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Abstract

Although the incidence of some infectious diseases (Malaria, Cutaneous
Leishmaniasis (CL), ah Schistosomiasis) in the Asir Region, Saudi Arabia, has
decreased over the last decade, they still cause significant health prokiesrstudy
tests the hypotheses that there are relationships between climate variables (maximum,
mean and minimum tempéuae, rainfall and relative humidity) and these diseases in
Asir Region.Monthly malaria, CL and schistosomiasiases and climate variable
data were obtained for the study area between 1995 and 2006, 1996 and 2007 and
1998 and 2009 respectively.

Multiple regressions on the number of cases of each disease were performed
against the climate variables. The climate variables were lagged to account for time
gaps between weather events and disease. Different relationships with climate may
occur at different tiras of the year and so separate models were created for each
season.

Within Asir, there are two separate malaria endemic areas in the lowlands:
Tehama of Asir (TA) and Tehama of Qahtan (TQ). The results revealed that in these
areas, rainfall in the curremind previous month was positively associated (P<0.05
and P<0.001 respectively) with an increase in malaria cases during the summer. This
may be due to increased breeding and survival of vectors after the rainfall.
Temperature was not an important factor.

Temperature was the most important factor associated with CL cases in all
Asir and in the highlands area during the summer and beginning of autumn. If the
maximum temperature in the previous 2 to 4 months was elevated there were more
cases (P<0.001). Raalf also plays a role in CL transmission in the lowlands. There
were more cases of CL if rainfall was elevated in the previous 1 to 3 months (P<0.05).

Temperature was an important factor associated with schistosomiasis
throughout Asir during the summer afmkginning of autumn. If the maximum
temperature in the previous 3 to 4 months was elevated, there were more cases of
schistosomiasis (P<0.05). Rainfall also plays an important role in schistosomiasis
transmission in the highlands. There were more casamfall in the previous 6 to 7
months (P<0.005) was elevated. This occurs during spring and summer seasons

Based on these findings and an understanding of how these diseases are
affected by climate it should be possible to design an early warning systegithe
weat her to predict each diseasebs incidenc
important implications for policies to improve public health in this region.
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Chapter 1
Introduction and Overview
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Background

1.1 What are Infectious Diseases?

Infectious diseases, alkmown as communicable diseasare diseaseshich
can be pas&d from one person to anothdt is also possible for such diseases to
spread indirectly from animals to peogleoonotic diseas¢or through unhygienic
conditions Patz et al., 20QRyan et al., 2010 These diseases may cause danmge
injury to the host due to the presence of pathogenic microbial egeach as viruses,
bacteria, fungi, protozoa and parasites (Ryan et al., 2010). Exaofgleese diseases
include herpes, malaria, mumps, HIV/AIDS, influenza, chicken pox, leishmaniasis
and schistosomiasis (CDC, 2010Jectorborne diseases are type of infectious
diseases which are transmitted from one person to another by an insectror othe
arthropod vectors that carry the pathogerise vector is an agent such asnicro
organism, animal or persorhveh carries and trasmits an infectious ager@ommon
vectors include domestic animals, mansr@ arthropods which assisttimnsmiting
the parasitic organisms to humans (Schmidt and Roberts, 18@6example of a
vectorborne disease is malaria where the mosquito acts as a vaMaterborne
diseases are those diseases where the 1migemisms spendapt of their lifecycle in
water. An egample isschistosomiasigvhich is transmitted by worms through contact
with contaminated watdWWHO, 2010).

There are different classifications of infectious diseases. The transmission
mode of these diseases can either be anthroponoses or zoonosesigdootie
pathogen natural reservoir. Anthroponoses are where the reservoir is human, whereas
zoonoses occur when the reservoir is animal. Transmission can also be direct or
indirect. Direct transmission is where transmission occurs directly from person to
person or from animal to animal. In the latter case the animal then gives the illness to
a person. Indirect transmission is where human to human or animal to animal
transmission is dependent upon a vector (Patz et al., 2002; Ryan et al., 2010). Figure

1.1shows these different types of transmission cycle for infectious diseases.

Infectious diseases are transmitted dyvariety of different mechanisms
including (Schmidt and Roberts, 199Byan et al., 2010; ECDC, 2010):
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1. Ingeding contaminated food or wateThese are known asasgfrointestinal
diseasege.g. salmonellosis, cholera).

2. Contact with bodily fluids, often througbexual activityblood transfusions and
sharing needlege.g. HIV/ADIS, hepatitis B)

Anthroponoses
Direct transmission Indirect transmission
HUMANS ™~  HUMANS 4\
VECTOR/VEHICLE cr———
HUMANS P LuMANS
Zoonoses
ANIMALS 2~ ANIMALS 4\
VECTOR/VEHICLE
VECTOR/VEHICLE
ANIMALS \> ANIMALS o *
HUMANS HUMANS

Figurel.l: Four main transmission cycles forfattious diseases
Adapted from Patz et a[2002

3. Aerosolized droplets spread by sneezing, coughing, talking and kissmgilg,
meningitig.

4. Contact with a contaminateidanimate object such as clothes which can pass
diseasdrom one person to anoth@.g. abies.

5. Tramsmission of infectious diseasbyg mechanical vectorAn example would be
houseflies that pickip aninfectious agent on the outside of its body and transmits
it to an individuain a passivenethod (e.gTyphoid, anthray.

