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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

23



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

27



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)
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Figure 2.2 Populaion distribution by regions by demographic survey 2(0DSI,
2008)

Makkah

Riyadh

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 %
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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).
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Central Department of Statistics & Information
Figure 2.9 Map of Asir Regiorwith itsemirate quarter and governorates
(CDSI, 2005)

45



Aseer central hostpital/z
O
eericenteral hospital - asieatis \-‘/‘,

orics

57 km

\ » o
Pointer 18°26'42.77° N _42°43'16.61" E 111:100%

Figure 2.1Q Topography oAsir Region.

Therewere more thar20 cities, 915community centerand 7760 villages
this region in 2008. The mnain cities are Abha, KhamasBishén and Muhail. The
population ofAsir Region during 2010 was more than 1.9 million. Table 2.7 shows
the distribution of population of the emirate quarters and governorates of this region
(CDSI, 2010) The population of the sectors of Abha, Khamise and Bishah are more
than 56% of the totgpopulation. Khamise has the highest population followed by
Abha. The lowest population is the Animassector.

Table 2.7: The population distribution dhe emirate quarter
and governorates @sir region (CDSI 2010)

Abha 366551
Khamise 512599
Bishah 205346
Animas 54119
Muhail 228979
SaratAbidah 67120
Tathlith 59188
RejatAlma 65406
AhadRifadah 113043
DhahranrAljanoub 63119
Balgarn 74391
Majaredah 103531
Total 1913392
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2.2.2 Climate in Asir

Thetopography of Asithas a large influence upats climate.Therefore Asir

can be divided climatically into the areas:

1. Asir SarawatMountains(Highlands):A series ofhigh mountains exteray from
thenorth of Asir Region to the souf@000-~3000m above sea level). The annual
average temperatufer this areais 17.7C, average rainfall is 560m (the highest
rainfall in Saudi Arabia)andtheannual average relative humidig/53.1%.

2. Asir Plateau(a part of Highlands Group)n the NEof Asir with an elevation
range of between 1000 and 2000m, dasing to the east. The annual average
temperature for this sector is 1905 with 250mm annual rainfall and an annual
average relativeumidity of 44.4%.

3. Tehama (Lowlands)This area can be divided into two sections
- Foothills (300- 900m) - Red Sea Costal Pla({fd - 200m).

This area eceives an annual rainfadif 350mm, and temperature ranges
between 2% and 49C during summerThe relative humidity varies from 55% in

summer to 70% in winter.
2.2.3Drinking Water Services

Sources ofwater in this region are wells, damasid springsin addition to
desalinatedvater. Desalinated water arrivedAbhafor the firsttime in 1988andthe
amount of water prodwed in 2007 was 47.68 million tondVater is distributed
throughout the region by metwork of pipes which were initially installed in Abha
during 1995. This networkistribution of drinking water in Asinow covers four
cities, Abha, Khamise, AhaRifadah andviuhail. Within each city the proportion of
homes on network supply i80%, 30% 50% and 30% respectively. This region
suffers froma shortage of drinking water and most people who live in the countryside
depend onwater from wells or dams which mayave health consequencds
addition, in this regionthe shortage of drinking watencreases during summer with
the beginning ofthe tourism season@eneral Directorate afVater and Electricityn
Asir, 2008).
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2.2 .4Environmental Problems

Theregionof Asir coversa large area and it hasborder with Yemerwhere
there area lot of iffectious diseaseshese includevectorborre diseases such as
malaria and leishmaniasis. It also feborder with Jazamegionwhich suffers from
the same problem3herefore, it is influenced by conditions in neighbouring regions.
Asir has many mamadedams(56) and lakeswhich form after rainfall. Both these
may encouragéhe presence of mosquigsor the parasites of schistosomiasrother
harmful insects.Some partof Asir, such ashe foothills are hot and humid during
summer, and this weather ynancouragesome types of insecs to multiply.
Furthermore,the rural areas and most tife countryside areas in the region use
cesspod which may contribug to the contamination of underground water atie
environment(General Directorate ofater and Eectricity in Asir, 2008; Dr A.
Abdoon2007pers. Comm; MOH, 200§.

2.2.5 Health Services

TheHealth Affairs Directorate in Asir represenke MOH in this region.This
directorateprovides the health care services in the region incluclingtive medicine
and preventive medicine. During 2007, there wa&@ primary health care centers, 22
hospitals (18 public & 4 npwvate) and one main referral hospital (Asir Central
Hospital) in Abha as the capital city of this region. In addition, there are many
assistahpreventive medicinélepartments related to public health and environmental
health.

Table 2.8 demonstrates the number of reported cases of some infectious
diseases in Asir during 2008his table shows that the highesimber ofcases of the
infectiousdiseases in this regiaafrom chickenpox followed by brucellosis, hepatitis
B and amoebic dysentery. Other diseases exist in Asir including clseastive
diseases such as leishmaniasis and schistosomiasis. Sixteen infectious diseases had

no cases irsir during 2008.
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Table 28: Reportedcases of notifiable infectious disease#\sir during 2008

(MOH, 2009)
Cholera 0 Malaria 31
Diphtheria 0 CL Leishmaniasis 130
Whooping cough 1 Schistosomiasis 115
Tetanus neonatorum 0 Rift valley fever 0
Tetanus, other forms 0 Plague 0
Poliomyelitis 0 Yellow fever 0
Measles 1 Guillian - Barre syndrome 11
Mumps 0 Dengue fever 0
Rubella 1 Rabies 0
Chickenpox 4300 Echinococcus hydatid disease| 0
Brucellosis 563 Salmonellosis 9
Meningococcal 0 Shigellosis 0
Pneumococcal 0 Amoebic dysentery 135
Haemophilus infi. 0 Typhoid & paratyphoid 30
Meningococcal, other forms 9 Unspecified hepatitis 13
Tuberculosis (TB) 125 Hepatitis A 93
Pulmonary TB 84 Hepatitis B 296
Extrai pulmonary B 41 Hepatitis C 105

Table 2.9 shows comparisons among the main sectors of Asir Region 2004 for
the rate of climatsensitive bora diseases such as malaria, leishmaniasis and
schistosomiasis. This table also illustrathe health infrastructure for eh sector

including the number of hospitals and primary health care centers.
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Table 29: Comparison of some health infrastructures and selected infectious diseases among some sectors of Asir Region 2004
(Department of preventivaedicine Health Affairs Drectorate in Asif MOH, 2006)

%
Sector Altitude | Schist | Malaria | Parasite| CL. Hospitals PHCCs No. Ppoﬁétgst ngérsler pl\;[)iécr)\];s patients
L R R R R No. . per pop.
cover PHCC | in month | .
in month
?:(girs & Its 2500 0.0 0.0 14.7 0.2 3 44 152971 3477 43782 28.62
Khamise 1800 0.1 0.0 23.3 14 1 15 177700 11847 45601 25.66
Ahad-Rifadah 1700 0.0 0.0 60.6 0.0 1 9 64669 7185 16182 25.02
Al Madhah 1600 0.0 0.0 47.4 0.0 0 17 33950 1997 14898 43.88
Tathlith 975 0.0 0.0 17.5 04 1 18 50435 2802 2628 52.11
SaratAbeeda 2400 1.0 0.0 42.5 3.1 1 15 47716 3181 17106 35.85
?;f:&;‘“ Al 2020 1.8 15 72.4 2.4 1 21 45308 | 2158 | 19658 | 43.39
Tanoma 2600 2.3 0.0 28.9 1.7 2 15 35182 2345 16588 47.15
SabtAlalaya 2200 6.6 0.0 175.4 0.7 2 18 59038 3280 20743 35.13
Muhail 450 3.2 0.7 6.39 0.0 1 22 120474 5476 38625 32.06
Al Majaredah 450 0.4 0.9 18.71 0.3 1 19 66814 3517 24601 36.82
Rejal 700 0.0 5.6 21.7 2.0 1 19 39180 2062 10995 28.06
Alberek 20 0.0 0.0 0 1.1 1 7 18200 2600 4291 23.58
Al Gahma 20 0.0 0.7 14.6 0.0 1 4 13619 3405 5352 39.30
Marabah 600 - 1N - - - - - - - -
Al Farshah 450 - 51N - - - - - - - -
Ballesmer 2250 - - - - 1 9 10665 1185 2287 21.00
Central 2200 | 11N | 32N | 279N | 68N : . : : : :
Laboratory
Bishah 1020 - 6N - - 3 35 - - - -
Total - - - - - 21 287 935921 - 306991 -

: No. of cases /10000 population. N: No. of cases. L: above sea level. Schist: Schistosomiasis. PHCC: Primarg.hPalth papulationi : No information available
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2.2.6 Distribution and Endemicity of Malaria, Leishmaniasis and Schistosomiasis

in the Asir Region

According to the Vector Control Administration in Aseamvironmental factors
such as climate variables and topography play an important role in determining the
distribution of many infectios diseases, in particular, vector and watane
diseases. However the methods of control are different depending on the type of
disease. Control methods may also vary between seasons and from one place to
another. This fact is appreciated by the hediision makers in the Ministry of

Health and in this sector.

This study will focus on and discuss the impact of climate variables upon three
diseases (malaria, leishmaniasis and schistosomiasis). Each disease will be examined

separately.
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Chapter 3

Influence of Climate Variables upon
Malaria Cases in Asir Region, Saudi Arabia
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3.1 Introduction

Malaria is one of the major health problems facing tropical and subtropical
areas of the world. It is the most important vediorne disease, and WH&timates
that 2400 million people live in malarious regions of the w@iWHO/SDE/PHE,
1999). It is responsible for an estimated 3@ million clinical attacks globally
(Keiseret al.,2004). The exact number of deaths caused by malaria is unknown but
has been estimated at 1.3 million annually (De Savigngt al.,2004) Malaria
transmission is sensitive to weather and climate conditions, so a changing climate is
likely to change transmission dynamics in many regions (e.g. increased temperature or
abnormal rainfall). Indeed, it is perceived as the vebimme disease most likely to be
affected by global climate change (WHO/WMO/UNEP, 1996; Mc Michael et al.,
1996 Hana et al., 2001)

This chapter will start by providing an overview of malaria transiois and
its life cycle involving two hosts; a human and a mosquito, and goes on to describe
the symptoms and causes of malaria and how this illness may be prevented and
treated. We will then present the literature review of malaria and previous stwaties th
have looked at relationships wittlimate variables The study area will then be
introduced followed by a description of the data sources used and the method
employed. This data will then be analyzed statistically to look at any relationships
with climate variablesFinally we will present the results followed by discussion and

conclusion.
3.2 Malaria Transmission

Malaria is a vector borne disease causegimyozoan parasites of the genus
Plasmodium. It is caused by any of four spedredalciparumP. vivax, P. ovaleand
P. malaria. These parasites are transmitted from person to person by the bite of an
infective female anopheles mosquito (WHZDO05). P. falciparum is responsible for
90% of deaths but only about 15% of infections. However, P. visake most
common cause of infection, and responsible for about 80% of all malaria cases
(Mendis et al., 2001).

About 30 (out of 400) species of anopheles mosquitoes in the world are
malaria vectors of major importance. However, throughout the worldeliffespecies

are responsible for malaria and these species vary in their ability to transmit the
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parasite. For example, Funestus, Gambia and Arabians, are highly efficient vectors
which are spread throughout s8bharan Africa, whereas Stephensi and Misimu

predominate in Asian countries are less efficient parasite transmitters ,(20Bi%).

3.3 Life Cycle of Malaria

The US Centre for Disesse Control and Prevention (CDC, 2p#iéscribes the
life cycle of the malaria parasite and this is presented in FiglireTBe life cycle of
malaria parasite consists of two host stages involving human and mosquitdls.
initial stage, female mosquito (anopheles) injects and inoculates sporozoites into the
human host during a blood meal. The sporozoites travel thrithwegblood into the
liver cells (hepatocytes) where they mature into schizonts which further ruptures into
merozoites. In plasmodium vivax and ovale, the maturation into schizonts may not be
achieved spontenously and can remain in the liver as dormaat(stggnozoites) for
a long while and may cause a relapse bynfecting the blood. The schizoites
containing mature merozoites in the liver cells undergo asexual multiplication in the
red blood cells (erythrocytes). While in the erythrocytes, the meeszgiow into a
ring-shaped form called trophozoite. Some merozoites then differentiate into male or
female sexual forms called gametocytes (The only forms found in the blood). The
gametocytes are then ingested by anopheles mosquito during blood meathe&lere
fertilize each other, forming motitle zygot
gut. The ookinetes develop further into oocytes which mature and rapture into
sporozoites. The sporozoites then migrate
stay until they are inoculated into a human host for further development of the life
cycle of the parasiteCDC, 2010,NIAID, 2010)
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Figure: 3.1 Schema fthe life cycle of malaria (CDC, 2010
3.4 Symptoms of Malaria

The common first symptoms of malariaually appear ten to fifteen dagfer

the infection but this period can be longer due to the dormant stage whih

discussed earlier. Severe malaria is almost exclusively caused by P. falciparum

infection and usually arises¥®! days after infectiont can cause severe often fatal

malaria if not treated promptiwith effective medicines (WHO, P8). Malaria can
have many symptoms (WHO/HTM/MAI2005; Hanaet al.,2001) such as headache,

nausea, vomiting, muscle pain and malaise, rigors consisting efesshakes or

muscle spasms and chills. The severity of the infection depends on which species of

the malaria parasite is involved, and it can cause (WHO/HTM/M2ZQ05; Hanaet
al.,2001):

1. Enlargement of the spleen.

Liver tenderness.

Brain problems includig seizures, and coma.

Problems of the immune system.

o &~ 0D

Affect on the structure of the blood corpuscles, anemia.
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6. Kidney failure.

7. Respiratory failure.

Some groups of people have a higher risk of contracting malaria (WHO,
2010). These include young childrexs they have not yet developed immunity and
are therefore at risk of the severe forms of this illness. Also pregnant women who
have no immunity to the disease, or are only semune, are also at risk from an
increased rate of miscarriage and maternathjesnd their babies may have a low
birth weight. In addition the risk of malaria for pregnant women infected with HIV is
significantly increased, and they also risk passing the HIV infection to their babies.
This heightened risk of malaria applies td @¢ople infected with the HIV/AIDS
virus. People who live in non endemic areas lack immunity to malaria and are

therefore at a higher risk of contracting the disease when they travel to endemic areas.

3.5 Preventing andTreating Malaria

Malaria controlis one of the main requisites in demeinent of health care,
and thisdisease requires early diagnosis and speedy treat{Reiey, 2001).0Once
malaria is diagnosed there are currently a range of drugs available to treat malaria
which can reduce the durah of the disease and prevent the majority of deaths
(Ridley, 2001).In the futurevaccines to prevent this disedsdd out promise for
future disease contrdWorld Resources Institut@VRI) et al., 1998) but are not

available at present.

The aim of méaria control is to reduce the numbers of parasitected
mosquitoes and therefore hinder transmission of the vector of disease. Two main
interventions are available for controllinrbe malaria vector; gaying insecticide
indoors and use ahsecticidalnets. All of that can be complemented with other
locally-appropriate methods, such as larval aantr environmental management
(WHO, 2010).Some communities hawentrolled breedingf the vector by removing
algae from breeding places, and use it asura Also coordinated efforts among
multinational agencies, and private companies can help to reduce the disease
incidence(WRI et al., 1998) Based on thenisecticideregulation from e World
Health OrganizatiofWHO, 2010) there arenly 12 types othese nsecticide can be

usefor indoor residual spraying
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The most common drug treatments for malaria include; chloroquine, qualaquin
hydroxychloroquine, mefloquine and a combination of atovaquone and proguanil
(CDC, 2010). In some parts of the world thenay be drug resistance for various
reasons (WHO, 2010). For example, some patients do not complete their treatment
and stop taking the malaria drugs in the early stages of recovery when the parasite is
still in the blood. In these cases such as thesgdlasite will survive and be drug
resistant if it is transmitted to another person. Drug resistance may develop and spread
to a wider community, presenting a considerable public health problem due to lack of
alternative treatments (WHO, 2010).

3.6 Relationship betweenMalaria and Climate

Data of atmospheric variables such as: temperature, rainfall, wind, relative
humidity and cloudiness are described as climatéables(McMichael et al.,2003).
Climate variability occurs on many tinsealeshowever wedter eventsisuallyoccur
on a daily time scale andhese variables arassociated with many health impacts
Climate variability at other scales also affects health (Haebéd.,2000).

The vector of malaria(Anopheline mosquifoand itsparasite are seitive to
three main climate factors; temperature, r@in&nd relative humidity (Hanet al.,
2001). Climate predicts, to a large degree, the natural distribution of malaria (Bouma
et al.,1996).Pampana(1969 noted that the absolute temperature asdutration can
affect the life cycle of malaria, but that this varies by parasite species. The
development time of the Anopheline egg decreases as the temperature increases from
21°C to 27°C (Patz et al., 1998atz et al., 2000 Also McMichael ¢ al., (1996) and
Hana et al.,Z001)) indicate that 25 27°C is the optimum breeding temperature for
both the mosquito and parasite, with 40°C being the maximum temperature. The life
cycle of some malaria species below 20°C is limited, but colder than this ttiesspe
can survive as the vector often lives in houses where the temperature is warmer. 8
10°C has been identified as the minimum temperature required for mosquito
development whereas a minimum range betweed92€ is suitable for parasite
development (Hanet al., 2001) (Table 3.1).
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Table 3.1:Minimum, optimum and maximum temperatiareanopheles wsquito
(from Hana et al., 2001McMichael et al., 1996

Mosquito | Parasite
Minimum 8110°C | 14i19°C
Optimum 25127°C | 25i27°C
Maximum 40°C 40°C

Rainfall is anther factor affecting survival of anopheline mosquitoes, by
providing breeding sites, as this vector breeds in water habitats (Oaks et al., 1991).
However, the amount of rainfall is important as breeding larvae can be flushed away
by excessive rainfall orainfall associated with stormy conditions (Pampana, 1969).
Also time of year whether in the wet or dry season, and taking into account the

amount and intensity of rainfall can have an impact upon malaria survival rates.

Rainfall also increases relativarhidity and modifies temperature, thus it can
affects malaria transmission through these mechanisms (Pampana, 1969). Although
plasmodium parasites are unaffected by relative humidity, the activity and survival of
anopheline mosquitoes can be limited whHes average monthly relative humidity is
below 60% (Pampana, 1969).

Regarding climate change, increase of temperature by time can increase the
survival of mosquitoes, and this could be the reason that malaria can now survive at
higher altitudes (Patz andndsay, 1999). Also it would be able to transmit some
species of malaria that were not present in free malaria area depending on the change

of the environmental conditions for the parasite or mosquito (Pampana, 1969).

3.7 Previous Studies into Malaria (Transmission, Vector and Incidents) and
Climate Variables

This section on previous studies into malaria and weather will focus on semi
arid areas across the world. One study which has looked at the relationship between
malaria and environmental factors wasdertaken in eastern Sudan (Hamad et al.,
2002). It was carried out in two villages close to Gedaref city. Malaria case incidence
was compared with the number of mosquitoes detected and with rainfall, relative
humidity, maximum, minimum and mean temperas) wind speed and direction.

Climate data was also compared to data on the numbers of both adult anopheline
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mosquitoes and their immature stages. These were samptezhtily in each village

for two dry seasons and two transmission seasons from A@4 t®October 1995.

The study showed that the abundance of mosquitoes was positively related to monthly
rainfall, maximum temperature and relative humidity. From the end of the short rainy
season in October until February there was a gradual drop in timdenuof
mosquitoes. Vectors 1@ppeared in June as the humidity rose with the onset of rain.
Despite the hot dry season between February and May, sporadic asymptomatic

malaria infections were detected in the two villages.

In SW Uganda (Kabarole Districtyesearchers analyzed the incidence of
reported clinical malaria cases and its correlation with rainfall between 1995 and
1998. The data showed a positive relationship exists between rainfall and malaria
incidence. In October December 1997 rainfall wavave the upper 95% confidence
limit of previous years, and this was associated with a big increase in plasmodi

falciparum infection (Kiliaret al., 1999).

Malaria rates in Zimbabwe during 19131993 (Freeman et al., 1996) were
compared to weather datacathe results showed that, rainfall has little effect on the
number of malaria cases. However, temperature appears to have an impact on malaria.
Greater than average mean temperatures in September were correlated with an

increase in the severity of makaiin the following year.

In Pakistan, malaria transmission was associated with the seasonality of
rainfall over September and October. A relationship was also observed with
temperature during November and December, and with humidity in December
(Bouma et b, 1996).

