarned for causing insecticide resistance in 

An. arabiensis, the principal malaria vectors in the irrigation scheme (EI Gaddal et aL, 
1985; Oomen et aL, 1988; El Gaddal, 199 1). 

There is evidence that human factors exacerbated the problem of malaria. As many as 

100 000 migrant labourers from neighbouring countries entered the scheme in search of 

employment in one season alone (Jobin, 1995). The high labour requirement attracted 

people from all over Sudan and neighbouring countries and many would have had little 

or no immunity, whilst others would carry their parasites with them, acting as 

reservoirs of infection (possibly a source of chloroquine-resistant strains of P. 

falciparum). Alternative drugs, such as Fansidar, for treating chloroquine-resistant 

cases were not readily available in the scheme area (El Gaddal, 1991). 

The Hola cotton and vegetable irrigation scheme in the Lower Tana River Basin in 

Kenya is a 875-ha. scheme established in the 1950s (Hunter et aL. 1993). Prevalence of 

malaria in this 
' 
scheme was reported to be 54% higher than in surrounding, non- 

irrigated, areas resulting from an increased number of mosquito breeding sites. Indeed, 
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malaria was reported to have increased so much as to compromise the economic 

ob . ectives of the project (Thitai, 1991). Unfortunately in this case the socio-economic 9 

aspects of transmission were not described and it is not known what human factors may 
have contributed. 

2.3.4 Sugarcane 
A resurgence of malaria associated with sugarcane was reported in Swaziland (Packard, 

1986). The study concluded that if care had been taken to maintain the irrigation 

system, malaria would not have been a problem. It was also thought that the problem 

was compounded by immigrants from neighbouring countries who brought with them 

new strains of malaria. Living conditions in workers camps were reported to have been 

very poor and neglected, and malaria treatment inadequate (Packard, 1986). Migrant 

labour movements were associated with maintenance and spread of chloroquine 

resistance in the scheme and other areas. In a study aimed at sugarcane plantation 
labourers at the Tanganyika Planting Company estates in Tanzania, it was found that 

prevalence of P. falciparum in school children was 37% (Mutabingwa et al., 1986). 

The authors suggested that the prevalence was lower than expected because of frequent 

use of chloroquine and bednets by the population. More recently, the prevalence was 
found to have dropped to about 12%, compared with 29% in a nearby savannah village 
(Ijumba, 1997). Easy access to medical treatment and widespread use of bednets, were 
identified as the key factors responsible for low malaria prevalence in the area. A study 
carried out in the Miwani sugar-belt in Kenya found a high sporozoite rate for An. 

gambiae s. 1. of 6%, suggesting a high level of malaria transmission (Githeko et al., 
1993). 

2.4 Irrigation and Disease Vectors 
Understanding where mosquitoes breed and why they prefer certain water bodies over 

others is vital for the elaboration of sound mosquito control strategies and is 

particularly important in areas where large-scale irrigation is being practised (Birley, 
1991; Ijumba & Lindsay, 2001). 

The key questions that have to be answered when water management measures are 
being considered for vector bome disease control in rice agro-ecosystems are: 

* What are the local vectors? 
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Where do they breed? 

Are the breeding opportunities that are created in the irrigated area likely to 

contribute significantly to the overall vector abundance and disease 

transmission level? 

Vector ecology and disease transmission are dynamic and complex processes and it is 

sometimes difficult to immediately draw reliable conclusions, particularly when 

applying to situations in different countries. 

2.4.1 Water projects and vectors 
Reservoirs, irrigation canals, and darns are closely associated with parasitic disease. 

Construction of reservoirs and canals can lead to a shift in intermediate host and vector 

populations, such as snails and mosquitoes, their larvae and their parasites. During 

construction of dams and canals, excavation pits can provide breeding sites for 

mosquitoes. Tropical reservoirs and irTigation systems provide ideal conditions for 

rapid reproduction and growth of fluke-transmitting aquatic snails. Additional breeding 

sites are provided by creation of basin irrigation for rice, by poor drainage, and 
impounded water and seepage (Patz et aL, 2000). 

Hydrological changes following irrigation development or dam construction may lead 

to a significant increase in the extent of mosquito breeding sites and in their seasonal 
duration. Tbus seasonal transmission of a disease such as malaria may be extended. As 

each vector has its own peculiar biology and environmental requirements, the detailed 

design of a water development project should take account of the attributes of local 

vector species (Birley, 199 1). 

Mosquito-borne disease 

Different mosquito species vary in their habitat requirements, in both the larval and 
adult stages. Some species prefer sunlit pools with turbid water, with little or no 
emergent vegetation. Some larvae prefer clear water, inhabiting the edges of clean, 
clear, gently moving streams or, conversely, others thrive in irrigation and 
hydroelectric reservoirs with their frequent changes in water level, vertical shorelines, 
and emergent vegetation -without organic material or salýinity; others inhabit coastal 
areas with high salinity. In the Tenesses Valley in the USA in the 1930s-40s malaria 
mosquitoes (An quadrimaculatus) were controlled by fluctuation in the water level in 

reservoirs behind dams ( see review in chapter by Curtis in forthcoming book on 
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Integrated Pest Management edited by Radcliffe & Hutchison, University of 
Minnesota. There are species, which require extensive vegetation cover and inhabit 

swamps and relatively permanent water-bodies with organic material. 

Riverine pools, created by diversion of flow out of riverbeds, provide breeding in 

shallow, stagnant surface water exposed to sunlight. Deeply shaded pools, seepages in 

forests, footprints, mining pits and irrigation ditches, and excavated depressions in the 

open sunlight all provide areas for mosquitoes to deposit their eggs (WHO, 1982). 

Unfortunately, the wide variety of conditions under which at least a few species are 

able to thrive ensures that parasitic disease is throughout many regions of the world, 

especially in tropical areas (Patz et aL, 2000). 

The characteristics of bodies of water, including their vegetation, play a role in 

determining which mosquito species inhabits an area. In Africa, A- gambiae s1 prefers 

sunlit pools with turbid water with little or no emergent vegetation; A. funestus larvae 

prefer clear water, thriving in irrigation and hydroelectric reservoirs with their frequent 

changes in water level, around shorelines with vertical, emergent vegetation without 

organic material or salinity; A. pharaoensis, requiring extensive vegetation cover, 
inhabits swamps and relatively permanent water-bodies with organic material; A. 

melas, the coastal areas with high salinity (Patz et aL, 2000). Unfortunately, the wide 

variety of conditions under which at least one mosquito species with a malaria causing 

parasite can be found to thrive ensures that malaria remains endemic throughout Affica. 

In rural India, in the early stages of rice growth irrigation systems harbour A. 

culicifacies. In Sri Lanka, An. Culicifacies and An subpictus the vectors are not found 

in the irrigated fields or drains, but rather, in the riverine pools created by diversion of 
flow out of riverbeds, breeding primarily in shallow, stagnant surface water exposed to 

sunlight. A. minimus and A. balabacensis are the major malaria vectors in the hilly 

regions of Myanmar, Thailand, Vietnam, Laos and Cambodia. An dirus deposits its 

eggs in deeply shaded pools and seepages in the rain forests, in footprints, mining pits 
and irrigation ditches, and in excavated depressions in the open sunlight, while A. 

minimus larvae inhabit the edges of clean, clear, gently moving streams (WHO, 1982). 

With reservoir development, mosquitoes which normally breed in small collections of 
water, such as Anopheles gambiae in Africa, may decrease in numbers as their 
numerous, separate habitats are submerged. On the other hand the shallow shoreline of 
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a large water body may provide extensive new breeding sites. Weeds and aquatic 

vegetation invade the shallows, which provide refuges against waves, wind and current 

action and from predators. Deep reservoirs with regular shorelines and steeply sloped 

margins are likely to support far less mosquito breeding than shallow reservoirs with a 

long, irregular shoreline and gently sloped margins (Birley, 1991). Inadequate clearing 

of vegetation during construction may result in the accumulation of floating debris in 

inlets, the growth of aquatic vegetation and mosquito breeding. Systematic fluctuation 

in the water level as in the Tennessee Valley in the USA (see above) can do much to 

reduce vector breeding by stranding eggs, larvae and pupae but if temporary pools are 

created at the margins then important mosquito vectors may be encouraged to breed 

(Birley, 1991). Because of its widespread distribution and its importance, rice 

irrigation is a particularly important context. 

Worldwide, over 140 million hectares are devoted to rice cultivation. Much of this area 
is found in countries of the tropics and subtropics where malaria still constitutes a 

serious human health problem. Only An. culicifacies sibling species E is found in Sri 

Lanka (Abhayawardana et al.. 1996). In India by contrast, this species is considered a 

rice-field breeder but not a vector. In India, malaria transmission is predominantly 

confined to the north of the country and the most important vectors are An. culicifacies 

sibling species A, C, D and E An. nigerrimus, An. fluviatilis, An. stephensi and An. 

annularis (Service, 1993). All except An. stephensi breed in rice fields to a greater or 
lesser extent. In contrast to the culicine vectors of Japanese encephalitis (JE), however, 

few anopheline vectors of malaria utilize rice fields per se as their main breeding 

habitat in India. The most commonly encountered breeding sites of malaria vectors are 

actually canals and fallow fields rather than rice fields under cultivation. Sharma and 
Mehrotra (1986) concluded that in India, rice cultivation has a very weak or no 

relationship to malaria transmission. In Madagascar the main vector of malaria is An. 

funestus, which almost exclusively breeds in rice fields in that country (Laventure et 

al., 1996). However, the main vector of malaria in most of sub Saharan Africa, An. 

gambiae s. l., has long been associated with rice cultivation (Surtees, 1970; Lindsay et 

al.. 1995). In Kenya, there was a 70-fold increase in the population of adult An. 

gambiae caught biting man on the Ahero irrigation scheme compared with an area of 

undisturbed settled agriculture (Surtees et aL, 1970). 
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Most vectors prefer sun exposed breeding habitats and therefore the numbers may 
decline when rice plants grow taller and the vegetation canopy closes. An example is 

An. arabiensis, which breeds in the early stages of the rice crop. The opposite can 

occur with anopheline mosquitoes that prefer shade. For example in California, rice 
fields with rapid early canopy development had greater populations of An. fireeborni 

larvae than fields with more slowly developing vegetation canopies (Wood et aL, 

1991). In Africa An. gambiae and An. arabiensis are often replaced by An. funestus 

when the canopy becomes more dense (Service, 1989b). 

Early rice culture in Asia was small-scale, relying on manual irrigation from reservoirs 

(tanks), with seasonal flooding and drying. Good management of scarce water supplies 

appears to have been responsible for maintaining vector populations at low levels (Self 

& De Datta, 1988). In contrast, modem systems tend to be large, using large quantities 

of water diverted into water-scarce areas. In terms of food production they may be very 

successful, but there are often consequences in terms of human disease, and these 

potential negative effects are often overlooked during feasibility studies and 

environmental impact assessments. Furthermore, many schemes are poorly designed 

and constructed and this can lead to a proliferation of mosquito and other vector 
breeding sites. The improper elevation of canal beds, erosion from unlined canals and 

seepage from poorly designed and constructed canals can all lead to the creation of 

stagnant and sunlit pools which are often ideal mosquito breeding sites (Goonasekere & 

Amerasinghe, 1988). 

Sandflies and leishmaniasis 

The colonial desert rodents, Meriones spp, Rhombomys opimus and Psammomys 

obesus create ideal habitats for sandflies (in their relatively cool, moist burrows) across 

the entire Old World and belt, from the northern edge of the Sahara desert to northern 
India and Mongolia (Warburg et aL., 1990). These animals provide a reservoir of 
leishmaniasis. In mountainous coffee-growing regions of Latin America, where there 

are large shade trees among the coffee plants, there are phlebotomine sand flies and 
leishmaniasis has become a serious problem (Warburg et al., 1990). It is speculated that 

the sugar of the ripe coffee fruit may facilitate the development of Leishmania parasites 
in the vectors (Scorza et al., 1985). Irrigation can lead to importation of the problem. In 

the Upper Nile province in southern Sudan, an area in which visceral lieshmaniasis had 

not been endemic, it has been suggested that an outbreak of leishmaniasis may have 
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been attributable, in part, to a combination of the introduction of the parasite to a non- 
immune population by a large wave of immigrants from an area with endemic 
leishmaniasis and ecological changes favourable to the sand fly (Zijlstra et aL, 1991). 

Agricultural development associated with water development affects the sandflies in 

two main ways. Ploughing and other land disturbances eliminate Rhombomys or 
Psammomys, which are the two main reservoir hosts of cutaneous leishmaniasis, but 

often encourage Meriones sp. to increase in numbers and therefore become more 
important Birley (1991). The second effect comes with the raising of the water table, 

which can lead to increases in sandfly populations. Female sandflies lay their eggs 

under stones or plants in flowing water (Birley, 1991). 

Serious outbreaks of cutaneous leishmaniasis associated with water development 

projects have been reported from Libya, Saudi Arabia, USSR, Pakistan and India. In 

the formr USSR participation of public health engineers and landscape epidemiology 
teams in water development led to effective control and prevented outbreaks amongst 
labourers and settlers (Birley, 1991). 

Snails and schistosonziasis 
In the Nile Delta below Cairo and in the Sudan, the prevalence of schistosomiasis 

parallels the degree of irrigation intensity, as the snail is carried along with the water 
(Jobin, 1999). With the construction of the Roseires and Aswan Dams in Egypt, year- 

round irrigation became possible and snail populations grew. Schistosomiasis has 

prevailed throughout the Gezira irrigation system since 1970, when a storage dwn was 

added to the original Gezira irrigation system of the central Sudan (Amin et al., 1982). 
In Iran, construction of an improved irrigation system and a new canal system resulted 
in an upsurge in the prevalence of schistosomiasis, especially among those working and 
living within the immediate area (Jobin, 1999). 

In China, subsequent to the first stage of the construction of the Tliree Gorges high dam 

on the Yangtze River, the snail distribution and annual prevalence of human 

schistosomiasis varied significantly in accordance with water levels in the Yangzte 
River. The density of the snails was related to the water table, annual rainffill, yearly 
evaporation and ground altitude (Xue et aL, 1999). 
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2.5 Benefits and drawbacks of irrigation 

A good irrigation scheme will provide greater security of water supply over a longer 

period of the year. It will enable farmers to accept the risk of using a higher level of 
inputs, so that they can produce a larger volume and/or more valuable crops, to the 

benefit of both themselves and their country. Amongst the human health benefits 

should be improved diet resulting from an increased production of staple foods, new 

opportunities of growing fruits and vegetables and increased purchasing power for 

foods not produced on the farm. Improved incomes should also positively affect health 

status by enabling people to spend more on clothing, housing, recreation and health 

(Tiffen, 1991). 

Other beneficial side effects of irrigation can be new fishing areas, the possible 
development of recreation areas alongside reservoirs and canals, and better facilities for 

feeding and watering the domestic livestock, which can also improve diet and income 

considerably. Unfortunately, almost nothing is known about the general impact on 

nutrition and health of specific agricultural projects, and Us makes it difficult to 

quantify benefits (Lipton & de Kadt, 1988; Tiffen, 1991). 

Irrigation development projects worldwide have been associated with negative impacts 

on human health, particularly with respect to vector-borne diseases (Hunter et al., 1993; 

Birley, 1995; Birley & Lock, 1999). Evidence for a direct relationship between 

irrigation development and increased malaria transmission is inconsistent (Harrison & 

Scanlon, 1975; Oomen et al., 1994; Ijumba & Lindsay, 2001), with increased 

transmission in some situations (Goonasekere & Amerasinghe, 1988) but not others 
(Boudin et al., 1992). 

Often health has either been ignored, or has been considered a separate item in the 
development of agricultural projects. Insufficient care has been taken to avoid the 

negative effects of irrigation on health. These occur because irrigation leads to changes 
in the distribution of areas of standing and flowing water and in the location of human 

settlements, and to a modified micro-climate (Tiffen, 1991). 

The observation that ricefields frequently generate large numbers of mosquitoes 

suggests that malaria transmission will increase in local communities. However, there 
is an increasing body of evidence that indicates that this is not the case, at least in areas 
of stable transmission, where malaria may be less of a problem than in surrounding 
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communities outside the ricefields. Also high vector density does not necessarily imply 

an increased risk of exposure to malaria parasites. In a study of two communities in the 
Vall6e du Kou, Burkina Faso, malaria prevalence varied between 35-83% in the 

savannah and 16-36% in the rice-growing area (Boudin et aL, 1992). In the Lower 

Moshi rice irrigation scheme, Tanzania, malaria prevalence was four times lower in 

children living near irrigated rice cultivation compared with a nearby savannah village 
(Ijumba & Lindsay, 2001). When a large-scale rice irrigation scheme was introduced in 

The Gambia, there were anecdotal reports of increased malaria in local communities. 
However, on closer examination, it was apparent that there was less malaria near the 

ricefield than in other rural communities (Lindsay et al.., 1991). Another important 

finding from this study was that during the dry season there was 'anophelism without 

malaria'. Whilst enormous numbers of vectors were produced by the ricefields during 

the dry season there was little or no malaria in children. The main reason for this 
finding was probably related to the extremely high temperatures experienced during the 
dry season, often rising above 40'C during the day. Such exceptionally hot weather 

reduced the survival of adult mosquitoes and perhaps, more importantly, killed the 
developing parasites within the vector. The critical finding was that there were few 

infective mosquitoes during the hot, dry season. 

This general observation that ricefields do not increase the risk of malaria, is also 

characteristic of some areas with exceptionally high numbers of mosquitoes. In The 

Gambia most An. gambiae s. L breed on the edges of large pools bordering the River 

which generate large numbers of adult mosquitoes; interestingly villages closest to the 
breeding sites had less malaria than those finther away (Thomas & Lindsay, 2000). 
Such effects also operate at a coarser spatial scale, with areas with the largest numbers 
of mosquitoes having less malaria than those with fewer mosquitoes (Thomson et aL, 
1994). 