6. Trarsmisson of infectious diseasd®/ biological vectors such as mosquitoes and
sandfliesthat deliver pathogens from one host to anofeey. dengue feveand

leishmaniasis

1.2 TheGlobal Importance of Infectious Diseases to Health

Throughout history, many typeof these infectious diseases have killed
millions of people. For examplan estimated5 to200million people were killed by
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the Black Deathduringthe 14" centuryand this disease continues to kill aboQ08
people each yedPhilipkoski 2008) Another example occurred in Mexico during the
15" and 18' centuries, when the introduction ofallpox, measles, and typhlesi to
disease pandemics which killed over 80% of the populglimbson et al.1996.
Moreover, thefirst European influenza epidéenoccurredduring the 18 century
which is estimated to have killed 20% of the populationbérculosiskilled an
estimatedquarter of the adult population of Eurogeringthe 19th centuryln 1918
the nfluenzapandemic killed up to 50 million people and today this disease is
responsible foabout0.5 million deathsworldwide each yeafThe Navy Department
Library, 2005 WHO, 2010)

Infectious diseases still represent a major health problem todapendarld
Health Organization2002 has estimatedhat currentlythere are more than 14.8
million deaths per yeaglobally due to infectious diseaseBhis represerd 25.9% of
all deaths over the world (The World Health Report, 2004). Malaria is the most
important vectoborne disease, and WHO estimatkatt2.4 billion people live in
malarious regions of the world (WHO/SDE/PHE, 1999). The exact number of deaths
caused by malaria is unknown htthas been estimated at 1.3 million annually
(De Savigny et al., 2004).

1.3 Climate Variables and Climate Change

Weat her has been defined as fAthe short
wind speed, and some ot her aWeather pverssr i ¢ c o n
usually occur on a daily time scale andhese variables arassociated with many
health impats (Harold et al.,2000) Climate is the total experience of weather over a
longer timescale(conventionally 30 years) (IPCC, 2007). Atmospheric variables such
as temperature, rainfall, wind, relative humidity and cloudiness are described as
climate varables (McMichael et al., 2003¢limate variability occurs on many time
scales, it usually occurs on a daily time scale and these variables are associated with
many impacts on health. Climate variability occurs at other scales such as seasonal
variability and also over longer periods. One important example of climate variability
over longer time scales is the El Nino southesaillation (ENSO). It is a global
climate phenomenon, whidifects temperature (a warming or cooling of at least

0.5°C) overthet opi c al Pacific Ocean. Time periods
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change of temperature over the Pacific Odsaositive. If the temperature chanige
negative it iIs known as AdlLa Ninabo. These e
and lead to changinof the weather patterns across much of the planet (Lipp et al.,

2002: NWS, 2005). El Nino creates an increase in rainfall across theeaastl and

eastern Pacific Ocean. It also causes extreme weather conditions such as floods and

droughts in many regns of the world.

Human activities that burn fossil fueich asoil increase the amount of
greenhous@ases in the atmosphewlthough these gases also occur naturally, their
recent increasenay contribute to climate chang@PCC, 2007). During the 200
century the global surface temperature increased 0.74 + 0.18°C (IPCC, 2007).
Scientists predict that climate change will cause a mass extinction oflsgwerees
of plants and animals, lead to the flooding of dgimg areas, and increase the
frequeng of extreme weatheevents(IUCN, 2009). The United Nations Framework
Convention on Climate Change decl ared tha
gl obal burden of di sease andTheperaeeniaut ur e de
climatic zones in Asia; boreahrid and sermarid, tropical and temperate (UNFCCC,
2007). Martens et al(1999 state that the principal impacts of climate change on

health in Asia will be upon epidemics of vecbmrne diseases.

1.4 The Influence of Climate Variables upon Infectiou®iseases

The vectos of vectorborre diseases (a part of infectious diseases) such as
mosquitoes and sandflies are sensitiveclimate factors specifically temperature,
rainfall and relative humidity (Hana et al., 20@ross et a] 1996. Thereforethe
weather will have an influence upon tinensmission dynamia¥ these diseases. This
will affect their spatial and temporadatterns For example elevated temperatures in
an areacould increasehe occurrence ofectorborne diseases such as malafiso
Pampana, 1969 noted that the absolute temperature and its duration can affect the life

cycle of malaria, but that this varies by parasite species.