Another study in Sri Lanka (Briet et al., 200@) foundthat therelationship
between rainfall and malaria cases in most distviateedduring study period (1972
2005). Four analytical methods were explof@dCrosscorrelation(monthly malaria
cass and monthly total rainfall (1) Crosscorrelation with prewvhitening (Cross
correlation with the seasonality and autocorrelation removed by simplehitening
allows for detection of the time lags of rainfall preceding malafid) Interannual,
and seasonal int@nnual regressiofthe series of differenced transformed annual

malaria cases was studied to deterntimecorrelaton to total annual rainfajl The
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crosscorrelation results showed that malaria cases in most districts positively
associated with rainfall with a-@ month lag. However, they were also negatively
associated with rainfall with a-4 month lag. Also low seasonal rainfall was
associated with low seasonal malaria, and high seasonal rainfall was assoclated wit
high seasonal malaria. Using the crossrelation with prewhitening method
(including an autocorrelation term to control for the previous months malaria) malaria
was only significantly associated with rainfall in five out of 25 districts at a laglof O
month. Only 6 from the 25 districts showed a negative relationship with rainfall at a
2-5 month lag. Although malaria decreases with annual rainfall by-amtemal
analysis method for eight districts in the centrest of the country, the seasonal this
method showed that the effect of rainfall on malaria varied according to the season
and geography. Districts in the east showed positive correlations with rainfall,
however the relationship in the centwest and in the north shows significant
negative carelations for rainfall during February to June. A spatial malaria study was
undertaken using the same data as the previous paper (Briet et al. (l2008)is
confirmed that after controlling for spatial autocorrelation season and rainfall were

positivelyassociated with malaria.

One study in the highlands of Kenya showed that climate did not play an
important role in malaria transmission because average temperature and rainfall did
not change during the time that malaria rates changed (Malakooti et988). 1
Another study in the highland Tea Estates of Kericho, Western Kenya (Dennis et al.,
2002) confirmed that while the total hospital admissions of mataréa 30 years
(1966 1995) increased significanflyall meteorological variabs showed no
significant relationships with disease. This was obsewkdnthese variables were
combinedinto a monthly suitability index for malaria transmission. rEfiere the
researchers concluded thegcentclimate changes have not caused the highland
malaria resurgencm this area. However, epidemics of malaria in different areas of
the highlands of Kenya in third study found that increasedaihwhs related to the
epidemic(Kigotho, 1997).

A study in Central India investigated whether climate and malaria weredrelate
in a highly malarious villageluring the period€967%2000. The result showed no

relationship between rairlfaand malaria incidence (Singdt al., 2002)Another study
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examinedhe relationship between climate change and malaria in India (Bhattacharya
et al., 2006) It noted a positive correlation between malaria transmission and relative
humidity when the range 55 to 80 %. It also found that maximum number of reported
cases of malarial occurred when the average temperature between 15 to 30°C.

In the Ethiopian highland (Debrg, there was gositive correlatiorbetween
malariaincidence anavith increasing otemperature from 1968 to 1993 (Tulu, 1996).
Another study irEthiopia (Woube, 1997pund mixed associations between malaria
and rainfall. h 1993 here wasigh rainfall and no malariancidence, but ir1984-85
there was very little rainfall bu& high malaria incidence. The study noted that
epidemic were usuallyattributed to higher temperatures, rainfall and relative
humidity. Howevey anotherEthiopian study [Teklehaimanott al.,2004) compazd
malaria incidencéetween two areas depending on the temperalturine hot area
rainfall was followedquickly by an increase in malaria casbinimum temperature
was nonsignificant. In the cold arearainfall was also correlated witimcreasing
malaria but after a longer delay. The same delay was associatednvimimum

temperature

A studyin Nouna and the villages of Cisse and Goni in Burkina Fasoe{
al., 2007) studied the effect of meteorologicahditions upon clinical malaria risk
among children. It confirmed that weatherstampositive significant influence on
malaria rates among children under five years Méan temperaturevas the best
predictor of clinical malaria incidencand the rislof clinical malaria increased with
mean temperature up to 2. For rainfall only the effect was observed when it was
over 100mm.n highland regions thémiting factor for malariaappeared to bthe

low temperature because of the high altitude.

In Like Bufundi, Kilibwoni, East Africa,located at an altitude above 2000m
the associations between climate and malaria morbidity stecked(Kristan et al.,
2008) A peak in rainfallduring April-May was followed by a peak in malaria
occurrence in June. Thesnd peak of rainfall in August was preceded by a low

temperature in Julyrhiswas followed by geak in malaria incidence in October.

Alamet al.,(2008 studied the relationship betweeratherandthe ncidence
of malariain the Chittagong Hill Tractan Bangladesi{19971 2005).The analysis
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was conducted by dividing the seasons into tWbe first season from April to
October is warm and wetnd the otheNovember to Marchs cool and dry. They
noted that during first season thereaisonsiderablericreasan malaria cases. In the
second, mosquitoes are less active with a decline in cases of malaria. They mentioned
that optimal relative humidity for mosquito suralvis 60 %, and a high relative

humidity lengthens the life of the mosquito

Another suidy investigated the impact demperature and rainfall upon
malaria in Lagos Nigeridetween 1990 and 200®luleye and Akinbobola2010).
Temperature and malariaere highly positivelycorrelaed betweenFebruary and
December but negativassociations aurredin NovemberRainfall and malariavere
highly positively correlaed during January, September, November, and December

Negative associations were ebged in the months of April, June and October

Another studyexamined the correlation between mdwntblimatic variables
and malaria in Shuchen County, Chil P et al., 2003)The climatic variables were
maximum, mean and minimum temperature, relative humidity and rainfall. The
dependant variable was the malaria incidence. The study examined t@latworr
between malaria incidence and each climatic variable while controlling for auto
correlation in the data. There were highly positive correlations (P<0.0001) with each
climate variable lagged at one month. The study noted that minimum temperature
seaned to play a more important role than maximum temperature in affecting malaria
incidence. The study notes that other factors can play role in the transmission of
malaria such as ecological and environmental issues, also social and economic

determinants. bwever, for forecasting malaria climatic variables are best suited.

The previous studies have all examined bthituence of climate variables
uponmalaria cases. The review will now focus upon studies which have examined the
influence of climate variablegpon vector abundance. An entomological study was
conducted into the spatial and temporal variations in malaria transmission in a low
endemicity area in Tanzani®@¢sterholt et al.2006). Part of this study investigated
the relationship between vector allance (Anopheles arabiensis) and precipitation.

The study noted that the peak mosquito numbers followed the peak of rainfall.
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Amerasinghe et al(1999)studied malaria vectors (Anopheline mosquitoes)
in a traditional dry zone village in Sri Lanka. Molytimalaria incidence, during the
study period, was not significantly correlated with monthly rainfall. However, it was
correlated indirectly with rainfall. Abundance of some species of Anopheline
mosquito were correlated with the previom®nths rainfall. Positive significant
correlations were found fogkn. annularis, An. subpictus, An. Vagusd An. varuna
Malaria incidence in the study was also correlated with the abundance of Anopheline
species. A positive significant correlation was seen between anrealitof malaria

and the numbers of some species Anopheline one month earlier.

The focus of this thesis is Saudi Arabia and in this couhtyetare several
studiesrelated to malaria and weather. In Gellwa;Bslha Regionlocated inSW
Saudi Arabia a maria outbreakoccurred (A*Abdullatif et al., 1996). Between
January 1 to March 31, 1996, 476 confirmed malaria cases were reported from in and
aroundthe Eliab Valley. This was an increase from the usual numbers of cases
reported each year from 1990 t89b (between 32 and 176). In 1996, following
heavy rainfall in Tehama, many valleys were floo@ded the malaria increase was
attributed to this The study also reports thateasonal peak malaria incidenceni

Saudi Arabia occurs betwedanuaryandMarch.

AnotherstudyGaafaret al.,(1998)examinedhe clinical aspects of malaria in
the Asir Region, Saudi Arabia. The researcheported334 confirmed malaria cases
in Asir Central Hospital, Abha, during the period 19%¥05. This study has
emphasized it malaria is still a health problem in the Asir region. Cases were seen
throughout the year, with two peaks, in February and June. These peaks are most
likely to berelated to the rainy and hot seasons, respectivelRiyadh Alkhalife,
(2003 studied méria infectiors between1996 and 2001, and found that an annual
peak of malaria incidence occurreetweernFebruaryandApril.

Another important study was conductedJawanSW Saudi(Al-Jaser, 2006
They tried to determine the yearly correlation betweesather data andhalaria
between1997 and 2002. The data showed a significant positive correlation between
relative humidity and malaria casdsjt a significant negative correlation between

temperature and malaridhe researcher noted that the numbemafaria cases has
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declined significantly after the year 2000, when an outbreak of the Rift Valley fever

happened in Jazan and Asir.

Table 3.2 summarises the main studies (statistically) of the correlation between

malaria or its vector and climate variahle

Table 3.2 Summary of the main studiedating to nalaria

The relationship

No The author Place Dependent Independent & Lag time
Variable Variable
(month)
Rainfall
1 Hamad etal., Easter Sudan Abundapce of Max Temperaturg  Positive 1-3
2002 mosquitoes S
Humidity
2 | Kilian, etal., 1999] SW Uganda No. of malaria Rainfall Positive
cases
3 Freeman etal., Zimbabwe No. of malaria Temperature Positive
1996 cases
Bouma et al malaria Rainfall Positive 01
4 " Pakistan I Temperature Positve 1-2
1996 incidence . .
humidity Positive 2
Briet (a) et al., . No. of malaria . Positive 04
5 2008 Sri Lanka cases Rainfall Negative 49
Malakooti et al., highlands of Malaria Different Climate . .
6 o : No relationship
1998 Kenya transmission variables
Different No. of malaria
7 Kigotho, 1997 highlards of ' Rainfall positive
cases
Kenya
8 Bhattacharya et India malaria Temperature ositive
al., 2006 incidence humidity P
o . Rainfall
9 Tulu, 1996 E_th|op|an No. of malaria Temperature positive
highlands cases -
humidity
No. of malaria Mean
10 Ye etal., 2007 | BurkinaFaso | cases for the temperature Positive
children Rainfall
Kristan et al., Kilibwoni, malaria . .
11 2008 East Africa incidence Rainfall Positive 12
Mixed
12 Oluleye and Lagos Nigeria malaria Temperature relationship
Akinbobola, 2010 9 9 incidence Rainfall depending upon
the time of year
max, mean and
. Shuchen malaria min temperature -
13| BiPetal, 2003 County, China incidence Humidity Positive 1
Rainfall
14 Amerasinghe et | dry zone in Sri Abundapce of Rainfall Positive 1
al., 1999 Lanka mosquitoes
15 Al-Abdullatif et SW Sa_ludl No. of malaria Rainfall Positive 13
al., 1996 Arabia cases
16 | Gaafar et al., 199 Asir F_eeg|or_1, No. of malaria Temperature Positive
Saudi Arabia cases Rainfall
17 Al-Jaser, 2006 Jazan Saudi No. of malaria Tempa_reture Negepve
cases Humidity Positive
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The literature review highlights a number of important points:

1- A wide range of study designs have been used ranging from purely
observational to those conducting statistical analyses. The complexity of
statistical analges varies as well.

2- Numerous different climate variables have been used including temperature,
rainfall and humidity

3- Most but not all studies showed that climate variables have an impact upon
malaria incidence. Howevethe impact of specific weather vakkes can be
either positive or negative depending upon the seftind also the season
Lagging the climate variables is an important feature of some studies.

4- Other studies support these findings by showing that weather influences the
abundance of the maila vector (anopheles mosquito), and others found that the
vector dundancéhas an effect upon the incidence of malaria.

5-  Weather conditions are not the only factor which can affect malaria, and that
there are many other factors such as ecological andoenvental conditions,
social and economical determinants. Some studies noted that climatic variables
are best suited to predict future trenBsR et al., 2003)

6- Therehave been fewstudies in Saudi Arabifocusing upon the influence of

climate variables pon the disease.

Based on the previous studies, it is clear that there is an urgent need to study and
research the influence of climate variables upon the presence of malaria in Saudi
Arabia, and in endemic areas such as Asir Region specifically. Buiigpog the
literature review such, a study should examine a wide range of weather variables and
also consider that any relationships with weather may vary seasonally. A statistical
analysis seems the most appropriate study design and this may need terconsid

factors such as autocorrelation in these data as some previous studies have done.

3.8 Malaria in Saudi Arabia

Malaria is endemic in parts of the country with high rainfafansmission is
confined to theSW (Jazan, Asirand AlBaha Regions) but alsoccurs in some
isolated rural areas in Makah and Madinah Regibrggre 21 (Chapter 2) shows the
distribution of malaria in across of Saudi Arabia and some species of pathogenic
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mosquitoes in each endemic or low endemic area (MOH, 200&aéhayerand
Alattas 2006).

Figure 3.2 showgshe number of malaria cases in Saudi ArdiBaveen1980
and 20®. These datahow a sharp decrease malaria cases in the last ten years
except an outbreak which happened at the end of 1997iraad1998. The
transmissiorof malaria is seasonal with peak inendte from October to April (Al
Saghayeet al.,1996). More than 50% of the total cases per year occur in Jazan, Asir,
andMakah Regions (M@H, 2006). The population living ithe mostendemic areas is
1.7 million (~5% of the country's population)A(-Harthy and Jamjoom M, 2007).
Many of the current cases of malaria reported in Saudi Arabia are imported from other
regions or from overseas. Some cases are imported by pilgrims during Hajj to the
Holy Cities (Makkah & Madhah). As an example, in 2008 thdinistry of Health in
Saudi Arabia reported 2864 positive cases of mal&iam this249 (8.7%) were
indigenous case@VOH Statistical Books2009) Of these case$09 case$43.8%)
werefrom theAsir Region,35.7% fromJazan and.2.9% fromQunfedah AriaThere
were noindigenouscases in Riyadh and Ahsa, Eastern Region, Taife, Qassim,
Tabuk, Hail, the northern border, Najran, Al Baha and Qurayanalaria expert
working in the Ministry of Health in Saudi Arabia (Dr 3lgaryah 2009pers.
Comm.; AlSaghayer and Alattas 2009 noted that weather variables especially
rainfall, play an important role in the incidence of indigemsaaria in the country.
He gave the example of an outbreak of malaria cases during 1998 kEftge amount
of rainfall in some parts of Saudi Arabia during the end of 1997 and beginning of
1998 (see Figure 3.2).
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Figure 3.2: Number of malaria cases in Saudi Arabia (128109) (MOH, the
Statistical Books 2@B2009; AtSaghayer S, and Alattas 2006)

- Topographical Classification of Asir Region and Endemic Areas:

Asir Regionis located in theSW Saudi Arabia ants divided into the emirate
quarter and eleven governorat€DSI, 20() as illustrated in igure2.9. This region
is in the tropical ane as are some countries in the east of Africa (Abdoon and
Alshahranj 2003). It has a varied terrain ranging fromghlands, high mountains
(2000 to -3000m above sea levednd the lowlands (Tehama) parallel to the Red Sea
(Gaafar et al., 199. It alsoincludes a large area of the desant hills b the north
and east as far as Bishah and Tathlith. The mountain range has the highest rainfall in
Saudi ArabialMEPS 2007).

Malaria is endemic in the lowlands (Tehama) in Asir Region (Figu8e
(Haddad, 190). In the last few years the number of malaria cases has spread to

adjoining areas of higher elevati@uch as Abha and Khamise city (MOH, 2006).
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Figure 3.3: Endemicsectors in Asir RegiorAdapted fronfThe Vector Control
Administration in Asir Regin, 2007

Depending on the endemic arezfsmalariaand topography, this region can
divide into four main malarial sectordD¢ A. Abdoon 2007 pers. Comm.; MEPS
2007) (Figure 3.4):

1. Tehama of Qahtan (TQ) is located among high mountains such as Farshah Al
Jauah, AlErgain and WadAlhaiah. This sector is in the lowlands with altitude
between 800 and 130Qrand most of its areas called the foothills. Farshah Area
has the main health centein TQ, and high malariacidence. More than 90 of
the pathogeioc mosquitoes in these areas are Arabians.

2. Tehama of Asir (TA), area can divide into two sections:

a) Foothills such as AMajaredah, Muhail and Rej@llma, which have the
highest malariancidence in Asir.tlis among the mountains and the valleys
with manyappropriate places fahe vector (mosquito). The altitudearies
between 30@&nd900m. The main vector in this area is Arabians.

b) Red Sea Costal Plain (RSCP) such asGAhma, AiBerk, Al-Huraidah

Theseareas havéow malariaincidence and thenain vecto is SergentiAll
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of the vectors in this area deglemton open water tanks and swampland.
The altitude in this area is betweear@200m.

3. North-East of Asir such as Bishah, Tathlith. The altitude for this sectd(8 il
2000m. This sector has had raxél transmission of malaria foverten yearslt
had a few local cases before 1995, but all were imported from endemic areas.

4. Highlands The Sarawat Mountains) which have altitgd#007 ~3000m such as
Abha, Khamise, ANumas. These areas hathe hidhest rainfall in Saudi Arabia
(542mm)(MEPS 2007) butno local transmissionf malaria.However there are
manyreportedcasesn some health centers and the m&gionlaboratory in this

sector.These cases are likely to have come from endemic aréaslawlands

The endemic areas in Asir (TA and TQ) are drained by valleys, which are
usuallywet except in some dry seasons, aagrovide suitable habitats for mosquito
breeding(Alzahranij 2007). Thes&alleysmaintain a continuous steady flaf water

into the foothills area especially TQ and some parts dfA.

Omaret al., 999 describedhat in the malaria endemic areas of Asir there
are two categories of the population at riske first argpermanent residentising in
the foothills (Tehamgor in the coastal plainThe second group iesidentsdrom the
nonmal ari ads areas in the highlands, wh o

endemic lowland areas during the transmission season.

69



2-b
Red
Sea

Costal
- Plain

4- Sarawat~.

Mountaing,f 4 3
Highlands™ &%/ serts an

With hills _ Hills areas

iy gy e 1000-2000m -

2-a Tehama 2000-3000m
of Asir

Foothills

300-900m

Endimic

area *

(RSCP)
0-200m

Figure'3.4: Topographianap i Qon incudg the weather stations

1- Tehama

of Qahtan

Lowlands

800-1300m
\ Endimie

3.9 Controlling of Malaria Transmission in Asir Region

Saudi

There is a strategy for anfialaria control measures in each endemic area of
Arabia and this strategy depends upon the following guidelines (NI,

Statistical Book, 2006 Dr A. Abdoon2007pers. Comm)

a

Spraying of the breeding foci of mosquito to control the larva. This method is
wide spread all over th&audi Arabiaexcept the mosquito free areas.

Spraying the housgsndoor) with insecticides that have residuafest. It is
used in the as of high density of malaria (Figure 3.5)

Spraying the narrow spaces with a spray of minute particulates to reach to
deep spaces. This method is used in areas with high cases of malaria.
Mechanical control method.

Wide spreaaf nets impregnated with insecticides.

Removal ofbreeding habitatand water body unnecessary beside the valleys
(Figure 3.6).

Health education program.

Collaboration with the governmental and private sector in control measures.
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Figure 35: Sprayingthehouses (Indoorith insecticideshat haveresidualeffectin
endemicareas of Asir Region
(The Vector Control Admistration in Asir Region, 2007)

A L _ .
Figure 3.6: Removabf breedinghabitats and unnecessary water body beside the
valleys(The Vetor Control Administration in Asir Region, 2007)
The Vector Control Administration in Asir Region has madportantprogress
regarding the contradf malaria. Inaddition to the general strategy of ministtiyeir
improved plan for Asirdepends on foumain issues r A. Abdoon 2007 pers.

Comm):

1. Control of places which have water born malaria parasite or transmission
occurrences by spraying particular types of pesticides depending on the vector
type. This usually happens in open water areas such aysjallater tanks and
dams. This type of spraying occurs all year round by a huge number of technical
workers and a massive amount of equipment, cars, tents and sprays etc.
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2. Seasonal sprayg of houses, using pesticide which hasesidual effect up to
threemonths. This step happens in three stages (TaBl¢Figure 3.5)

A. First stage in TpetweerAugustandOctober.
B. Second stage in TQ and ToetweerNovemberandJanuary.
C. Third stage in TQ and TRAetweerFebruaryandApril .

3. Space Spraying (Fogging), veldghounted machines and hahdld sprayers
used for outdoor (ULV and fogging) and indoor (ULV) coverage to control any
unusual increas@ cases or vector§hese occuin the affectecandnearby areas.