Reasons for this protection are many and varied. One plausible explanation is that the 
introduction of irrigated-rice cultivation results in wealth creation in local communities 
and with this additional wealth, farmers make improvements to their homes, their 

standard of living rises and they have more disposable income with which to use to 

protect themselves from nuisance mosquitoes and malaria (Audibert et aL, 1990; 
Boudin et aL, 1992). In Kenya, it was found that at a certain threshold of income the 
situation becomes favourable for adoption of malaria control measures at a family 

34 



level, and this went hand in hand with improvement of the living standard of the family 

or community. Therefore, a community with relatively higher economic development 

would be associated with greater use of anti-malarial measures, and also, within a 

community, wealthy individuals would be more likely to use such measures. Support 

for this also comes from studies that have shown that bednet ownership was related to 

wealth in The Gambia (D'Alessandro et aL, 1994) and Tanzania (D'Alessandro et aL, 
1994) 

Large-scale irrigated rice cultivation can result in several thousand mosquitoes entering 

a local house during the night. For most people such high biting rates are unacceptable 

and they will protect themselves by sleeping under bednets. Studies in The Gambia 

have shown that more people start using bednets when mosquito numbers begin to 

increase (Aikins et aL, 1993; Tbomson et aL, 1994) Bednets in good condition reduce 
biting rates (Lindsay et aL. 1989) and can protect against malaria. Thus, it is likely that 

part of the association between rice and moderate malaria may be explained by the high 

bednet coverage in communities living near irrigated rice production. Tbus, high net 

use has been reported from rice growing villages in Burkina Faso, Cameroon and The 

Gambia (Lindsay et al., 199 1). 

Mosquitoes that find it difficult to feed on humans in such a situation may be displaced 

and feed on other animals, such as cattle. Such a marked shift in feeding behaviour was 

suggested as the reason for the low sporozoite rates found in three villages in the 

Senegal River delta where An. gambiae s. L, An. funestus and An. pharoensis were 

vectors. 

Widespread use of anti-malarials in ricefield communities and the existence of a well 

established health infrastructure may also contribute to the general lower level of 

malaria, although cloroquine is now obsolete because of widespread resistance - it has 

been replaced by arternisinin based combination therapy- will make control more 
difficult in the future. It is of course also important that irrigation schemes are well 
designed and maintained to reduce standing water to a minimum and thus limit the 

opportunities for mosquito breeding (Ijumba & Lindsay, 2001). 
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2.6 Immediate consequences of irrigation in previously and areas 
It is potentially dangerous when irrigation is introduced into areas of unstable malaria, 

sites with generally low levels of transmission and where people have little immunity 

against parasites. These communities are characterized by malaria being a threat to 

adults as well as children, unlike areas of stable transmission where malaria is largely a 

problem of children and primigravidae. This is a serious threat, especially as irrigation 

schemes are more likely to be introduced into dry areas, where transmission is likely to 

be low. In the highlands of Burundi, parasite prevalences were markedly higher in the 

Rusizi valley ricefields (24-69%), compared with nearby cotton-growing areas (5-30%) 

(Ijumba & Lindsay, 2001). 

There are a number of possible reasons for this finding. It may have resulted from the 

large-scale migration of semi-immune or non-immunes moving into a malarious area. 
Following development of the irrigation scheme, more than 50 000 people, amounting 
to about 30% of the entire population, migrated from the mountains into the area 
(Hunter et aL, 1993). Such a large influx of people, if from non-endemic areas into an 

area of moderate transmission, where chloroquine and sulfadoxine and pyrimethamine 

resistance was widespread, could have resulted in increased malaria. 

In the Mwea rice irrigation scheme in the Kenyan highlands, malaria prevalence was 
26% higher than in the surrounding areas (Hunter et aL. 1993). Although anti-malarials 

were regularly given to children under 10-years-old, pregnant women and National 

Irrigation Board staff and their families, medical facilities were not readily accessible to 

some villages in the scheme because they were too far away, and protection against 

mosquitoes was minimal (Thitai, 1991). 

In Madagascar the highlands were malaria free in the 19th century, but the disease 

became established when irrigated rice farming was introduced into the area (Carnevale 

et aL, 1999). Malaria had remained in check due to effective antimalaria control, 

although it has resurged in recent years several decades after the cessation of indoor- 

spraying with DDT. However it has now been brought back under control by 

reintroduction of DDT spraying. 
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2.7 Water resources in Saudi Arabia 
As rainfall is irregular in Saudi Arabia, conservation and development of water 

sources was and is still one of the most important objectives of the Ministry of 
Agriculture. Heavy rainfall sometimes results in flash floods of short duration. 

Riverbeds remain dry for the rest of the time. Part of the surface runoff percolates 
through the sedimentary layers in the valleys and recharges the groundwater, but some 
is lost by evaporation (Audallah & Abderrahman, 1996). The largest quantity of runoff 

occurs in the southern and western region of Saudi Arabia and this represents 60% of 
the total runoff although it occurs in only 10% of the total area of the country 
(Audallah & Abderrahman, 1996). The remaining 40% of the total runoff occurs in the 
far south of the western coast (Tihama), which covers only 2% of the total area of the 

country. Total surface water resources have been estimated at 2.2 kml/year, much of it 

infiltrating to recharge the aquifers: about I kM3 recharges the usable aquifers. The 

total groundwater reserves have been estimated at about 500 kin 3, OfWhich 340 kin 3 are 

extractable at an acceptable cost (in view of the economic conditions of the country) 
(Ministry of Agriculture and Water, 1992). 

Saudi Arabia is the largest producer of desalinated water from the sea. In 1992, there 

were 18 desalination and power plants on the western coast, with a total capacity of 

over 0.7 million M3 /day of water and 1286 MW of electricity, and four plants on the 

east coast, with a total capacity of over 1.1 million M3 /day of water and 1550 MW of 
electricity (Ministry of Agriculture and Water, 1992). 

2.7.1 Dams in Saudi Arabia 
By 1995, approximately 185 dams of various sizes were constructed for flood control 
and groundwater recharge with a combined storage capacity of 475 million ml, and 45 

new dams were planned (Ministry of Agriculture and water, 1995). 

The basic objectives of building dams in Saudi Arabia were: 
1. To recharge underground water in the dam area, and provide wells with water 
in the agricultural regions upstream of the dam. 

2. Secure irrigation water for farming purposes. 
3. Protecting cities and villages from the risks of torrents, dangers of floods and 
preserving the lives and properties of citizens. 
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Dams constructed by the Ministry are diverse and include the following main types: 

I. Earth dams (Figure 2.4) are the most common dam made by either 

government or local people. Their design is suitable for dams up to 3m high. 

They are constructed simply by earth spreading. They are of special 

technical specifications built in well-compacted layers. The body of the dam 

is enclosed with stones or concrete to protect from erosion. 

2. Rocky dams are a variant of the earth dam in which dumped rock takes the 

place of compacted earth fill. These consist of rocks of different sizes, 

stacked and compacted in layers. A concrete or earth partition is placed in 

the middle to prevent water leakage through the body of the dam. 

Figure 2.4: Earth dams: They are usually made by local people to store water during 
the dry season (Feb-July) for agricultural purposes. Al-Megargumm, Jizan region, 
Saudi Arabia 
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3. Concrete dams are the most common dams built by The Ministry of 
Agriculture and Water for flood control and groundwater recharge. 
Concrete is made by mixing sand, cement, stones and water together to 

resist the forces on the dam. The Bisha dam in SW Saudi is an example of 

this type of dam (Figure 2.5). Its height from foundation is 106 m, crest 
length is 340 m and total storage capacity is 192 million ml. It forms the 

largest lake in Saudi Arabia with an area of about 28 kmý. 

4. Underground darns, which use a special technology and are rare worldwide. 
(Ministry of Agriculture and Water, 1995). 

Dams differ markedly in storage capacity. The type of dam and its storage capacity are 
determined by the site and nature of each valley, and based on extensive preliminary 

studies (Ministry of Agriculture and Water, 1996 & 1995) conducted prior to the 

construction. These include: 

1. Identification of the proper location of the dam, ensuring that the site is free from 

obstructions (e. g. roads, farms or other facilities); availability of suitable materials 

required for construction; preparation of contour plans of the dam area in order to 

specify the storage basin area; cross and longitudinal sections of the dam site. 
2. Hydrological Studies, which determine the quantity of rainfall in the region, time 

cycle and floods in the valley. They also determine the area where water will collect 
by aerial mapping. Through such information and contour plans, the volume of 

water to be stored can be determined representing the storage capacity of the 
dam. This will determine the height of the dam wall, and required capacity of 

outlets to ensure safety in the event of floods. 

3. Hydrological studies to identify the nature of the geological composition of the area 
to ensure strength and capability of foundations to withstand future loads and 

pressures. 
4. Engineering and evaluation studies including identification of the type of the dam 

determined by the size of the valley, the storage capacity and proposed height of 
the dam wall, availability of materials required for construction, the nature of the 

geological composition of the dam, the purpose and viability of the dam followed 

by the preparation of final specifications and designs of the dam. 
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5. Studying the ecological consequences of building the dam with respect of the 

nature of valley, the vegetation and animal life, and to suggest appropriate solutions 

to prevent any adverse consequences. 
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Figure 2.5: Concrete dams: The Bisha dam in SW Saudi is an example of a concrete dam. 
These types of dams are built by the government for flood control and groundwater recharge. 
Its height from foundation is 106m; It is 340m wide with total storage capacity of 192 million 
m'. It forms the largest lake in Saudi Arabia with an area of about 28 kM2 

. (Source Ministry of 
Agriculture 2000, Saudi Arabia) 

2.7.2 Irrigation and drainage development 

Soil surveys and classifications put the area of land suitable for irrigated agriculture at 

about 10 million ha (Department of Economic Studies and Statistics, 1989). All 

agriculture is irrigated and in 1996 the water managed area was estimated at about 1.6 

million ha, all equipped for full/ partial control irrigation. Surface irrigation is practiced 

on the old agricultural lands, (cultivated prior to 1975), which represent about 34% of 

the irrigated area (Department of Economic Studies and Statistics. 1989; Audallah & 

Abderrahman, 1996). 

Sprinkler irrigation is practiced on about 64% of the irrigated areas. The central pivot 

sprinkler system covers practically all the lands cropped with cereals. Normally, 

pumped groundwater from one deep well supplies one or two central pivots. The 

irrigation application efficiency of this method is estimated at between 70 and 85%. 

Groundwater is used on almost 96 % of the irrigated area, treated wastewater on I %. 

The crop area has more than tripled between 1977 and 1996 (Ministry of Agriculture 

and water, 1996). In general, there is only one cropping season. The major irrigated 

crop is wheat. In 1996. it consumed almost 40% of the total quantity of irrigation water 

while it covered almost 62 % of the irrigated area. Other major crops are fodder, other 
cereals (particularly sorghum and barley), fruit trees and vegetables. Wheat, vegetables, 
fruits. dates' and f6dder are exported. 
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Waterlogging and drainage problems occur in the central and southern parts of the 

country (Ali et aL, 1991; Bahanshal, 1989), because of the existence of shallow, 
impervious layers. About 44,000 ha, or 2.7% of the irrigated area, have drainage 

facilities, mainly consisting simply of open drainage canals. 

In several projects, such as the Al-Hassa irrigation project in the east, agricultural 
drainage water is reused for irrigation after blending with fresh groundwater. Old 

irrigation networks are replaced with concrete-lined canals (Ministry of Agriculture and 

water, 1987). 

2.8. Vector-borne Diseases in Saudi Arabia 

Malaria 

Saudi Arabia with its diverse climatic, topographic and ecological features can support 

a wide variety of malaria epidemiological patterns. About 1.7 million of the population 
live in areas where malaria is transmitted. Except for the central part which is free of 

malaria, the rest of the country includes four malarious areas that differ in their 

epidemiological characteristics and mosquito vectors, though An. sergentii, which is 

extremely well adapted to desert conditions (Al-Seghayer et aL, 1999) occurs in all 

areas (Figure 2.6). 

The first reliable data on malaria in Saudi Arabia came from Aramco (Arabian 

American Oil Company) in the eastern province in 1941. According to a malariometric 

survey carried out (Daggy, 1948) malaria at Al-Hassa was mesoendemic. It was the 

most significant health hazard and the leading cause of morbidity and mortality among 
the oil workers. Most of the cases came from the Al-Hassa oasis area. For the last 

thirty years no malaria cases have been detected, except for some imported cases each 

year from inside or outside the Kingdom of Saudi Arabia. An. stephensi is the 

recognised main malaria vector species predominating in the oases (Daggy, 1958; 

Bashwari et aL, 2001). 
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Figure 2.6: Distribution of malaria in Saudi Arabia. 
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In the eastern and northern parts where oasis malaria was endemic, local transmission 

has not occurred since 1972 (Al-Seghayer et al., 1999. Bashwari et al., 2001). 

However, with the abundance of anopheline vectors, mainly An. stephensi and An 

superpiclus (Daggy, 1958). the continuous flow of parasitic carriers from malarious 

countries or from endemic areas within Saudi Arabia and the availability of non- 
immune humans, malaria may resurge if relaxation of control activities occurs. 
Moreover, if the situation in the Eastern Province is not well maintained, there is a risk 

of malaria outbreaks in such big cities as Dammam, Al-Hassa and Hofuf due to the 

ability of An. stephensi as a vector of urban malaria. Consequently, malaria surveillance 
in these areas remains high (Al-Seghayer, 1983, AI-Seghayer et al., 1999). 

In the western and southern parts, the geographic distribution of malaria was reduced to 
some foci inside remote valleys of Hijaz mountain range where rainfall is sufficient to 

provide abundant areas for breeding of the principal vectors, An sergentii and An. 
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arabiensis (Abdullah, 1995). Malaria control in such foci is difficult due to the nomadic 

movement and exophilic habit of the mosquito vectors. 

In the south-western part especially in the valleys and villages in the foothills of 

Sarawat Mountains (Jizan and Aseer regions) where P. falciparum is common (over 

90% of cases) and where rainfall is relatively abundant, malaria occurs at meso- to 

hyperendemic level (Al-Seghayer, 1983; Al-Seghayer et aL, 1999). In addition to the 

imported and border malaria, two major technical problems now face malaria control 

programme in Saudi Arabia: 

(a) the already developed resistance of vectors to organochlorine insecticides and the 

expected resistance to the insecticides currently in use, and 
(b) P. falciparum resistance to chloroquine, that has progressively increased in recent 

years, with some locally acquired cases in SW areas bordering Yemen. With Us 

situation, monitoring of both vector and parasite resistance must be regularly carried 

out with vigilance (Al-Seghayer et aL, 1999) 

The national antimalaria programme is under continuous evaluation and revision. 
Emphasis is placed on non-chemical measures for controlling malaria vectors such as 

environmental management and biological control to: 

(a) reduce complete reliance on chemical insecticides due to their possible adverse 

effects on human health and environment in addition to the problem of vector 

resistance and 
(b) to have efficient chemical agents available in emergency situations to assist in 

checking outbreaks of the disease. As malaria problems are often man-made, 

community participation in its control is of prime importance especially in 

vector control. Such participation is not yet fully achieved in Saudi, which 

represents a major challenge to the MOH control efforts (Al-Seghayer. et aL., 
1999). 

Following the extensive malaria control programmes described, malaria is now 

restricted to the southwestem. part of the country (Tihama). About 5% of the national 

population of Saudi Arabia are at risk (1.04 million). The average number of cases per 

annum recorded in Saudi Arabia in the period from 1983 to 2001 was 15160 (Al- 

Seghayer et aL., 1999), ranging from 3074 in 2001 to 40,796 cases in 1998 
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Malaria in Jizan region 
Jizan Region, in the SW of Saudi Arabia and bordering Yemen, is known to be the 

most malarious region in Saudi Arabia, accounting on average for 60-70% of all locally 

acquired malaria cases recorded during the period from 1983 to 2001 (Al Sheikh, 

2004). Jizan Region is divided into four zones of differing endemicity: 

1. Malaria free zone: Malaria is absent in mountain areas at 1500 metre above sea 
level, e. g. Feifa and Al Hasa areas. It is also absent in the Farasan Islands. 

2. Low endemicity zone: Transmission in this zone is unstable and the area is subject 
to malaria epidemics. Periodic rains in the hills can lead to flooding in the wadis. 
This can leave water pockets suitable for breeding of mosquitoes on the coastal 

plain. In the past the spleen rate in this zone was found to be less than 10% (MOH, 

1983; Ageel, 1990). 

3. Moderate endemicity zone: Malaria incidence in this zone is also unstable. Most the 
inhabitants in this zone are exposed to malaria transmission during periods of up to 

six months every year, depending on the pattern and amount of rain. This zone 
includes the interior plains and foothills (Al Aridah, Harub, Samtah, Abu Arish, Al 

Raith, Sabya, Twowal, Itwad, Al Darb, Cuz, Kudmi, AlHakarnyah, Shugayri, Al 

Salb, Dehama, Al Ghahma, Mislyah, Al Fateha, Al Ayah, Mawasam; In these 

places, the rainwater collects in wadis and in natural pans. This is also where most 

of the population of Jizan reside, especially along the wadis. The spleen rate in this 

zone was 10- 50% (MOH, 1983; Ageel, 1990). 

4. High endemicity zone: Malaria in the Yemeni border areas is stable. Malaria cases 

reported from this zone constitute more than 50%of all cases reported in Jizan. 

Water suitable for mosquito breeding is available throughout the whole year. It is 

likely that malaria transmission continues throughout seven months of the year. 
This persists in most areas despite repeated control measures. 

The malaria transmission season in Jizan extends from October to April with a 
prominent peak in January. The major factor that influences the extent and intensity of 
transmission season is rain (Ageel, 1990). 
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Malaria Vectors 

Fifteen indigenous Anopheles sp. mosquito species are known to exist in Saudi Arabia 

(Al-Seghayer. et al., 1999; Daggy, 1958) of which only three are primary malaria 

vectors: An. stephensi (Eastern province) and An. superpictus (Northern Province). Al 

Sheikh (2004) recently found that An. arabiensis is the only vector of malaria and the 

only member of the An. gambiae complex found in the Tihama area of Saudi Arabia 

and Yemen. In addition, An. fluviatilis (Eastern province) and An. sergentii (Eastern 

and Southern Provinces) are considered as secondary vectors (Daggy, 1958). 
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Rift Valley Fever 

An outbreak of RVF occurred in 2000 in the Arabian Peninsula, in South-western 

Saudi Arabia, in Jizan Region (Jupp et aL, 2002) and in neighbouring Northern Yemen 

in Al Zohra district of Al Hudaydah Governorate (Balkhy & Memish, 2003). This was 

the first outbreak to occur outside the African Continent since RVF was recognised 

seventy years ago (Jupp et al., 2002; Gubler, 2002). 

The RVF outbreak in Saudi Arabia started in September 2000 and lasted until April 

2001. The total number of cases identified serologically was 884,98% of which 

occurred in Jizan and Asir Regions The case fatality rate was 14.0% (124/884) in Saudi 

Arabia and 11.1% (121/1087) in Yemen (Shoemaker et aL, 2002; Al-Hazmi et aL, 

2003; Balkhy & Memish, 2003). 