There are many other examples.-Borre infectious diseases can be affected
by climate variables, althobdlittle is known about these types of diseases (Lipp et
al., 2002). An example is influenméhereLangford et al., (1995) found that the peak

number ofcases of flu and cold occur during winter in the Northern Hemisphere
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indicating that the transmissiorf the viruses is more active during winter season,
thus increasing the cases. Fdmatre diseases are also affected by climate variables.
Lake et al., (2009) examined the correlation between temperature antdioced
infectious diseases. There were pesitcorrelations (P<0.01) with each temperature
lagged at the current week to 5 weeks. These were attributed to increased bacterial
reproduction during warm weather as wadltochanges in human behauide.g.the
popularity ofbarbecues during warm weath. Climate (e.g. heavy rainfall, flooding

and increased temperature) is also recognized to be an important factor influencing
the epidemiology of water borne disease (Hunter, 2003). Therefaterhorre
diseases may increase due to changes in envirgameonditions. Outbreaks in
waterborne disease have been positively associated to extreme rainfall in the USA
between 1948 and 1994 (Curriero, 2001).

There have been many previous studies which have indicated that climate
variables have an impact on éctious diseases, particularly vector, air, food and
waterborne diseasefulu, 1996 Woube, 1997 Ye et al., 2007 Alam et al., 2008
Lake et al., 2009luleye and Akinbobola2010. Some have shown that the weather
influences the abundance of vest¢€rossand Hyams, 1996 Amerasingheet al.,

1999 Abdoon andAlshahranj 2003; Boussaa et gl2005 Kasap et aJ 2009 while
others have found that vector abundance had an effect on the incidence of these type
of diseasegAl-Amru, 2002; AlTawfiq et al.,2004; Al Ibrahim et al., 2005).

1.5 Climate Change and its Potential Impact Health

Climate changescan affect human health directly as well as indirectly by
changing ecological and biological proces@#$10 et al., 2003Cowie, 2007; Habib,
201]). Thesechanges can cause death, injuriisess, suffering and increases in the
risk of infection diseases. In addition there may be adverse effects on the quality and
guantity of food and water (Confalonieri et al., 2007). Postigo, (2007) has estimated
that trere are 150,000 deaths per ysssultingfrom climate change and this number
may increase to 300,000 by 2030. Recently, heavy rainfall events occurred in Jeddah,
Saudi Arabiajn November 2009 and al$on January 2011 which caused lagdife
for hundread of people and much damage tlwe infrastructure (Almazroui, 2001).
These may have been associated with climate change.
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The previous section has show that weather can affect the incidence of
infectious disease. Therefore any change in climate may imgmet infectious
diseases. These changes a#tuence the transmission patterns of many infectious
diseasegLindgren et al., 2010In addition to the importance of climate changther
factors may influence the incidence of infectious diseasedhe fuure. Examples
includeenvironmental influencesuch asagricultural development, deforestatiand
urbanization (Grasso et al., 2010). There are also socio demographic $actoras
transportation, nutrition and human migratiwhich may all have an impa(WHO,
2006).

A reportin the United Statequblishedby Environmental Health Perspectives
and the National Institute of Environmental Health Sciences (NIER& linked
climate change to nine broad human health categories including infectious slisease
such asvectorborne diseases amdaterborne diseases (IWGCGCR010). The link
between climate change and vector or whtane disease incidence is presented in
Figure 1.2. This figure shows that many factors, both direct and indirect, can
influence weer-borne diseases and vectmrne diseases, starting with climate
change but noting other effects such as human behaviour, activities, host pathogen

transmission, vector and vector habitat.

Human —~{ Climate

Society Change
L
Human - ki Vector
behaviour — Host and - Habitat
reservoir
% Pathogen Vector
i ——
transmission

|

Water and vector-borne
disease incidence

Figure 1.2: The links between climate change and vector &ewhorne diseases
incidence. Adapted from ECDE010
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Figure 13 shows another example thfe impact otclimate change with other

factors uporhealth and presence of some infectious diseases.

Climatic conditions

Acute Respiratory illnesses
Diarrheal diseases

Meningococcal meningitis

...ingredients for
epidemics...

External conditions
« gatherings, congregations
* forced migrations

« seasonal rains . W/ © GINUIDITED

. floods Malaria V&It R1‘/\"%/

+ dry cool season I > . . ’3’*ﬂs 1l
Leishmaniasis 77

*Extreme heat

Dengue Fever
-

Living conditions
* over-crowding

* poor sanitation

« unsafe water supply

« unsafe food

*Poor hygiene

Malnutrition 5

Sun stroke & hea_t,exlg“‘j'austion

*Cultural beliefs
*& behaviour
*Poverty

Figurel.3: Impact of climate change with some other factorsnupealth
Adapted from (MOH, Climatehange, 2006)

WHO, (2011 has listed a number of facts about climate change including
some significant observations relating to health such as the changing patterns of
infectious diseases iextreme high temperaturea levels can rise as a consequence
of global warming andesultantflooding will increasethe risks of infection from
water and vector borne diseaseShortages of fresh water or water of poor quality
can occur in areas where rainfall amounts vary thigl affects hygiene and health.
This occursespecially where water has to be carried long distances as this increases
the likelihood of contaminationLife threatening diseases transmitted through water
via vectors such as mosquitoes are sensitive toatiintonditions as increased
temperatures provide optimum conditions for mosquito breedksg.global
temperatures rise, new geographical arges/ provide these conditiondn the
highlands of Kenya, for example, many people died of malartae summe of
1997. This was blamed on climate change as the population there had not