4. Intersectoral Collaboration, foint committee meetirgy with related department
in the region(e.g. Water & Electricity Department, AgricultureEducation,and

Municipality addition to theMinistry of Culture and Information

Table 33: Seasonaspray ofhouses in Asir Region

_ First stage| Second stagq Third stage
No. | Areas Time
Aug - Oct NovT Jan Feb- Apr
1 TQ 9 months Yes Yes Yes
2 TA 6 months No Yes Yes
TQ: Tehama of Qahtan TA: Tehama of Asir

Malaria cases in Asir have decreased shaoplr the last1l5 years.The
Vector Control Adminstration in Asir gave five main reasons for this decreBseé\(
Abdoon2007pers. Comm):

1. Climate change, as after 1998 rainfall has declined during these teznefore
the cases decreased

2. Improved facilities and an increased number of professiotatfinicians and
workers.

3. Good immigration control to free this region from illegal refugees who are coming
from endemic areas carrying this illness.

4. Cooperation with The Vector Control Administration in theighbouringJazan
Region in the border areas.

5. A massive spray against rift valley fever for more than six months which started in
Asir and Jazan 2000. This was carried out by many related governmental agencies

using airplanes, cars and manpower.
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3.10 Chapter Rationale and Hypotheses

Theinfluence of clmate variablesipon malaria is important to understand for

a number of reasons:

1. Based on the findings and understanding of how malaria is affected by weather it
should be possible to design an early warning system from the weathergiattern
predict incidence (Bouma & Van Derkaay, 1996)This would be useful for
current health service planning, for example identifying periods when enhanced
insecticide spraying is required.

2. If weather changeas a result o€limate change then this data could help predict
the impact of this change on malaria in Asir Region.

3. It can help clarify the important modes of transmission in the region.

This study tests the hypotheses that there are relationships between weather
(maximum, mean and minimum temperature, rainfall andtivel humidity) and

malaria cases in Asir Region

3.11 Data and Method
3.11.1 Sources obata

Official letterswereissued, instructing authorized personnel to collect health
and weather dataA standard formwas provided to the personnel, so that the data
could be received in a standard formEite total number of malaria cases in the whole
of Asir Region eachmonth from the first of Jan 1995 to the end of Dec 2006 was
reported. In addition, the total number of cases in each epidemic sector in Asir for the
same period was reported separately. All the malaria data were obtained from the
Vector Control AdministrationHealth Affairs Directorate in Asir. This department
represents The Ministry of Health in this region. The data has been collected from all
hosptals and primary health care centers (public or private) and thlsoMain
Parasitology Laboratory in Abh&lie Vector Control Administration 1992006.

All the reported malaria cases were confirmed by a positive blood film (mainly
asexual forms). Dr AAbdoon 2007 pers. Comm. states that more than 90% of
reported cases aredigenouscases, however, there are some othdigenous cases

from Asir were reported in other regions of Saudi Arabia or abroad.
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These malaria data needed to be associated waktheredata for this region
Unfortunately it was only possible to obtain weather data for a few locations and this
had a large influence on the design of the analysis. Three models were constructed.
The first was an analysis of malaria in the whole of Aaird the next two focused
upon malaria in the two endemic sectors TA and TQ. Further details are provided

below:

1. Malaria cases in overall Asir Region against Khamise weather data
(Maximum, mean and minimum temperature, rainfall and relative humidity
Staton 1 Figure 3.1 Khamise is thesecond main city in the region, and
covers the largest occupied sectothe middle of this region (MOH, 28).
Weather data were available for all months.

2. Malaria cases in TA (Muhail, Rej@lilma, Marabah, and Majaredahfhese
sectors were grouped as they all had similar malaria seasonality. They were
related to thenaximum and minimum temperature of Majared8be station
3 Figure 3.4, data available f@B2 out of 144 monthsand rainfall of Rejal
Alma (See station 4 gure 3.4)dataavailable for B2 out of 144 monthsNo
humidity data was available for this area

3. Malaria cases in TCagainst maximum, mean and minimum temperature,
relative humidity of KhamisgStation 1 Figure 3.4and rainfall of Sarat
Abeda(Station 2Figure 3.4, datavailable for B2 out of 144months).These
stations are outside the sector but were used because there were no weather

stations withinso there was no alternatibet to use nearby stations.

Weather datdor Khamisewereobtained from Fie Center of Information and
Documentation in the Meteorological and Environmental Prote&smtion (MEPS)
of the Ministry of Defence and Aviation in Saudi Arabi&eather data for Sarat
Abeda, RejalAlma and Majaredah were obtained from teistry of Water and
Electricity. Monthly averages were obtained by dividing the monthly totalshiey

number of days in each month.
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3.11.2 Malaria Data Description

Monthly averages of malaria casedhie Asir Regionbetween 1995 and 2006
(Figure3.7) show transnssion of the parasite throughout the year. However, there is
a clear seasonality with peak incidence between December andwttrithe highest
average cases in March (298.5) followed by February (276.3 cases). The averages of
cases during the summeedower, with the lowest number of cases in July (37 cases)
and there is a slight peak in September. The standard deviation bars on the graph

indicate that there is a large variability from year to year in monthly cases of malaria.
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Figure 3.7: Monthly averages of malaria cases in Asir Region (1929506)

Figure 3.8 showsthe data for théwo main endemic sectors in AgiFA and
TQ). There is a clear seasonality for these sectors at different time of the y&ar. In
there is a peak of incidence betweeacBmber and April, with the highest average
cases in March (262.1 cases) followed by Haby (226.6 cases). The average
numberof cases during the summierlower, with the loweshumberin August (9.9
cases).There issomeseasonality inTQ with a slight peakin incidence between
August and October. The highest averagenberof cases was in September (93.6
case) followed by October (44 cas€elhe averagaumber ofcases during the rest of
the yearis lower, with the lowestnumberin February (7.9 casesYhe standard
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deviation bars on the grapdgain indicate much variability from year to year in

monthlymalariacases for both sectors.
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Figure 3.8: Monthly averages of malaria casesliAandTQ
(1995- 2006)

3.11.3 Temperature Data Description

The aveage maximum, mean and minimum temperatur&hamisecity is
shown inFigure 3.9. The highest average maximwand meantemperaturgoccur in
June (32.3, 24% respectively.The highest average minimum temperature accur
during July (181°C). The lowest asrage temperature occurs in Janudoy

maximum, mean and minimum temperat(##7, 14.6 and 8% respectively.
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Figure 3.9: Maximum, mean and mmumaverages temperature in Khamisel995
-2006

The averages maximum and minimum temperdar®arjaredah isshown in
Figure3.1Q The highest averages maximum temperature occur in June’@)L#8

the highest minimum in July (29.%5). The lowest averages maximum and minimum
temperature occur in January (31.85 and 2T34spectively,
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Figure 3.10: Maximum and minimum averages temperature in Majaredah
1995-2006
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3.11.4 Rainfall Data Description

The monthly average rainfall in Khamise City (Figuiell) shows peak
rainfall between March and August with the highesturringin April (40.5mm)
followed by August (30.9mm). During the rest of the year rainfall is low with a
minimum occurring in February (1.6mm). The standard deviation bars on the graph

indicates extreme variability from year to year.
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Figure 3.11: Monthly averagegainfall in Khamise Cif (1995-2006)
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The monthly average of rainfall in Rejalma (Figure3.12 shows seasonality
with peakrainfall between December and April. The highest averages were in March
(80.1nm) followed by April (64.4mm). fe average rainfall during the summer and
autumn are lower with the lowest averagescurringin October (13.5mm)A small
peakoccursin August. The monthly averages rainfall in Saedieda (Figure3.12
shows seasonality with two peaks occurring during spring and autumn. The highest
average rairdll was in August (34.4mmn followed by October (30.0mm)The
averages during the summer and winter are lower th@lowestrainfall occurringin
Jure (3.2mm). The standard deviation bars on the graph indicate that there is a large

variability from year ® year in monthly rainfall for both sectors.
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Figure 3.12 Monthly averages rainfall in RejgAdlmaand SaratAbida1995-2006

3.11.5Relative Humidity Data Description

The monthly average relative humidity in Khamise City (Figdife3) shows a

peak dumg the months of November to March with the highest percentage occurring
in Jan (66.26%). The lowest percentage of lityiwas in September (37.13%).
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Figure 3.13: Monthly averages relative humidity in Khamise 192906
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3.11.6 Statistical Analysis Data Preparation

The analysis to examine the relationship between monthly cases of malaria

and the selected weather data proceeded in a number of stages

A histogram ofthe distribution ofall malaria cases imAsir Region was
constructed and this showed a pigsly skewed distribution, with a majority of lower
values and a few somewhat higher on€kis was confirmed througtescriptive
statistis. This may cause problems when we come to perform regression an&lgsis
therefore took the natural logarith(addng 1 to zero values) for malaria cases to
produceLn malaria The distribution of this is shown Irigure 3.14 and dscriptive
statistics are presented ihable 3.4. Thesedemonstrate that taking the natural
logarithm of malaria largely corrected this plem. For similar reasons the natural

logarithm was taken ahalaria cases iA and TQ.

In terms of the independent variables, rainfall of Khamise City also
demonstrated a skewed distribution. Therefore, we took the natural logarithm of
rainfall (addingl to zero values) to get (Ln rainfall). FiguBel5shows a histogram of
rainfall after transformation. Tabl8.5 preserd the descriptive statistic of this

distribution. The same actiamas been taken for rainfall IPA and TQ
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Figure 3.14: Frequency bnatural logarithm ofmalaria (Ln.M) inoverall Asir
Region (1995 2006)
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Table 34: Descriptivestatistics forLn malaria of overall Asir

Ln N | Minimum | Maximum | Mean | Std. Deviation Skewness
. Statistic | Std. Error
Malaria
144 .00 7.74 3.4 1.75 > 502
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Figure 3.15: Frequency ofogarithmrainfall (Ln. R) in Khamise (19952006)

Table 3.5 Descriptivestatistics of Lirainfall in Khamise

n N | Minimum | Maximum | Mean| Std. Deviation Skewness
Rainfall Statistic| Std. Error
144 0 5.3 1.72 1.55 027 0.20

The data were adjusted for effects that could bias the results. The long term
trend in Ln malaa in Asir region is shown ini§ure 3.16 and the long term in Ln
malaria inTA and TQ are shown inigure 3.17. Over the studyperiod the total
number ofmalaria cases indicates a sharp decline from the end of the nineties with a
peak of cases in 1998. In order to control for this effect the natural logarithm of
malaria cases were put into a regression against time (each month numbered from 1 to
144). The unstandardised residual from this model represent the natural logarithm of
malaria cases with the long term trend in incidence remoMad.was performed on

the malaria data for the whole of Asir region, TA and TQ.

81



Log (malaria cases +1)

0
I T N
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Year
Figure 3.16: Yearly Lnmalaria in Asir Region (19952006)
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Figure 3.17: Yearly Lnmalaria in TAand TQ sectors (1995 2006)

3.11.7 Statistical Analysis

The literature review has demonstrated that tblationship between malaria
and weather may vary according to the time ofyéar.There may also be a lag in the

relationship between weather and malartaerefore, the analysis proceeded in stages
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In the first stagecatter plots were created of the detrended natural logarithm
of malaria (DT Ln malaria) for every month agaiestch of the weather variables.
The purpose of this analysis was to determine which months should be grouped
together based upon relationships with the weather vari@lbdegroup consecutive
months with positive or negative relationships with weathgettoer) Unfortunately
this method proved difficult to implement because it was often unclear which months
should be grouped. Also the relationship between weather and malaria may be lagged
and so theoretically the analysis should be repeatesl/éoy lgyged weather variable.
Therefore this method wasot taken further(for results see Appendix .8, and
replaced with one where the annual malaria time series was examntedroupof
months determined based upon the trends in this drapimonths ohigh incidence
during the winter)For overall Asir thisoprocedure led to three separate time periods
which were April to August, September to November Bredember taMlarch (See
Figure 37). TA was separated into two time periods April to August and Sdpe
to March (See Figure 8. TQ was separated into April to September and October to
March (See Figure 8).

For each of time periods linear regressions of DT Ln Malaria against each of
the lagged weather variables were created (lagged up to 6 malth#)en examined
these relationships and combined the weather from the two months with the strongest
associabn. In most cases the strongest relationships were between DT Ln Malaria
and the weather in the current and previous month. Therefore, forteongishese
two lags were chosen in all casBgcause these models contained data from multiple
months it became important to control for seasonality. Therefore, all models were
analyzed incorporating dummy variables for each of the individual mdgithredly in
these analyses it wamt possible to assume that the malaria rate in one month is
unrelated to thenalaria rate in the next month, and this is known as autocorrelation.
Therefore the malaria in the previous month was added into these nasdels
independent variableDue to the low numbers of cases in some months and the
problems that this might cause in a regression an ordinal logistic regression of Ln
malaria casesvas additionally appliedThis was achievedhy recodingLn malaria
into four catgories of increasing malaria incidence. These were then used in an
ordinal logistic regression to produae analysis that is more robust to the distribution
of the data.
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Multiple regression analysis was examined in the final stage of the statistical
analsis. This method describes the effect of the two or three weather data together
against detrended logarithm of malaria cases. The purpose of this test is to identify

which weather variable has more influence upon malaris tiase others.

All of the dat were analyzed using SPSS v.16 / v.18 for Windows and
Microsoft Excel 2003 / 2007.

3.12 Results

3.12.1 Malaria with Maximum Temperature in Asir

Linear regressionand adinal logisticregression®f DT Ln malaria against
maximum temperature are presenfed the whole year irfable 3.6 and April to
August modelin Table3.7. Models for the rest of yea®éptember to November and
December tMarch) for this variable and all similar variables which do not have any
significant relationship are not presentadtis chapter but appear in AppendixA.2.
In these tables OP represents the models where the independent variables are not
lagged, 1P represents the independent variables lagged by 1 month and so on. The
results for the combined lags are presented onitta line of each table. In the
analysis we also investigatedeather instead of using the average maximum
temperature each month it would be better to use the maximum temperature from any
one day in the month. Such an analysis was performed (See Appe3)dixA as the
results were no different from using the average maximum temperature each month

this was not taken any further.

Table 36: DT Ln malariaand maximum temperature isir (Whole Year)

Linear regression Ordinal logistic
Max Max. Max Max.
fo) Max. i temperature Max. i temperature
o temperature - temperature .
o temperatue with with auto | temperature] with with auto
= only seasonalit correlatiors. only seasonalit correlatiorz.
y seasonality y seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-104]|.001]|-.108]| 0.166| -.080| .195| -.140| .002 | -.720 | .001 | -.750 | .034
1P -109| .001| -.132| .096 | .080 | .193| -.155| .001| -.738 | .001 | .515 | .091
2P -.092| .001| -.176| .025 | .095 | .125| -.122| .008| -.678 | .001 | -.201 | .497
3P -.044 | .041| -.158| .044 | -.037| .558]| -.091| .041| -.891| .001 | -.907 | .011
4P .013 | .548| -.163| .039 | -.064 | .315| -.026 | -.55 | -.788| .001 | -.291 | .363
5P .061 | .005| -.176| .036 | -.065| .303| .022 | .620| -.915| .001 | -.690 | .040
6P .095 | .001| -.165| .040 | -.063 | .323| .056 | .213| -.109| .001| -.845| .021
0-1P |-118|.001| -.167| .075 | -.114 | .120| -.158| .001 | -1.13| .001 | -.929 | .028
OP: Current monthP: previous month. CafCoefficients P: P value(= or<). 0-1 P. Averageof OP+1 P
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Table 37: DT Ln malariaand maximum temperature #sir (April to Aug)

Linear regression Ordinal logsstic
Max. Max.
— Max. Max.
Q Max. temperature Max. temperature
S temperature . temperature .
o temperature with with auto | temperature with with auto
= only .. | correlatior. only . correlatior.
seasonality . seasonality )
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-200| .00 | -.200 | .038| -.151 | .032| -.28 | .041| -.70 | .035| -1.02 | .069
1P |-138|.001| -.212| .013| -.120| .050| -.196 | .028 | -1.06 | .002 | -.886 | .049
2P |-099|.001|-.201|.015| -.069| .274| -.134 | .090| -1.09 | .001 | -.419 | .315
3P |-.098|.001|-.117 | .021| -.062| .279 | -.175| .045| -1.12 | .001 | -.789 | .087
4P |-092|.039| -.109| .146| -.031| .578| -.251 | .056 | -.851 | .002 | -.310| .406
5P .014 | .831| -.166 | .040| -.086 | .149| -.410| .025| -1.37 | .001 | -2.05 | .035
6P .138 | .004 | -.133| .140| .006 | .932]| -.129| .326| -1.59 | .001 | -2.05 | .036
0-1P|-175|.001| -.292| .006 | -.191 | .014 | -.247 | .027 | -1.38 | .002 | -1.49 | .034

The results indicated that in Asir over the whole year malaria cases appear to
be negatively associated withmaximum temperature in the current and previous
month. However, in the linear regseon not all these associations were significant.
When only the April to August period is examinedaximum temperature in the
current and previous month is significantly associated with malaria incidence in all

variants of the model.
3.12.2 Malaria with Maximum Temperature in Tehama of Asir (TA)

Linear regressionand adinal logistic of DT Ln malaria against maximum
temperaturen TA are presented for the whole yesnrd April to August in Table3.8
and 3.9.

Table 38: DT Ln malariaand maximum temperate in TA (Whole Yeay*

Linear regression Ordinal logistic
Max Max. Max Max.
o Max. ) temperature Max. : temperature
S temperature . temperature .
o temperature with with auto | temperature with with auo
= only .| correlatior only .| correlatior
seasonality . seasonality )
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-115|.001| .121 | .128| -.038 | .506| -.079 | .092 | -.064 | .718 | .046 | .908
1P |-164|.001| .037 | .639| -.048 | .399| -.098 | .037 | -.39 | .823| .205 | .628
2P |-170|.001| -.061 | .443| -.087 | .125| -.121 | .011 | -.223| .215| -.666 | .083
3P |-126|.001| -.103| .193| -.061 | .287| -.082 | .080| -.295| .107 | -.500 | .202
4P | -046|.079| -.108| .173| -.036 | .527| -.027 | .556 | -.375 | .050 | -.308 | .363
5P .051 | .052| -.056 | .486| .021 | .720| .012 | .800| -.501 | .013| -.456 | .062
6P .131 | .001| .056 | .487 | .095 | .097| .050 | .277| .335 | .076| .238 | .474
0-1P|-156|.001| .124 | .215| -.08 | .399| -.101 | .044| -.091 | .684 | -.161 | .746

* Maximum temperature data: avdila for 132out of 144 months
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Table 39: DT Ln malariaand maximum temperature iRA (April to Aug

Linear regression Ordinal logistic
Max. Max.
— Max. Max.
(@) Max. temperature Max. temperature
S temperature . temperature ;
o) temperature with with auto | temperature with with auto
= only .. | correlatior only . correlatior
seasonality . seasonality .
seasonality seasonality
Cof. | P |Cof.| P |[Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-199| .021| -.128 | .292| -.006 | .944 | -.080 | .665| .029 | .925| -.052 | .912
1P |-186|.001| .001 | .997 | -.087 | .347 | -.077 | .435| -.001| .996 | .019 | .973
2P |-149| .001| -.117| .250| -.115| .119| -.098 | .218| -.375| .187 | -.736 | .103
3P | -147|.001| -.258| .005| -.150 | .035 | -.107 | .173 | -.614 | .046 | -.101 | .035
4P |-159|.001| -.194 | .036| -.075| .290| -.113 | .270 | -.506 | .068 | .271 | .475
5P |-.070| .381| -.207 | .039| -.063 | .415| -.367 | .047 | -1.04 | .008 | -6.55 | .034
6P .173 | .001 | -.050| .629 | .143 | .077 | -.033 | .757 | -.529 | .082| .428 | .396
0-1 P| -.240| .001| .106 | .500 | -.075 | .523 | -.099 | .477 | .022 | .954 | -.035 | .956

In the TA sector malaria cases are not consistently associated with maximum

temperature in the current and previous month. This result applies to the whole year

model and to the April to August model.

3.12.3 Malaria with maximum temperature in Tehama of Qahtan(TQ)

Linear regressionand ordinal logistic regressions oDT Ln malaria against

maximum temperatuna TQ are presented for the whole yeaiTiable3.10 and April
to Septembein Table3.11.

Table 310: DT Ln malariaand maximum temperature ifQ (whole year)

Linear regression Ordinal logistic
— Max. Max. Max. Max.