In September 2004 (during this study), RVF reappeared in South-western Saudi Arabia, 

in Jizan Region, with cases only in livestock with no cases reported among humans. 

Five cases of viral disease were detected during periodic examinations in Jizan (MoA, 

2004). The 5 cases were in the Jizan dam area: 4 in Abu Areish governorate and one in 

Al-A! rida governorate. 

RVF viruses in Saudi Arabia and Yemen were virtually identical to those identified in 

earlier East African outbreaks (Shoemaker et aL., 2002). In the Saudi Arabia RVF 

outbreak, Aedes vexans spp. arabiensis Patton and Culex tritaeniorhynchus Giles were 
identified as vectors (Jupp, et aL, 2002; Miller et aL, 2002). 

Control of the epidemic was based on disease prevention in domestic animals in the 

peridomestic environment, by elimination of the infected animals and vaccination of 

uninfected. Mosquito control by larviciding, Indoor Residual Spraying (IRS) and space 

spraying using aircraft were also carried out. In September 2000, the Saudi Ministry of 
Health developed and implemented strict plans to prevent the appearance of this 

disease during the Haj (pilgrimage) period. Annually, 2-3 million people from all over 

the world convene in the holy city of Mecca in the Western Province of Saudi Arabia to 

perform Haj, part of which leads to the slaughtering of hundreds of thousands of 
livestock animals. 

47 



Dengue and Dengue Haemorrhagic Fever 

Primary dengue, caused by one of the four serotypes, is usually a self-limiting febrile 

illness, but when infection with a second serogroup occurs DHF or dengue shock 

syndrome may ensue. In 1993, a fatal case of DHF occurred in a Saudi male in Jeddah, 

following the introduction of dengue to the region (Shaheen et aL, 1993 & Zaki, 1997). 

Recently, the Ministry of Health reported 143 cases (4 deaths) in Jeddah in the first two 

months of 2006. This serious increase in the south western part of Saudi Arabia started 
in 2004 with 291 cases and continued with 305 cases in 2005 (MOH 2006). 

The communicable diseases surveillance system in Yemen recently detected an 

outbreak of dengue 3 fever, which was confirmed by the US Naval Army Medical 

Research Unit 3 (NAMRU-3), Cairo, Egypt (WHO 2005). As of 17 April 2005, a total 

of 392 cases of dengue fever have been reported from Hodeida Governorate, Yemen: 

172 from Hodeida City (8 deaths, Case-fatality rate [CFR]= 4.7%) and 100 from 

Zabeed City (7 deaths, CFR= 7%), while the other cases occurred in some 18 villages 
in the area (WHO, 2005). 

Schistosomiasis 

Schistosoma mansoni and & haematobium are endemic in 12 provinces in the Kingdom 

of Saudi Arabia with the expansion of agricultural lands, which provide breeding 

grounds for snails (Sebai, 1988b). S. mansoni is Prevalent in the highlands of the 
Western region and some parts of the Central and Northern regions whereas S. 

haematobium is mainly prevalent in Tihama areas, the lowland coastal plain in the 

west-southern region. 

Transmission appears to be intense in the southwest region of the country, in which 
there are 23 dams (Ministry of Agriculture and Water 1995) and almost 2 million 

people are at risk of infection (Ashi. et aL, 1989; Ghandour et aL, 1999). 

The geographical distribution and ecology of the snail intermediate hosts of these 

parasites, the prevalence, incidence and intensity of human infection, and the efficacy 

of several diagnostic tests have already been investigated in the Western region 
(Morad, Khan. 2001; Ghandour et aL, 1995,1997; Amin, 1990; Magzoub & Kasim, 
1980; Gremillion et aL. 1978; Alio, 1967; Arfaa, 1976). However, there have been few 
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if any reports of human-water contact studies related to the transmission of 

schistosomiasis in Saudi Arabia. 

The disease was until recently, an important public-health problem in most parts of the 

country. Between 1974 and 1977, the national ministry of health established centres in 

all endemic regions to carry out control programmes based on diagnosis, treatment of 
infected individuals and snail control (Amin & Ageel, 1997) 

Leishmaniasis 

Cutaneous leishmaniasis is a serious and increasing public health problem in the 

Kingdom of Saudi Arabia (Peter & Al-Zahrani, 1985). Biochemical typing of numerous 
isolates from patients with cutaneous leishmnaiasis revealed that Leishmania major is 

widespread in different parts of the country (AI-Zahrani et aL, 1989a). 

Visceral leishmaniasis is endemic in southern Saudi Arabia (Peters & AI-Zahrani, 

1987; AI-Zahrani et aL., 1988), mostly occurring in Jizan and Asir regions. Visceral 

leishmaniasis in southern Saudi Arabia affects predominantly infants and young 

children (Al-Zahrani et al., 1989b). 

Because of age distribution of cases, the disease in Saudi Arabia was thought to be 

similar to the Mediterranean variety; namely, a zoonosis for which canines are the main 

reservoir. However, studies identified the causative organism isolated from patients in 

southern Saudi Arabia as L. donovani s. L zymoderne LON-42 (Al-Zahrani et al., 
1989b) This was isolated also in Yemen and eastern Ethiopia. The disease peaks in late 

spring and summer, then declines sharply in winter (Ibrahim, et aL, 1994). 
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Chapter Three: Description of the Study Sites 
and Mosquito Collection Methods 

3.1 Study area: 
The present study was conducted in Jizan Region in South-western Saudi Arabia. 

3.1.1 Saudi A. -abia 
The Kingdom of Saudi Arabia comprises about four-fifths of the Arabian Peninsula, a 

land mass constituting a distinct geographical entity, bordered on the west by the Red 

Sea, on the south by the Indian Ocean and on the east by the Arabian Gulf (Figure 3.1). 
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Figure 3.1: Map of Saudi Arabia showing bordering countries and the main cities. 
Source, Magellan Geographix 1997 I-wNk-w. map. com). 
Geographically, Saudi Arabia is divided into four major regions. The first is the Central 
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region, which lies along the Red Sea coast. The Southern region, in the southern Red 

Sea-Yemen border area, constitutes the third region. Fourthly, there is the Eastern 

region, the sandy and stormy eastern part of Saudi Arabia, the richest of all the regions 

in petroleum. 
For administrative purposes, the Kingdom of Saudi Arabia is divided into 13 regions: 

Riyadh Region 

Makkah Region 

Madinah Region 

Qasim Region 

Eastern Region 

Asir Region 

Tabouk Region 

Hail Region 

Northern Border Region 

Jizan Region 

Najran Region 

Al-Baha Region 

AI-Jouf Region 

With the exception of the southern region (Asir, Jizan and NaJran), Saudi Arabia has a 

desert climate characterised by extreme heat during the day (the average is 35'C during 

summer, reaching 49'C as maximum), an abrupt drop in temperature at night (the 

average is 23*C during winter reaching 4*Q. Because of the influence of a subtropical 
high-pressure system and many fluctuations in elevation, there are considerable 

variation in temperature and humidity. The Relative Humidity ranges from 30% (the 

and regions) to 95% (the costal regions). The average annual rainfall is between 7.5 

and 15 cm, with the Southern Region (which is subject to Indian Ocean monsoons 

usually occurring between October and March) receiving the greatest amount, about 
25-50 cm per annum. (Al-Ohaydeb, 1992; Khoja & Farid, 2000). 

About 2% of the total land area is used for agriculture and forest covers about 3%. 

There are about 3,785 hectares planted with vegetable crops and 23285 hectares planted 

with trees, which include the date palm, an important food and cultural symbol. In 

Saudi Arabia there are about 13 million mature date palm (10% of the world supply). 
The other important cultivated crops and vegetables are millet, wheat, sorghum, and 

maize (Saudi MOH, 1983; FAO 2002). 
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3.1.2 Jizan region 
Jizan region lies in the southwest of the country, between 16" 12' and 18" 25' latitude 

north (Figure 3.2). It is bordered in the east by Sarawat Mountain, in the south by Arab 

Republic of Yemen and in the west by the Red sea. The total area of Jizan is about 
22,000 square kilometres. The Jizan region runs along the Red Sea coast for almost 200 

miles (300 km) and includes some 100 islands. In 2002, the population of the region 

was estimated as 1.3 million, with 30% concentrated in six major cities, and the 

remainder living in over 1000 villages. Most of these villages of 50-500 people are 

scattered in remote areas, without ease of access. 

Jizan is one of the Kingdom's richest agricultural regions, remarkable for both the 

quality and variety of its agricultural produce. It is notable for its production of coffee 
beans, grain crops (barley, millet and wheat) and fruit (apples, bananas, grapes, lemons, 

mangoes, oranges, papayas, plums and tamarinds). 

Topographically, Jizan is divided into three zones: the mountains in the east (rising to 

2,500 meters above sea level), the foothills (400-600 meters above sea level) and the 

extensive plains (less than 400 meters) occupying the area between the foothills and the 
Red Sea (Ageel, 1990). The region is drained by several permanent wadis, which play a 

crucial role in providing perennial habitats for mosquitoes and several intermittent 

wadis, which are wet except in the dry season and which are important in increasing the 

number of breeding habitats and directly influence abundance of anopheline vectors. 
These wadis maintain a continuous steady flow into the foothill area (Al-Sharif, 1983; 

Ageel, 1990). During the period of heavy rains, the wadis may flood and water is 

carried along the entire wadis to the Red Sea. Thus water flow in these wadis is not 
stable and is subject to various fluctuations depending on the amount of rainfall in the 

mountains. Water run off these wadis ranges from steady flow, excessive flow or 
sweeping flood. Under these situations the breeding places are not constant or stable 
and continuously depend on the water flow in the wadi. Twenty major wadis that drain 

rainwater from the mountains into the Red Sea traverse Jizan. These wadis have 
hundreds of tributaries in the foothill areas (Ageel, 1990). 
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Figure 3.2: Location of six study villages in the Jizan Region of Saudi Arabia 
(3 in irrigated area and 3 in a non-irrigated area) 

Villages in 
irrigated area 
non-irrigated area 
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3.1.3 Study sites 
Two areas were selected for the study: (see Figure 3.2) 

(1) Three villages in the irrigated area Qizan Dam and Irrigation Project in Wadi 

Jizan). 

(2) Three villages in the control area (Khulab Valley), located 25 kin from the 

irrigated area. 

Collection sites were selected after surveillance of the Jizan Region. This revealed that 

the only suitable habitat for mosquito breeding existed in the wadis, which run from the 

Sarawat Mountain range down to the Red Sea. Wadi Jizan was then chosen as the main 

study area because: 

(1) It had been associated with the RVF outbreak in 2000, 

(2) Jizan Dam and Irrigation Project is located in the middle of Wadi Jizan. (Figure 

3.3) 

In the study sites, in Irrigation and non-irrigation areas, the population live mostly in 

villages, few of which have more than 500 inhabitants. Typically, the population of the 

villages ranges between 50 and 150. These small hamlets are widely scattered in the 

plain and foothill area. Nearly all the villages in the plain are situated along wadis and 

seldom lie ftirther than Ikm from the wadi. The natural vegetation along the wadis is 

dominated by Acacia sp. and Tamarix sp.. Income is derived from sheep grazing, 

commerce and the cultivation of sorghum. Each family maintains approximately 10 

sheep or goats and one cow, but wealthy herdsmen may have hundreds and hire 

shepherds. Most villages have electricity and a proportion of the population live in air- 

conditioned rooms. A few inhabitants have electric generators that they utilize at night. 
Inhabitants who have no electricity or air-conditioning sleep outside nearly all the year 

round, but especially in the hot weather. Education is available for all levels until 

secondary school for boys and girls. Health services (primary health care centre and 

two general hospitals) are also available. Most health centers are provided with a 
laboratory, where the first line treatment of malaria cases is'sought. 
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Figure 3.3: Jizan Dam, a typical swamp area susceptible to mosquito breeding. 

Three villages were selected in the irrigated Area. These are Korsi Aldayer 11 and 

Rawan Alabeed 12 which are located above Jizan Dam while Almejussus 13 is located 

below Jizan dam (Figure 3.2 & Table 3.1). Jizan Irrigation Project is located in 

Almejussus area below the dam. Korsi Aldayer 11 and Rawan Alabeed 12 are a 

mountainous area intersected by 4 main wadis and their tributaries, and with many hills 

and stony. projections. which reduce the available agricultural areas to patches of clay 
dependent on rain for cultivation of crops, mostly sorghum. Grazing grass is abundant 
during the rainy season. To the east lie the Saudi mountains (Sala, Abadel, Bani Kais, 

with peak of 2500 metres high), and beyond this range, are the range of Yemen 

mountains, in particular Menabbeh Mountain, which rises to more than 2500 metres. 
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Table 3.1: Study sites in the Irrigated Area. Jizan. Saudi Arabia 

Villages Location Total No of Altitude 
Lat Long House-holds (M) 

Korsi Aldayer 17.104 78 33 3) 3 43.10505 62 > 400 
11 
Rawan Alabeed 17.01873 

_3333 
3 42.98621667 35 21 300-400 

12 
Almegussus 17.04406667 42.87516667 13 6 < 300 
13 
Total 519 

Table 3.2: Study sites in Non-Irrigated Area. Jizan. Saudi Arabia 

Villages Location Total No of Altitude 
Lat Long House-holds (M) 

Alorah 16.77651667 4 3.2 4763 33 33 102 > 400 
NI 
Alkarbose 16.7977833,33 4 31.20 58 218 300-400 
N2 
Almugergurn 16.72953333 43.04281667 196 < 300 
N3 
Total 516 

3.2 Mosquito Sampling 

Each site of these 6 sites (Figure 3.2) was sampled once/month and for entomological 

data three sampling methods were used: PKD (pyrethrum knockdown collection), CDC 

light traps, and larval sampling of breeding sites. 
During the stages of the fieldwork. adult and larval mosquitoes were collected using 
different techniques to obtain information on density and seasonal abundance of vectors 

of malaria, Rift Valley fever and other mosquito-bome diseases 

3.2.1 Sampling mosquito breeding sites 
Surveys were carried out in all six selected villages during 2004 (Jan-Dec). Three local 

persons were trained as field worker assistants before starting the surveys in Malaria 

Centre in Jizan. Wadies near each village were sampled in over a length of I km. 
Natural collections of water in temporar-, . pools that fori-ned at the edge of the wadis as 
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a result of overflow, seepage and receding water, water containers in or outside the 

houses, and wells were checked for the presence of mosquito larvae. 

Because mosquito larvae are found in a wide variety of habitats, a number of different 

sampling techniques to determine their presence and density have been developed. The 

species of mosquitoes being looked for and the type of habitat being sampled, in part, 
determine the sampling method used. Thus, it was important that field personnel knew 

the preferred breeding habitats and seasonal occurrence of species known or suspected 

to be present within an area. 

Many, if not all, of the published methods are described by Service (1993). Some 

methods used complex mechanical devices, but the most commonly used larval 

collection methods are the following: 

a. Larval dipper 

b. Larval net 

c. Well net 
d. A pipette 

LarvalDipper 

Mosquito larvae of most genera, particularly the common Culex, Aedes and Anopheles, 

are usually found at the water's surface and frequently next to vegetation or surface 
debris. In larger pools and ponds, they are usually near the margins, not in open, deep 

water. Dipping was concentrated around floating debris and aquatic and emergent 

vegetation. If there is a strong wind, dipping was done on the windward side of the 
habitat where larvae and pupae were most heavily concentrated. It is better to look for 

larvae before beginning to dip, if possible. If it was raining on the water's surface, the 

collector had to wait until the rain stopped. As many samples as possible were taken in 

order to obtain an accurate picture of the area! s species composition. 

Standard dippers (soup ladles) 350 ml, 13 cm diameter (Figure 3.4) were used to collect 
larvae from pools and ponds. A net was occasionally used to sample larvae. 

Collections were made following the protocols described in WHO (1975), by dipping 

the ladle gently into the water surface at an angle about 45 taking care not to disturb the 
larvae. Larvae and pupae were then transferred to tubes by means of a pipette. The 

number of dips in each type of breeding site was counted. Larvae were stored in labeled 
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tubes containing water from the habitat. and transferred in a cool box to the laboratory 

at the Malaria Centre in Jizan. 

Figure 3.41: Larval sampling using a dipper, Alorah. Jizan Region, Saudi Arabia 

Larval net 
A larval net consists of a fine mesh net, with a plastic bottle at the apex, and mounted 

on a wooden handle. To collect larvae and pupae, the water surface was swept by 

holding the net at an angle and moving it through the water. Larvae on the water 

surface were collected in the plastic bottle or tube. 

Well Net 

The well net was used for sampling from wells. steep sided pools, or from the darn- 

body tubes (concrete channels used for draining). This net is held at an angle by four 

strings and controlled by one long string. Asdft 

A pipette 

A pipette was used for collecting larvae from very small water bodies, e. g. tin cans or 
hoof-prints. 
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3.2.2 Sampling adult mosquitoes 

Light Trap Collections 

CDC light-traps baited with C02 (Figure 3.5) (Sudia & Chamberlain, 1962) operated 

from 6-V rechargeable gel-cell batteries were used to sample indoor and outdoor 

mosquitoes in each village houses and shelters. The body of the trap was made from a 

15cm length of 8.25cm internal diameter. A slot on each side permitted the insertion of 

the motor support bracket for holding the motor. A 4-V bulb was mounted directly 

above the motor at the top of the trap body. Color-coded binding posts and 'snap-on' 

terminals permitted easy connection of leads from the battery and motor assembly. A 

detachable wire mesh screen was placed over the entrance of the trap to exclude large 

insects. A fine mesh cloth-collecting bag with a narrow neck was fitted to the end of the 

trap body. In bedrooms 
- where normally people don't use bednets 

- or shelters with 

ceilings, it was suspended about 15cm below the ceiling, opposite a window and close 

to sleeper or animal. Light-traps were placed in 3-5 bedrooms or shelters. The traps 

were switched on at 1800 hr and switched off at 0700 hr. for certain collections, a2 

kilograms block of dry ice (C02) was wrapped in a plastic bag above the trap, mainly 
for outdoor collections. Five light traps were installed in houses or animals shelters 

once per month in each of the six sites. These collections were conducted from January 

- December 2004. 
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Figure 3.5: CDC light-traps baited with C02 used to sample outdoor mosquitoes in 
the Dam area, Rawan Alabeed, Jizan Region, Saudi Arabia. 