previouslybeen exposed to this disease.
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There are many potential consequences of climate change and some examples
and their impacts will be presented. Drought may affect thesrmassion of some
mosquiteborne diseases. During droughts in an endemic area, the activity of
mosquito is usually reduced. This may reduce case incidence but also the immunity of
the population. When this drought breaks, increases in mosquito abundapce ma
occur. This leads to a large increase in cases because of more vectors and weakened
immunity in the population (Woodruff et al., 200nother example is heat waves
which are related to increases in mortality in different areas across the world.an Indi
several heat waves were reported during the last decade of the last century. These
caused thousands of deaths (Mohanty et al., 2003). Furthermore, flood is a frequent
disaster. This event is a result of interaction of rainfall, wind, sea level, sunfaaf r
and natural topography (Confalonieri et al., 2007). In Venezuela more than 30,000
people lost their lives due to storms and floods during 1999 (Guha Sapir et al, 2004).
More than 130 million people in China were affected by floods during 2003.

Ther is already evidence that climate change is affecting disease. Increases in
malaria and leishmaniasis transmission and infectious diseases in general have been
reported in Bolivia during the end of the last century. There was no responding from
the relatel governmental agencies to adapt these increases (Confalonieri et al., 2007).
However in Canada when increases in heat wave related to the number of deaths, due
to the increases in air pollution, vectmorne diseases and allergic disorders, the
relevant pivate and governmental agencies have tried to adapt. A number of different
steps have been taken including monitoring for the emergence of the infectious
diseases, measuring to reduce the heat island effect, upgrading water and wastewater
treatment facilies, preparing plans for emergency management and early warning
systems (Confalonieri et al., 2007; Riedel, 2004)

The effects of climate change on human health as well as the effects on the
environment have been widely discussed. There is an almostrsalisientific
consensus on the madyecteffects of climate chang®at will occur in the coming
decades.There hasbeen much research inetle area but the impact of climate
changes on healtand specifically on infectious diseases is an area wheme m

research is needed.
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1.6 Influence d Climate Variables upon Selected InfectiousDiseasesn the Asir
Region, Saudi Arabia

1.6.1 Overview

This study investigates the influence of climate variables on three related
vector and waterborne diseases ié Asir region, Saudi Arabia. The diseases that
have been chosen for the study are malagataneous leishmaniasis and
schistosomiasis. Thegdiseases are the moaide spread vector and wateorne
diseasesvhich have thehighestimpact on public healtim Asir (Dr A. Abdoon2007

pers. Comm).

Each disease has been considered separately and has a complete chapter
devoted to it. Asiiis an interesting study area becauska a variety of different
geographical regions from the low plains of the sesstto mountaious areasover
3000m. Because of this, it has been possible to study three diseaddérent
climatic conditions within a single area in Saudi Arabia. The extent of each disease in
a particular sector of the Asir Region is discussedhénimdividual chapters on each

disease.

The hypothesis for this study is that climate variables, specifically
temperature, rainfall and humidity, have an influence on these diseases within Asir

Region.
1.6.2Importance of the study

This study is importanfior three main reasons. First, it is innovative research
as it is the first time that there has been a specific and rigorous investigation of the
influence of climate variables upon diseases in Saudi Arabia. Other Saudi Arabian
studies have mentioned th@luence of climate briefly but have not dealt with it in
detail or analyzed its influence rigorously. Secondly, it is a subject that fully justifies
research because these diseases have a large impact on the lives of people in Saudi
Arabia who become ieftted, with high costs to public healBrevention of a disease
is better than cure and it is hoped that using the results of this istetiguld be
possible to design an earlyarning system from weather patterns to predict the
incidence of each seledalisease. Finally as the climate changes in Saudi Arabia
associated with climate change, this research could help predict the impact of any

changes upon the health of {hepulation.
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1.7 Structure of Thesis

The first chapter (Introduction) will give an ewiew of infectious diseases
and their importance to health. Climate and climate change will then be described
followed by their influence upon infectious diseases. The chapter will then consider

this study and its importance in detail.

The study area (send chapter) will be presented. This introduces the country
of study, Saudi Arabjaincluding information on topographyglimate, é&mography
educationand the health of the population. The second half of this chapter will
examine Asir Regionn more detd This is the region in the South West of the

Country which forms the study area for this thesis.

There are three main chapters; 3, 4 and 5 which will examine the influence of
weather upon malaria, leishmaniasis and schistosomiasis respeuatitretythe Asir
Region. Due to the similar methods used for studying each disease these three
chapters have a similar structure. Each willestart by providing an overview dhe
diseaseglobally. Its transmissionwill then be described in detail followed by
information on thesymptoms and causes$ the disease. Each chapter will then show
how this illness may be prevented and treatdm influence of weather upon disease
is the focus of this thesis and se will then presena literature review othe illness
and previous studies that have lookeditatrelationships with weathefhis will
conclude with a brief summary of the literature and how this information will be
developed into the design for each studiife study area will then be introduced
focusing spcifically on the prevalence of the disease. This willfddeowed by a
description of the data sourcesbe used in each chapter and a description of the
methods to beemployed. Tk results of the analysis will then be presented,
specifically evidence o&ny relationships with weathefach of these three chapters
will conclude with a section discussing the results obtained.