9o Max. temperature temperature Max. temperature temperature

o temperature with with auto | temperature with with auto
= only seasonality correlatior. only seasonality correlatior.
seasonalit seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-.021]| .422| -114| .260| -.032| .693 | -.092 | .039 | -.611 | .002 | -.487 | .040
1P .038 | .151| -.083 | .420| -.021 | .791 | -.042| .341 | -.478| .013| -.207 | .379
2P | -065| .014| -.243| .018| -.192 | .016 | -.012 | .784 | -.696 | .001 | -.679 | .008
3P .076 | .002| -.309| .002 | -.162 | .037 | .012 | .786 | -.792| .001 | -.526 | .031
4P |-073| .003| -.266 | .006 | -.090 | .263 | .021 | .636 | -.843 | .001 | -.608 | .020
5P .044 | .079| -.294| .002 | -.129 | .092 | .030 | .500 | -.794 | .001 | -.487 | .064
6P .007 | .798 | -.299| .002 | -.119| .126 | .016 | .722 | -.908 | .001 | -.721 | .010
0-1 P| .005 | .844 | -.148 | .223 | -.044 | .644 | -.078 | .096 | -.817 | .001 | -.533 | .064
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Table 311: DT Ln malariaand maximum temperatutia TQ (April to September)

Linear regression Ordinal logistic
Max. Max.
— Max. Max.
Q Max. temperature Max. temperature
S temperature . temperature .
o temperature with with auto | temperature with with auto
= only .. | correlatior only . correlatior.
seasonality . seasonality )
seasonality seasonality
Cof.| P |Cof.| P |[Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-.082|.031|-375| .025| -.306 | .009 | -.085| .192 | -.714 | .025 | -1.50 | .013
1P |-089|.045 | -.317| .034 | -.241 | .022| -.032| .079 | -.712| .013 | -.598 | .043
2P | .074 | .077 | -.337| .012 | -.249| .008 | -.023 | .730 | -.839 | .002 | -.986 | .036
3P | .082| .127 | -.363| .005| -.170| .073| -.022 | .711 | -1.08 | .001 | -.843 | .038
4P | .094 | .133|-291| .012 | -.101| .276 | -.058 | .440 | -.932| .001 | -.622 | .105
5P | .058 | .468 | -.362 | .002 | -.205| .004 | .198 | .104 | -1.10| .001 | -1.08 | .063
6P |-083|.259|-.363| .005| -.109| .239 | -.271| .039 | -1.32 | .001 | -1.08 | .079
0-1 P| -.056| .038 | -.484 | .009 | -.381| .003 | -.073 | .144 | -1.05 | .006 | -1.38 | .020

The resultof TQ indicated thatnalaria cases are not consistently associated

with temperature over the whole year. WhenAlpeil to September period is focused

upon maximum temperature in the current and previous montigrsficantly

negatively associategith malaria in all but one variant of the model.

3.12.4Malaria with MeanTemperaturein Asir

Linear regressionand adinal logisticregression®f DT Ln malaria against

mean temperaturia Asir are presented fakpril to August modeln Table3.12.

Tables 312 DT Ln malariaand meantemperature in Asir (April té\ugusj

Linear regression Ordinal logistic
_ Mean. Mean. Mean. Mean.
% Mean. temperature terr_]perature Mean. temperature temperature
o temperature ; with auto | temperature ) with auto
= only with . correlatiorz only with . correlatiorz
seasonality . seasonality .
seasonality seasonality
Cof.| P |Cof.| P |[Cof.| P |Cof.| P |Cof.| P |Cof. | P
OP | -243| .001 | -.324| .016 | -.235| .015| -.366 | .021 | -1.52 | .003 | -2.53 | .017
1P |-157|.001| -.317| .008 | -.183 | .038 | -.236 | .023 | -2.52 | .001 | -2.7 | .011
2P | -111| .001 | -.286| .013 | -.088 | .323 | -.149 | .095 | -1.55| .001 | -.718 | .255
3P |-102| .002 | -.134 | .244| .012 | .887 | -.151 | .113 | -1.28 | .003 | -.356 | .563
4P |-110| .024 | -.088 | .518 | -.037 | .687 | -.165| .223 | -1.06 | .015 | -.023 | .974
5P | -054| 470 | -.053| .693| -.015| .875 | -.232 | .244 | -1.88 | .001 | -1.26 | .060
6P | .198 | .001 | -.025| .874 | .012 | .916 | .068 | .622 | -1.27 | .022 | -.484 | .535
0-1 P| --205| .001 | -.463 | .002 | -.303 | .006 | -.309 | .018 | -3.42| .001 | -6.39 | .009

The results indicated that in Asir ov&pril to Augustmalaria cases appear to

be significantly negativédy associated withmean temperature inthe current and
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previous month for the linear regress and the ordinal logistic models. This

correlation is highlysignificant in all variant of the model.

3.12.5Malaria with Mean Temperaturein TQ

Linear regressionand adinal logisticregression®f DT Ln malaria against

mean temperatuiie TQ are presnted forApril to September modéh Table3.13.

Table3.13: DT Ln malariaand mean temperature in T@pril to September)

Linear regression Ordinal logistic
Mean Mean. Mean Mean.
O Mean. ; temperature Mean. ; temperature
ho} temperature - temperature .

o temperature with with auto | temperature with with auto

= only | corelatiore only .| correlatior.

seasonality ; seasonality )
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP | .013 | .885| -.545| .018 | -.516 | .001 | -.172 | .238 | -1.95 | .001 | -4.17 | .002
1P | .08 | .166 | -.472| .022 | -.379| .008 | -.041 | .657 | -1.54 | .001 | -1.48 | .032
2P | .092 | .057 | -.616 | .001 | -.379| .006 | -.015| .942 | -1.92 | .001 | -1.75| .016
3P | .113 | .006 | -.351| .067 | -.065 | .643| .007 | .918 | -1.24 | .002 | -.355 | .508
4P | .129 | .008 | -.302| .100 | -.174 | .204 | -.03 | .970 | -.973 | .008 | -.582 | ..264
5P | .190 | .011 | -.212| .290 | -.186 | .152 | -.08 | .948 | -.871| .025 | -.262 | .685
6P | .023 | .710| -.319| .140| -.260 | .064 | -.101 | .442| -1.39 | .003 | -2.07 | .026
0-1 P| .069 | .348 | -.754 | .004 | -.650 | .001 | -.090 | .443| -2.96 | .001 | -5.11 | .003

The results indicated that Q during April to Septembermalaria cases
appear to bénighly negativédy associated withmeantemperature irthe current and

previous month for all models except those including the temperature variables only.
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3.12.6 Malaria with Minimum Temperature in Asir

Linear regressionand adinal logisticregression®f DT Ln malaria against

minimum temperaturén Asir are presented fakpril to August modeln Table3.14.

Table 314: DT Ln malariaand minimumtemperature irAsir (April to Augusj

Linear regression Ordinal logistic
Min Min. Min Min.
[ Min. j temperature Min. ) temperature
° temperature : temperature .

o temperature with with auto | temperature with with auto

= only .. | correlatiorz only . correlatiors.

seasonality . seasonality .
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-251|.001| -.288| .044 | -.244| .082 | -.314 | .050 | -1.67 | .019 | -4.27 | .031
1P |-164|.001| -.341| .038 | -.264 | .024 | -.208 | .010 | -2.29 | .001 | -7.22 | .020
2P |-121|.001| -.221| .134| -.075| .488 | -.113 | .246 | -.588 | .200 | .036 | .958
3P |-098|.007| .127 | .312| -.023 | .789 | -.069 | .476 | .197 | .603 | 1.85 | .020
4P | -095|.042| .103 | .373| -.095 | .042 | -.012 | .924 | .365 | .304 | .357 | .544
5P | .064 | .340| .162 | .125| .075 | .329 | .075 | .666 | -.008 | .981 | -.140 | .774
6P | .214 | .001| .093 | .417 | -.082 | .337 | .255 | .097 | .412 | .254 | .657 | .256
0-1 P|-.208| .001| -.498 | .026 | -.392 | .012 | -.263 | .050 | -3.21 | .001 | -10.7 | .025

The results in Asir indicated that during April Amgust,malaria cases appear

to besignificantlynegativdy associated witiminimum temperature in the current and

prevous month for linear regression and ordinal logistic models.

3.12.7 Malaria with Minimum Temperature in TA

Linear regressionand adinal logistic regressionof DT Ln malariaareas

againstiminimum temperaturén TA are presented fdkpril to Augustin Table 3.15.

Table 315: DT Ln malaria and minimurtemperature ifT A (April to Augus}

Linear regression Ordinal logistic
Min Min. Min Min.
o Min. : temperature Min. ) temperature
S temperature . temperature .

o temperature with with auto temperature with with auto

= only . correlatiorz only . correlatiorz

seasonality : seasonality .
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-216| .009| .116 | .298 | -.100 | .255 | .043 | .811 | .450 | .152 | -.338 | .440
1P |-187| .001| .019 | .810| -.090 | .305 | -.049 | .639 | .201 | .49 | -.915| .133
2P |-172| .001 | -.073| .617 | -.048 | .657 | -.040| .679 | .485 | .218 | 2.086| .047
3P | .1.59| .001|-.073| .617 | -.048 | .657 | -.040 | .679 | .485 | .218 | 2.086| .047
4P | -122| .043| .037 | .805 | -.027 | .806 | .004 | .975| .366 | .357 | .011 | .987
5P | .071| 552 | -.192| .215| -.213 | .056 | -.057 | .817 | -.157 | .689 | -1.14 | .162
6P 338 | .001 | .062 | .767 | .221 | .149| .147 | 426 | 535 | .324 | 1.71 | .073
0-1P|-231| .001| .088 | .494 | -.119 | .224| -.030| .826 | .408 | .234 | -.694 | .208
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In the TA sector malaria cases are not consistently associated with minimum

temperatre in the current and previous month for the April to August period.

3.12.8 Malaria with Minimum Temperature in TQ

Linear regressionand adinal logisticregression®f DT Ln malaria against

minimum temperaturén TQ are presented fakpril to Septembem Table3.16.

Table 316: DT Ln malaria and minimurtemperature infQ (April to Septembgr

Linear regression Ordinal logistic
Min Min. Min Min.
o Min. : temperature Min. : temperature
o temperature - temperature .

o temperature with with auto | tempeature with with auto
= only . correlatior only . correlatiora

seasonality . seasonality .
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P

OP | .004 | 971 | -.757 | .021| -.541 | .020 | -.112 | .472 | -2.48 | .001 | -3.52 | .020
1P | .115| .073 | -.569| .040 | -.417 | .032| .005 | .962 | -1.41 | .011 | -.787 | .356
2P | .109 | .030| -.805| .001 | -.378 | .037 | .012 | .879| -1.55| .003 | -.925 | .236
3P | .142 | .001| .098 | .642 | .297 | .065| .059 | .426 | .049 | .890| 1.15 | .071
4P | .151 | .002| .056 | .764| -.141 | .312| .073 | .388 | .278 | .402 | -.037 | .946
5P | .250 | .001| .262 | .126 | .087 | .445| .166 | .171| .449 | .158 | .838 | .186
6P | .125| .116| .122 | .485| -.130 | .267 | .099 | .455 | .229 | .463 | -.425| .434
0-1 P| .094 | .251| -.994 | .007 | -.724 | .005 | -.035 | .787 | -3.05 | .001 | -3.09 | .032

The results indicated that iMQ only over the April to Septembemodel

malaria caes appear to baignificantly negativdy associated withminimum

temperature irthe current and previous month for both linear regression and ordinal

logistic method but not when only the temperature was included in the model.
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3.12.9Malaria with Rainfall in Asir

rainfall in Asir are presentefibr April to August modeln Table3.17.

Linear regressionand adinal logisticregression®f DT Ln malariaagainst

Table 317: DT Ln malaria and Ln rainfalin Asir (April to Augus}

Linear regression Ordinal logistic

— . Rainfall . Rainfall

% Rainfall Ra|_r;rf]all with auto Rainfall Ral?;‘]all with auto
‘23 only sea\glonality correlatiOI_& only sea\glonality correlatior;
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP .227 | .003| .217 | .007 | .115 | .050 | .414 | .069 | .447 | .036 | .717 | .031
1P .169 | .014 | .170 | .015| .107 | .036 | .500 | .021 | .652 | .010 | .568 | .018
2P |-116| .053| .043 | .652 | .023 | .668| .108 | .499 | .518 | .039 | .079 | .806
3P |-100| .110| .055 | .482| .029 | .607 | .083 | .612| .376 | .141| .470 | .218
4P | -076| .241| -019| .804 | -.013 | .823| .025 | .880 | .088 | .708 | -.375 | .302
5P .045 | .B559 | .023 | .773| .022 | .697 | .202 | .308 | .221 | .346 | -.399| .319
6P |-028|.768| -.008 | .927| -.016| .791| .081 | .735| .130 | .611 | .323 | .477
0-1 P| .440 | .001| .400 | .001| .244 | .002| 1.10 | .003 | 1.27 | .002 | 4.58 | .025

Only the April to August model is presented. Rainfalin the current and
previous months highly positivdy significantly associated with malaria incidence in
both the ordinal logistic and the linear regression models.
3.12.10Malaria with rainfall in TA

Linear regressionand adinal logistic regression®f DT Ln malariacases
againstrainfall in TA are presented fawhole year in &ble3.18 and April to August
modelin Table 3.19.

Table 318: DT Ln malaria andwith Ln rainfall in TA (Whole yeay*

Linear regression

Ordinal logistic

— . Rainfall . Rainfall

% Rainfall R\?v'irt];a" wif;] aito Rainfall Rs\;irt]:]a" wi% aﬁto
§ only seasonality correlatim_& only seasonality correlatior_&
seasonality seasonality

Cof.| P |Cof.| P |[Cof.| P |Cof.| P [Cof.| P | Cof.| P
OP | .247 | .001| .210 | .001 | .093 | .015| .462 | .001 | .532 | .001 | .541 | .037
1P | 220 | .001| .222 | .001| .057 | .045| .509 | .001 | .585 | .001 | .553 | .023
2P .180 | .003| .219 | .001 | .060. | .145| .468 | .001 | .562 | .001 | .301 | .177
3P 177 | .004 | .224 | .001 | .058 | .159| .555 | .001| .737 | .001 | .694 | .007
4P .095 | .121| .150 | .004 | .13 | .750| .482 | .001 | .643 | .001 | .273 | .226
5P .030 | .628 | .101 | .059| 0.02 | .962| .374 | .001 | .504 | .001 | .020 | .925
6P .015 | .810| .067 | .215| .024 | .541| .505 | .001| .676 | .001 | .643 | .013
O-1P| .321 | .001| .288 | .001 | .119 | .013 | .714 | .001 | .829 | .001 | .802 | .014

*Rainfall data:available for 132out of 144 months
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Table 319 DT Ln malaria andwith Ln rainfall in TA (April to Augus}

Linear regression Ordinal logistic
S Rainfall with Rainfall
S , Rainfall with auto . Rainfall with |  with auto
o | Rainfall only . . Rairfall only . ;

= seasonality | correlatior seasonality | correlatior
seasonality seasonality

Cof.| P [Cof.| P |Cof.| P |Cof.| P |[Cof.| P |Cof.| P
OP | .269 | .001 | .249 | .001 | .119 | .028 | .288 | .005 | .277 | .035 | .617 | .036
1P| 254 | .001| .215| .001 | .069 | .205 | .696 | .003 | .695 | .004 | 1.06 | .069
2P | .181|.011 | .222 | .001 | .048 | .396 | .970 | .001 | 1.06 | .001 | .769 | .068
3P | .158 | .021| .176 | .003 | .033 | .505 | 1.44 | .002 | 1.71 | .002 | 1.0 | .035
4P | .045| 497 | .073 | .233| .081 | .086 | 1.16 | .001 | 1.35 | .002 | .602 | .187
5P | .041| 549 | .056 | .369 | -.025| .586 | .953 | .001 | 1.18 | .003 | 1.16 | .121
6P | .058 | .419 | .031 | .631 | .102 | .229 | .868 | .001 | 1.12 | .002 | 2.34 | .104
O-1 P .396 | .001 | .337 | .001 | .155 | .025 | .742 | .006 | .736 | .007 | 1.11 | .048

The results indicated that A over the whole year malaria cases appear to be

significantly positivdy associated witlmainfall in the current and previous morfthr

both linear regression and ordinal logistic mod&isr the April to Augustperiod,

malaria incidenceés significantly associated with rainfall in the current and previous

monthin all variants of the model.

3.12.11Malaria with Rainfall in TQ

Linear regressionand ordinal logisticregressions oDT Ln malaria against

rainfall in TQ are presented for the whole yearTiable 3.20 andApril to September
in Table3.21.

Table 320: DT Ln malaria and Ln rainfalln TQ (whole year)

Linear regression Ordinal logistic
E Rainfall with Rainfall
S . Rainfall with auto . Rainfall with | with auto
o Rainfall only . : Rainfall only . X

s seasonality | correlatior seasonality | correlatior
seasonality seasonality

Cof.| P [Cof.| P |Cof.| P |Cof. | P |Cof.| P |Cof.| P
OP | .377 | .001 | .388 | .001 | .238 | .001 | .654 | .001 | .808 | .001 | .771 | .001
1P | .329 | .001 | .346 | .001 | .0128| .041 | .605 | .001 | .802 | .001 | .554 | .006
2P | .268 | .001 | .287 | .001 | .077 | .202 | .628 | .001 | .767 | .001 | .519 | .006
3P | .094 | .165| .150 | .028 | .031 | .571 | .368 | .002 | .472 | .001 | .081 | .658
4P | -015| .813| .021 | .751 | -.075| .161 | .276 | .019 | .331 | .010 | .093 | .571
5P | .026 | .696 | .014 | .836 | .001 | .994 | .362 | .003 | .395 | .003 | .345 | .048
6P | -.038| .596 | -.056 | .403 | -.063 | .216 | .206 | .074 | .278 | .033 | .073 | .667
0-1P| .494 | .001| .496 | .001 | .271 | .001| 1.02 | .001 | 1.3 | .001 | 1.10 | .001

*Rainfall data:available for 132out of 144 months
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Table 321 DT Ln malaria and rainfalin TQ (April to Septemb@r

Linear regression Ordinal logistic
< . . Rainfall with _ _ Rainfall
S . Rainfall with auto . Rainfall with with auto
o | Rainfall only . . Rainfall only . ;

= seasonality correlatlo[& seasonality correlauor&
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof| P
OP| 439 | .001| .481 | .001 | .319 | .001 | .733 | .001 | .929 | .001 | 1.36 | .015
1P| .411 | .001 | .477 | .001 | .243 | .003 | .611 | .001 | .889 | .001 | .857 | .046
2P | .230 | .028 | .330 | .002 | .064 | .449 | .350 | .042 | .523 | .013 | .125 | .691
3P| .080 | .444| .196 | .071 | .052 | .519| .176 | .279 | .251 | .176 | .568 | .123
4P | -045| .649 | -.060 | .549 | -.139 | .053 | .047 | .769 | .036 | .834 | .466 | .120
5P | .001| .998 | -.079 | .440 | -.010| .874 | .141 | .385 | .097 | .579 | .08 | .980
6P | -181| .064 | -.235| .116 | -.146 | .920 | .054 | .730 | .079 | .643 | .497 | .175
0-1P 576 | .001 | .626 | .001 | .391 | .001 | 1.02 | .001 | .141 | .001 | 1.58 | .012

Theresultsin TQ over the whole yeaand April to September modeidicate

that malaia cases appear to B@gnificantly positivdy associated witlmainfall in the

current and previous montar both linear regression and ordinal logistic models.

3.12.12 Malaria with Relative Humidity in Asir

Linear regressionand adinal logisticregressionsof DT Ln malaria against

relative humidityin Asir are presented for the whole yearTiable3.22 and April to
August modeln Table3.23.