Pyrethrum knockdown (PKD) collections 

For blood-meal analysis for malaria and RVF vectors, pyrethrurn Knockdown (PKD) 

collections were carried out in at least five houses every fortnight in during the wet 

season in each village. The routine for these collections in villages was the same, 
inhabitants were asked to leave their rooms and all easily removable objects such as 

small tables, chairs, exposed food and drinking water were removed. Followed the 

protocols of WHO (1972; 1992). In each room two assistants carefully laid white 

cotton sheets (2x4m) over the entire floors as well as over beds, large furniture and 

miscellaneous objects that were not easily removable (Figure 3.6). All doors and 

windows were closed and the bedroom sprayed by 3 people, two of whom remained 
inside, while the other stayed outside and sprayed along the open eaves gaps and other 

potential escape routes such as closed doors and windows. The spray was directed 

towards the roof and ceiling of bedrooms for about three minutes, after which the 

sprayers left the room and closed 'L ýhe door. Houses were sprayed the early morning 
between 0630 and 0900hr, with locally bought pyrethroid insecticide aerosol cans 
(RAID). RAID contains tetramethrin (0.15%), allerthrin (0.25%) and deltamethrin 

(0.015%). After about 10 minutes the door was opened, the sheets taken outside and 

mosquitoes picked up from the sheets using forceps. Mosquito were then placed in 

plastic Petri dishes on damp filter paper and moist cotton, and stored on ice in an 
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insulated cool box for transportation to the laboratory. After completion of the spray 

collections, furniture and other objects that were removed from the room were returned. 

The name of the village, house number, time of spraying and the number of people who 

slept in the room, presence or absence of animals, and number and species of animals 

were recorded. 

Figure 3.6: Using spry sheet collection (SSC) to collect mosquitoes 
from houses in Rawan village. Jizan. Saudi Arabia 

Blood meal analysis indicates 

Discovering the blood meal hosts of the local population of mosquitoes is important in 

determining how well they serve as a vector for diseases. Mosquitoes was collected in 

the rainy season 2004-2005 in both irrigation and non-irrigation areas mainly using 

PKD. 

Collected mosquitoes were squashed on to a piece of filter paper. The filter paper was 
divided into 8-16 segments (Figure 3.7). the segments were numbered. The specimens 

were allowed to dry thoroughly before packing the filter paper for dispatch. If more 

than one filter paper was used, the filter papers should be separated from one another 

with a piece of grease-proof paper during packing, this is to avoid cross-contamination. 
The filter paper was placed in the plastic bag and then placed in the refrigerator. 
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The rest of the work was completed in Liverpool in the school laboratory in 2005. The 

following information was provided with each batch of blood-meal sample: a) 

locality/site of collection; b) mosquito species in relation to filter paper samples; c) 

animal hosts found at the site of collection; and d) date of collection. 
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Figure 3.7: Shows how filter paper should be divided for blood-meal collection. 

Transportation ofAdults and Larvae to Lab 

All adult mosquitoes were placed in plastic Petri dishes lined with damp filter paper, 

and then placed in a cool box and transported to the laboratory. 

Wherever possible, larvae were transported alive to the laboratory. In rural areas the 

majority of journeys to the laboratory took from two to six hours, and tubes were 

opened every two hours to provide the specimens with fresh air. 

Identification of collected mosquitoes 
As larviciding with temephos in Jizan and all Tiharnah areas occurs weekly, larvae 

collections in the present study always preceded this larviciding. Thus most of the 

larvae that were collected were at the first or second stages. Complete development in 

the laboratory to the later stages of larvae or adults was required for morphological 

identification. Anophelines and culicines (larvae and adult) were identified using the 

keys of Mattingly & Knight (1956). and DuBose & Curtin (1965). The key of Harbach 

(1985) was used for identification of. ("Wex larvae and adults, and Glick (1992) was 

used for Anopheles adults. Samples of anophelines and culicines, were preserved in 

plastic bags containing silica gel and transferred to the Liverpool School of Tropical 
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Medicine for further analysis. Verification of identification were confirmed by Dr. 

Ralph Harbach at the Natural History Museum, London. 
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Chapter Four: Entomological surveys in irrigated and 
non-irrigated sites in Jizan 

4.1 Introduction 

Understanding where mosquitoes breed and why they prefer certain water bodies is 

essential for the execution of an effective mosquito control strategy. This need is 

particularly important in areas where large-scale irrigation exists (Birley, 1991; Ijumba 

& Lindsay, 2001). 

Hydrological changes following irrigation development or dam construction may lead 

to a significant increase in the extent of mosquito breeding sites and/ or in their 

seasonal duration. Thus, seasonal transmission of a disease such as malaria may be 

extended. As each vector has its own peculiar biology and environmental requirements, 

the detailed design of a water development project should take account of the attributes 

of local vector species (Birley, 1991). 

The immature stages of the important malaria vector An. arabiensis occur in a great 

variety of habitats, in small temporary, sunlit pools such as rain puddles, and in large 

permanent habitats such as rice fields and wells (Gillies & Coetzee, 1987). They can 

also be found in swamps formed by seepages alongside fields and irrigation canals, 
hoof and footprints and road ruts around rain water pools (Zahar, 1985; Bockarie et al., 
1993). Shililu et al. (2003) found An. arabiensis larvae in five of six aquatic habitats 

investigated in ponds, rain pools, streams/rivers, swamps and water supplies. In 

Yemen, An. gambiae s. 1 was found to breed in irrigation canals, riverbeds, water 

collections near pumps, storage tanks, artificial containers and basins (Al-Maktari & 

Bassiouny, 1999). 

Recently, it was shown that An. arabiensis is the most important (and probably the 

only) malaria vector in Jizan Region, Saudi Arabia (Al Sheikh, 2004). An. arabiensis 
larvae were found to occur all year round with a peak occurring in November and 
December. Al Sheikh found that An. arabiensis occurred in many breeding habitats, but 

predominated in the temporary natural rain pools in wadis that formed after floods. 
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Other Anopheles species were also common in the region and An. dthali and An. 

pretoriensis were often found breeding with An. arabiensis (Al Sheikh, 2004). 

Investigating the Rift Valley Fever epidemic of 2000, Jupp (2003) determined that both 

Cx. fritaeniorhynchus and Ae. vexans arabiensis were probably the most important 

vectors based on abundance, distribution and their preference for blooffeeding on 
humans and sheep. The higher anti RVF virus immune rates in livestock resident in the 

foothills of the Sarawat Mountains in Saudi Arabia were believed to be related to the 

presence of the many agricultural fields in the terraces between the wadis in the 
foothills of the mountain range. The practice of temporary flooding of these crop and 

pasture fields provided an ideal habitat for oviposition and subsequent larval 

development of both species, but particularly the floodwater mosquito Ae. v. 

arabiensis. The latter would have been the first to appear in the area when the soil of 
these fields became inundated by the first rains. There is also the possibility that Ae. v. 

arabiensis will transmit the virus transovarially to the next generation when infected 

eggs hatch once the next season's rains arrive, in a manner similar to that shown 

previously in Kenya for Ae. (Neomelaniconion) mcintoshi (Linthicum et al., 1985). If 

so, this would have major implications for the future of RVF in the region. 

Significant populations of Cx. tritaeniorhynchus probably remained in the Jizan Region 

after the 2000 rains ceased and the RVF epidemic waned, as by breeding in more 

permanent water it is not dependent on the flooding of agricultural fields. In this way 
Cx. tritaeniorhynchus could have continued to transmit virus; infections after Ae. v. 

arabiensis had disappeared (Jupp et al, 2003). 

Despite the importance of the various other mosquito species also known to occur in 

this region (Al Sheikh, 2004), and their potential as vectors for diseases such as yellow 
fever, dengue and other arboviruses, little is known about them locally. For example, 
Aedes aegypti was involved in transmission of dengue fever in 2000 in Jeddah city 
(Fakeeh & Zaki, 2001), but little is known of its distribution or habits in the region. 
The data in this chapter derives from a comprehensive year-long study carried out to 

record the mosquito fauna breeding in irrigated and non-irrigated sites, with a view to 
determining the effects of irrigation activities on their abundance. Although all 
mosquitoes were investigated, the species associated with transmission of malaria and 
RVF were of particular interest. 
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4.2. Materials and Methods 

4.2.1 Study sites 
Entomological surveys were carried out in Jizan Region, Saudi Arabia, in a total of six 

villages: three villages classed as being in an irrigation area (Korsialdayer, Rawan 

Alabeed and Almegussus); three villages in a non-irrigated area (Alorah, Alkarbose and 
Almegurgum) (see Chapter 3 for full descriptions of each site). 

4.2.2 Larval collections 

Surveys were conducted over 12 months from January to December 2004 in the 

selected sites. Each site was sampled once per month. Three local persons were trained 

as field worker assistants before starting the surveys, and were based at the Malaria 

Centre in Jizan. 

The wadis were sampled in stretches of approximately I km in length. Typical sites 

examined were static pools of water formed at the edges of the wadi flow and 
temporary pools resulting from overflow, seepage or receding water. Within nearby 

villages or farmland, all water bodies were examined for mosquitoes. All potential 

mosquito breeding sites were visited and checked for the presence of water on each 

visit. Those with water were examined for mosquitoes. 

Standard dippers (soup ladles) of 350 ml volume (13cm diameter) were used to collect 
larvae from pools and ponds. A net was occasionally used to sample larvae. 

Collections were made following the protocols described in WHO (1975 and 1992). 

Thus, pools Of IM2 in size were dipped five times. Larger pools were sampled with 10 

dips. 

4.2.3 Adult mosquito collection 
Pyrethrum Knockdown (PKD) collections 

Sampling was carried out during the rainy season (from September to December 2004) 

one time per month at each study site. On each visit, five houses were selected 
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randomly in each site and PKD carried out between 0600 and 1000 hrs (for a 
description of the method (see Chapter 3). 

CDC Light -trap collections with dry ice 

Once per month light-traps (n--5) were placed in six randomly selected houses or 

animal shelters at each study site in both irrigated and non-irrigated villages and left to 

run from 1800 to 0600 hrs period from Jan to Dee 2004 (see Chapter 3). 

For sampling exophilic mosquitoes, a 2kg block of dry ice was wrapped above the 

light-traps in a hessian bag. This method was carried out simultaneously with unbaited 
light traps in the same sites and at the same period. 

Identification of mosquitoes 

As larviciding with temephos in Jizan and all Tihamah areas occurs weekly, larvae 

collections in the present study always preceded this larviciding. Thus most of the 
larvae that were collected were at the first or second stages. Complete development in 

the laboratory to the later stages larvae or adults was required for morphological 
identification. 

Anophelines and culicines (larvae and adult) were identified using the keys of 
Mattingly & Knight (1956), and DuBose & Curtin (1965). The key of Harbach (1985) 

was used for identification of Culex larvae and adults, and Glick (1992) was used for 

Anopheles adults. Samples of anophelines and culicines, were preserved in plastic bags 

containing silica gel and 
' 
transferred to Liverpool School of Tropical Medicine for 

further analysis. Verification of identification was confirmed by Dr. Ralph Harbach at 
the Natural History Museum, London. 

4.2.4 Identification of mosquito blood meals 
A direct ELISA (Enzyme Linked Immunosorbent Assay; Beier, et al., 1988) was used 
to identify the source of bloodmeals of mosquitoes collected by PKD. Each sample was 
tested for reactions to antisera for human, cattle, goat, sheep, dog, chicken, donkey and 

camel. 
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Blood squash spots of mosquito were cut out and placed in labelled 1.5 ml eppendorf 
tubes to which 500 pI of phosphate buffered saline (PBS) were added and incubated at 
4'C overnight to elute blood. A 96 well polyvinyl chloride (PVC) microtitre plate 
(Nuclon Surface) was first loaded with blood sample extract (50 gl/ well). After an 
incubation of 3 hours at room temperature, the well contents were discarded and 

washed three times with PBS + 0.05% Tween 20 (PBS-Tween 20). Peroxidase 

conjugated IgG antibody (diluted at a ratio of 1: 500 in blocking buffer) was added to 

wells (50 pl/ well) followed by another incubation period of I hour at room 
temperature. The blocking buffer contained sera of various possible potential hosts that 

were present in the collection area. The plates were then washed three times with PBS- 

Tween 20. Finally, 100 pl of substrate solution of ABTS (2,2' azino-bis 3- 

ethylbenzthiazoline-6-sulphonic acid) and hydrogen peroxide (Kirkegaard and Perry 
Laboratories, USA) mixed 1: 1 immediately before use, was added to each well and 
allowed to develop. Positive specimens turned green and all the results were read 

visually after 30 minutes. 

4.3. Results 

43.1 Larval survcys 
Mosquito larvaewere found in all types of standing waters in all study sites: the edges 
of wadis and water puddles on dry riverbeds, rain pools, ponds, manmade pools 
(artificial pools), rocky pools, domestic water tanks, swamps, darns and wells. In total, 
6,135 mosquito larvae belonging to three genera were collected at the three study sites 
during the entire period of study of 12 months (Jan to Dec 2004). Of these, 57% were 
anophelines typically found in wadis and rain pools.. 

Culicine larval composition 

In total, II culicine species were found as larvae (Table 1). All these culicine species 
have been recorded in Saudi Arabia before (Mattingly and Knight 1956), but these are 
the first records from Jizan region for Culex sitiens Wiedemann, Cx. duttoni Theobald, 
Cx. laticinclus Edwards, Cx. simpsoni Theobald and Cx. decens Theobald 
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Out of 2637 culicine species collected in the larval stages, Culex tritaeniorhynchus 

alone represented 74% of the total, with the highest number collected from the irrigated 

site, Rawan Alabeed (47.7% of the total catch collected in the irrigated villages). This 

species was found at all six sites in all types of breeding sites including the more turbid 

pools. 

In the irrigated area, a total of 1320 larvae of Cx. tritaeniorhynchus were found. Of 

these, 1140 (86 %) were collected from 2 villages located near the upper Jizan dam 

(Korsi Aldayer, n--510; 38%; and Rawan Alabeed, n--630; 47%). Only 180 (13%) Cx. 

tritaeniorhynchus larvae were recorded in Almejussus below the dam (table 4.2a). A 

significance t test show that there is no significant difference between irrigated and 

non-irrigated area in culicine larvae. The abundance of Cx. tritaenlorhynchus fluctuated 

over the months of study and was apparently related to rain fall in Korsi Aldayer, with 
the maximum in August 2004 (Figure 4.1). Interestingly, in Rawan Alabeed near the 

upper Jizan dam, close to the lake, fluctuations in the abundance of Cx. 

tritaeniorhynchus were apparently unrelated to rain fall; e. g. the monthly average 
density was 65 larvae/ dip in April 2004 and 24 larvae/dip in May 2004 with no rain 
fall during this period (Figure 4.1). 

Aedes vexans ssp. arabiensis was the second most abundant species in the dam area in 

the larval stage, with the highest numbers collected from Rawan Alabeed at the 
irrigated area (n--173). However, no larvae were collected at non-irrigated villages. 
Most of the Aedes species were found after flooding in breeding pools. 
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Table 4.1: Culicines collected in the larval stage at all study sites in Jizan Region in 
the period from Jan to Dec 2004. 

Species Number of larvae collected % of total catch 
Cx. tritaeniorhynchus Giles 1957 74.21 

Ae. vexans ssp. arabiensis 272 10.31 

Cx. quinquefasciatus Say 142 5.38 

Ae. vittatus Bigot 115 4.36 

Ae. aegypti Linnaeus 28 1.06 

Cx. sitiens Wiedemann 51 1.93 

Cx. duttoni Theobald * 33 1.25 

Cx. laticinctus Edwards 17 0.64 

Cx. pipiens ssp 8 0.30 

Cx. simpsoni Theobald * 7 0.27 

Cx. decens Ileobald * 7 0.27 

All identified species 2637 

* These species have been recorded in Saudi Arabia before (Mattingly and Knight 
1956), but were not recorded in Jizan region. 

Table 4.2a: Culicines collected in the larval stage in the irrigated areas in Jizan Region 
in the period from Jan to Dec 2004. 

Number of larvae collected in the irrigated areas 
Species Korsi Aldayer Rawan Alabeed Almegussus 

Cx. tritaeniorhynchus 510 630 180 
Cx. quinquefasciatus 0 42 85 

. 4e. vittatus 15 25 0 

, 4e. vexans ssp. arabiensis 0 173 99 

Total 525 870 364 
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Table 4.2b: Culicines collected in the larval stage in the non-irrigated areas in Jizan 
Region during the period from Jan to Dec 2004. 

Number of larvae collected in non-irrigated 

areas 
Species Alorah Alkarbose Almegurgum 

Cx. tritaeniorhynchus 320 214 103 

Cx. quinquefasciatus 15 0 0 

Ae. vittatus 35 40 0 

Ae. vexans ssp. arabiensis 0 0 0 

Total 370 254 103 

Anopheline larvae 

In all study sites, larval stages of eight anopheline species were found (Table 4.3). Of 

3498 anophelines collected in the larval stage, An. dthali comprised 50 % of the total, 

with the highest number collected from the irrigated site, Rawan Alabeed where 47.7% 

of the total catch collected in the irrigated villages was taken. An. gambiae s. L 

comprised 9.43% of the total catch. (Figure 4.2,4.3 and 4.4). 

The majority of anophelines were collected at villages located at the upper part of 

wadis in both irrigated and non-irrigated areas: 77.3% of the total catch at the irrigated 

area was collected from Korsi Aldayer and 95% of the total catch at the non-irrigated 

area was collected from Alorah. Conversely, very few were collected at villages in the 
lower wadies: less than 1% of the total catch at the irrigated area was collected from 

Almegussus and less than 1% of total catch at non-irrigated area was collected from 

Almegergum. 

In the middle reaches of wadis in irrigated and non-irrigated areas , 389 anopheline 
larvae were collected from Rawan Alabeed (upper Jizan dam in the irrigated area) 

compared with very few (n=65) collected from Alkarboos in the non-irrigated area 
(Table 4.4a & 4.4b). In the irrigated area, a total of 229 larvae of An. gambiae s. 1 were 

collected from 2 villages located above the Jizan dam ( Korsi Aldayer n7--151and 
Rawan Alabeed n=78) and with no An gambide s. 1 larvae recorded in Almejussus 

which is located below the dam (Table 4.4a). The abundance of An. gambiae s. L 
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fluctuated throughout the study and was apparently related to rainfall in Korsi Aldayer, 

with the maximum in September 2004 (Figure 4.4). Interestingly, in Rawan Alabeed, 

located above the Jizan dam and very close to the dam lake, the abundance of An. 

gambiae s. 1 fluctuated over the months of study but was apparently unrelated to rain 
fall. In this village, the monthly average density of larval An. gambiae s. 1 was 1.3 

larvae/dip in March 2004 although no rain fell from February to May 2004 (Figure 

4.4). A significance t test show that there is no significant difference between irrigated 

and non-irrigated area in anopheline larvae. 