The last chapter (6) will present the summary and conclusions of this study.
This will include a discussion of its strengths anditition. It will also discuss how
research developed over the 3 chapters. Finally it will make recommendations for

future research.
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Chapter 2
Study Area
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2. Introduction
2.1 Saudi Arabia

2.1.1Geography and Demography

Saudi Arabiais located m the south west of the Asian continent asdhe
largest countryin the Middle East.It occupies foufifths of the Arabian Peninsula
covering an area of 2.25 million BmAccording to the system of regions issued
during 1992, this country has been daddinto 13 administrativeegions(Figure2.1)
(Central Department ofStatistic & Information (CDSI), 2010. The populationin
2010 was27.14 million (18.7 million Saudis, 8.4 milliononSaud) andthe annual
populationgrowth ratebetween 2004 and 2010a&/3.2% (CDSI, 2010. Figure 2.2
shows thedistribution of population by regiongaccording to adlemographicsurvey
undertakerduring 2007. This figure shows that Riyadh and Makkah regions have the
highest population number followed by Eastern Region th&n Regionwhich has
the fourth highest population in Saudi Arabia. The lowest population number is in
Northern Border followed by Jouf regionh& survey alsshowsthatthe population
of malesis higherthan females in all regions with thgreatestdifference in the

regions of Riyadh, Makkah and Eastern Province.

Saudi Arabias bordered by countriesJordan on the northwest, Iraqg on the
north and northeast, Kuwait, Qatar, Bahraingthe Arab Emirates on the east, Oman
on the southeasind Yemen on #south. It is also bordered by two seas the Arabian
Gulf to the North Easéind the Red Sea on theest(Garout, 2000Q)The westcoastal
plain which lies along the Red Sea is 1,100 lbng. The most significant mountains
chain are theSarawat Mountaingrising to 3000 metes in the south and gradually
falling to 1000metersin the north) located to the east oétlest coastgdlain. From
these mountains there areny valleyswhich slope westwardo the seand eastward
into the hills and the desd€DSI, 2010.

As the country has a large area it can be divided into several different
geographical areas including (Garout, 2000; CDCI, 2010):

1 Najd: located in the middle of Saudi Arabia incingd someplateaus, hills and

oass, e.g.Riyadh City (Capital Cit) andBeraidah City.
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1 Hejaz: spreads along the western coast, and includes many cities such as Makkabh,
Madinah and Jeddah.

1 Asir Region: Located in the south west of Saudi Arabia, with three altitudes;
Highlands (2000 3000m) which from part of the SaratwMounties range (e.g.
Abha City), Tehama which lies on the coastal plain with foothills (e.g. Muhail
City) and the eagilateauge.g. Bishah City).

1 Eastern Region which includes Al Hasa oases (e.g. Al Hasa City), coastal plains
on the Arabian Gulf (e.goammam City) and a large part of the Empty Quarter
desert(Alrub Alkhali).

1 Northern Region: contains some oases and part of the Nufoud desert.

Figure 2.1: Map of Saudi Arabia with itadministrativeregions(CDSI, 2008)

34



Jouf

-

1 males
[] Females

Baha

Najran

Jazan

Northern |
Bord

Hail

Tabuk |

Asir

Eastern
Provi

a

Madinah

H mmmlmmm

|
0 500000 1000000 1500000 2000000 2500000 3000000 3500000

Figure 2.2 Populaion distribution by regions by demographic survey 2(0DSI,
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Table 2.1 illustrates a comparison of demographic indicatorsng selected
neighbouring countries of Saudi Arabia during 2006is figure shows that Saudi
Arabia has the largest area quemed to the neighbouring countries, and has the
second highest population. It also has the second lowest population density. More

than 85% of people in Saudi Arabia live in urlzaBas.

Table 2.1:Comparison oflemographidndicators amongelectedneightouring
countries ofSaudi Arabia durin@004 (WHQ, 2007;CDSI, 2006

KSA | UAE | Qatar | Bahrain | Kuwait | Irag | Yemen | Oman
Area (000) 2250 83.6| 11.58 | 072 | 17.82 |435.1| 555 | 300.5
Pop.
(Mo | 237| 41| 084 | 074 | 310 |28.00| 20.90 | 2.60
Density
sereoniond 105|491 | 724 | 10319 | 1712 | 64.3| 37.6 | 83
Po(po/'oflf’ 329|195| 225 | 27.3 | 218 |433| 45 | 324
Population
ooy 28| 29| 12 25 16 | 28| 29 | 22
UrbanPopl g5 | 82 | 100 | 100 100 | 67| 26 | 71
Ccrudebith| 249 15.7| 168 | 209 | 17.8 | 38 | 242 | 392
Crudeceall 4 | 15 | 21 | 31 17 | 10 | 25 | 114

Pop.: population
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Tables 2.2 and 2.3 demonstrate some selectadographic and health
economicindicatorsfor Saudi Arabiabetween 2007 and01Q They indicated that
advancse in health services, dustry, education, commerce, agriculture and
construction have turned the couninyo one of the fastest developing countries in
the world (CDCI, 2010).