Table 322 DT Ln malaria and relative humidity in Asir (Whole Year)

Linear regression

Ordinal logistic

— .- Humidit - Humidit
L | Humidity H“vfl?t'ﬁ"y with Ut Humidity H“V(I?t'ﬁ'ty with BUt
§ only seasonality correlatior}& only seasonality correlatior}&

seasonality seasonality

Cof.| P [Cof.| P |Cof.| P |Cof.| P |Cof.| P | Cof. | P

OP | .031 | .001 | .029 | .036 | .027 | .013 | .036 | .023 | .032 | .032| .132 | .024

1P| .039 | .001| .051| .001| .036 | .001 | .047 | .005 | .059 | .032| .104 | .075

2P | .029 | .001| .039 | .005 | .010 | .408 | .032 | .047 | .030 | .371| .050 | .385

3P | .013 | .082 | .045 | .001 | .023 | .046 | .021 | .185 | .083 | .021| .186 | .005

4P | -.007| .369 | .033 | .020 | .007 | .536 | -.003 | .838 | .077 | .029| .042 | .464

5P | .021 | .007 | .042 | .003 | .024 | .035| .010 | .504 | .091 | .012| .074 | .175

6P | -.030| .001| .024 | .101 | -.004 | .743 | -.012 | .453 | .086 | .016| .029 | .605

0-1 P| .044 | .001 | .059 | .001 | .047 | .001 | .053 | .004 | .070 | .034| .180 | .013
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Table 323 DT Ln nalaria and relative humidity in Asir (April to August)

Linear regression

Ordinal logistic

— . Humidit - Humidit

2 | Humidity H“V(/‘i‘t'ﬁ'ty with aute | Humidity H“V’;‘t'ﬁ'ty with BUt
§ only seasonality correlatior)& only seasonality correlatior}&
seasonality seasonality

Cof.| P [Cof.| P |[Cof.| P |Cof.| P |Cof.| P | Cof. | P
OP | .041 | .004 | .021 | .022 | .013 | .015| .082 | .009 | .090 | .039| .230 | .029
1P | .050 | .001| .036 | .034 | .023 | .043 | .100 | .006 | .204 | .003| .212 | .043
2P | .030 | .005| .024 | .155 | .004 | .767 | .065 | .039 | .180 | .006| .078 | .409
3P | .039 | .001| .036 | .026 | .016 | .181 | .062 | .077 | .103 | .057| .168 | .055
4P | 036 | .018 | .026 | .123 | .001 | .998 | .049 | .234 | .062 | .232| -.010 | .903
5P | 017 | 271 | .042 | .007 | .023 | .043 | .021 | .605 | .054 | .269| .019 | .794
6P | -.023| .015| .030 | .057 | .006 | .631 | -.013 | .582 | .051 | .304| .056 | .453
0-1 P| .066 | .001 | .046 | .034 | .029 | .048 | .135 | .005 | .241 | .004| .387 | .017

significantly positivdy associated withielative humidityin the current and previous

Theresultsin Asir over the whole year indicate that malaria cases appear to be

month In the Apri to August model all the associations remain significant

3.12.13Malaria with Relative Humidity in TQ

Linear regressionand ordinal logisticregressions oDT Ln malaria against

relative humidity in TQare presented for the whole yearTiable 3.24 andApril to
Septembein Table3.25.

Table 324: DT Ln malaria andelative humidity inTQ (whole year)

Linear regression Ordinal logistic
— .- Humidit - Humidit

% Humidity H“”.‘t'ﬁ' ity with aut)c/) Humidity H“”?t'g'ty with aut>c/J
§ only sea\glonality correlatior}& only sef;glonality correlatior}&
seasonality seasonality

Cof.| P [Cof.| P |Cof.| P |Cof.| P [Cof.| P | Cof. | P
OP | .097 | .040| .013 | .035 | .023 | .033 | .024 | .015 | .060 | .047| .091 | .037
1P| .081| .010| .038 | .035| .033 | .021 | .013 | .012 | .074 | .031| .058 | .042
2P | .008 | .371 | .054 | .003 | .032 | .027 | .003 | .869 | .074 | .030| .050 | .233
3P | .011 | .247 | .066 | .001 | .036 | .012 | .010 | .752 | .102 | .004| .090 | .042
4P | .011 | .239 | .046 | .008 | .010 | .561 | .004 | .794 | .086 | .015| .044 | .307
5P | -.005| .558 | .043 | .014 | .015 | .266 | .001 | .925 | .084 | .018| .056 | .205
6P | .002 | .797 | .02 | .101| .001 | .942 | .003 | .852 | .067 | .052| .026 | .539
0-1 P| .091 | .031 | .039 | .038 | .041 | .017 | .023 | .018 | .108 | .042| .113 | .031
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Table 325: DT Ln malaria andelative humidity inTQ (April to September)

Linear regression Ordinal logistic
— - Humidit - Humidit

L | Humidity H“v’\;‘t'ﬁ'ty withaute | Humidity H“V’;‘t'ﬁ'ty with Ut
§ only seasonality correlatior_1& only seasonality correlatior}&
seasonality seasonality

Cof.| P |Cof.| P [Cof.| P [Cof.| P |Cof.| P | Cof. | P
OP 24 | 211 | .009 | .762 | .023 | .268 | .036 | .249 | .095 | .067 | .149 | .087
1P | .001| .968| .025 | .383 | .031 | .113 | .045 | .142 | .139 | .101| .167 | .042
2P | -016| .349| .058 | .041 | .035 | .086 | .021 | .440 | .147 | .008| .142 | .110
3P | -018| .211| .080 | .002 | .035 | .076 | .025 | .293 | .173 | .002| .129 | .075
4P |-018| .292 | .051 | .038 | .004 | .0831| .028 | .338 | .100 | .033| .014 | .854
5P | .010 | .638 | .057 | .016 | .018 | .278 | .039 | .274| .08 | .081| .032 | .667
6P | .017 | .229 | .046 | .059 | .001 | .965 | .028 | .253 | .110 | .026| .089 | .274
0-1 P| .018 | .441| .026 | .462 | .042 | .091 | .061 | .110| .189 | .007 | .254 | .020

Theresults over thavhole yeaiindicated that ralaria cases ifQ appear to be
positively associated withrelative humidityin the current and previous month for
both linear regression and ordinal logistic models. This is significant in all but the
most basic form of the model. This correlation mosligappears in the April to

September model.

3.12.14Multiple Regressions

In this sectionwe will presentthe results from the normal andultiple
regressions dDT Ln malariacases againstverages (current and one previous month)
of three main weather tla(Maximum Temperature, Rainfall and Relativemidity).
For temperature, we will present maximum temperate only in the multiple regressions
as it has a similar seasonality to minimum and mean temperature and appeared to

have the strongest associationhwnalaria.

A- Multiple Regressions of Malaria Cases in All Asir

The normal regressions for malanmall Asir against mgimum temperature,
rainfall and relative humidity, in the current and previous month, for whole pargod
illustrated in Table 3.26. Tale 3.27 presents the multiple regressions for these
variables.

The normal regressions for malanmaall Asir against maimum temperature,
rainfall and relative humidity, in the current and previous month, for the April to
August period are illustrated ifable 3.28. Table 3.29 presents the multiple

regressions for these variables.
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Table 326: Regressions of DT Lmalaria casesof Asir for maximum temperature, rainfall and relative humidity for wiyelar

Aver. of Linear regression Ordinal logistic
OP&1LP . . With auto . . With auto
Variables with : Variables With :
""""""" Only seasonality correlatlon' & Only Seasonality correlatlon' &
For Seasonality Seasonality
All year Adj Adj Adj Log Log Log
Cof. P ) Cof. P ’ Cof. P ’ Cof. P . Cof. P . Cof. P .
Cases Rg Rg Rg Likl. Likl. Likl.
Max.Tem.
Only -118 | .001 | .189 | -.167 | .075 | .187 | -.114 | .120 | .507 || -.158 | .001 | -92.1 | -1.13 | .001 | -83.2 | -.929 | .028 | -40.7
Rainfall
Only 133 | .056 | .039 | .057 | .553 | .177 | .071 | .338 | .506 || .076 | 590 | -98.9 | .576 | .014 | -91.0 | .401 | .286 | -43.1
Humidity
Only .044 | .001 | .187 | .059 | .001 | .250 | .047 | .001 | .550 || .053 | .004 | 94.8 | .070 | .034 | 92.7 | .180 | .013 | 40.2
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Table 327: Regressions of DT Ln Malarieases ofAsir with multiple weather (maximum temperature with rainfall and maximum temperature
with relative humidity and for abf them together) fowholeyear

Aver. of Linear regression Ordinal logistic
OP&l P Variables With C(\)Ar/rl;[akllaet‘ilcj)tr? & Variables With With auto
""" T Only Seasonality ; Only Seasonality correlation& Seasonality
Variables Seasonality
X ]. Adj. Adj. Log Log Log
Cof. P Cof. P Cof. P Cof. P . Cof. P . Cof. P .
Multiple R? R R? Likl. Likl. LikI.
Method
Max.Tem| -.119 | .001 -178 | .090 -103 | .206 -.203 | .001 i -1.05 | .001 i -.908 | .045
183 181 503 90.07 82 95 -40.66
Rainfall | .007 | .916 -.025 | .818 24 | 777 327 | .046 ' 175 | 518 ' .057 | .896
Max.Tem| -.070 | .044 200 -.024 | .813 538 .004 | .962 542 -145 | .074 . -1.17 | .001 . -.621 | .184 .
Humidity | .023 | .085 | ° .057 | .003 | ° .048 | .001 | .006 | .842 | 92.11| .016 | .036 | 83.10| 133 | .037 | 39.11
Rainfall | .044 | .001 -.087 | .382 -.039 | .609 104 | .473 - 497 | .049 - 029 | .947
— .200 249 547 -40.21
Humidity | -.113 | .070 .066 | .001 .050 | .001 .053 | .044 | .9451| 036 | .019 | 90.72| 178 | .021
Max.Tem| -50 | .232 -.059 | .582 -011 | .893 282 | .008 -1.11 | .001 -.673 | .186
Rainfall | -.061 | .426 | .198 | -.111 | .297 | .238 | .047 | 571 | .540 || .407 | .031 89'68 215 | .445 82’ gp | 179 | .707 | -39.04
Humidity | -.028 | .059 .063 | .002 .050 | .001 031 | .374 ' -.026 | .597 ' 140 | .080
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Table 328: Regressions of DT Ln malaria cases of Asir for maximum temperatinfall and relative humidity for April to August

Aver. of Linear regression Ordinal logistic
0P&1LP , _ - _ . .
______________ Variables with With quto Variables With Wwith a_uto
) onl nalit correlation & onl seasonalit correlation&
Variables ny seasonaiily Seasonality y y Seasonality
In . - -
Mmultiple | cof. | P | A [ cor | P [ A | ot | P | AN lcor | P | M09 | cor | P | M09 | cor. | P | LOG
Method R R R Likl. Likl. Likl.
Mac>)<hTI;:m. 175 | 001 | 318 | -292 | .006 | .316 | -191 | .014 | .643 || -247 | 027 | 38.1| -1.38 | .002 | -33.4 | -1.49 | .034 | -16.1
Rainfall
Only | 440 | 001 | 258 | 400 | 001 | 403 | 244 | 002 | 665 [| 1.10 | 003 | 35.1| 127 | 002 | -339 | 458 | 025 | 160
Humidity
Only | 066 | 001 | 300 | 046 | 034 | 276 | 029 | 048 | 624 | .135 | 005 | 36.0| 241 | 004 | -345 | 387 | 017 | 147
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Table 329: Regressions of DT Lnataria cases oAsir with multiple weatherraximuntempeature with rainfall and maximunemperature
with relativehumidityand for all of them togethgfor April to August

Aver. of Linear regression Ordinal logistic
0P&1P . . With auto . . With auto
______________ Variables with . Variables With .

' only seasonality correlatlon' & Only seasonality correlatlon' &
Varllﬁbles Seasonality Seasonality
Multiple | coft. | P | A [ cor | P | A | ot | P | AY lcor | P | F09 | cor | P | M09 | cor. | P | LOG
Method R R R Likl. Likl. Likl.
Max.Tem| -.140 | .001 -152 | .152 -117 | .140 -177 | .140 ] -1.13 | .018 ] -1.45 | .052 )

: 441 415 672 33.95 30.60 1371
Rainfall | .321 | .001 .336 | .002 197 | .019 997 | .008 ' 1.01 | .026 ' 1.59 | .050 '
Max.Tem| -.108 | .050 334 -.338 | .063 310 -.160 | .086 638 -.046 | .801 ] -1.04 | .038 - -.999 | .233 -
Humidity | .033 | .122 | ° 019 | 457 | ° 011 | 552 | ° 150 | .050 | 36.00 | .148 | .114 | 32.04| 307 | .076 | 13.89
Rainfall | 256 | 020 | .| 394 | 002 | . | 231 | 015 | . || 809 | .046 - .890 | .055 - 944 | 238 -
Humidity | .046 | .003 | ° 002 | .924 | ° 05 | .790 | ° .084 | 125 | 33.86| .155 | .101 | 32.47| 313 | .071 | 13.89
Max.Tem| -.115 | .004 -184 | 124 -135 | .132 -082 | .676 -.999 | .049 -1.06 | .216
Ra|r?fe}|| 342 | 002 | 432 | .366 | .003 | .408 | .214 | .023 | .667 || .865 | .044 | .. | 865 | 075 | o .| 112 | 228 | . o
Humidity | .01 | .713 016 | .54 .010 | .659 054 | 546 075 | .465 206 | .291
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The resultsof multiple regressions for afariain Asir through whole year
demonstrated that in no models were more than one weather variable significant. We
conclude therefore that the best model for th®lelyear is that of DT Ln malaria
against humidity. Humiditywas positivdy significant in all variants of the normal
regression and in most cases had a better goodness of fit (adjfstutl Rog

likelihood ratio) and is a stronger significance than drty® other weather variables.

Multiple regressions for alaria in Asir during April to August
demonstrated that there were no models where all the weather variables were
consistently significant. We therefore conclude that the final model should be a
normal regression with one weather variable. Both rainfall and humadégositivdy
significantly in all variants of the normal regression. However, we have chosen the
model including rainfall as the final model as in most cases the significances and

modelfit is better than the model containing humidity

B- Multiple Regressions of MalariaCases in TASector

The normal regressions for malamaT A areasagainst mgimum temperature
and rainfall, in the current and previous month, for whole pearedillustratedin

Tables 3.30. Table 3.31 presents the multiple regressions for these variables.

The normal regressions for malamaT A areasagainst mgaimum temperature
and rainfall for April to August periodire illustrated in Tab&3.32. Table 3.33
presents the nitiple regressions for these variables.
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Table 330: Regressions of DT Ln malaria casesléffor maximum temperature and rainfall for whgtear

Aver. of Linear regression Ordinal logistic
OP&lP Variables with With auto Variables With With auto
""""""" only seasaality correlatlon' & only Seasonality correlatlon' &
For Seasonality Seasonality
All year Ad;. Ad;. Ad;. Log Log Log
Cof. P Cof. P Cof. P f. P : f. P : f. P )
Cases | °° Rt | © Rt | < R || < Likl. | ©° Likl. | ©° Lik.
Max.Tem.
Only -156 | .001 | .239 | .124 | 215 | .322 | -.08 | .399 | .649 || -.101 | .044 | -88.5 | -.091 | .684 | -86.8 | -.161 | .746 | -25.2
Rainfall
only 321 | .001 | .162 | .288 | .001 | .450 | .119 | .013 | .670 || .714 | .001 | -86.1 | .829 | .001 | -62.3 | .802 | .014 | -18.4
Table 331: Regressions dDT Ln malaria cases of Téith multiple weathe(maxinum temperature andhinfall) for wholeyear
Aver. of Linear regression Ordinal logistic
0P&LP : .
______________ Variables with With quto Variables With With "J.IUtO
iabl only seasonality correlat|on_ & only Seasonality correlat|on_&
Varl'ﬁb es Seasonality Seasonality
Muttiple | cor. | P |AY | cor | P | AN | cor | P | AD | cor | P | 09 . Log Log
Method | —° R: | ©° R: | ©° R || ©° L, | <" | P k. | %] P | Lk
Max.Tem| -.163 | .001 112 | 262 -.001 | .987 -112 | .095 i 222 | .468 . 797 | .303 .
508 540 .686 56.78 54.08 11.32
Rainfall | .365 | .001 341 | .001 .168 | .001 827 | .001 ' 875 | .001 ' 1.05 | .031 '
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Table 332 Regressions of DT Lmalaria cases off A for maximumemperature and rainfall for April to August

Aver. of Linear regression Ordinal logistic
OP&lP Variables with W'tT auto Variables With W'ﬂI] auto
""""""" only seasonality correlation & Only seasonality correlation &
For Seasonality Seasonality
April Adj. Adj. Adj. Log Log Log
f. P f. P f. P f. P : f. P : f. P )
To Aug | <° Rt | © Rt | < R || < Likl. | ©° Likl. | ©° Lik.
Max.Tem.
Only -240 | .001 | .239 | .106 | .500 | .274 | -.075| .523 | .612 || -.099 | .477 | -37.8 | .022 | .954 | -33.5| -.035 | .956 | -12.6
Rainfall
only 396 | .001 | .351 | .337 | .001 | .491 | .155 | .025 | .669 || .742 | .006 | -28.9 | .736 | .007 | -28.7 | 1.11 | .048 | -7.33
Table 333: Regressions of DT Ln malaria casesléf with multipleweather(maxinmum temperature and rainfall) for April to August
Aver. of Linear regression Ordinal logistic
0P&LP . . i . . i
______________ Variables with WItT auto Variables With W'trll auto
_ | seasonalit correlation & onl seasonit correlation &
Variables only y Seasonality y y Seasonality
In . . .
Multiple | cot. | P | AY | cot | P |AY | ot | P [ AY lcor | P | N9 | cor | P | 09| cor | p | LO9
Method R R R LikI. LikI. Likl.
Max.Tem| -.199 | .001 -078 | .610 -.089 | .502 -.029 | .870 ) -543 | .230 ) 443 | .600 )
14 513 665 25.80 24.73 7.085
Rainfdl | .351 | .001 342 | .001 .156 | .038 759 | .005 ' 781 | .006 ' 1.11 | .046 |
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The resultsof multiple regressions for atariain TA through whole yeaand
in the April to August period no two weather variables were significant. Therefore,
the regression contairgronly one weather variable was chosen as the final model. In
these, rainfallwas consistently positively significanh contrast to temperature.
Additionally the models containing rainfall had better of fit. Therefore, the best model
to describe DT Ln makia in TA over the whole year and in the April to August

period was one containing rainfall only.

C-Multiple Regressions of Malaria Casesn TQ Sector

The normal regressions for malaiim TQ against mgimum temperature,
rainfall and relative humidity, irhe current and previous month, for whole peaoel
illustrated in Table 3.34. Table 3.35 presents the multiple regressions for these

variables.