In the non-irrigated area a total of 101 larvae of An. gambiae s. 1 were collected from 

Alorah in the upper part of the wadi and with no An. gambiae s. 1 larvae recorded in the 

other two villages (Alkarbose in the middle part of the wadi and Almugurgurn in the 

lower part of the wadi) (Table 4.4b). 

Table 43: Anophelines collected in the larval stage at all study sites in Jizan Region in 
the period from Jan to Dec 2004. 

species Number of larvae collected % 

An. dthali Patton 1776 50.77 

An. pretoriensis Theobald 1291 36.91 

An. gambiae s. L Giles 330 9.43 

An. sergenti Theobald* 61 1.74 

An. multicolor Cambouliou* 28 0.80 

An. rhodesiensis rupicolus 6 0.17 

An. turkhudi Liston* 6 0.17 

Total 3498 100 

* These species have been recorded in Saudi Arabia before (Mattingly and Knight 
1956), but this is the first record in Jizan region. 
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Table 4.4a: Anophelines collected in the larval stage in the irrigated areas in Jizan 
Region in the period from Jan to Dec 2004. 

Number of larvae collected in the irrigated areas 

Species Korsi Aldayer Rawan Alabeed Almegussus 

An. dthali Patton 666 201 20 

An. pretoriensis Theobald 582 110 0 

An. gambiae s. I Giles 151 78 0 

All identified species 1399 389 20 

Table 4.4b: Anophelines collected in the larval stage in the non-irrigated areas in Jizan 
Region during the period from Jan to Dec 2004. 

Number of larvae collected in non-irrigated areas 

Species Alorah Alkarbose Almegurgurn 

An. dthali Patton 801 24 10 

An. pretoriensis Theobald 612 41 0 

An. gambiae s. 1 Giles 101 00 

All identified species 1514 65 10 
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Figure 4.4: Monthly average density of larvae An. gambiae s. 1 collected in irrigated 
and non irrigated villages and monthly rainfall (mm) as recorded during the study 
period from Jan to Dec 2004. 

4.3.2 Adult Mosquito survey 
Culicines 

Overall, 22,825 adult mosquitoes were collected over the entire study period using light 

traps baited with C02. Of these. 19,887 were culicines. Culex tritaeniorhynchus Say 

and Aedes vexans ssp. arabiensis Patton were the most abundant species among the 

culicines, 78 % and 18 % respectivelly, with the highest number collected from Rawan 

Alabeed near Jizan dam in the irrigated area, 79% (n= 11875) and 19% (n=2850) of the 

total catch respectively (Table 6a). A significance t test show that there is no significant 
difference between irrigated and non-irrigated area in culicine adults. 
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Anopheline species 
A total of 2938 anopheline adults were collected during the study period (Jan -Dec 
2004) (table 2). In adult collections, 53% (n--1574) were An. dthali Patton, 31% 

(n---924) were An. pretoriensis Theobald, and 7% (n--212) were An. gambiae s. L Giles 

(collected in all six villages using a light trap baited with C02; Table 7). 

Of all species of mosquito collected in this study, two anopheline species, An. gambiae 

s. L andAn. &hali are known vectors of malaria elsewhere. Only one anopheline species 
(Am fluviatifis) was recorded as adult but not as larvae. This was the first record of this 

species in Rzan region. A significance t test show that there is no significant difference 

between irrigated and non-irrigated area in anopheline adults. 

Table 4.5: Adult culicines collected at all study sites in Jizan Region in the period from 
Jan to Dec 2004. 

Species 
0 

Number of adults collected % of total catch 
Cx. tritaeniorhynchus 15506 78 

Ae. vexans ssp. arabiensis 3607 18.4 

Cx. quinquefasciatus 433 2.2 

A e. vittatus 317 1.6 

Ae. aqDpti 24 0.12 

Total 19887 100 

Table 4.6a: Adult culicines collected in the irrigated areas in Jizan Region in the period 
from Jan to Dec 2004. 

Species 
Number of adults collected in the irrigated areas 
Korsi Aldayer Rawan Alabeed Almegussus 

C trilaeniorhynchus 808 11875 768 
C quinquefascialus 0 139 202 

Ae. vittatus 72 163 0 

Ae. vexans ssp., arabiensis 225 2850 320 
Total 1105 15027 1290 
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Table 4.6b: Adult culicines collected in the non-irrigated areas in Jizan Region in the 
period from Jan to Dec 2004. 

Number of adults collected in non-irrigated areas 

Species Alorah Alkarbose Almegurgurn 

" tritaeniorhynchus 1101 503 451 

" quinquefasciatus 92 00 

Ae. vittatus 0 82 0 

Ae. vexans ssp. arabiensis 114 98 0 

Total 1307 683 451 

Table 4.7: Adult anophelines collected at all study sites in Jizan Region in the period 
from Jan to Dec 2004. 

. 
Species Number of adults collected % of total catch 

An dthali 1574 53.57 

An. pretoriensis 924 31.45 

An. gambide s. L 212 7.22 

An. multicolor 182 6.19 

Am sergenti 32 1.1 

A? L fluviatilis 14 0.5 

Total 2938 100 

* These species have been recorded in Saudi Arabia before (Mattingly and Knight 
1956), but it is the first record in Jizan region. 

Table 4.8a: Adult anophelines collected in the irrigated areas in Jizan Region in the 
period from Jan to Dec 2004. 

Number of adults collected in the irrigated areas 
species Korsi Mayer Rawan Alabeed Almegussus 

Aa dthali Patton 630 203 25 

An. preloriensis Theobald 422 112 0 

An gambiae Giles 99 48 0 

Total 1151 363 25 

Table 4.8b: Adult anophelines collected in the non-irrigated areas in Jizan Region in 
the period from Jan to Dec 2004. 
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Number of adults collected in non-irrigated areas 
Species Alorah Alkarbose Almegurgurn 

An. dthali Patton 704 12 .0 
An. pretoriensis Theobald 390 00 

An gambiae Giles 65 00 

Total 1159 12 

4.3.3 Bloodmeal analysis 
A total of 761 mosquito bloodmeal specimens were stored from PKD collections from 

both irrigated (445) and non-irrigated (316) areas and assayed by ELISA. Table 4.9 & 

4.10 summarise the results of culicine and anopheline species analysed from irrigated 

and non-irrigated areas. 

In both irrigated and non-irrigated areas humans were the most common bloodmeal 

source in all species. In the irrigated area human bloodmeals in culicines were lower 

thari in the non-irrigated area combined 47% (n=174) in irrigated area with 79 % 

(n--228) in non-irrigated area but was not statistically significantly different from zero. 
The human blood feeding rates were approximately the same for anopheline species 
82% (n--54) in non-irrigated area with 96 % (n--27) in non-irrigated area. 
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Table 4.10a: Numbers of An dthali and An gambiae sI bloodmeals identified by 
ELISA in irrigated areas. 

Mosquito bloodmeal source 

No. tested Human Cattle unidentified 

(bovine) 

An. dthali (%) 50 46(92) 2(4) 2(4) 

Aa gambiae s. L 28 18(64) 10(36) 0 

Total 78 54(82) 12(15) 2(2.5) 

Table 10b: An dthali and An gambiaesI bloodmeals identified by ELISA in non- 
irrigated areas. 

No. tested Human unidentified 

An dthali 16 15(94) 1(6) 

Am gambiae s. 1 12 12(100) 0 

Total 28 27(96) 1(4) 

4.4 Discussion 
The results from the entomological surveys indicated that, in both irrigated and non- 
irrigated areas, the Culex spp. and. 4nopheles spp. vectors of both RVF and malaria were 
found breeding in several sites in both areas. Many more breeding sites were found in 
irrigated areas, A significance t test show that there is no significant difference between 
irrigated and non-irrigated area. Seasonal rain usually increases the numbers of mosquito 
breeding sites, while higher relative humidity and growth of vegetation cover provided a 

cool shaded environment for the development of aquatic stages and aided the survival of 
young adults (Evans, 1938; Igbinosa, 1989; Ok-ogun et al., 2003). Most of the sources of 
breeding sites in the areas of study %verewadis, which were dry during much of study period 
due to the low rainfall. The total amount of rainfall recorded in the study period (Jan. to 

Dec. 2004) was 182.2mm and during 3 months (May, June, July) there was no rainfall. 
Most larvae, both anophelines and culicines, were collected from irrigated areas. 
There is no significant difference between irrigated and non-irrigated area. In the 

middle reaches of N%-adis in irrigated and non-irrigated areas, 389 anopheline larvae 
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were collected from Rawan Alabeed 12 (upper Jizan dam in the irrigated area) 

compared with very few (n--65) collected from Alkarboos N2 in the non-irrigated 

area (Table 4.4a & 4.4b). This can most likely be attributed to the number of 
breeding sites available at each site: at Rawan Alabeed (12) there was Jizan Dam 

Lake and Jizan Wadi providing perennial sources for breeding but at Alkarboos N3, 

the non-irrigated area, there was only one perennial wadi (Khulab Wadi) witch 

remained dry until the seasonal rains. This could explain why Cx. tritaeniorhynchus 

and Aedes vexans ssp. arabiensis (vectors of RVF) were the most abundant species 
in the irrigated area in the larval stage, with the highest numbers collected from 

Rawan Alabeed 12 at the irrigated area (n--63 0 and n-- 173) respectively (Table 4.2a). 

Very few Cx. tritaeniorhynchus (n--214) and no Aedes vexans ssp. arabiensis were 
collected from Alk-arboos N2 in the non-irrigated area (n=O) (Table 4.2b). 

Interestingly, in irrigated areas the abundance of larval An. arabiensis (and other 

anophelines) and Cx. tritaeniorhynchus (and other culicines) was not correlated with 

rainfall while in non-irrigated areas the abundance of larvae of the two species was 

correlated with rainfall. In Ra%N-an Alabeed (U), located in upper Jizan dam area and 

very close to the Dam Lake, the abundance of An gambiae s. 1 and Cx. 

tritaeniorhynchus fluctuated over the months of study but was apparently unrelated 
to rainfall. In this village, the monthly average density of larval An. gambiae s. 1 was 
1.3 larvae/dip and of larval Cx. trilaeniorhynchus was 65 larvae/dip in March 2004 

although no rain fell from February to May 2004 (Figure 4.1). This was most likely 

because the dam lake and the irrigation project created additional suitable breeding 

sites for this species. Study in Saudi Arabia, Jizan region to determine the vectors of 
RVF found that more breeding sites were found in the Jizan dam area providing 

good mosquito larval habitats (Jupp et al., 2002). Thus, An. arabiensis (and other 

anophelines) was able to breed in every month even in the dry months. The resultant 

vector abundance, all year round breeding (except in April May and June) and the 
intrinsic high vectorial capacity of ArL arabiensis account for the endemicity of 

malaria in this area (Al Sheikh, 2004). This indicates the need for mosquito control 
during the wet seasons in irrigated areas. 
Other Anopheles species, particularly An. dthali and ArL pretoriensis, were abundant 
and widespread in the upper part of the wadis of both irrigated and non-irrigated 
areas (Korsi Aldayer 11 and Alorah 12 respectively (Table 4.8a & b). Both species 
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co-existed with A? L arabiensis larvae in some of their habitats. In Eritrea, Shililu et 

aL (2003) found Am pretoriensis in dams, streams, and river pools, wMle An. dthali 

occurred in streams and river pools. 

The present survey found eleven culicines breeding at the study sites in irrigated 

and non-irrigated areas of Jizan region, with a great abundance of Culex 

tritaeniorhynchus (740/o), *Nith the highest numbers collected from the irrigated site, 
Rawan Alabeed (47.7% of the total catch collected in the irrigated villages). This 

species was found at all six sites in all types of breeding sites including the more 
turbid pools. 

Culicines were the most abundant species collected as adults in irrigated and non- 
irrigated areas (87%). The public health importance of most of these culicine species 
is unknown. However, two species (Aedes vexans ssp. arabiensis and Culex 

fritaeniorhynchus) were involved in the 2000 outbreak of RVF in the region, 

particularly at Jizan Darn area (Jupp et al., 2002). Culex tritaeniorhynchus Say and 
Aedes vexans ssp. arabiensis Patton were the most abundant species among the 

culicines (78 % and 18 % respectively), with the highest number collected from 

Rawan Alabeed near Jizan dam in the irrigated area, 79% (n-- 11875) and 19% 

(n--2850) of the total catch respectively (Table 6a). 

The floodwater species, Aedes vexans,, was implicated in the transmission of RVF in 

1998 in Senegal (Balkhy & Memish, 2003)., 4edes vexans ssp. arabiensis as well as 
Aedes vittatus and Aedes caspius were found in the present study in pools created 
after a recent flood. These findings are consistent with the study of Miller et aL 
(2002) in Southwestern Saudi Arabia and with that of Jupp et al. (2002) in Rzan 

Region. 

Although it was the most common species, Culex tritaeniorhynchus has not been 

implicated in the transmission of RVF in Africa but this may be because it does not 

occur at high densities in countries on that continent (Jupp et al., 2002). However, it 

is an important vector of the Flavivirus Japanese encephalitis in India and the Far 
East (Jupp el al., 2002). Despite the importance of the other culicine species as 
potential vectors for many diseases such as yellow fever, dengue fever, and other 
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arboviruses; (Igbinosa, 1989; Okogun et al., 2003), little is known about their roles 

locally. Aedes aegjpti . N-as involved in transmission of dengue fever in 2000 in 

Jeddah city (Fakeeh & Zaki, 2001), and occurrance of dengue in Yemen indicates 

the importance of Ae aeopti as a vector is likely to be on the increase in this region 

(Jimenez et al., 1984). 

The low number of adult anophelines particularly An. arabiensis, collected in 

irrigated and non-irrigated villages may have been the result of the intensive use of 
insecticides (malathion, cypcrmethrin, temephos, lambdacyhalothrin, pirimiphos 

methyl) in the Tihama of Saudi Arabia, which were being used in response to the 

RVF epidemic of 2000 (Al Sheikh, 2004). Conversely, the large number of culicines 

collected may indicate the ineffectiveness of the control measures used in 

controlling these species, some of which are known RVF vectors. 

In addition to the widespread use of insecticides, the shortage in rain during the 

study period (as compared with previous four years) was one of the limitations of 

adult vector density in both irrigated and non-irrigated areas. Clearly, the amount of 

rain (in irrigated and non-irrigated areas) and the creation of additional breeding 

sites (in irrigated areas) can influence the quantity and quality of breeding sites 

available for breeding of An arabiensis. In the dry savanna of Africa, vector species 

can have seasonal fluctuations in abundance, declining to low levels in dry seasons 

(Taylor et al., 1993; Charlwood et al., 1995; Lemasson et al., 1997; Simard et al., 

2000). ELISA test results showed the two anophelines (An. dthali and An. 

arabiensis) fed predominantly on humans (82 % in irrigated area and 96 % in non- 
irrigated area) (table 4.10a). The other blood meals were taken from cattle, mainly 
by An. arabiensis (36%) in the irrigated area. The domestic animals found in both 

areas were mainly goats, sheep, cattle, camel and donkey. Although cows were 

available in both areas, there were more cows in irrigated areas (estimated at 250 

compared to 30 cows or less in the non-irrigated area). The presence of domestic 

animals has been associated with a decrease in malaria transmission rates due to 

zoophilic deviation (Bruce-Chwatt & Garrett, 1966). In some parts of Africa, 

zooprophylaxis is used and cattle are intentionally kept near or inside houses to 

divert mosquitoes from humans to cattle (Burkot et al., 1988). It was suggested that 

cattle could play a role in reducing transmission of malaria by An. arabiensis by 
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distracting the vector from h=ans (Hadis et al., 1997) with the fact that cattle hoof 

prints create more breeding sites. In East Africa An. arabiensis shows a preference 
for feeding on cattle, sheep, goats and donkeys (White 1974; Garrett-Jones et al., 
1980). All these hosts were common in our study in the irrigated area. In Kenya An. 

arabiansis has been reported to move into houses after feeding outside on cattle 
(Petraca et al., 1991; Githeko el al., 1992). McCall et al. (2001) also showed that a 
high proportion of Am arabiansis resting inside human habitations in northern 
Tanzania had fed on cattle. 

For control measures, preventing mosquito feeding on animals by application of 
insecticide on domestic animals might also be useful (Hewitt & Rowland, 1999; 

Rowland et aL, 2001). 

A factor that may lead to the development of resistance in Saudi Arabia could be 

agriculture, which apart from being dependent on a continuous supply of water and 

nutrients, also uses high inputs of pesticides as crop cultivation in irrigated areas is 

intensive. This high pesticide use in farming could favour selection for resistance to 

pesticide used in public health ( Herath & Joshi 1989, Diabate et aL 2002). In the 

country the high use of mosquito insecticide could add to this selection pressure. No 

insecticide resistance tests were carried out in this study to show if there is a 

significant difference between irrigated and non-irrigated areas, so additional studies 

are needed to investigate this matter. Al Sheikh (2004) reported that An arabiensis 
in this area were fully susceptible to pyrethroids. 

4.5 Conclusions 
I- This study in irrigated and non-irrigated areas in Jizan, Saudi Arabia identified the 

presence of seven anopheline and eleven culicine species. All these species have 

been recorded before in Saudi Arabia, but 3 anopheline and 5 culicine were reported 
for the first time in Jizan region. Also, of these, two anopheline species, are known 

vectors of malaria here, An. arabiensis, and elsewhere An. dthali, while three 

culicine species are kno%%m vectors of Rift Valley Fever (Aedes vexans ssp. 

arabiensis, Culex tritaeniorhynchus ) and dengue fever (Aedes aegyph) in the 
Region. 

. 
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2- The study showed that in irrigated areas, suitable and additional breeding sites for 

many of these species exists during the wet season. The variety of the sites means 0 
that effective larval vector control of malaria and RVF diseases would be extremely 
difficult. 