Table 22: Demographicand health eonomicindicatorsof Saudi Arabia between
2007 and 2008. Adaptetbfn (MOH, 2008, CDSI, 2@8)

Estimated population 24,807,273
Crude birth rate /1000 pop 24.1
Pop. Growth Rate 2.23%
Population Under 5 years 11.56%
Population under 15 years 32.26%
Population 15 64 years 64.95%
Population from 65 & above 2.79%
Total Fertility rate 3.04
Life expectancy at birth 73.4
Male 72.4
Female 74.5
GDP per capita $ 19206
MOH Budget (of Governmental Budget) 5.6%
MOH Expenditure per capita $271

Table 23: Key indicators of Saudi ArabigDSI, 2010

Population2010 (people) 27,136,977
Population density (person / sq km) 2010 14
GDP growth a{CDSI), 2010constant prices 2009 0.6
The contribution of the private sector in GDP at constant prices 48%
Per capita GDP at current prices in 2009 (SAR) 52,853
Export growth in 2009 -37.44%
Import growth in 2009 -9.08%
The contribution of exports to GDP at current prices in 2009 54%
Unemployment Rate (2009) 5.4%
General index for the cost of living 2009 122.4
Change in the index of cost of living (inflatiorgrfthe year 2009% 5.06
Growth rate of GDP per employed person (2008) 19.3
The proportion of the working population to population (2009 m) 32.1
Gross enrolment rate in primary education (2009 m)% 99
Rate and infant mortality (per thousand live birth3)2 14
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2.1.2Climate

The climateof Saudi Arabiais arid and semiaridwith extremes of high
temperatur@luring summer. It is coauringthewinterin Najd and some parts of the
Eastern RegionHowever temperatuseare moremoderate inSouth Western ah
Northern regionsduring the summer and cooler in the wintérost and snow may
occur in the Northern region. In contrast, the temperature during the summer season is
high in most of the country (>8C). The lumidity is high along the coastal areas
(MEPS 2007;CDSI, 2010. Average anual rainfall for Riyadh, Jeddah and Jazan is
100mm, 54mm and 500mm respectively (MOH, Workshop, 2006)

2.1.3 Education

The government of Saudi Arabia gives a high priority to education which is
almost free and the literaayte is growing steadily. In 2007, 86.3% of the total
population was literate compared to only 40% during 1950. Table 2.4 shows the
literacy rate, unemployed rate and the percentage of the population living in
traditional houses for each administrativegiom of Saudi Arabialiteracy rate,
unemployed rate and percentage of traditional houses are considered indicators of the
living standards. The region of Riyadh has the best living standards with high literacy,
low unemployment and a low percentage oflitianal homes. This is followed by the
Eastern Region. The lowest living standards were in Jazan Region, although the
highest unemployment rate was in Albahah, followed by Hail. Asir Region comes in

the middle of living standards in Saudi Arabia.

Table 24 Literacy rateof each region of Saudi Arabia witinemployed rate and
traditional houses during 20QZDSI, 2010)

Al- Al- Al- Eastern

Riyadh Makkah Madinah| Qaseem| Region Asir | Tabouk
Literacy rate % | 90.1 8 6. 8 6. 85.0 89./182. 87.
Unemployed % 15 2.5 3.2 3.1 1.8 4.5 2.2
Traditional
houses % 12.2 31.8 31.9 28.0 17.0 | 40.7 30.
Continte table 2.4
Hail | Northern | 5 7an Najran | Al-Baha Al- Total
Borders Jouf
Literacyrate % | 7 9 . 8 2. 76 . 8 0. 80./86. 86.
Unemployed % | 4.7 3.0 4.9 3.2 5.6 2.3 2.7
Jradtona 51.| 19.{ 734 | 403 | 41.|255| 278
ouses %

37



2.1.4Drinking Water Services

Saudi Arabiadraws its water from four main sourc@dginistry of Water and
Electricity (MOWE), 2009:

1 Surfacewater,such as dams, springs and wells (<30meters detith is to be
foundmostlyin the westand southwest of the country (7%).

1 Ground water which ideld in aquifers.Someare naturally replenishedhile
others are nonenewablg23%)

1 Desalinated seawater, a souréavater production in which this countrg how a
world leader.There are29 desalination plants provitg drinking water to major
urban and industrial centres through a network of wapars (Figure 2.3). During
2004 eksalination mearound70% of the Kingdom's drinking water requirengent

1 Reclamed wastewatef<1%).

In terms of how this water is distributed to househadkigure 24 shows the
different sources of water supply in Saudi Arathiaing 2004.The figure showshat
most of the households (>70%) use public piped water followed by thioseuse
catchment tanks (~24%). Less than 5% use wells and less than 1% use other sources
(MOWE, 2005).