The normal regressions for malaiim TQ against mgimum temperature,
rainfall and relative humidity, in theuarent and previous month, for the April to
August period re illustrated in Table 3.36. Table 3.37 multiple regressions for these

variables.
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Table3.34 Regressions of DT Ln malaria casesl@ for maximum temperature, rainfall and relative humidity foolehyear

Aver. of Linear regression Ordinal logistic
. . With . . With aut
OP&lP Variables with t ?“to Variables With 6!“ 0
__________ . correlation & . correlation &
only seasonality . only Seasonality .
For Seasonality Seasonality
All year Adj Adj Adj Log Log Log
Cof. P ) Cof. P ' Cof. P ) Cof. P . Cof. P . Cof. P )
Cases R4 RJ RJ Likl. Likl. Likl.
M%(hTI;m' 005 | 844 | .01 | -148| 223 | 089 | -044 | 644 | .434||-078| .096 | -96.0 | -817 | 001 | -88.5 | -533 | .064 | -67.7
Rainfall
Only 494 | 001 | 278 | 496 | .001 | 375 | 271 | .001 | 549 || 102 | 001 | 691 | 1.3 | .001 | -63.1 | 1.10 | .001 | -47.5
Humidity
only 091 | 031 | .01 | .039 | .088 | .102 | .041 | .017 | .465]|| .023 | 081 | -98.0 | .108 | .042 | -.93.1| .113 | .031 | -67.6
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Table 335: Regressions of DLn malaria cases of T@ith multiple weathefmaximum temperature with rainfalhd maximum temperature
with relative humidity and for all of thetngether)for whole year

Aver. of Linear regression Ordinal logistic
OP&LP . : With : . With aut
______________ Variables With th auto Variables With auto
i onl Seasonalit correlation & onl Seasonalit correlation &
Varllﬁbles y y Seasonalit y y Seasonality
Multiple | coft. | P | A [ cor | P | A | ot | P | AY lcor | P | F09 | cor | P | M09 | cor. | P | LOG
Method R R R Likl. Likl. Likl.
Max.Tem| .040 | 128 | | .095| .397 | .. | 055 | 567 | . |[-023 | 688 - -569 | .048 - -.304 | .370 -
Rainfall | .497 | .001 | ° 507 | .001 | ° 278 | .001 | - 986 | .001 | 68.69| 1.22 | .001 | 60.63 | 1.04 | .001 | 46.97
Max.Tem| -.030 | .526 -.069 | .610 076 | .476 -.061 | .440 ; -.698 | .009 - -320 | .317 -
— -01 .093 455
Humidity | -.017 | .354 .031 | .210 .047 | .016 .008 | .785 | 96.00 | 051 | 283 | 87.89| 086 | .138 | 66.56
Rainfall | .505 | .001 490 | .001 254 | .001 1.01 | .001 - 1.29 | .001 ; 1.06 | .001 ;
— 302 371 551 69.11 614 46.44
Humidity | -.023 | .221 010 | .626 022 | .209 004 | .848 - 103 | .084 451 096 | .157 -
Max.Tem| -.17 | .692 148 | .240 132 | 214 -.029 | .759 -441 | .160 -124 | 738
Rainfall | 496 | .001 | .282 | .505 | .001 | 359 | .271 | .001 | 543 || .987 | 001 | coeo| 123 | 001 | o0q| 104 | 001 |,
Humidity | -.028 | .098 022 | .345 .033 | .098 -.003 | .932 065 | .312 .086 | .247
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Table 336: Regressions dDT Ln malaria Cases of T€@r maximum teperature, rainfall and relativéaumidity for April to September

Aver. of Linear regression Ordinal logistic
OP&1LP . . i ) . i
Variables With With a?“to Variables With With "’!Uto
""""""" only Seasonality correlatlon' & Only seasonality correlatlon' &
For Seasonality Seasonality
April Ad;. Ad;. Ad;. Log Log Log
Cof. P Cof. P Cof. P Cof. P . Cof. P . Cof. P .
To Sep Rg Rg Rg Likl. Likl. Likl.
Max.Tem
Only -056| .038 | .01 | -484| .009 | .175 | -.381 | .003 | .606 || -.073 | .144 | -496 | -1.05 | .006 | -446 | -1.38 | .020 | -21.2
Rainfall
only 576 | .001 | 338 | 626 | .001 | .470 | 391 | .001 | 697 || 1.02 | 001 | -35.7| .141 | .001 | -32.1 | 1.58 | .012 | -14.9
H‘g’g'ty 018 | 441 | .01 | 026 | 462 | 091 | .042 | 091 | 569 || 061 | .110 | -48.3 | .189 | 007 | -44.8| 254 | .020 | -21.2
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Table3.37: Regressions of DT Lmalaria cases off Q with multiple weathefmaximum temperature with rainfall and maximum temperature
with relativehumidityand for all of them togethgfor April to September

Aver. of Linear regression Ordinal logistic
0P&1P With auto With aut
______________ Variables With . Variables With auto
Variabl onl Seasonalit correlation & Onl seasonalit correlation &
arl'ﬁ es y y Seasonality y y Seasonality
Multiple | cor. | P | A [ cor | P [P | ot | P | AY lcor | P | F09 | cor | P | 09 | cor. | P | LOG
Method R R R Likl. Likl. Likl.
Max.Tem| .193 | .001 442 -108 | .524 465 -191 | .133 —04 363 | .043 . -196 | .627 . -506 | .462 .
Rainfall | .682 | .001 | ° 601 | .001 | ° 342 | 001 | ° 1.34 | .001 | 33.64| 1.37 | .001 | 31.48| 1.41 | .035 | 14.62
Max.Tem| .044 | .677 017 -556 | .010 168 -361 | .017 500 220 | .194 . -756 | .075 . -982 | 131 .
Humidity | .005 | .886 | -027 | 502 | - .007 | .803 | ° 126 | .048 | 47.45| 128 | .098 | 43.13| .176 | .130 | 19.96
Rainfall | .664 | .001 434 629 | .001 461 379 | .001 695 1.06 | .001 - 1.47 | .001 . 1.76 | .018 .
Humidity | -.068 | .001 | ° -007 | .820 | ° 019 | .443 | - -021 | .677 | 35.57| 257 | .014 | 28.46| 345 | .085 | 12.81
Max.Tem| .123 | .138 -159 | .407 -185 | .198 629 | .014 024 | .964 -364 | .676
Rainfall | .686 | .001 | 443 | 597 | .001 | 459 | 342 | .001 | 699 || 1.29 | .001 | 51 99| 1.47 | 001 | 5 46| 1.91 | 026 | 45 75
Humidity | .033 | .302 021 | 561 .003 | .916 .160 | .075 260 | .025 .390 | .093




The resultsof multiple regressions for atariain TQ through whole year and
the April to September period demonstrated that no two weather variables were
consistently significat. Therefore, the final models chosen included one weather
variable only. Over the whole year and in the April to September period rainfall was
clearly themost significant positive variable withetter model fits than any of the

other weather variables.

3.13 Discussion and Conclusion

Malaria is endemic in lowlands of Asir Regifidaddad, 1990), which can be
divided into two areasTehama ofAsir which includes foothills with coastal plain,
and Tehama of QahtarnThis diseases less endemic ithe coastalplain, but more
endemic along the valleys and foothills (Abdaamd Alshahranj 2003). This study
tests the hypotheses that there are relationships between waathealaria cases in

thisregion, andexamines thanfluence of climate variablagpon malaia cases

During this study severdifficulties were encountered. The main one was the
limited weather data for some selected areas in Asir,naisding information from
within this data.This meant that it was not possible to produce modelsdch
malaria endemic area in Asir. For examplee have combinedeveralsectors for
malaria data immA including Muhail, RejalAlma, Marabah and Majaredah, into one
group. Although all these areas are in the lowland (foothills) and have the same
seasonalityof mdaria, it would have been preferable to examine each separately but
the weather data was not availabibe each sectorlt also would have been good to
examine the impact of humidity upon malaria in TA but data was not available.

The situation in TQ wasven more difficult as no weather stations were
available within this area. Instead we had to use the temperature and humidity from
Khamise and rainfall of Sardétbedawhich wereoutsidethe sector boundaries. These
stations were used because there weraveather stations withinAlthough these
stations were chosen because of their close similarity to the weather thi3@an
cause problems in the analysis if the variations in temperature, rainfall and humidity

in TQ are different to those in the twoasen weather stations.
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In the results, malaria incidence was compared to temperature across Asir. The
results presented little evidence that temperature is an important factor affecting
variations in malaria case§emperature was significant in some tbe original
regressions but no temperature variables were significant in the final mbdels

cases, other weather variables demonstrated stronger associations with malaria cases.

This lack of association was surprising because the optimum tempedmature
the vector of malaria (mosquito) to live and breed is 25 td@&nd maximum
temperature for both vectors and parasites, is 40°C (McMichael et al., 1996etHana
al., 2001). In TA the average maximum temperature (Majaredah) reaches &®er 40
betweenMay and August. Therefore this high temperature could kill the mosquito,
which may provide an unsuitable condition for the transmission of malaria. As
temperature is not significant in the modetkis suggests that there & little
variability in these lgh temperatures or that the mosquitoes are able to shelter away
from such extremes. Temperature has been showe associated with malaria in a
study in Jazan Region (Southwest of Saudi Arabia)Jgsler, 2006) which has almost
similar conditions to théowlands of Asir Region. In the literature review many other
studies were identified which highlighted the importance of temperature to malaria
transmission. Examples are Burkina Fa&te et al.,2007), ChinaBi P et al., 2003)
andBangladeshAlam et d., 2008).

In TA and TQ and in overall Asir, the final model included rainfall only. We
therefore conclude that rainfall is the strongest predictor of malaria in the summer
period and over the whole year. However, because rainfall was not significaset in th
models for other times of the year, w@nclude that the whole year result is driven by
the summer result. The results indicate that less rainfall leaa$oteer number of
malaria cases. Figure 2 $hows that rainfall is low during the summer periduch
may explain why it is not important at other times of the year. At other times of the
year there may be enough rainfall for mosquito breeding. It is also interesting to note
the strategy of malaria control in Asir (see tabl@)3.This shows that nooatrol
activities happen between May and July in TQ and between May and October in TA,
although the pesticides which are used in the third stage of seasonal spraying

(February to end of April), have a residual effect for up to three months. This lack of



summer control may be another reason why associations with weather are only

observed during this period.

These results are consistent with previous studies that have found that rainfall
is one of the weather phenomena which play a significant role in malari
Biologically, this isplausible a®Dakset al., 991 mentioned that rainfals one of
the main factors affecting survival of anopheline mosquitoes by helping to provide
suitable breedingonditions Hence, the survival odnopheline(vector of malai)
may lead to an increase malaria casgampana (1969 discusseghat too much
rainfall, or rainfallaccompanied by storm conditiqresan flush away breeding larvae
and so reduce survivallhere was no evidence of this in the present stéthsh
flooding does not usually happen Asir Region, and the region has a lot of dams
which can hold the water for long time. These dams can provide suitable breeding
conditions for the vector A. Abdoon2007pers. Comm). Not only the amount and
intensity of ranfall, but also the time of year, whether in the wet or dry season, affects
malaria survival.This is seen in this study with rainfall only being important in the
dry summer period. Alsédow amouns of rainfall may not be appropriate for the

mosquito as iheeds breeding sitéBriet (b) et al.,2008).

The importance of rainfall highlighted in this study éensistentalso with
other studies the same zone of the worlthe(TAfrotropical Zone)and in Saudi
Arabia In SudanHamadet al., 002 showed thatthe abundance of mosquitoes in
this area was positively related to monthly rainfadlEthiopig Teklehaimanott al.,
(2004) noted thatrainfall was followed within a short time by an increase in malaria
casesIn SW Saudi Arabia an unusual increasenwdlaria happened at the beginning
of 1996 coinciding with heavy rainfall whenmany valleys were flooded (Al
Abdullatif et al.,1996).In Asir region in 2008 the peak in malaria cases coincided
with high unexpected rainfalMOH, The Statistical Book2009) During last three
months in 2008 most of Asir Region received higtexpected rainfall which may

have lel tothatincrease of malaria cas@3r A. Abdoon2007pers. Comm).

Thetime lag used in this study (rainfall in the current and previous month) is
also consistent withrpvious research. Bi P et al2003 mentioned that ther@as a
highly positive correlation between monthly rainfall and malaria in Shuchen County,
China lagged at one montm Bri Lanka Briet ) et al.,(2008 found acorrelation
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between malaria and rainfall lagged! @nonths lag. In Like Bufundi, Kilibwoni, East
Africa, a peak in rainfall during ApriMay was followed by a peak in Haaia
occurrence one to 2 montketer in June (Kristan et al., 2008). The current study in
Asir Region is consistent with these studies the lag time between rainfall and

malaria incidence.

The results also indicated thatlative humidity appears to be of importance
for transmission of malaria as there is some evidence that when the humidity, is hig
there are more cases of malaria. However, humidity was only significant in the model
for all Asir which combines malaria data from all over tiegion Due to data
limitations it was not possible to test its effect in TA. In TQ it was not significdmg. T
possible importance of humiditg consistent withAl-Jaser,(200§ which founda
significant positive correlation between relative humidity and malaria cases in Jazan.
Pampana(1969 noted that if the average monthly relative humidity is below 60%, it
is believed that the life of the mosquito is so shortened that there is no malaria
transmissionAlam et al.,(2008 demonstrated that, the optimal relative humidity for
mosquito survival is 60%, and a high relative humidity lengthens the life of the
mosaquito. In the current studyaverages relative humidity were much lower than 60%
over the summer whi ch maynledigBhatacharyareu mi di t vy
al., (2006)noted that the average relative humidity range (55 to 80 per cent) remains

correlted with malaria transmission.

In summary, this study showed that weather variations factors play an
important role in affecting malaria cases in Asir Region during the summer months.
At other times of the year, weather variations do not appear impoRamtfall was
the most important fact@ssociated with malaria in TA and TQ with greater rainfall
in the current and previous month leading to more malaria cases. Relative humidity
may also play a role in malaria transmissiatthough this study show$at weather
has an influence upon malaria in Asir, it is important to recognize that malaria is
becoming less of a problem in general but still a significant problem in some endemic
areas.Overall the study shows that the total number of yearly malarsedaas
declined sharplymore than 90%rom the end of the ninetiempared to the end of

the study periodThe reasons for this were provided in the literature review.
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Chapter 4

Influence of Climate Variables upon
Leishmaniasis Cases in Sir Reqion, Saudi
Arabia




4.1 Introduction

Leishmaniasiss an important public health problem in several countries and is
considered to be the vector borne disease with the second mghdsér of #ected
people in the world after malaria (Chaves et2006).It has beerestimatecdy World
Health Organization that globally there are 14 million people who are infected, and
each year about 2 million new cases occur (WB@9; Faulde et al, 2009). Annually
thereare over 70,000 deaths (WH@009). This @sease is considerdate 6th most
important endemic diseases in the world by the World Health Organisation (WHO
2007). In addition to immediate health consequences leishmaniasis is associated with
about 2.4 million disabilities globally. One of the mosimmon forms, cutaneous
leishmaniasis, is rarely fatal but it can lead to tissue destruction, scarring and serious
visible impairment. These can lead to social stigma due to deformation of the face
with permanent scarring (Murray et,&005; Reithinger &tl., 2007; CFSPH, 2009).
Other forms can affect the mucous membranes which cause disfiguring nose lesions
(mucocutaneous leishmaniasis), or damage internal organs (Visgislananiasis)
(CFSPH, 20009).

Leishmaniasis is a group of zoonotic diseasesstitted to humans and
animals by the bite of phlebotomine sandfl{egyure 4.1). The infective agestare
several species of flagellated protozoan parasites (Reithinger 20@1). Thereare
more than 1000 knowspecies of sandfly in the world, of whicmly 70 species are
known to transmit diseasssich ad_eishmaniais (Murray et al, 2005).0Only female
phlebotomine sandés suck bloodleading to Leishmaniasis. Male sandfliesely
bites humans and do not transmit this dise&sndfliestransmit othe viral and
bacterial diseasebut they aregparticularlythe vector of leishmansss (Reithinger et
al., 200). Sandflies feed on mammals, birds and both sexes takes sugar meals to
maintain their daily activity (TDR, 2002). Sandflies do not make noisenwney fly
and are also small being around 4hied the size of a mosquito. Their bite is also
painless (CDC2010). This means that people may be unaware of sandflies and their
biting.
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Figure 4.1: Phlebotominesandfly (Kamiura, A. and Reforma, L,@0

There are several different clinical forms of leishmaniasis, but the most
common are; cutaneous leishmaniasis (CL), visceral leishmaniasis (VL) and
mucocutaneous leishmaniasis (MCL) (Figure 4.2). In addition teetttgee major
forms, there are othersuch as diffuse cutaneous leishmaniasis, recidivans
leishmaniasis, and pekalaazar dermal leishmaniasis (Croft et @006).CL causes
skin sores caused by leishmamiajor. It is common in rural areas with dogs and bush
mammals being reservoir hosnother cause of CLL tropicais more common in
urban areas and leads to @Lhumans and dog&. Aethiopicaalso leads to CL with
hyraxes being theeservoir hostgWittner et al, 2000). One of the most important
vectors of CL is Phlebotomus papatasi,common humabiting sandfly species
found all over North Africa, through Eurasia, and into India (Hanafi.e@07).VL
affects the internal organs of the body such as spleen, liver, and bone marrow and it
can befatal. It is caused by leishmania imfaum species and the commuector is
phlebotomus sergenti, a known vector of phlebotomus Tropica (TDR, 2002). MCL is
a complication of simple CL, and it involves the mucosa, soft tissue and cartilage of
the respiratory systenW\(HO, 2009)

Leishmania trasmission is sensitive to weather and climate conditions, and
Cross et a) (1996 state that: one of the most important factors in leishmaniasis

distributions are environmental conditions such as weather.
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VL MCL CL (Arm) CL (Face)

Figure 4.2 Clinical presentations of leishmaniagisarciso et al, 2007;Kamiura, A.
and Reforma, L, 2007
This chapter will start by providg an overview othe geographic distributio
of leishmaniasislt will thenpresent information othe transmission of leishmania
and its life cycle How this illness may be prevented and treatetl then be
discussedWe will then present a literature review of leishmaisiand how it is

relatedto weather.

The analysis section of the chapter will begin by presenting information on
leishmaniasis in Saudi Arabia and how it is currently controlled. The aims and
hypothesis for the study will then be discussed. T&@ dourceto be used for the
study will then be presented followed by an overview of the methbusresults will
then be presented which wihalyze statisticallyhe relationships withveather.The

chapter will end with aiscussion and conclusion.

4.2 Geographic Distribution

Leishmaniasis is distributed inreund90 countrief the world most of which
are in the developing countrie€l6 developed countries and 74 developing
countries)andthere areapproximately 350 million people are at riskleishmaniasis
in these areas (Schfer et al 2009; Cardena®t al, 2006). Tropical and subtropical
countries are the most affected by this illn@gd&HO, 200Q. The settings in which
leishmaniasis is found rangérom rain forests in Central and South America to
deserts in West Asia (WHQ994).
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In terms of the types of leishmaniasisyna than 90% o€L occurs in parts of
Afghanistan, Algeria, Iran, Irag, Saudi Arabia, Syria, Brazil and Peru (DG83
TDR, 2003, but it is found also in Mexico, Central America, and South America,
soutrern Europe and particularly East and North Africa (WHIDO7) (Figure
4.3). Currently Kabul is thought to have the highest incidence of CL in the world
(76500- 200,000 cases/year with a populatmin3.5 - 5 million) (Reithinger et a)
2005. More than90% of VL cases are found in India, Bangladesh, Nepal, Sudan,
some parts othe Middle East and Brazil (WH2007). Ninety percentof MCL
occurs in Central and South Ameri&nlivia, Peru and Braziland in East of Africa
(Costa2011)

Al-Hammad (2003 states that the distribution and spread of leishmaniasis
across the world isffected by several factors including: topography, population
migration, hygiene factors, micenvironmental factors, host factors, occupational

factors, weather factors and gélvarming.

Visceral

Cutaneous / Mucocutaneous

Visceral + Cutaneous / Mucocutaneous

Figure 4.3: Distribution of CL, MCL and VL in the World
(Kamiura, A. and Reforma, L, 2007
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4.3 Leishmania Transmission and its Life Cycle

Transmission of leishmania is most often zoonotic (transmitted to humans
from animals) wherananimd is the reservoir hos{such as dogandsmall rodents
In the case of leishmaniasis sandflies act as the vdttalso can be anthropontic
where man is the reservoir host and source of infections (PDB2; Rey 2007).
Leishmaniasis in humans anchet mammals is caused by 21 of the 70 species of
pathogenic sandfly (ARmru, 2002). Howeverthis is disputed byreithinger et aJ
(2007 who statethat there are about 40 species or subspeciesh are vectors.

Another40 species maglso benvolved in leishmaniasisransmission

Figure 4.4 shows the life cycle of leishmaniasis accordinggdJS Centre for
Disease Control and Prevention (CDZD10). The cycle consists two host stages
involving humas and sandfes It starts when an infected femaleansifly
(phlebotomine) injects promastigotes into the skin of an animal or person during its
blood meal. In the human stages these promastigotes transform into amastigotes and
multiply in infected cells inside macrophages. They then affect different tissues
depending on the specie of leishmania. In the sandfly stages, an uninfected sandfly
takes its blood meal from an infected person or animal and then becomes infected
when it ingests the amastigotes. The amastigotes transform into promastigotes and
multiply in the midgut of the fly. The promastigotes divide in the midgut and transfer
to the mouthparts, where the insect is ready to make another infection and thus the
cycle begins again (CDC, 2010; Re907).

Sandflies are usually most active in twilighte tevening, and nigtitme hours
(from dusk to dawn) and are less active during the hottest time of the day. However,
they will bite if they are disturbed, such as when a person brushes up against the trunk

of a tree where sandflies are resting-f&hru, 2002).
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Figure 4.4: Life cycle ofleishmaniasigCDC, 2A.0)

In terms of transmission the female sandfly lays its eggs in the bark of trees,
old buildings, in cracks in the walls of houses, in animal houses and in household
rubbish. This because it needse tlshelter and humidity provided by these
environments for egg development. In terms of range the female sandfly covers an
area from a few hundred to several hundred metres around its habitat during its search
for blood (WHQ 2010).

Gubler et al.(2001) and Hunter (2003 discuss how changes in temperature
may influence the transmission of vector borne diseases. Possible influences include
increases or decreases in vector survival, changes to the rate of vector population
growth and also changes in feedirdgehaviour. In addition changes to the
susceptibility of vectors to pathogens, alterations to incubation periods and lastly
changes in the seasonality of vector activity and pathogen transmission are all
possible. Also they mention that rainfall changes iogpact the risk of transmission
of vectorborne disease. Increased rainfall can increase vegetation and allow
expansion in the population of vertebrate hosts whilst flooding may eliminate habitat
for both vectors and vertebrate hosts. Finally flooding foege vertebrate hosts into

closer contact with humans. Therefore a changing climate is likely to change
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transmission dynamics in many regions, e.g. increased temperature, abnormal rainfall
or higher relative humidity. Leishmaniasis is perceived as ttoweorne disease

most likely to be affected by global climate changeA#iru, 2002).