3- For the ELISA test carried out in this study show that there is no significant 
difference between irrigated and non-irrigated area in feeding behaviour. tables 4.9 

a and b show only 7-9% of feeds were in cattle in irrigated and non-irrigated areas 
so it seems unlikely that distraction by cattle would be important. . 
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Chapter Five: A survey of Malaria and RVF Knowledge, 
Attitude and Practice In the Study Areas 

5.1 Introduction 

The magnitude of hazards in terms of health risks is influenced by three factors and 

their interaction: environmental factors, community vulnerability and capability of 
health protection agencies (Birley 1995). Community vulnerability involves 

identification of the communities that may be exposed to the health hazards and why 
they are vulnerable. The success of vector-borne disease control programmes at 

present relies heavily on community perceptions and practices in the transmission, 

treatment and control of the disease (Agyepong et aL, 1992). Inappropriate 

behaviour or incorrect beliefs can interfere with the effectiveness of a control 

measure, such as vector control or chemotherapy. These issues are particularly 
important in tropical areas where vector-bome disease control options may be 

limited because of parasite and vector resistance to drugs and insecticides, 

respectively (Wakgari et aL, 2003) 

Household interview surveys of people's perceived morbidity, their use of health 

services and health status of a population have been adopted in many programmes in 

developing countries since the 1950's (Kroeger 1983). Demand for knowledge of 

what people perceive is steadily on the increase by many new programmes. 
Environmental modification and any associated morbidity can influence perception 

of an illness by an infected population and ultimately influence behavioural patterns 

adopted by communities (Huang and Manderson 1992). A KAP community survey 

can reveal the relationship between human behaviour and a health hazard and 

provides information on community vulnerability within a specific environmental 

and cultural setting. 

The views of the community should be sought and incorporated into any proposed 

control measures. However, there had been no previous studies done on community 
knowledge and perception of malaria in Jizan, Saudi Arabia. Therefore, the present 
study within the irrigated and non-irrigated areas was undertaken to assess the 
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knowledge, attitudes and practices of a rural community on malaria and RVF and 

the mosquito vector. The information generated in the current study would help in 

designing and evaluating malaria control strategies. 

5.2. Materials and Methods 

5.2.1 Study sites 
Household questionnaire surveys were carried out in Jizan Region, Saudi Arabia, at 

three villages within the irrigation area: Korsialdayer, Rawan Alabeed and 
Almegussus, and at three villages in the non-irrigated area: Alorah, Alkarbose and 
Almegurgum (see Chapter 3 for full description of each site). 

5.2.2. Household questionnaire surveys 
Household questionnaire surveys were done in the selected 6 villages (3 villages in 

the irrigated area and 3 villages in the non-irrigated area) to record household 

characteristics, use of preventive measures and behavioural practices such as sitting 

or sleeping outside at night. The questionnaire was pre-tested in a neighbouring non- 

study village and adjusted accordingly before being applied in this study. 

The questionnaires were usually addressed to the father in the household as he was 

expected to best know the health history of the household members and also it is not 

possible to interview women in Saudi Arabia. People who were part of the same 
family but did not sleep in the house were not included. 

Proportionate sampling was used to randomly select 65% of households in each 

village for participation in the survey. Table 2 provides the names of the four 

selected villages, their characteristics, total number of households, and the number 

of households sampled. 
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5.2.3 Data analysis 
For household surveys, collected data sets were entered, managed and analysed 

using the computer soffivare, package SPSS. Chi-square tests were used to assess 

statistical significance of differences 

5.3 Results 

A total of 413 household heads were interviewed: 231 (55.9%) in 3 villages in the 

irrigated areas and 182 (44.1%) in 3 villages in non-irrigated areas, comprising 86 

(20.8%) in the upper parts of wadis in irrigated and non-irrigated areas, 194 (47%) 

in the middle part and 133 (32.2%) in the lower part of wadis. The number of people 

sleeping in the houses ranged from I to 34 persons (mean (SD) = 9.32 (4.54) in I to 

25 bedrooms (mean = 4.58 bedrooms; SD=2.88). 

53.1 Knowledge about causes of malaria and RVF 

In the irrigated area and non-irrigated area about 87 % and 86 % respectively 

associated malaria with the bite of mosquitoes, while the other respondents 

associated it with exposure to cold, wet weather or change in weather and dirty 

stagnant water. The majority of these respondents were in villages located at the 

upper part of wadis in both areas; in Korsi Aldayer 92.5 % (irrigated) and in Alorah 

91.3 (non-irrigated) (Table 5.1). For RVF, the percent of respondents who 

associated RVF with the bite of mosquitoes was lower, only 73.6 % in irrigated 

villages associated the causes of RVF to the bite of a mosquito and 65.4 % in non- 
irrigated areas (Table 5.1&5.2). 
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Table 5.1: Knowledge about causes of malaria and RVF in irrigated villages, Jizan, Saudi 
Arabia 

Variables Frequency (%) 

Korsi Rawan Almegussus Irrigated areas 
Aldayer Alabeed n=65 (All 3 villages) 
n- 40 n= 126 n--226 

Cause of malaria / 

Mentioned mosquito 
Yes 37(92.5) 106(84.1) 58(89.2) 201(87) 

No 3(7.50) 15(11.9) 7(10.8) 25(10.8) 

Don't know 0 1(. 8) 0 I(A) 

Cause of RVF 

Mentioned mosquito 
Yes 35(87.5) 84(66.7) 51(78.5) 170(73.6) 

No 3(7.5) 26.2(28.2) 14(21.5) 50(21.6) 

Don't know 1(2.5) 0 0 1(. 4) 

Table 5.2: Knowledge about causes of malaria and RVF in non-irrigated villages Jizan, 
Saudi Arabia 

Variables Frequency 

Alorah Alkarbose Almegergum Non-irrigated 

n= 46 n= 67 n= 68 areas 
(All 3 villages) 

n= 187 
Cause of malaria 

Mentioned mosquito 

Yes 42(91.3) 56(82.4) 59(86.8) 157(86.30 

No 4(8.7) 10(14.70 9(13.2) 23(12.6) 

Don't know 0 1(1.5) 0 

Cause of RVIF 

Mentioned mosquito 

Yes 28(60.9) 46(67.6) 45(66.2) 119(65.4) 

No 13(283) 17(25) 21(30.9) 51(28) 

Don't know 4(8.7) 1(1.5) 1(1.5) 6(3.3) 

53.2 Knowledge and attitude about transmission of malaria & RVF 

Regarding malaria & RVF transmission, when asked about how someone is infected 

with malaria and RVF, 33.3 % in irrigated villages mentioned the bite of infective 

mosquitoes; the majority was in Almigussus (66.2 O/o), located in lower Jizan dam 
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(Table 5.3). In non-irrigated villages when asked about how someone is infected 

with malaria and RVF, only 27 % mentioned the bite of infective mosquitoes 

compared with 33.3 % in irrigated areas (Table 5.4). In irrigated and non-irrigated 

villages, 80.5 % and 65.3 % respectively believed that most mosquitoes biting of 

humans occurred in the wet season (Table 5.3 & 5.4). 
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Table 53: Knowledge and attitudes regarding malaria & RVF transmission and the 
habits of mosquitoes in irrigated villages, Jizan, Saudi Arabia. 

Variables Frequency 

Korsi Rawan Almegussus Irrigated areas 
Aldayer Alabeed n=65 (All 3 villages) 
n= 40 n= 126 n=226 

Are mosquitoes a 
problem for your 
households? 
Yes 

No 

Don't know 

35(87.5) 

3(7.5) 

2(5) 

107(84.9) 

15(11.9) 

4(3.2) 

57(87.7) 

6(9.2) 

2(3.1) 

199(86.1) 

24(10.4) 

8(3.5) 

Do you know of any 
diseases 
transmitted by 
mosquitoes 
Malaria 8(20) 80(63.5) 16(24.6) 104(45) 

RFV 5(12.5) 7(5.6) 1(1.5) 13(5.6) 

Malaria & RVF 23(57.5) 11(8.7) 43(66.2) 77(33.3) 

Don't know 3(7.5) 28(22.2) 4(6.2) 35(15.2) 

Other 1(1.5) I(A) 

What time of year 
does most 
mosquitoe biting 
occur? 
Wet 30(75) 98(65.8) 58(89.2) 186(65.3) 
Dry 2(5) 8(6.2) l(l. 5) 11(4.5) 

All year 5(12.5) 26(24) 2(3.1) 32(15) 

Don't know 3(7.5) 10(7.9) 3(4.6) 16(6.9) 
Other 1(1.5) I(A) 
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Table 5.4: knowledge and attitude Tegarding malaria & RVF transmission and the 
habits of mosquito vector m non-irngated villages, Jizan, Saudi Arabia. 

Variables Frequency (%) 

Alorah Alkarbose Almegergurn Non-irrigated 
n= 46 n= 67 n-- 68 areas 

(All 3 villages) 
n= 187 

Are mosquitoes a 
problem for your 
households? 
Yes 

No 

Don't know 

42(913) 

4(8.7) 

63(92.6) 

3(4.4) 

2(2.9) 

57(83.8) 

11(16.2) 

162(89) 

18(9.9) 

2(1.1) 

Do you know of any 
diseases transmitted 
by mosquitoes 
Malaria 19(413) 28(41.2) 31(45.6) 78(40.9) 

RFV 5(10.9) 14(20.6) 3(4.4) 22(12.1) 

Malaria & RVF 15(32.6) 15(22.1) 20(29.4) 50(27.5) 

Don't know 6(130 8(11.8) 12(17.6) 26(14.3) 

Other 3(4.4) 2(2.9) 5(2.7) 

What time of year 
does most mosquitoe 
biting occur? 
Wet 42(91.3) 60(88.2) 60(88.2) 162(89) 

Dry 1(2.2) 3(4.4) 0 4(2.2) 

All year 1(2.2) 3(4.4) 6(8.8) 10(5.5) 

Don't know 2(4.3) 2(2.9) 2(2.9) 6(3.3) 

Other 
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5.3.3 Knoii, ledge and attitude about preventability of, and preventive methods 
for malaria & RVF 

Malaria was thought to be preventable by about 64 % of the respondents in both 

irrigated and non-irrigated villages (Table 5.5 & 5.6). In irrigated villages, among 
those who believed that malaria is preventable, 53.7% reported insecticidal aerosol 

cans, 48.5 % indicated bed-nets as preventive methods and 43.7 % mentioned 

netting for windows (Table 5.5). In non-irrigated villages 60 % reported netting for 

windows, 41.9% indicated aerosol cans, and only 29.92% indicated bed-nets as 

preventive methods (Table 5.6). Proportions mentioning bed nets were not differ 

significantly between irrigated and non-irrigated areas. 

Further enquiries about using bed-nets as prevention method in the study areas 
shows that 20 % and 8% in irrigated and non-irrigated villages respectively, did not 
know where they could obtain a bed-net (rable 5.5&5.6), while 36 % and 20% in 

irrigated and non-irrigated villages respectively, believed that using bed-nets is not 

necessary as preventive methods. Over 26% in irrigated villages believed that bed- 

nets were expensive and 17.6 in non-irrigated villages reported that using a bed-net 

was inconvenient. Insecticide treatment of nets ensures that they are effective even if 

torn and that a treated net does not divert mosquitoes to people without nets. 
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Table 5.5: Knowledge and attitude about preventability and preventive methods of 
malaria & RVF in irrigated villages, Jizan, Saudi Arabia. 

Variables Frequency (*/o) 

Korsi Aldayer Rawan Alabeed Almegussus Irrigated areas 
n= 40 n-- 126 n=65 (All 3 villa( ges) 

n=226 
Malaria is 

preventable 
Yes 23(57.5) 79(62.7) 45(69.2) 147(63.6) 

No 14(35) 32(25.4) 19(29.2) 65(28.1) 

Don't know 3(7.5) 12(9.5) 1(1.5) 16(6.9) 

R VF is preventable 
Yes 26(65) 57(45.2) 42(64.6) 125(54.1) 

No 9(22.5) 35(27.8) 22(33.8) 66(28.6) 

Don't know 5(12.5) 33(26.2) 1(1.5) 38(16.5) 

Preventive methods 

netting for windows 24(60) 42(33) 32(49.2) 101(43.7) 

Bed-nets 6(15) 82(65) 12(18.5) 110(48.5) 

coils 4(10) 2(l. 6) 6(9.2) 26(11.3) 

Aerosol cans 6(15) 0(0) 12(20) 124(53.7) 

Wiy do you not use 

a bed-net? 

not necessary 14(34) 46(36.5) 30(46.2) 83(35.9) 

expensive 12(30) 43(34.1) 13(20) 62(26.8) 

inconvenient 4(10) 18(15) 4(6.2) 7(3) 

don't know 10(25) 6(4.8) 13(20) 15(6.5) 

other l(l) 12(10) 7(9) 3(l. 3) 

Doyou know where 
you can obtain a 
bed-net 
Yes 20(50) 107(84.9) 39(60) 166(71.9) 

No 13(32.5) 9(7.1) 26(40) 48(20.8) 

Don't know 4(10) 6(4.8) 0 12(5) 

Other 3(7.5) 3(2.8) 0 7(2.5) 
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Table 5.6: Knowledge and attitude about preventability and preventive methods of 
malaria & RVF in non-irrigated villages, Jizan, Saudi Arabia. 

Variables Frequency (%) 

Alorah Alkarbosc Almegergurn Non-irrigated areas 
n= 46 n= 67 n-- 68 (All 3 villages) 

n= 187 
Malaria ispreventable 

Yes 32(69.6) 40(58.8) 44(64.7) 116(63.7) 

No 13(28.3) 25(36.8) 20(29.4) 58(31.9) 

Don't know 1(2.2) 1(1.5) 4(5.9) 6(3.3) 

RVFispreventable 

Yes 27(58.7) 36(52.9) 28(41.2) 91(50) 

No 16(34.8) 28(41.2) 24(35.3) 68(37.4) 

Don't know 2(4.3) 3(4.4) 14(20.6) 19(10.4) 

Preventive methods 

netting for windows 32969.6) 38(55.9) 39(57.4) 109(59.9) 

Bed-nets 12(26) 16(23.8) 28(41.2) 56(29.92) 

coils 3(6.5) 14(20.6) 15(22.1) 32(17.6) 

Aerosol cans 41(89.1) 53(77.9) 55(80.9) 149(41.9) 

Why do you not use a 
bed-net? 

not necessary 10(21.7) 11(16.2) 16(23.5) 37(20.8) 

expensive 4(8.7) 12(17.6) 12917.6) 28(15.4) 

inconvenient 14(30.4) 9(13.2) 9913.2) 32(17.6) 

don't know 0 6(8.8) 5(7.4) 11(6) 

other 2(4.3) 0 5(7.4) 7(3.8) 
Doyou know where 
you can obtain a bed- 
net 
Yes 34(73.9) 62(91.20) 60(88.2) 156(85.7) 
No 7(15.2) 3(4.4) 5(7.4) 15(8.2) 
Don't know 3(6.5) 1(1.5) 2(2.9) 1(. 5) 
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53.4 Household characteristics 
Table 5.7 shows household characteristics in two villages in the irrigated area, 

Rawan Alabeed located above Jizan dam and Almegussus located below the Jizan 

darn. Households in both villages were significantly different (Chi-square test; 

p<0.001) in all characteristics studied except % living in compound house. 

Table 5.7: Household characteristics of the study population in two villages in the 
irrigated area, Rawan Alabeed (above Jizan dam) and Almegussus (below the Jizan 
dam). 

Household characteristics Rawan Alabeed Al egussus 
n= 126 n=65 

Above Rzan dam Below the Jizan 
dam 

% living in compound house 3.2 1.5 

% no flooring cover 81 7.7 

% with toilet 21.4 92.3 

% with access to piped water 63 86.2 

% with air conditioning 43.7 98.5 

% have attended school 49.2 90.8 

% sleeping outside 54 10.8 

53.5 Malaria and RNT 
There was a marked difference in the total number of malaria cases during the 

previous 7 years (1998-2004) between irrigated villages and non-irrigated villages 
(Figure 5.1). Testing significance of difference between II vs NI, 12 vs N2 and B vs 
N3 in each of the 7 years show that there was a significant difference in number of 
malaria cases. A total of 1343 and 832 malaria cases were reported in irrigated and 

non-irrigated villages respectively. In the middle parts of wadis in both irrigated and 
non-irrigated areas, Ra%%mn Alabeed (located in the irrigated area and within the dam 

area) reported a much larger number of malaria cases (n-7493) compared with 
Alkarbose (n= 123) located in the middle part of the wadi in the non-irrigated area. 

Also, there %%2s a marked difference in the total number of RVF cases reported 
during the 2000 epidemic between both irrigated villages and non-irrigated villages, 
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with much higher numbers occurring in irrigated areas (254) compared with non- 
irrigated areas (13) (Figure 5.2). Among all villages in irrigated and non-irrigated 

areas Rawan Alabeed reported the highest number of RVF cases (Figure 5.2). 

Figure 5.1: Total Number of malaria cases in the study area for the last 7 years 
(1998-2004). Irrigated villages; II= Korsi Aldayer, 12= Rawan Alabeed, 13= 
Almejussus. Non-irrigated villages; NI=Alorah, N2= Alkarbose and N3= 
Almegurgum. 
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Figure 5.2: Total number of RVF cases during 2000 in the study area. Irrigated 
villages; 11= Korsi Aldayer, 12= Rawan Alabeed, 13= Almejussus. Non-irrigated 
villages; NI =Alorah, N2= Alkarbose and N3= Almegurgum. 
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5.4 Discussion 

The present study is the first one in Saudi Arabia to try to understand how 

community perceptions and behaviour may affect vulnerability with regard to 

malaria and RFV. 

With respect to the causes of malaria, in the irrigated areas more of the study 

subjects implicated mosquito bite as a possible cause of malaria and indicated that 

people are infected with malaria by the bite of infected mosquitoes. About 80% of 

the informants in irrigated areas knew that mosquitoes transmit malaria (all 

infon-nants who mentioned malaria or mentioned malaria and RVF) as compared 

with 65 % in non-irrigated areas. This awareness in the present study is much higher 
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than the level noted in other studies conducted in central Ethiopia (Wakgari et aL, 

2003) and a similar study carried out in Kenya (Ongore et aL, 1989). This could 

possibly be due to the increase in awareness of the importance of mosquitoes, after 

the RVF epidemic of 2000. In non-irrigated areas, awareness was significantly 

lower than the level noted in irrigated villages, where only 65% of the informants in 

non-irrigated areas knew that mosquitoes transmit malaria. This could probably be 

due to the very low number of cases of RVF reported in non-irrigated villages and it 

is likely that the villages would not have heard about it. 

Our study found that villages located below the Jizan dam such as Almegussus were 

wealthier than villages located above the dam. We found that household in both 

villages were significantly different (p<0.001) in almost all characteristics studied 
(Table 5.7). This was possibly a result of the earlier period when the Saudi 

government financed compensation for farmers below the dam who gave land to the 

Jizan Dam Irrigation Project 20 years ago. This in fact plays a significant role in the 

impact of an irrigation project such as the Jizan dam on the community wealth. 