Catchment
Tank

Public Piped
Water

Figure 2.3 Projectsocations of water Figure 24: The different soureeof
desalinate& distribution locations irSA houséolds of water supply SA
(MOWE, 2005) (MOWE, 2005)

2.1.5Health service

All parts and sectors in Saudi Arabia provide health care services under the

supervision of the Ministry of Health with serother governmental health sectors
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such as the National Guard health services, health services of the Ministry of Defense
& Aviation and Security Force health services. These sectors have their own hospitals
that provide health care for their employeed #meir dependents (Garout, 2000). In

addition, there is a private sector, and this service is increasingly being used by

business companies to provide medical care for their employees.

The Ministry of Health has three main assistant agencies; curatexeptive,
prevention medicine and an assistant agency for planning and research with many
other programs and services. The Primary Health Care Centers (PHCC) are the first
health care point for the community. The Ministry of Health has made considerable
efforts to develop these centers. In 2008 there were more than 1986 centers covering
each part of the country (MOH, 2000DSI, 2010. PHCCs provide basic health care
services including maternity and child health and immunization programs. More than
60% of hese centers have laboratory facilities, 25% have -aay>6ervice and 45%
have dental services. The second level of health care is hospitals, which are widely
distributed throughout each main part of the country. In 2007 there were 393 hospitals
with 58.8% (231) under the supervision of the MOH with 31720 beds (MOH, 2008;
CDSI, 2010) Table 2.5 shows theshlth resourcemdicatorsfor Saudi Arabia during
2008

Table2.5TheHealth resourcesgate for Saudi Arabia during 2008
(Rate per 10,000 Pop) (CDSI, 2D

Physicians 21.5
Dentists 2.8
Pharmacists 6.4
Nurses 40.8
Allied health Personnel 20.8
Hospitals beds, 21.72
Primary health care centers 0.8
Governmental hospital beds 17.14
Private hospital beds 4.58

A InfectiousDiseases

In order toeliminate infectious diseaséise MOH is continuously upgrading
its prevention and control programs. As a result of these efforts during the last
decadesthey have eliminatedeveraldiseases such as diphtheria and poliomyelitis.
Thenumber of cases of ¢éhremaiing diseases such as tetanus and mehakes been

reduced This isdue to thecontrol and surveillance of the epidemiological control
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units spread ovethe wholeof the country (MOH, 2008). Thetwas beera reduction
in the incidence of some vaoation target diseasesichas whooping cough and

mumps due tothe high immunization coverage achiewmetrthe lastdecade.

Despite dvances in the health servicate controlof infectious diseases
remains a challersy For examplea massive spray agast Rift Valley Feverlasting
for more than six months started in Asir and Jazan during 2000. This action was
carried out by many related governmental agencies using airplanes, cars and
manpowel(Dr A. Abdoon2007pers. Comm.).

Figure 2.5 shows the repiorg system for infectious diseases in MOH, Saudi
Arabia. The first level for the weekly notification in each region of this country is the
primary health care centres, clinics, hospitals and any related health téotdinly
report is sent by the relateli@partment into the health directorate, primary health care
department & preventive medicine division for each administrative region. Each
health directorate of a region sends these reports to the infectious diseases department
in the Ministry of Health.

Weekly

Hospital (Moh, - Primary health care
Centers and dispensarics

govermental, private)

Monthly

Health directorate-primary health care
department- preventive medicine Division

Mom-:?liy

Figure 25: Reporting System for infectious diseases in MOH, Saudi Arabia
(Epidemiology Field, MOH, 2007)

Table 2.6 presentshe reportedcases of notifiable infectious diseasasthe
countryduring 2008 (MOH, 2009
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Table 26: Reported Cases of notifile infectious diseases by Region, Saudi
Arabia during 2006MOH, 2009)

Cholera 7 Malaria 1497
Diphtheria 0 Leishmaniasis 2321
Whooping cough 30 Schistosomiasis 699
Tetanus neonatorum 13 Rift valley fever 0

Tetanus, other forms 4 Plague 0

Pdiomyelitis 0 Yellow fever 0

Measles 158 Guillian - Barre syndrome 121
Mumps 31 Dengue fever 913
Rubella 15 Rabies 0

Chickenpox 60007 Echinococcus hydatid disease 6

Brucellosis 3447 Salmonellosis 1292
Meningococcal 7 Shigellosis 188
Pneumaoccal 25 Amoebic dysentery 3311
Haemophilus influenza. 4 Typhoid & paratyphoid 269
Meningococcal, other forms 270 Unspecified hepatitis 255
Tuberculosis (TB) 3900 Hepatitis A 1678
Pulmonary TB 2635 Hepatitis B 5066
Extrai pulmonary TB 1265 Hepatitis C 2733

2.1.6Zoogeographical areas of Saudi Arabia

Saudi Arabia lies at the crossroads of three of the world's major
zoogeographical realms, the Palaearctic zone, thetAdpical and the Inddlalayan
and is itself at the centre of the Eremiaone (or Sahare Sindian) desertegion
which is the vast desert belt extending from Morocco to western China (CBD, 2007).
Asir and Jazan Regions are located in the Afopical zone as some countriesthe
east of Africa.This could provide suitable dfiate conditions for some vectors of
vectorborne diseases such as malaria and leishmaniasis (Abdoon and Alshahrani,
2003).