44 Previous Studies and Relationship betweeBandfliesor Leishmaniasis with
Climate and Weather Conditions

There are only a fewtudiesthat look at thedirect influence of weather upon
leishmaniasicases However, hereis good evidenceof a closelinkage betweenthe
abundance of sanddk andleishmaniais caseqAmru, 2002; AlTawfig et al, 2004;
Al- lbrahim et al, 2005) Therefore this section wiltry to presat studies which
examinethe relationshipbetween theenvironmentand weather conditions witlthe
abundances of both sandfliaad leishmaniasicases.in this sectionwe will try to
discus studies from around the world before focussing upon studies @eddn the

Middle eastand finallyin Saudi Arabia and the study avksir Region

4 4.1 Sandflies with Climate and Weather

Crossand Hyams, 1996 throughresearchn Southwest Asia state that one of
the most important factors foine distribution of tk sandflyspeciesP. papatasithe
main vector for leishmaniasisland hence leishmaniasis distributions are
environmental conditions such as weathgrrough a review of the literature they
state that émperature and humidity play an important rolethe lifecycle and
development stage®f the sandfly Adults and larvae are sensitive to high
temperatures and low humidity. In laboratory experiments, all adult sandflies died
within two hoursat temperatures above 40°C. However, below this temperature,
increaing temperature can shorteéhe incubation periognd life cycle of the fly
which could increase disease transmissioremperatures below 10°C are
unfavourable forsandfly survival. However, cold does not necessarily lead to death
and undercold conditiors assandfly larvae have the ability to become dormantit
conditions improveln Southeast Asia theolder winter period is absent of sanef
with an increasingpopulation at thebeginning of spring The number of sandfly
survivors increase with incased relative humiditgCrossand Hyams1996).

Temperature may also affect the daily activity rates of sandflies. In terms of
the daily activity, a study ofP. papatasin Irag demonstrated thaiting starts after

sunset and increasgradually till he maximum activity in theniddle of the night
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when the temperature is lower and the humidity higher. Biting activity in Central Iraq
showed a decrease to 13% at0@éhr and stoped after sunrise (Crosand Hyams,
1996).

The researchers predicted theas®nal and geographical distribution of
papatasi in this region based on 115 weather stations via an appropriate analysis
model. Interestingly this model also simulated the effect of global warming. Currently
leishmaniasis was endemic at 62% of the weaskeions. However, under climate
change they predict that a further 12% of stations could become endemic if the
temperature increase by 1°8n additional 15% of stations would become endemic if
the increase was 3°C. If the increase is 5°C the additpmrakntage will be 10%. In
addition to changes in endemic stations they also conclude that seasonal disease
transmission could be extended throughout all months of year in 6% of locations with
a 3°C rise in temperature. This figure will increase to 25% wi5°C rise (Cross and
Hyams 1996).

Moving away from South East Asi&y Pondicherry, India 8rivasan et al
(1993 studied the population dynamics afgapatasi. They selected three villages to
monitor the density of sandflies for the period frtbarch 1988 to February 1990 in
different seasons; summer which is from March to June, rainy from July to October
and winter from November to February. The findings showed a positive correlation
between daily survival of sandfk andrelative humidity anca negative correlation
with temperatureThe high temperature and low relative humidity during summer
may have affected the survival of sandfly. The declining trend of sandflies population
was observed in winter, when the temperature was low, and alsg dlwmmer,
when temperature was higRainfall was found to have a significant influence on the
density of sandiés as the rainfall in June and July was followed by increase in the
population of sandfliesill October. However,a sudden decrease in sdpdiumbers
was observed in November and December whicé authod state may have been

due to heavy raidestroyingbreeding sites.

In Rajasthan, India Singh(1999 investigated the role of climatological
factors in the seasonality of phlebotominendfies. They found a total of eight
phlebotomine speciga housesThephlebotominesvere found only at temperatures

between 17 and 36°CGHowever the optimum temperature distribution varied with

12C



species. For example the optimum range Rompapatasiwas from 28 to 34°CP.
sergentifrom 31 to 33°C. The speci&ergentomyiare also vectors of leishmanis

and the optimum range f@. punjabensiss from 27 to 30°CS. babufrom 28 to

33°C, S. baghdadidrom 27 to 34°C and5. christophersifrom 29 to 33°C The
maximum phlebotomine prevalence (39.4%) was recorded in September when the
average temperature and RH were 32.1°C and 58.1%, respectively. The minimum
phlebotomine prevalence was found in January (1.2%) having an average temperature
of 20.8°C and 48% relative humidity. This result suggested that these species are
well adapted to the conditions of high temperatures and low RH. The statistical
analyses noted that temperature has a positive significant correlation with

phlebotomine abundance.

In the Cukurova Plain, Turkey, Kasap et,dR009 found that the maximum
abundance of sandflies was recorded in the hottest season (26.9 to 31.2 °C) and also
in the driest season when the relative humidity was comparatively low (46.6 to
56.8%) during the periofom June to September. In terms of relative humidity the
study contradicts with Cross et.,a(1996 who state that the number of sandfly
survivors increases with increased relative humidity. This contradiction could be due
to different locations and aghe fact that the increase in humidity occurs at the same
time as high temperatures which are favourable to sandfly survival.

In Morocco, leishmaniasis is endemic and widespread throughout the country
andis considered a serious public health probl€hudrnaoui et al 2006). Seasonal
fluctuations ofsandly populations in the urban area of Marrakech, Morocco were
studied by Boussaa et.,a(20095. Sandflies in this area were collected, between
October 2002 and September 2003. They found that the lisandfere active
throughout the year, but that the major activity was in two peribds:first was in
October and November with a peak on November and the seconavioicd had
higher activity, wasduring the months of April July with a peak in May. The
maximum and minimum monthly temperatures in the two periods were between 23
and 36C, and 11 and.9°C, respectively. The study suggested that male sandflies
were more sensitive to temperature than femdibsy concluded that the seasonal
patterns relatedtenvironmental factors such as topography and climate variables and

specifically temperature in this study.
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The relationship between sdiels and altitude in the HigAtlas Mountains
of Morocco was studied by Guernaoui et(2D06. Sandflies were capted from 25
stations at various altitudes (40dG00m). It was noted that altitude can play a role in
terms of the distribution of sandfly species and the density of each vector. The highest
abundance foP. papatasiwas at (406699m) and the lowest at motiean 1199m.
However, the highest density fBr perniciosusvas at (10060199m) with the lowest

at (400599m). It showed there were fewer of all species at altitude over 1199.

In astudy carried out in Iran between May 1995 and May 19&¢hoobi et
al., (1999 noted that the activity of P. papatasi starts from the last days of April or
early May and extends to mid October. They found two peaks in abundance one in
mid or late June and the second one in early or mid September. There was a decrease
in sandfyy density at the end of October whittiey attributedo the rainswvhich can
destroy or damage theeeding sites (Hunte2003) This decrease remained until the
end of Marchwhich was attributed to the cold weathEnere were no sandflies found
in the aea between Novembend March Another study in the centre of Iran
(Yaghoobi et al] 2001) demonstrated that sandflies in this area started to appear in
late May and disappeared at the end of October. There are two peaks in the density
curve of P. papatgsone in late May or June and the second at the end of September
as the activeseasornin this time. A decrease of sandfly density was observed in the
end of October and the researchers thought it is due to the rains. Also due to cold

weather there was reandflies during November to March.

The sandfly species pattern was studied in some parts in Argentina by
Salomon et al (2008. This study reports that the epidemic risk may be associated
with climate. The activity season of the most abundant sandéigiesp begins from
March to April (autumn), with its highest peak in November (spring). However during
dry and cold weather in winter, only a few flies were found. The abundance of these
species increased during the rainy season and decreased during the ofidower

rainfall or higher temperatures.

Molina etal., 2008 found that in Colombia the seasonal density of the most
abundant sandfly species were correlated with the average monthly rainfall, maximum
temperature, and relative humidity. The meannthly density of this species
increased during the rainy months from April to October and decreased during the
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months without rainfall (January to March). A multiple linear regression between the
most abundant species and rainfall, maximum temperatureyedaiive humidity
showed a positive significant correlation for these species (P=0.001, 0.003 and 0.002

respectively).

4 4.2 Leishmaniasis with Climate and Weather

In a studyof the seasonality transmission of leishmaniasisied outin the
state of CmpecheMexico between February 1993 and March 19R&rvaez et al
(2003)reportthat leishmanisis transmission occsrfrom November to March. They
concluded that the winter seaswiith its high humidity and low temperature have
ideal ecological conditins fortransmission. If the incubation peri¢approximately 3
months)is taken into accounthe totalnumberof leishmaniais cases peaketween

March and JulyVery few casesre reportethetween June and November.

In North-eastern Colombia, Cardenasa¢, (2006 studied impact of climate
variability in the occurrence of leishmaniasis. This stiodyises on the impact of the
El Nino Southern Oscillatiobetween 1985 and 200Ruring El Nino (dry seasons)
in 1987, 19921994, 1997, and 2002, leishmangasases increased, however during
La Nina (wet season)n 1988 1989, 19951996, and 1998001 the number of cases
decreasedrl he study concluded that there is evidence linking leishmaniasis to climate
variables, and suggested that annual changes in eveathditions play an important
role in varying the incidence of vector borne diseases including leishmaniasis. They
also conclude that the occurrence of drought followed by rainfall is likely to increase
leishmaniasis incidence. This is because droughtlead to waning immunity in
humans and a consequent increase in cases when transmission conditions become
favourable (Cardenas et,a2006). This is supported by Gage et @008 who state
that the decrease in transmission in endemic areas afteuetioedin rainfall may
actually increase the occurrence of the disease due to a decline in the immunity of the

populations in this area.

In the stateof Bahig Brazil, rainy seasonsollowing the EI-Nino led to
increases in boththe densities of sandfly a@h subsequent infection ratesf
leishmaniasisn high-risk populations (Franke al., 2002). Theauthorsstatethat the

lag between leishmaniasis cases and rdiay seasons around2-6 months In
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addition the time fronthe begnhning of symptoms to diagsis approximatelyis 3
months This study also reported that timeimber of positive cases increaded 2
yearsfollowing droughts associated with Elmdi. One resultof these droughts was
low vector densitiesvhich led to reductions in the immunity of éhsusceptible

humars andlower sandflypopulations in endemic areas.

Faulde et aJ (2008) studieda CL outbreak in Mazae Sharif, northern
Afghanistan. Caséishmaniasigiata (Anthroponotic Cutaneous leishmaniasis ACL
and ZoonatiZCL) were collectedn this area from March 2004 darch2006. ACL
is caused by Leishmania Tropica and mainly transmitted in this areae satifly
Phlebotomus sergen#CL is caused by Leishmania majddore than95% ofthe CL
casesvereZCL while less than 5% were ACIThe peak transmission of ZCL was in
August and September and is correlated with dry and hot sed<gintransmission
usually starts in November witthe first case in December and it mag positive
associated with the cold and wet winter. The result sHawat ACL is endemic in
this area with peak during February and March. There were no cases reported from
September to NovemheThe incubation period vargebetween leishmaniasis types
andfor example ACL the period was found to be- 6 weeks However itis 8- 12
weeks for ZCL.

Cross et al (1996)usedweather data to predict tseasonal, geographic and
distribution of P. papatasin SW Asia. The hypothesised that thaistribution ofP.
papatasi might be highly dependnt on the temperature and relaivhumidity
(environmental conditions). They designed a computedehwith theoccurrence of
sandfly as dependent variablemd temperature and relative humidity data as
independent variable3hey found that the greatest aectiy of sandfly may lead to a
high risk of leishmaniasis infection during the monthsspiringand summer with
positiveassociationAs an extension to this study the researchers (Cross £996)
studied the potential effect of global warming on the geographic and seasonal
distribuion of this specie of sandfly They found thathigher temperatures could
greatly increase both the geographic and seasomsalibdtion of sandfly.The
geographic distribution magisoextend to nearby areashere thesandfly populatios

are currently to smallto maintain endemicity.
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CL in some parts of Yemenasstudied by Khatri et al(2004). Theysuggest
that altitude plag a big role in the distribution of CL as the majority of patients
originated from the plateau and mountainous range {I810DnN) of Hajjah city and
a fewpatientsirom the adjacent regions.

4 .4.3 Sandflies of Leishmaniasis with Climate and Weather in Saudi Arabia

In Saudi Arabianuchresearcton sandflies and leishmaniasias beencarried
out. Al-Amro., (2002 studied thegeograpical distribution of 24sandfly speciesn
SaudiArabia and alsdhe relationship betweethe seasonalnsectdensity and the
number ofleishmaniasisasesit demonstrates th&iyadh, Qasimé¢Central regions)
and AlahsaRegions (Easterisaudi Arabia have the highest case numbers ©L.
Jazan and Asir Regions have the highest case msmb¥L. The researchs report
that the Asir Region where this study will be focussekas around 13 species of
sandflyincluding P. papatasi, P. bergeroti, P. chined®s arabicus, P. orientalis, P.
saevusandP. sergenti The study also report that the highest daily activity period of
the insects vary by species but thfihost twilight is the best time especially if the
weather conditiorare suitable (windless and aldy).

The Ministry of Health in Saudi Arabja2000 reportsa highly significant
correlation between the density of sandfly and positive a#sét. However, the lag
between sandflies and illness is betwaeo andfive months because the illness will
occur after anincubation periodfollowing a sandflybite (MOH, 2000). This lag
depend uponthe specis of sandfly andon the environmental conditionshey also
state that significant undeeporting of cases occurs asree patients do not go to any
medical centre for treatmeras they treat themselveSther cases are only seen by

medical centrew’hen the disease has reachdaancd stages.

El-badry etal., (200) studiedthe distribution of sandflyin four surrounding
areasof Al Madenah Region (ANekheil), Saudi ArabiaThe average temperature is
high over summer and moderate during wirffargust mean 38°@nd January mean
25°C and). They collected 621 sandflies, fromarch 2006 to November 200@nd
found six species of safig papatasirepreserdd more than 70% of the sandfly
population. They noted that there is an increase of this insect from May to September

due to the weath@onditions
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An epidemiologcal study of CLover 46 years in eastern Saulliabia (Al-
Tawfig et al, 2004) presents edencethat the seasonal pattern of the disease
correlates with the known activity of the lag time frenperson being bitten tihe
development of skin lesions to the presentation of patients to physi€lare was a
peak of sandfly activity in April an&eptember followed by a peak of CL cases in

September and January, and this lag explains the differences of these peaks.

One of the most important research studiegshenvector ofleishmaniasis in
Asir Region was conducted by Ibrahim et @005. A total of 1896 sandflies were
collected from3 topographically different zones during Jurg99 to May2001 They
note that altitude has an effect on sandfly, as they found the density of the insect was
higher in the lowland (foothills) compared to the highta(mountains). This may
indicate that the activation of this insect and their development stages (kgga -
pupaei adults) prefer warm lowland conditions. Low temperature, fog and strong
winds in the highlands may make these areas unsuitable fdflisanThis study
indicated that the highest abundance of sandflies was recorded during spring and
summer, and the lowest density was during November to February. They suggest that
this is due to the low temperature, high relative humidity and strongswiimding

winter.
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4.4.4 Literature Review Summary

Table 4.1summarises the main studies (statistically) of the correlation between

leishmaniasis or its vector and climate variables.

Table 4.1:Summary of the main studiesgating to kishmaniasis

Dependent Independent The relationship &
No The aithor Place Variable Variable Lag time (month)
1 Cross and Hyams, Southwest density of Temperature Positive
1996 Asia Sandfly Humidity
Temperature Negative
> Srinivasan et al., Pondicherry, density of Humidity Positive
1993 India sandflies Rainfall Positive 24
Rainfall Negative 57
3 Singh, 1999 Rﬁjr?jit:an’ phlebotomines temperature Positive
Cukurova abundance of Temperature Positive
4 Kasap etal., 2009 Plain, Turkey sandflies Humidity Negative
5 |Guerraoui et al., 2006 Morocco abundar)ce of Temperature Positive
sandflies
Yaghoobi et al., density of .
6 1999 Iran sandfiies Temperature Negative
7 | Salomon et al., 200§ some p"’?”s N abundar)ce of Rainfall Positive
Argentina sandflies Temperature
density of Temperature Positive
8 | Molinaeal., 2008 | Colombia y Rainfall Positivel-6
sandfly - i,
Humidity Positive
9" | Cardenas et al., 200 Northeas_tern leishmaniasis Rainfall Negative
Colombia cases
10 | Narvaez et al., 2003 Campgche, L. incidence Temp(_ergture Negggve 3
Mexico Humidity Positive 3
Number of
11 Franke et al., 2002| Bahia, Brazil | leishmaniasis Rainfall Positive2-6
cases
MazareSharif Number of Temperature Negative
12 Faulde et al., 2008 : "| leishmaniasis P gat
Afghanistan Rainfall Positive
cases
13 Al-Amro., 2002 Saudi Arabia Numcbaesrg; cL density of sandfly Positive2-5
Al-Tawfiqg et al., eastern Saudi| Numberof CL . .
14 2004 Arabia cases density of sandfly Positivel-5
. Asir Region Density of .
15 | Ibrahim et al, 2005 Saudi Arabia sandfly Temperature Positive
The literature review highlights a number of important points:

1. A wide range of study designs have been used to investigate the relationships
between leishmaniasis and weather. These range from purely observational (e.g.
more leishmaniasis in summer)utbvery few conduct statistical analyses
leishmaniasis cases and associations with weather.

2. Numerous different climate variables have been used in previous studies including

temperature, rainfall, wind and relative humidity.




3. Most, but not all studiesshowed thatclimate variabledhiave an impact upoGL
incidence. Howevethe impact of specificlimatevariables can be either positive
or negative depending upon theographicasettingand seasan

4. Laggingthe weather variables is an important featuréhesestudies Studies in
Saudi Arabiasuggest a -5 month lag between weather and cad3dss lag also
depends on the type of leishmaniasis.

5. Many studies support these findings by showing that weather influences the
abundance of théeishmaniasis vecto(sandfly). Qhers found that the vector
abundance has an effect upon the incidence of leishmaniasis.

6. Weather conditions are not the only factor which can affect Leishmaniasis. There
are many other factors such as ecological and environmental conditore, s
and economical determinants.

7. There have been fewstudies in Saudi Arabidocusing upon the influence of

weather upon this disease.

Based on the previous studies, it is clear that there is an urgent need to study the
influence of weather variablespon the presence of CL in Saudi Arabia, and in
endemic areas such as Asir Region. The previous studies appear very location specific
and so the results cannot be easily translated to Asir. Within Asir this also means that
different models may have to beopuced for different geographical areas. Building
upon the literature review such a study should examine a wide range of weather
variables and also consider that any relationships with weather may vary seasonally.
Variables will need to be lagged to accbtor incubation periods and reporting lags.

A statistical analysis seems the most appropriate study design and this may need to
consider factors such as autocorrelation in these data. Few previous studies have

conducted a rigorously statistical analydi<a.

4.5 Sandfly and Leishmaniasis in Saudi Arabia

There are two maispeciesf leishmaniasis in theountry; CL and VL (Al-
Amru, 2002) The Ministry of Health (MOH 2006) showed that there were 3980
cases of leishmaniasi€l( and VL) in Saudi Arabiam 2005 and 4165 cases 2004
Alkhawajah, (1998) states,that the most common manifestationleishmaniasisn
this countryis CL. It is foundall over the countryput there is a great variatiom the

prevalence ratdetweendifferent regions (MOH2008. In terms of @ographical
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distribution of CL during 2007 the region dpaseenmhadthe highest percentage of
cases (25.9%) followed by AMhsa (24.9%)and Madinah (18.8%)No cass have
been reported in Northe region, AtJouf, Qurayyat and Qunfedah Rexgs (MOH
2008).VL occursin some parts othe south and south east of Saudi such as Jazan,
Asir and Albahah Regions with a few cases in the rest of Saudir(hil, 2002.

The ®asonal variation €L in Saudi Arabia is presented fiigure4.5. This
figure demonstrates peak of CL during the winter (December to March) and these
four months account fa37 % of the total cases occurring each year. Another small
peak occurs between July and Octobéne least number of cases was reported in
May representig less than 4%f the annual totalDuring the period 2002006 the
annual cases of Clere4454, 3842, 4123, 3883 and 3602 respectively. In 2007 the
incidence ofCL was 13.9/100,000 population while it was 15.2/100,000 population in
2006 (MOH 2008).
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Figure 4.5Monthlyaverages of Clcases in Saudi Arabia (2062006)

In terms of trends over timeigure 4.6 presentghe number of CL cases in
Saudi Arabia from 1983 to 200This figure shows a dramatic decrease of cases
through outhe last two decadeand cases are now less than a quarter of their levels
in the 19806s
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Figure 4.6: Thenumber of (CL)ases in Saudi Arabia (1983009)(MOH, The
Statistical Books 2002009; MOH, 2006)

There are only a few studies on the vector sandfly abundancesian Sabia
and one study has investigated takationship between altitude and density of sandfly
in this country This is presented in Figure 4.7. This figure shows that the highest
density of sandfly was foP. papatasispecie at 500 750m altitude fdbwed byP.
sergentiat the same altitude, thdd. orientalsat 17507 2000m. In the highest

altitudes(>1750m)P. orientalsandP. arabicusare the most common sandfly species.