On the preventability of malaria, however, most of the present study population 
believed that malaria is a preventable disease. This could be explained by the the 

long term activities of the Malaria Control Programme to prevent and control the 

disease in the area over the last 30 years (Al-Seghayer, 1983; Al-Seghayer. et al, 
1999) might have enhanced their knowledge on the preventability of malaria and the 

preventive measures. In the village located in the irrigated area below Jizan dam 

(Almejussus), this difference could also be attributed to the educational status of the 

present study population (90% attended school) compared to the much lower rate of 

school attendance (30%) in the above mentioned project in central Ethiopia 

(Wakgari et aL, 2003) and (16%) (Ongore et aL, 1989). While in the village located 

above Jizan dam and within the dam area (Rawan Alabeed) less than 50 % had 

attended school. 

A review by Worrall et aL (2002) suggested that use of and expenditure on malaria 

prevention methods to be higher among those of higher Socio-economic status 
(SES) since they are likely to have more disposable income to spend on items which 

-are often considered luxuries. Much of the evidence on use of and expenditure on 
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malaria prevention is focused around using of Insecticide treated nets, though there 

is some limited evidence relating to other interventions (Worrall, et al. 2002). In our 

study in non-irrigated villages we found that malaria prevention is focused on 

netting for windows (60%) and *only 29.92 % indicated bed-nets as preventive 

methods comparing with 48.5% in irrigated villages (there was no significant 
defrence). That may have resulted from a campaign to promote use of Insecticide 

Treated Nets (IT'Ns) after the 2000 RVF epidemic that focussed only on those areas 

which reported the highest number of RVF cases (i. e. irrigated areas). The evidence 

suggests that the poor are less likely to use preventive measures, especially the most 

effective ones. They are also less likely to use preventive methods in the most 

effective or appropriate manner. Generally, the level of expenditure on prevention 

methods is positively correlated with income, wealth or other proxy measures of 
SES such as education, however the mentioned review (Worrall et al. 2002) suggest 
that the relationships are not always clear. It seems that when the poor do choose to 

invest in malaria prevention, they suffer a greater relative burden of this expenditure 
(in terms of the share of total household expenditure) and its opportunity cost. 

In our study we found that community in Rawan Alabeed and Korsi Aldayer which 

were located in the irrigated areas above the dam and in non-irrigated villages are at 
higher risk for contracting malaria and RVF than Almegussus village which is 

located below the dam. This means that in our study we found that poorer 

populations may be at higher risk for contracting malaria and RVF than wealthy 

populations. In other studies the evidence regarding the distribution of malaria 
incidence between poor and less poor population groups is mixed and often 
contradictory (Worrall et al. 2002). 

In this study like most of other related studies, we found that the availability of 
electricity at home was positively related to knowledge of mosquito ecology, which 

could be partly explained by the availability of information from television at home. 

On the other hand availability of electricity at home is not always positively related 
to preventive measures such as using air conditioning (AC) or Insecticide Treated 

Nets (INTs). In wealthy villages located below the dam (Almegussus), we found 

98% of households with air conditioning comparing with only 43% in villages above 
the dam (Rawan Alabeed) even though there is electricity in both villages. 
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Statistical analysis regarding the impact of the community perceptions and 
behaviour on actual malaria incidence, however, was not feasible due to the limited 

number of malaria cases in 2004. This study was conducted following the extensive 

use of pesticides after the 2000 epidemic of RVF in Saudi Arabia when only a few 

malaria cases were found in the study sites. However, based on the very high 

number of RVF cases reported in the study areas in 2000 and on all the reported and 

observed behaviour changes, it is reasonable to expect that self-protection from 

mosquito bites improved among participants in irrigated villages, and thus 

educational would probably have a positive impact on mosquito-borne disease 

prevention. Recently, free provision of 38 million Long Lasting Insecticidal Nets in 

very poor countries such as Niger, Togo, Eritrea and Sierra Leone. Since money has 
been found for this, surely Saudi Arabia could do the same in the small part of the 

country which remains malaria affected. 
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Chapter Six: Exploration of risk factors associated with 
the geographical distribution of malaria and 
RVF 

6.1 Introduction 

Vector-borne diseases are complex diseases and their incidence is a function of the 
interaction between the vector, the parasite or virus, humans or animals, and the 

environment. Different mosquito species have different habitat preferences e. g. rice 
fields, plantations, forests, forest fringes, foothills, etc., and many of these features 

can be identified by satellite images (Sithiprasasna, et al., 2003). The physical 

environment also plays a significant role in the distribution of species (Clabom et 

al., 2002) 

Geographic information systems (GIS) are computerized systems utilized to process 

and manage spatial data. A GIS is capable of integrating topographical maps, 

satellite images, and aerial photos with attribute data such as demographic and 

socioeconomic characteristics and disease incidence. The systems have been used 

widely to produce maps of disease distribution and for analyzing spatial patterns in 

disease distribution (Beyers et al., 1996; Brooker et al., 2000; Cattani et al., 2001; 

Cherkasskiy 1999; Kitron 1998; Moncayo et al., 2000; Omumbo 1998). These maps 
have been used as tools for developing control and intervention strategies. 

In Saudi Arabia, GIS tools have not yet been used to investigate patterns of malaria 
or other vector-bome diseases. Linking disease incidence data with environmental, 
population, socioeconomic and entomological features on a GIS platform can 
elucidate important risk factors as shown by some studies in other epidemiological 
settings of Asia, Africa and the Americas. For example, a study in China found that 

malaria was mainly influenced by the physical environment, the presence of 

efficient vector species and mobile populations along the area bordering 

neighbouring countries (Hu et aL 1998). Another study in Thailand, utilizing spatial 
analysis to explain malaria and dengue patterns, revealed that the two diseases 
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exhibited great seasonal variations, but were associated with provincial economic 

status. Consequently, both diseases required different demands on the use of control 

resources (Indaratna et al. 1998). In Gujarat, India, application of GIS techniques 

revealed the importance of a high water table, soil types, irrigated agriculture and 

water quality (Srivastava et al. 1999). 

In Africa, GIS has been used to generate models of malaria occurrence (Craig, et al., 
1999; MARA, 1998), seasonality (Hay et al, 1998) and transmission intensity 

(Kleinschmidt et al., 2000; Rogers et al., 2002) using climatic and remotely sensed 
data. The outputs of such models have been combined with population data (Snow et 

al., 1999) to estimate population exposure, mortality and morbidity and to analyse 

and project (Lindsay & Martens, 1998) the effects of climate change on malaria. 
GIS has been used to map malaria vectors (Smith et al., 1995; Coetzee et al., 2000), 

vector habitats (Minakawa, et al., 1999) and infection. It has also been used in the 

management and control of malaria (Martin, et al., 2002). 

Sipe & Dale (2003) concluded that the challenges in using GIS for malaria research 

can be organized in three areas. The first relates to data concerns. Without adequate 
data, GIS is not very useful. Specific problem areas include: accurate data on the 
disease and how it is reported; basic environmental data on vegetation, land uses, 
topography, rainfall and demographic data on the movement of people. The second 

area relates to technology - specifically computer hardware, GIS software and 
training. The third area concerns methods - assuming the previous data and 
technological problems have been resolved. 

In general, malaria transmission is related to rainfall patterns, it can vary greatly in 

time and space. Research in the dry zone of Sri Lanka has suggested that the linkage 

between malaria and rainfall might have weakened and that it has been complicated 
due to ecological transformations (van der Hoek et al. 1997). Apart from rainfall and 

river-flow velocities, several other malaria risk factors have been identified, e. g., 

utilization of control measures (van der Hoek et al. 1998), socioeconomic status 
(Klinkenberg et al, 2005) age and gender (Mendis et al. 1990; van der Hoek et al. 
1998), human migration (Klinkenberg, 2001), as well as type and location of 
housing (Gamage-Mendis et al. 1991; van der Hoek et al. 1998). Because of spatial 
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and temporal variation of malaria transmission, it is important to better understand 

and quantify the underlying risk factors, so that control efforts can be targeted to the 
high-risk areas. For spatial risk analysis and predictive forecasting, GIS and remote 

sensing (RS) have become increasingly important. 

This study set out to use GIS tools to examine the geographical distribution of 

malaria and RVF in irrigated and non-irrigated villages, and to determine if the risk 

of disease is related to the location of mosquito breeding sites and the proximity of 
the man-made water resources in the area. 

6.2. Materials and Methods 

6.2.1 Study sites 
Disease data were collected, and entomological and environmental surveys carried 

out in. the three study villages in the irrigated area of the Jizan Region, Korsi 

Aldayer, Rawan Alabeed and Almegussus; and in the three study villages in the non- 
irrigated area, Alorah, Alkarbose and Almegurgurn (see Chapter 3 for map and full 

description of each site). 

6.2.2 Geographic information system database 
The study sites and survey data within each village were mapped using a handheld 

Geographical Positioning System (Magellan, Meridian GPS). The database was built 

using the software ArcGIS 9.1 (ESRI, Redlands, CA). A digital map of the study 
area was used as the base map to which all data were spatially linked. 

6.2.3 Data sources 
Disease: Data on malaria were based on the Ministry of Health (MOH) parasite 
prevalence records from 1998 to 2004. A score for malaria positivity was calculated 
for each house involved in the study (random selection). For any given year, a house 

was considered malaria-positive if at least one malaria case was officially recorded 
by MOH. The score for malaria positivity was'calculated as the number of years a 
house was scored positive for malaria during the previous seven years, i. e. number 
of malaria positive years divided by the number of years (n--7) (xIOO to give a 
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percentage). Data on RVF were cross-sectional and based on the 2000 epidemic. 
Data were obtained from the health centre in each village, and the risk (presence or 

absence of cases) recorded at the same houses where the malaria positivity was 
determined. 

Entomological: Data on the main mosquito breeding sites in each of the six villages 

were based on the entomological surveys carried out during the study period (Jan to 
Dec). The collection methods and results of these surveys have already been 

described and presented in chapter four. However, for the purposes of this chapter, 
the exact co-ordinates (latitude and longitude) of the main breeding sites within each 

village were geo-referenced and mapped using ArcGIS 9.1. 

Environmental: In each village, the distance (in metres) between selected houses and 
the nearest breeding site and the nearest wadi (the main water sources) were 

calculated using the ArcGIS 9.1, except in Rawan Alabeed, an irrigated area, where 
the distance between houses and the darn lake was calculated as the lake was the 

main water resource in this village. The location of wadis within each village was 
determined from satellite images (Google Earth) and imported into ArcGI S 9.1. 

6.2.4 Data analyses 
To determine the geographical distribution of malaria and RVF in each of the six 

study villages, data were first imported into AreGIS. The relationship between the 
household malaria positivity score and the presence/absence of RVF were visualized 
and compared to the geo-referenced breeding sites and wadis. Distances were 
measured between each household and the nearest breeding site and wadi. All data 

were exported to a database for statistical analysis in SPSS.. 

Bivariate correlations were used to examine the relationship between the household 

malaria positivity score and distance between the nearest breeding sites and nearest 

wadis. As RVF is a dichotomous variable (yes/no), the differences in the mean 

malaria positivity, distances to nearest breeding site and nearest wadi were examined 

using the student t-test. 
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6.3 Results 

Overall, malaria positivity was negatively correlated with the distance between 

houses and the nearest breeding sites and Wadis in both irrigated villages (Table 6.1) 

and non-irrigated villages (Table 6.3). The geographical distribution of malaria 

positivity and the location of the main breeding sites and wadis in each village are 

shown in Figures 6.1 and 6.2. Overall, the households with RVF cases during the 

2000 epidemic had a higher mean malaria positivity score, and were, on average, 

closer to breeding sites and wadis, than those houses which did not have RVF cases 
in both irrigated villages (Table 6.2) and non-irrigated villages (Table 6.4). 

6.3.1 Irrigated Areas 

Malaria, RVF and breeding sites and wadis 

In the village Korsi Aldayer (II), malaria was negatively correlated with distance to 

the nearest breeding sites (r---0.62, P< 0.01), but positively correlated with the 

nearest wadi (r--0.28) (Table 6.1). There was no relationship in this village between 

the breeding sites and wadis (r--O. 11). Overall the mean malaria positivity was 

48.9%, while the average distance between the houses and breeding sites, and the 

houses and wadis was 31m and 293m, respectively. There were significant 

differences between RVF positive and negative households with a significantly 

lower malaria positivity (3 times lower) and longer distance (2 times longer) to 

breeding sites in RVF positive houses compared to houses with no RVF cases 

recorded (Table 6.2). 

In the village Rawan Alabeed (M), the malaria positivity scores were negatively 

-correlated with the distance to the nearest breeding sites (r---0.69) and the nearest 

wadi (r---0.62) (Table 6.1). In this village the breeding sites and wadis were 

significantly positively correlated with each other (r--0.72). Overall the mean 

malaria positivity was 29.1 % and the distance between the houses and breeding sites 

and wadis were 56m and 731m, respectively. There were significant differences 

between RVF positive and negative households with a significantly higher malaria 

positivity (3.4 times higher) and shorter distance (2.5 times shorter) to breeding sites 

and wadis in RVF positive houses compared to houses with no RVF cases recorded 
(Table 6.2). 
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In the village Almegussus 03), the malaria positivity scores were negatively 

correlated with the distance to the nearest breeding sites (r---0.38) and the nearest 

wadi (r---0.23 and not statistically significantly different from zero) (Table 6.1). In 

this village the breeding sites and wadis were significantly positively correlated with 

each other (r--0.63). Overall the mean malaria positivity was 26.5%, while the 

average distance between the houses and breeding sites, and the houses and wadis 

was 31 in and 3 96 in, respectively. There were significant differences between RVF 

positive and negative households with a significantly higher malaria positivity (4 

times higher) and shorter distance (1.8 times shorter) to breeding sites in RVF 

positive houses compared to houses with no RVF cases recorded (Table 6.2). 

Table 6.1: Bivariate correlations between malaria positivity, and the distance between 
bouses and nearest breeding sites, and nearest Wadi/dam lake (main water course) in the 
irrigated sites. 

Korsi Aldayer II 

Malaria Distance to Distance to 
nearest breeding site nearest Wadi- 

Malaria 
Distance to nearest breeding 

-. 616(**) 1 
site 
Distance to nearest Wadi . 281 . 111 1 

Rawan Alabeed 12 
Malaria Distance to Distance to 

nearest breeding site nearest Wadi_ 
Malaria I 

Distance to nearest breeding 
-. 690(**) 

site 
Distance to nearest Wadi -. 617(* . 715(**) 

Almegussus 13 

Malaria Distance to Distance to 
nearest breeding site nearest Wadi- 

Malaria I 
Distance to nearest breeding 

-. 379(*) 
site 
Distance to nearest Wadi -. 232 . 628(**) 1 

Correlation is significant at the 0.01 level (2-tailed). 
Correlation is significant at the 0.05 level (2-tailed). 
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Table 6.2: Comparison the mean malaria positivity, distance to breeding site and wadis in 
households with and without RVF in irrigated villages 

Korsi Aldayer Il 

RFV YES (n--20) ' RFV NO (n=13) P value 
Malaria 26.8% 83% <0.001** 
Distance to nearest breeding 0.002* 
site 

39m 18m 

Distance to nearest Wadi 281m 310m N/S 

Rawan Alabeed 12 

RFV YES (n--33) RFV NO (n=13) P value 
Malaria 37.2% 10.8% <0.001** 
Distance to nearest breeding 38m 94m <0.001** 
site 
Distance to nearest Wadi 713m 769m <0.001** 

Almegussus 13 

RFVYES (n=16) RFVNO (n=16) P value 
Malaria 42.4% 10.5% <0.001** 

Distance to nearest breeding 0.017* 
site , 

22m 39m, 

Distance to nearest Wadi 392m 401m N/S 

P-value significant at the 0.0 1 level (2-tailed). 
P-value significant at the 0.05 level (2-tailed). 

NIS = not significant 
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6.3.2 Non-irrigated Areas 

Malaria, R VF and breeding sites and wadis 
In the village Alorah (N I), malaria was negatively correlated with the distance to the 

nearest breeding sites (r---0.48) and the nearest wadi (r---0.29 and not statistically 

significantly different from zero) (Table 6.3). In this village the breeding sites and 

wadis were not correlated with each other (r--0.06). Overall the mean malaria 

positivity was 48.3 % and the distance between the houses and breeding sites and 

wadis were 34m and 144m, respectively. There were significant differences between 

RVF positive and negative households with a significantly higher malaria positivity 
(1.7 times higher) in RVF positive houses compared to houses with no RVF cases 

recorded (Table 6.4). 

In the village Alkarbose (N2), the malaria positivity scores were negatively 

correlated with the distance to the nearest breeding sites (r--0.82, P< 0.01 ) and the 

nearest wadi (r---0.82) (Table 6.3). In this village the breeding sites and wadis were 

significantly positively correlated with each other (r--0.99). Overall the mean 

malaria positivity was 35.5% and the distance between the houses and breeding 

sites and wadis were 53m and 1372m, respectively. There were no significant 
differences between RVF positive and negative households in malaria positivity was 

or the distance to breeding sites in RVF positive houses compared to houses with no 
RYF cases recorded (Table 6.4). 

In the village Almegurgum (M), the malaria positivity scores was negatively 
correlated with the distance to the nearest breeding sites (r--0.71) and the nearest 
wadi (r---0.61) (Table 6.3). In this village the breeding sites and wadis were 
significantly positively correlated with each other (r--0.78). Overall the mean 
malaria positivity, the distance between the houses and breeding sites and wadis 
were 31.8%, Slm and 344m, respectively. There were significant differences 

between RVF positive and negative households with significantly higher malaria 

positivity (1.7 times higher) and shorter distance (2.5 times shorter) to breeding sites 

and wadis (1.2 times short) in RVF positive houses compared to houses with no 
RVF cases recorded (Table 6.4). 
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Table 63: Bivariate correlations between malaria positivity, and the distance between 
houses and nearest breeding sites, and nearest Wadi/dam lake (main water course) in the 
rion-irrigated area. 