2.17 Distribution of Malaria, Leishmaniasis and Schistosomiasia Saudi Arabia

The focus of tb currentstudy will be on malaria, leishmaniasis and
schistosomiasisThe distribution of these ilinesses varies from one region to another

It even varies within regions afidom one year to another.

Malaria transmission is confined to the southwelstSaudi Arabia(Jazan,
Asir, and AXBaha Regions) but also occurs in some isolated rural areas in Makah and
Madinah Regions. Environmental conditions play an important rdleeidistribution

of malaria, as they affethe mosquito specie® be found in an areds life cycle, the
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life spanof the plasmodium anthe density of mosquites These conditions may
vary from year to year. Malaria transmission is afected by the control measures
taken against. Figure2.6 shows the distribution of malarecrossSaudi Arabiathe
pathogenic rasquitoesn each area and the endemicity of malaria in each area (MOH,
2006; Al-Saghayer S. and Alattas M, 2Q0&he distribution in the map shows that
the regions of Asir and Jizan are higher endemic areas followed by Makkah and
Albahah Regions. The lovendemic areas are in Najran, Madinah, and Tabuk

Regions. The other Saudi Arabigegions do not report indigenous cases.

o

Northern
Border

Eastern Province

] Homalxia

[] Lowendmic 1.4, arabiereis

[m . 2. 8. sergenti
Bfeso- mdmic 3. 8. stephersi

Bl Higeedmi 4.8 s perpictus

Figure 2.6: Malaria distribution inSaudi Arabia and prevelace of the veci@rhe
main vector in the highendemic foothills area israbiensis, and sergenti in the
coastal plain)adaptedrom (Al-Saghayer S. and Alattas M, 2006

There are two types of leishmaniasis in Saudi Arabia; cutaneous leishmaniasis
(CL) and visceral leishmaniasis (VLEL and VL have differing distributions axss
Saudi ArabiaAccording to MOH,(2008 CL occursin most Saudi Arabraregions
except the Northern region, AlJouf, Qurayat, Halloaten and Qunfedah Regions.
The peak of Cloccursduring winter, and the lowestcidence occurduring the end
of springandthe beginning of summer (MOH, 2008YL has a different distribution
andduring 2008 90.6%f cases occurred in Jaz#&3%in Asir andmost other cases
(3.1%) werereported in Qaseem (MOH, 2008).
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The geographical distribution of schistosomiasis Saudi Arabia varies
depeming on the type of the diseasBuring 2008, urinary schistosomiasis was
recorded only in Jazan and Asir. Intestinal schistosomiasis was recorded in Taif,
Albahah,and Asir.However combined schistosomiasis was recorded only in, As
environmental predisposing factors are present in this region (MOH, 2008).
geographical distribution of the intermediate hossdfistosomiasiss differentfrom
the distribution of cases of the diseafke host (snail) of urinary schistososigis
endemic in Makkah, Madinah, Jazan, Asir and lLilgions The host of Intestinal
schistosomiasiss endemic in Taif, Albahah, Asir, Najran, Makkah, Madinah, Halil,
Jeddah and Jazaagions Both types of hosarepresent in Jazan, Makkah, Asir and
Madinah (MOH, 2008).Figures 2.7 and 2.8 demonstrate the distribution of
endemicity of schistosomiasis in the regions of Saudi Arabia in 20@9distribution
in the map shows that the regions of Asir Jizan and Albahah have low incidence of
schistosomiasigollowed by Makkah Region which has irregular incidence. There
were no cases recorded in the regions of Najran, Riyadh, Madinah Tabuk, Hail and
Al-Jouf. The rest of Saudi Arabia regions are free incidence. The diagiaiguire
2.8 shows that Asir and Tarkgions have the highest schistosomiasis cases followed
by Jazan, with lowest cases in Alqunfidah regions. It is woehtioning that all of
these regions are located in southern Saudi Arabia,tihatBxception of Taif region

which is close to these regs.
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Figure 2.7 distribution of endemicity of schistosomiasis in Saudi Ardhbiang 2009

(Dr M. Alzahrani 201(ers. Comn).
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Figure 2.8 Theschistosomiasis endenriegionsin Saudi Arabiaduring 2009
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2.2 Asir Region
2.2.1Geography and Demography

The Asir regionis located in the south west of Saudi Arabitais a large
administrative region, with its capital at Abhét is divided into the emirate quarter
and eleven governorates (Central Department and Information 2004; 2010) as
illustrated n Figures 2.9 and 2.10It has a varied terrain ranging frdmghlands, high
mountains(2000 to 3000m above sea level) atite lowlands (Tehama) parallel to
the Red SefGaafar et al., 1997}t also includes a large area of the desert to the north
and eat as far athe cities oBishah and Tathlith. The mountain range has the highest
rainfall in Saudi ArabigMEPS, 2007 Subyani, 2000)The highesplace in Saudi
Arabia is inthisregion (Alsoudah, >3000m).

Figure 2.9 Map of Asir Regiorwith itsemirate quarter and governorates
(CDsSI, 2005)
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