AlorahNI 
Malaria Distance to Distance to 

nearest breeding site nearest Wadi 
Malaria I 

Distance to nearest breeding 
site -. 481(**) 

Distance to nearest Wadi -. 291 -. 065 1 

, Alkarbose N2 
Malaria Distance to Distance to 

nearest breeding site nearest Wadi 
Malaria 
Distance to nearest breeding 

-. 823(**) 1 
site 
Distance to nearest Wadi -. 823(**) . 990(**) 

Almegurgum N3 

Malaria Distance to Distance to 
nearest breeding site nearest Wadi 

Malaria 
Distance to nearest breeding 

-. 711 site 
Distance to nearest Wadi -. 613(**) . 783(**) 1 

Correlation is significant at the 0.0 1 level (2-tailed). 
Correlation is significant at the 0.05 level (2-tailed). 
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Table 6.4: Comparison the mean malaria positivity, distance to breeding site and wadis in 

households with and without RVF in non-irrigated villages 

Alorah NI 

RFV YES (n=4) RFV NO (n=32) P value 
Malaria 74.5% 45.0% 0.039* 
Distance to nearest breeding N/S 
site 

15m 37m 

Distance to nearest Wadi 126m 146m N/S 

Alkarbose N2 

RFV YES (n=4) RFV NO (n=3 1) P value 
Malaria 46% 34.1% N/S 
Distance to nearest breeding N/S 
site 

23m 56m 
Distance to nearest Wadi 1339m 1376m N/S 

Almegurgum N3 

RFV YES (n=14) RFV NO (n=23) P value 
Malaria 45.5% 23.4% 0.009 
Distance to nearest breeding <0.001 
site 

26m 66m 
Distance to nearest Wadi 309m 365m N/S 

P-value significant at the 0.01 level (24ailed). 
P-value significant at the 0.05 level (2-tailed). 
N/S = not significant 
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6.4 Discussion 

In this chapter disease data and entomological and environmental data have been 

examined concurrently to better understand the relationship between malaria and 
RVF and environmental factors influencing their distribution in irrigated (Jizan Dam 

area) and non-irrigated villages in the Jizan Region of Saudi Arabia. Vector ecology 

and disease transmission are dynamic and complex processes and it is sometimes 
difficult to immediately draw reliable conclusions, particularly when applying to 

situations in different countries (Birley, 1991). Studies similar to the present one 
have been made in other parts of the world to detennine the impact of irrigation 

projects on malaria. In Cameroon, construction of dams has been blamed for 

increased prevalence of endemic diseases including malaria (Ripert & Raccurt, 

1987). In Kenya, the building of dams was associated with increased malaria 
transmission (Khaemba et al., 1994 

Malaria positively was in some cases negativity correlated with distance to breeding 

sites and wadi (water sources) suggesting that the closer the household, the higher 

the risk. These findings are consistent with other studies (Ripert & Raccurt, 1987; 

Ghebreyesus et al., 1999) and further support the value in collecting on-ground/field 
data to define the risk of disease within communities. In Cameroon, a small dam was 
built to regulate flow to the Edea hydroelectric plant in Cameroon (Ripert & 

Raccurt, 1987). The shallow waters behind the darn soon contained abundant 

vegetation and larvae of the mosquito Anopheles funestus. The prevalence of P. 

falciparum malaria was high in surrounding villages and decreased with distance 

from the lake (Ripert & Raccurt, 1987). A large study in the Ethiopian highlands 

showed there was increase in malaria in villages situated near darns compared to 

villages further away (Ghebreyesus et al., 1999). In Africa, malaria is not the only 

vector-bome disease associated with distance from dam lake. A study on urinary 

schistosomiasis in Ghana found that prevalence of the disease fell rapidly with 
distance from the lake shore, due to decreasing dependence of the lake for water 

needs (Hunter et al., 1982). Our results support findings of previous research in Asia 

(Bergquist et al., 2001; Srivastava et al., 1999) and Mediterranean countries (Hassan 

et al., 2003) that environmental factors are important determinants of vector-borne 
disease risk. In India the geographic information system was used as a tool to study 
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malaria recepictivity in India. The study found that malaria was associated with high 

water-table (Srivastava et al., 1999). 

The mean distances to breeding site may also help to define the "distance" of risk of 

malaria and RVF. In both irrigated & non-irrigated areas the mean distance ranges 

from about 30-50 meters. This has direct implications for control & those houses 

closest to breeding sites can be targeted by mosquito control and intervention 

programs/strategies. 

The relationship between RVF and malaria positivity and distance to breeding sites 

and wadi determined during this study were positive in all villages except one 

village Korsi Aldayer in the irrigated area. This may be related to our finding in the 

KAP survey when we found that villages located below Jizan dam such as 

Almegussus were wealthier than villages located above the dam. This was possibly 

a result of the earlier period when the Saudi government financed compensation for 

farmers below the dam who gave land to the Jizan Dam Irrigation Project 20 years 

ago. This in fact play a significant role on impact of irrigation project such as Jizan 

dam on the community wealth. Overall there was a higher mean malaria positivity in 

households which reported RVF cases during the 2000 epidemic, which suggest that 

the epidemiology of these two disease in Jizan Area are related. The fact that both 

diseases have positive associations with the breeding sites and wadis suggests that 

the different vectors for each disease share the same breeding sites. This means that 

any breeding sites for malaria vectors may also be effective against RVF vectors too. 

This study sets the stage for the development of a more comprehensive database on 
impact of malaria, RVF and other vector-borne diseases in Saudi Arabia. Our 

findings also provide the basic framework for developing an early warning system 
for malaria and RVF in Saudi Arabia through monitoring of vector distribution and 

mapping these data in relation to environmental variables. Moreover, the successful 

cooperation experienced throughout this investigation between health authorities and 

research institutions should be repeated to include other important diseases and 
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should be expanded to include Regional cooperation in the fight against vector- 
bome diseases of Regional interest. 
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Chapter Seven: General Discussion and Conclusions 

Malaria and Rift Valley fever (RVF) are two of the important diseases in South- 

western Saudi Arabia. Malaria used to have a wide distribution in the country in the 

past, but as a result of the extensive malaria control programmes, the disease has 

receded and is restricted now to the south west, where 60-70% of total cases are 

recorded. In mid-September 2000, RVF occurred in bothhumans and livestock in 

the Saudi Arabia for the first time (CDC, 2000a, b), and the first time that RVF had 

been reported outside Africa and Madagascar. The epidemic appears to have started 

simultaneously in the Jizan Dam area in the Jizan Region in the southwest, as well 

as in neighbouring Yemen, and to have continued until the end of November (CDC, 

2000 a, b). A re-emergence of RVF was recorded among animals in September 

2004, when 4 of the 5 cases reported were located in the Jizan dam area (MOA, 

2004). 

It appeared that the irrigation systems have the potential to create breeding sites, 

resulting in increased abundance of mosquitoes, including increases in malaria and 
RVF vector density. The communicable diseases most often associated with 

reservoirs are malaria, schistosomiasis and large engineering projects involving 

rivers have frequently led to explosive malaria epidemics during construction 
(Birley, 1995). Construction of small dams in Cameroon has been blamed for 

increased prevalence of endemic diseases including malaria (Ripert & Raccurt, 

1987). 

In Saudi Arabia approximately 185 darns of various sizes exist, constructed for flood 

control and groundwater recharge, and tens of new dams are planned (Ministry of 
Agriculture and Water, 1995). Construction of dams is based on extensive 

preliminary studies such as identification of the proper location of the dam, 

hydrological studies, engineering and evaluation studies including identification of 
the type of the dam and ecological studies to suggest appropriate solutions to 
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prevent any adverse consequences (Ministry of Agriculture and Water, 1996 & 

1995). Interestingly there is little attention for any health studies. 

The movements of human populations into Saudi Arabia from neighboring countries 

to work as a farmers constitute an important social factor that has a direct bearing on 

transmitted malaria and RVF and other vector-borne diseases and in the planning of 

vector control measures. The constant influx of a workforce from neighboring 
Yemen, where malaria is endemic and where RVF and Dengue also occur, 

continuously brings a source of infection into the area. During the present study 

period (Jan-Dec 2004) for instance, the number of imported cases in Jean region that 

originated in Yemen (n = 215) was approximately half that of the locally acquired 

cases during the same period (MOH, 2004). Moreover, immigrant laborers from 

East Africa coming from countries known to be endemic for vector-borne diseases 

may also be another factor that has a direct bearing on transmission of these 
diseases. 

Humidity and temperature are important factors influencing the transmission of 

malaria. The development of both vector and parasite is temperature dependant, and 
both of % humidity and % relative humidity affect mosquito survival. The ideal 

conditions for malaria transmission are when the mean temperature is within the 

range of 201C - 301C, while the mean relative humidity is at least 60% (Snow & 

Gilles, 2002). The climate in irrigated and non-irrigated areas was found to be 

favourable for malaria transmission during the wet season. The relative humidity 

was above 50% at any time and anywhere in this area and the temperature to support 
transmission occurred in the wet season. Thus transmission in Jizan is perennial. 
Rainfall in the area is discontinuous and irregular. 

Within the Tihama, human settlements follow the watercourses of seasonal streams. 
The population inhabiting the endemic area resides in small hamlets, widely 

scattered across a large area. Some inhabited areas are inaccessible and rarely 

reached by any of the control measures applied by either the Ministry of Health 

(malaria control) or Ministry of Agriculture (RVF control). Interestingly, people in 

the rural areas sleep outdoors near their huts during the summer where man-vector 
contact would increase from the mosquitoes that come to bite animals, and as the 
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numbers of animals are greater in irrigated areas than in non-irrigated areas there 

will be increased risk of RVF in irrigated area than in non-irrigated areas but 

animals may divert biting away from humans. ITNs, suspended over the outdoor 

beds, would be useful for such behaviour and provide protection from mosquito 

bites. 

In irrigated areas, vector control strategies aimed at reducing vector density through 

larviciding, would be extremely difficult to implement and unlikely to succeed 
because of the variety and difficulty of locating the many breeding sites. Conversely, 

there is evidence that indoor residual spraying IRS appeared to be sufficient in 

controlling indoor resting mosquitoes (Al Sheikh, 2004). Additionally, insecticide 

treated bednets (ITNs) are likely to be useful and a good alternative to IRS. 

Lambdacyhalothrin and other pyrethroids remain effective in controlling An. 

arabiensis in the Tihama area, but resistance to the larvicidal insecticide temephos is 

appearing in An. arabiensis (Al Sheikh, 2004). Larval control could be added in 

certain areas, although breeding sites are transitory and a large and consistent 

community effort would be needed. For the irrigated areas, additional measures 

could be taken to minimize breeding in the irrigation structures and further studies 

are needed to investigate the role of the farm areas in providing resting/ breeding 

sites. Irrigation projects also has clear proven benefits in terms of food security and 

provision of jobs and livelihoods, therefore farming should be promoted but care 

should be taken to minimize any potential anopheline breeding but as mintiond 
above this would be extremely difficult to implement. 

There is a need to carry out longitudinal studies to further investigate the effect of 
annual variation on risk factors and malaria and RVF prevalence. In addition similar 
studies should be conducted in other irrigated area in Saudi Arabia to study the 

association with irrigation. 

The study revealed a number of risk factors for irrigated areas in Saudi Arabia. How 

broadly applicable to other parts of the world these finding are needs to be ftu-ther 

investigated. The baseline information using GIS is now available and it would be 

good to map all the houses and do randomized selection of households in future 

longitudinal surveys. Such studies should be extended to include other part of 
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neighbouring regions in Saudi Arabia (such as Aseer region) and in Yemen. This 

study sets the stage for the development of a more comprehensive database on 
impact of malaria, RVF and other vector-bome diseases in Saudi Arabia. Our 

findings also provide the basic framework for developing an early warning system 
for malaria and RVF in Saudi Arabia through monitoring of vector distribution and 

mapping these data in relation to environmental variables. Moreover, the successful 

cooperation experienced throughout this investigation between health authorities and 

research institutions should be repeated to include other important diseases and 

should be expanded to include Regional cooperation in the fight against vector- 
bome diseases of Regional interest. 

The current rapid growth in agriculture and irrigation projects, with little or no 
attention for their health impact cannot be sustained. Studies to gain new insight on 
impact of RVF and malaria transmission are urgent as there is rapid, often 
unplanned, expansion and this could alter vector-borne disease epidemiology. Our 

study in irrigated and non-irrigated areas contributed to this by highlighting several 
risk factors to be considered in fin-ther studies. Free provision of 38 million Long 
Lasting Insecticidal Nets in very poor countries such as Niger, Togo, Eritrea and 
Sierra Leone. Since money has been found for this, surely Saudi Arabia could do the 
same in the small part of the country which remains malaria affected. It seems that 
the best prospect for reducing RVF and malaria transmission in this area will be 

proven control techniques that are readily accepted, such as ITNs 
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APPENDIX 

QUESTIONNARE KAP STUDY 

(Code for CLOSE questions: I =Yes; 2=No; 8=don't know; 9= No answer) 

Date ................. Interviewer: ID, No 

GPS-CODE: NIIWI 

1. a. How many people sleep in this HH? 
b. How many children are between 0 and 5 years of age? 
c. How many children are between 0 and 10 years of age? 

2. a. Housing type? Compound [] self-contained [] storey building [] 

Wall type mud [ 
Roof tiles[ 
Ceiling yes[ 
Floor cement[ 
Flooring cover nothing[ 
other, specify .... .............. 

brick-blocks wood( 
sheets[ slates[ 
no[ ] 
wood( earth[ 
tiles-terazo carpet( vinyl[ 

b. How many bedrooms do you have in your house? 

c. What is the source of drinking water for your household? 
Piped water [] private well[ public well (] public tap 
public borehole[ ] tanker/truck river/stream [ other, 
specify ............... 

d. What toilet facility do you use? 
Part 1. Private[ ] shared[ 
Part 2. WC [] pit latrine[ ] VIP latrine[ bucket latrine( Free 
range (push) (] Other, specify ........................ 

3. a) Do you have any of the following items? 
(Code Income ranking: O=High; I=Middle; 2=Low) 

Item 
Present yes/no 

Electricity 
Bicycle 
Motorcycle 
Radio 
Television 
Car 
Fan 
Fridge 
AC 

b) Do you have a domestic worker not related to the head of the household? 
(1 =yes; 2=no; 8= Don't know) Dom 
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4. Have you ever attended school? 
If YES, what was the last grade you completed? 
(O=Not attended/illiterate; I=primary; 2=JSS/MLC; 3=SSS/A'Ievel; 4=graduate/certificate) 

5. What are the common illnesses in this village? 

6. Are fever a problem for you? (I =Yes; 2=No; 8= Don't Know) 

MALARIA 

7. Is malaria a problem for your household? (I=Yes; 2=No; 8= Don't Know) 

8. How can you get malaria? ....................................................................... 

9. Mentioned mosquitoes (I=Yes; 2=No) 

10. Whom does it affect most? (I =All; 2=Adults; 3=Child; 8=Don't know; 9=No) 

11. How do you know someone has malaria? 
Hot head Weakness 
Hot body Lethargic 
Diarrhoea Muscle pain 

Dizziness Joint pain 
Code for these: Cough/chest Head ache 
1= Mentioned Coma Sleepy 
2= Not mentioned Death Can't sleep 

Vomiting Body pain 
Yellow eyes Cold sweat 
Constipation No appetite 
Other Don't Know 
Fever Yellow urine 

12. Can you prevent yourself (or your household) from getting malaria? 
If yes how? 

RIFT VALLEY FEVER (RVF) 

13. Is RFV a problem for your household? (1=Yes; 2=No; 8= Don't Know) 11 
14. How can you get RFV? ....................................................................... 

IS. Mentioned mosquitoes (I =Yes; 2=No) 

16. Whom does it affect most? (I=All; 2=Adults; 3=Child; 8=Don't know; 9=No) 

17. How do you know someone has RFV? 
Hot head 
Hotbody 
Diarrhoea 

Code for these: Dizziness 
1= Mentioned Cough/chest 
2= Not mentioned Coma 

Death 

Weakness 
Lethargic 
Muscle pain 
Joint pain 
Head ache 
Sleepy 
Can't sleep 
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Vomiting Body pain 
Yellow eyes Cold sweat 
Constipation No appetite 
Other Don't Know 
Fever Yellow urine 

18. Can you prevent yourself (or your household) from getting RFV? 
If yes how? 

MOSQUITOES 

19. a) Do you have a problem with biting insects? (I =Yes; 2=No; 8= Don't Know) 
b) what kind of insects do you have? 

Bees blowflies 
lice tabanidae 
Mosquitoes sandflies 
Horseflies Others 
Tsetse 

20. Where do mosquitoes come from? 

21. In which places (in the village/fields) do they mostly bite? 

22. What time of year do they mostly bite? (I =wet; 2=dry; 3=all year) 

23. How often do they get bitten? (every night--1; Once a week=2; Once a month=3) 

24. Do you know of any diseases transmitted by mosquitoes? 

25. Do you sit outside during the evenings? 

26. Do you sleep outside? 

27. 

28. Are mosquitoes a problem for your households? 
(I =yes; 2=No; 8= Don't know) 

29. Do you protect your self from mosquitoes? 
(I =yes; 2=No; 8= Don't know) 

a. If No ask why not? II not necessary II expensive inconvenient don't 
know how II Other, specify ............... 

b. If Yes fill table: 

Trap doors/netting 11 or bedrooms 
for windows 
Bednet Who sleep under 
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Please ask to see net, status, 
im regnated 

Coils How often used and how many 
Bum herbs How often? 
Aerosol cans How often? 
Others Specify 

Check if any of above mentioned are in the house? Check 
(I=yes; 2=no; 9=not checked) 

3 0. a. IF NO USE OF BEDNET ASK (check 29a NO or in table no use of net? 

b. Why do you not use a bednet? 

c. If mentioned costs in b. please ask: are there apart from costs other reasons for not using 
bednets? 

d. Do you know where you can obtain a bednet? Where? 

e. If you where given a bednet, who would sleep under it? 

HEALTH CENTER 

3 1. a. Have you or anyone in your house, had fever recently? II 

b. If yes, what was it? 

c. How did you know? 
[] symptoms tell doctorjudgement [] other, specify 

d. What did you do? 
[] to clinic ]bought drugs [ ]nothing other, please 

specify ......... 

e. If to clinic was a blood-film made (If MALARIA)? (yes/no) II 

f If drug what did you take (If MALARIA)? II 
(I=Chloroquine; 2=Fansidar; 3= Paracetarnol; 4= Artesunate; 5=Other, specify; 
3 =Non; 8=Don't know) 

g. Where did you get the drugs? II 
doctors receipt at health centre/pharmacy at pharmacy without receipt 
others, specify ............... 

h. If a health centre, which one? 
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Appendix B 

KAP questionnaire in Arabic (study area language) 
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