25
=== P paptasi —&— p.sergenti —@— p.orientals - =x- - p.arabicus

Density

0-250 250- 500- 750- 1000- 1250- 1500- 1750- 2000- 2250- 2500-
500 750 1000 1250 1500 1750 2000 2250 2500 2750
Altitude

Figure 4.7: Therelationship between altitude and depsf some species of
sandfly in Saudi ArabiadAdaptedirom (Buttiker et al 1983; AlAmru, 2002)
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In terms of the relationships between sandfly numbers and leishmaniasis

Figure 4.8 plots the result of both théensity of sandfly and positive casesGif in
Al-Dereya city (20km from Riyadh) during October 199 February 1999 (Al
Amru, 2002), howeveiit shows no association betwesandfly numbers and CL.
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Figure 4.8: The correlation between density of sandfly and the number of CL cases in
Al-Dereya City Saudi ArabiaAdaptedfrom (Buttiker et al., 1983Al-Amru, 2002)

4.6 Leishmaniasis inAsir Region (Study Area)

This study will occur in thésir Regionwhich islocated inSW Saudi Arabia
During the period othis study (199671 2007)there were few/L cases in all Asir
Region (Table 4.2). Therefore this study will focus u@in Thisis more common in
this region(see previous sectio@ndoccurson the foothills and high plateau of Asir
Region (Ibrahim et al 2005). The distribution of this illness is influenced by létt

known geographical and climate factors-@ehrani et al 1989).

Table 42 Number of visceral leishmaniasis cases in all Asir Region (2985)

(VCA, MOH)
Year 96 | 97 | 98 99 00 01 02 03 04 05 06 07
No.of\ vl 5| 4| 4|8 13|10/ 33| 2| 3]|3
cases

131



4.7 Topographical Classification of Asir Region and Endemic Areas

Topographically, climatically and endemically this region can be divided into
three mairsectorgfor CL (Dr A. Abdoon2007 pers. Comm; MEPS 2007; Gaafaret
al., 1997 (Figure 4.9 and 4.10)

1. Asir Saawat Mountains(became a part of Highlands Group):series ofhigh
mountains extendg from the north of Asir Region to the south along the coastal
plains of the Re®ea (2006~3000m above sea level). This area covers districts
such as Abha, Khamise, T@na and Dhahran. The annual average temperature
for this sector is 17%C, average rainfall is@mm ¢he highest rainfall in Saudi
Arabia), and annual average relative humidity of 53.1%. These areas have the
highest occurrence of leishmaniasis in Asir RegandP. arabicusspecie is the
main vector.

2. Asir Plateau(became a part of Highlands Groupi the NE Asir with an
elevation range of between 1000 and 2000m, decreasing to the east. This area
covers districts such as Tathlith, Bishah and Tareeb. Timiah average
temperature for this sector is 1905 with 250mm annual rainfall and an annual
average relativlumidity of 44.4%. This sector has many wadies which all flow
eastward. It hattle leishmaniasis incidence aml arabicusspecie is the main
vector.

3. Tehama (Lowlands Group became a part TehaRejeives amannual rainfall of
more than 36mm, and temperature ranges betweefiC2and 49C, and the
relative humidity varies from 55% in summer to 70% in winter. This area can be
divided into two se@bns:

a.  Foothills such as AMajaredah, Muhail and Rej#llma, where the altitude is
between 300 and 900m. This area has the highest occurrence of leishmaniasis
after the highlandm Asir Region andP. papatasspecie is the main vector.

b. Red Sea Costal PRaiRSCP) such as Abahma, AlBerk, Al-Huraidah. The
altitude in this area is between 0 and 200ire lowesieishmaniasis occuis

theregion,andP. papatasspecie is the main vector.
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Figure 4.9: Topographic map of Asir Region including weather etai
4.8 Control of Leishmaniasis Transmission in Asir

The control methods against leishmaniasis can act to control the vector, the
host (reservoir) or human behaviours which bring people into contract with the vector.
The World Health Organisation has sgt regional programmes to improve health
systems to allow access to innovation (WF009).The control of leishmaniasis can
be reached by breaking the transmission cycle of an agertigiimed 2003)

WHO, (2007 recommends two main interventions to cohtithe vector; spraying
insecticide indoors and use of insecticidal nets (Bed nets). Control of sandfly may
occur inadvertently through other interventions. For example in 1950s and 1960s
DDT was used in some part of the world for malaria control and eaght to have
markedly reduced the sandfly population as welligammed 2003). A variety of
insecticides can be used to control sandfly including DDT, Malathion, Propoxus,
Fenitrothion,andsynthetic pyrethroids. Insecticide control can be effectiveflults
of sandfly, pupae of sandfly and larva {Ahkmmed 2003). The activity of sandflies
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play an important role in determining the period of maximum risk of leishmaniasis
transmissionand hence whemontrol programmes are necessaBl-ljadry et al
2009). In addition to the control of the vector, there are other control methods for the
disease, such as control of reservoirs, protection of people and health edudation (
Hammad, 2008

Malaria control programmes, based on indoor residual insecticidgirgpra
have had a side benefit for leishmaniasis incidence (Farrell, 2002). Saudi Arabia has
adopted an appropriate programme for the control of both diseases; malaria and
leishmaniasis (Ref. Section 3.9). Therefore the malaria programme has had an impact
upon the incidence of leishmaniasis particularly in Asir and Jazan Redn&. (
Abdoon2007 pers. Comm). In Asir region, the MOH has a strategy for the control of
disease vectors in each endemic afidas strategy depends upon several guidelines
(Al-Hammad, 2003 MOH, year statistical book, 200®r A. Abdoon 2007 pers.
Comm):

a. Spraying of the breeding foci of vector to conttioé larva. This method is
widespread dlover the endemic areas of Saudi Arabial startsat the onset
of sandfly activity.

b. Spraying the houses (deep cracks in walls, dark corners and humid areas)
caves, rodent burrows, garbage areas and abattoirs with insecticides that
additionallyhavearesidual effect

c. Control of carrier animals and rodents.

d. Mechanical control method, which rcanvolve the use of various nets to
protect against the vector (sandfly). Examples include bed netsmésk
netting for windows and doors, and use of insecticide treated nets.

e. Widespreadlistributionof nets impregnated with insecticides.

f. Health educabn progranmesin schoos and gathering places to educate
people how to protect their selves from this disease.

g. Collaborationthrough cooperative agreements with local and central health
departments, academic institutions and other governmental or pseettE

organizations related to public health.
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4.9 Chapter Rationale and Hypotheses

The influence of weather upoBL cases is important to understand for a
number of reasons:

1. Based on the findingsf this study and aonderstanding of hoWL is affectedby
weather it should be possible to design an early warning systepmetbct
incidence. Thiswould be useful for health service planning, for example
identifying periods when enhanced insecticide spraying is required.

2. If weatheraltersunder climate charmgthen this data could help predict the impact
of this change oL in Asir Region.

It can help clarify the important modes of transmission in the region.
It improves our understanding disease transmission dynafBmsssaa et al
2005)

This study testshe hypotheses that there are relationships between weather
(maximum, mean and minimum temperature, rainfall and relative humiditylCand

cases in Asir Region.

4.10 Data and Method
4.10.1 Sources of Data

Official letters were issued instructing authoried personal to collect health
and weather data. The numberdGif cases in eacimonth from the first of Jan 1996
to the end of Dec 2007 for the whole of Asir Regiwere obtained from thé&/ector
Control Administration, Health Affairs Directorate in Asir.hi§ department
represents The Ministry of Health in this region. The dapaesents all reported cases
of CL in Asir region anchas been collected froeveryhospital and primary health
care centres (public or private) and the Main Parasitology Laboratorbha
(Annual reports othe Vector Control Administration, Health Affairs Directorate in
Asir, 1996 2007, VCA, MOH). A case of cutaneous leishmaniasis is a person
showing clinical signs (skin or mucosal lesions) with parasitological confirmation of
the diagnosis by positive smear or cultuF®r each case the sector where it was
reported was known, as well as the month that the sample was reported and analysed.
This however, presents a numbef issues. Firstly, because we only have the

reporting sectoand not the address where the patient lived, it is possible that the
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person acquired CL outside that sector. This is likely to be the case with the Main

Parasitology Laboratory in Abha which collects data from across the whole region.
Once the Cldata wa collected the aim was to obtain corresponavegther

data for each district within Asir. However, this proved impossible due to the limited

availability of data for many districts within AsWeather data (maximum, mean and

minimum temperature, rainfadnd humidity) were collected froldhamise city.This

city is thesecond main city in the region, and covers the largest occupied sector in the

middle of the region (MOH 2006). These datawere obtained from The Centre of

Information and Documentation the Meteorological and Environmental Protection

section of the Ministry of Defence and Aviation in Saudi AraRither weather data

for the lowlands were obtained frawhajaredahimaximum and minimum temperature

for 132 out of 144 monthsind RejalAlma (rainfall for 132 out of 144 monthdjom

the Ministry of Water and ElectricityAll locations of weather stations in Asir Region

are illustrated in Figure 4.9.

4.10.2 CL Geography:

As indicated in Section 4there are wide differences in topology and weathe
within Asir. Consequently there are likely to be differences in leishmaniasis incidence
and seasonality between sectdrs investigate this further the overall incidence rates
and histograms of CL were produced for each of the sectors within Asirekiata
for nine sectors: Abha, Khamise, Safdtedah, Muhail Majaredah, Rejahima,
DhahranAljanoub, Tanoma an&abtAlalaya One sector was not included in the
analysis (AhaeRifadah) as it only had few cases during the period of this study (8
cases)In addition a few cases llcases) existed fannclassifiedsectos during the
study period Dr A. Abdoon2007pers. Comm).

The overall leishmaniasis incidence rates for each sector and histograms of
monthly incidence are presented in Figure 4la@nog of the highlands areas such as
Abha, KhamiseSaratAbidah, Tanoma an8abtAlalayathere are cleaseasonalities
with peak incidence between ©btr and March. fie averagemumbers of cases
during the summer alewer. The rates (representing the numbépositive cases in
the year/10,000 population) of these sectoase 36.6, 8.8, 35.5, 67.7 and 27.0
respectively. In lowlands such adajaredah and Rejdlma there ismuch less

seasonality that in the highlands, wipeak averages of casescurring betveen
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February and Jumand the averages of cases in the rest of the year are little.lower
The rates for these sectors are 1.31 and 4.37 respeciiVadyrest of the infected
sectors in Asir are Muhail and DhahtAhanoub which do not give uslear

seasnality with rates of 1.05 and 1.02 respectively.

Differences in incidence between sectors may be due to differences in
reporting. However, varying seasonalities are more likely to be due to transmission
differences between sectors. The leditweather datavailable across Asimply that
it is not possible to examine the associations betwi#Hegasesand weather for all

sectors in Asir individually.
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For the analysisour models were constructed. The first was an analysis of
CL in all Asir against Khamise weather data (Maximum, mean and minimum
temperature, rainfall and relative humidity, Station 1 Figure 4.9¢ Tollowing
sectos were grouped together based upon sectors with similar seasonal patterns
described in the previous paragraph and presented in Figure 4.10. The most

appropriate weather data for each group was also selected:

1  First Group (Highlands GroupfL cases in 7 stors: Abha, Khamise, Sarat
Abedah, Tanoma, anfabtAlalaya against Khamise weather data (Maximum,
mean and minimum temperature, rainfall and relative humidity, Station 1 Figure
4.9).

1  Second Group (Lowlands GroupLL case inMajaredah and Rejgima
aganst Majaredah temperature (maximum and minim&tation 2 Figure 4.9)
and RejalAlma rainfall (Station 3 Figure 4.9)No relative humidity data was
available for this area.

1  Third Group (Different Lands Group): Muhail and Dhah&ljanoub. The data
for this group has not been analysed for two important reasons: As shown in
Figure 4.0 a low number of cases were reported during the study period. The
second reason is that no representative weather data exists for this group of

sectors.

4.10.3 CL Data Description

The nonthly averages o€L cases inthe whole ofAsir Region duringthe
study periodare presented ifrigure 4.11 and show a transmission of the parasite
throughout the year. However, there is a clear seasonality with peak incidence
between Odaber and March, with the highest averageumber ofcases in Jarary
(37.5) followed by February (30.5). The averagenberof cases during the summer
is lower, with the lowest numberccurringin June(16.8). The standard deviation bars
on the graph indicate th#tere is a large variability from year to year in monthly

cases ofCL.



0 T T T T T T T T T T T

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov  Dec
Month

Figure 4.11: Monthlyaverages ofCL cases imAll Asir Region
(1996- 2007)

Most of the CL cases in Asir are in the first group (highlands) and so the
monthly patterns of cases aienilar between the twdzigure4.12 showsthe monthly
averages ofCL cases inthe highlands groupluring study period. There is a clear
seasonality with peak averages of cases betwearb&@end Marchwith the highest
average cases in Jan (28followed by November (27.8). The averagembersof
cases during the summer are lower, with the lowest number of cadeseifil.08).

The standard deviation bars on the graph indicate that there is a large variability from

year to year in monthly cases®©L.
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Figure 4.13 shows monthly averages @L cases inthe lowlands group
(Group 2) in Asir Region during study period. Therenisch less seasonality than
the highlands group with theeak casesccurringbetween February and Jjmwith
the highest average cases in March (5.5) followedlunye (4.1). The averages of
cases in the rest of the year are little lower, with the lowest averages of cases in
Sepember R.1). The standard deviation bars on the graph indicates that there is a
large variability from year to year in monthly case€aft
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Figure 4.13 Monthlyaverages oCL casesn the secongroup (Lowlands) of Asir
Region (1996 2007)

4.10.4 Temperature Data Description:

The temperature data f&thamisewill be used in the analysis of cases across
the whole ofAsir Regionas well as the first groufhighlands) Descriptions of these
data were presentad Section 3.11.3. Although thsnalysisis for a different year
range (199007 vs. 1992006) the seasonal trends in these data are similar to those
presented previously.

The temperature iMajaredahwill be used agepresentative ofonditions in
the lowlandsgroup and these data were agamesgnted previously for a slightly
different range of years iBection 3.11.3.

4.10.5 Rainfall Data Description

Khamise rainfallwill be assumed to beepresentative o&ll Asir and the
highlands groupThe monthly average rainfall in this city during stady periodvas
presented itsection 3.11.4 foa slightly different yearly range.

RejalAlma is assumed to beepresentative of rainfatif the bwlandsgroup,

and data for this weather station was presented aSeadtion 3.11.4.
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4.10.6 Relative Humidty Data Description

Therelative humidityin Khamise will be assumed to Ibepresentative odll

Asir and the highlands grouphese data were presented previously in section 3.115.

4.10.7 Statistical Analysis Data Preparation

The analysis to examine tinelationship between monthly casesGif and the
selected weather data proceeded in a number of stages;

A histogram ofthe number ofCL caseseach monthin the wholeof Asir
shows gpositively skewed distribution, withhe majority ofvaluesbetween7 and 35
cases.There are a few months with more thé&d cases and a fewith less than 5
cases This was confirmed througtescriptive statist& This may cause problems
when perfornng regression analysis aisé the natural logarithnof CL casegadding
1 to zero valuesyvas performedor the case$o produceLn CL and this is illustrated
in Figure4.14. Descriptive statisticsf this distributionare presented ihable4.3and
demonstraté that taking the natural logarithm of Qitoduces a variable that isarly
normally distributedFor similar reasons the natural logarithm was taken ot&3es
in highlands Figures4.15) (Table 4.4) and lowlands groupsF{gures4.16) (Table
4.5).

In terms of the independent variablélse rainfall data fromKhamise also
demonstrated apositively skewed distribution. Therefore, we took the natural
logarithm of rainfall (adding 1 to zero values) gooducelLn rainfall. Figure4.17
shows histograms of the rainfalafter transformation, andable 4.6 presens the
descriptive stistics of this distribution.

The data wer¢henadjusted for effects that could bias the resuger time
the number of CL cases in Asir has declined and ldng term trend is shown in
Figure4.18Si nce the 19900s c apeaksicaheam 29980 e | i ned
long term of trend in Clin each of the tw@roupsis shown inFigures 4.19 an.20.

Al l these groups indicate a decrease i n ca:

In order to control for this effect, for the whole of Asir, the highlands and
lowlands datathe natural logarithm of CL cases were put into a regression against
time (each month numbered from 1 to 144). The unstandardised residual from this
model represent the natural logarithm of CL cases with the long term trend in

incidence remowd
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Figure 4.14: Frequency of natural logarithm of CL (Ln. CL)Adl Asir Region
(19961 2007)

Table 43: Descriptive Statistics for Ln. CL Cases in Whole Air Region

Ln.CL.Highlands

o _ o Skewness
N | Minimum [ Maximum| Mean |Std. Deviatior —
Ln. CL Statistic| Std. Error
144 1.39 4.68 3.07 0.627 -0.09 0.202
25
207 1\
- — —
£
g 197 \
3
o -
E —
107 / x
] m/ |
0 @l m
I T |
000 100 200 300 400 500

Figure 4.15: Frequency of natural logarithm of CL (Ln. CL)time hghlandsgroup
(199671 2007)

Table 44: Descriptive Statistics for Ln. CL Cases in Highlands Group

Ln. CL

o ] o Skewress
N Minimum | Maximum| Mean [Std. Deviatiof —
Statistic|Std. Erro
144 0.69 4.25 2.81 0.686 -0.380| .202

144
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Figure 4.16: Frequency of natural logarithm of CL (Ln. CL)time lowlandsgroup
(199671 2007)

Table 45: Descriptivestatistics for Ln. Clcases irthe lowlandsgroup
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Ln.Rainfall.Khamise

. . - Skewness
N Minimum [ Maximum| Mean [Std. Deviatiof —
L.CL Statistic|Std. Erro
144 0.00. 2.83 1.189 0.707 -0.240 | 0.202
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Figure 4.17: Frequency ohaturd logarithm rainfall (Ln.R in Khamise
(19967 2007)

Table 46: Descriptive Statistics of Ln Rainfall in Kh&a

Ln N | Minimum | Maximum | Mean| Std. Deviation Skewness
Rainfall Statistic| Std. Error
144 0 5.27 1.826 1.557 0145 0202
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Figure 4.20: Monthly CLcases irthe lowlandsgroup in Asir Region (1996 2007)

4.10.8 Statistical Analysis

The literature review has demonstrated that the relationship between CL cases and
weather may vary according to thme of the year. Thereforéhe analysis proceeded
in stages

1. Within each group (all Asir, highland, lowlands) months were grouped together.
The models for all Asir and the highlands region consider three time periods;
February to May, June to Septemlaad October to January (See Figure 4.11 for
all Asir and Figure 4.12 for the highlands). The results for the lowlands region are
presented for 2 time periods; March to November and December to February (See
Figure 4.13).The grouping for all Asir, hightads and lowlands for each period
was depended on the pattern of cases throughout the year.

2. To produce an analysis that is more robust to the distribution of the data an ordinal
logistic of Ln CL cases for every month against each of the weather vaneses
producedas well. This was achieved by dividing Ln CL into five categories with
equal numbers ahonths

3. In the regular regression analysis it was not possible to assume that the CL rate in
one month is unrelated to the CL rate in the next month tfhe.data is

autocorrelated). Therefore all models were analyzed in three ways. The first did



not control for seasonality or autocorrelation. The second controlled for
seasonality by incorporating dummy variables for each of the individual months.
The final controlled for autocorrelation by adding the CL cases in the previous
months into these models.

4. The same actianwererepeated for the ordinal logistic analysis.

5. The regressions were performed against tt
asthepre@mus mont héos weather data up 6 previo
indicated that lagged relationships may eujstto this periodWe then examined
these relationships and combined the weather from the three months with the
strongest associations with.C

6. In most cases the strongest relationships were between DT Ln CL and temperature
in 2-4 previous months and between DT Ln CL and rainfall 48 frevious

months. Therefore, for consistency these lags were used in all models.

All of the data were analgd using SPSS v.16 / v.18 for Windows and
Microsoft Excel 2003 / 2007.

4.11 Results

The analysiss presented by first looking at relationships betw&tnand
temperature(maximum, mean and minimum) followed by rainfall and relative
humidity. This is pexdrmed for all of the Asir region, the highlands and the lowlands

separately.
4.11.1 CL with Maximum Temperature

Linear regressions and ordinal logisticT Ln CL cases against maximum
temperature are presented fdt Asir during June to September Table 47, the
highlands June to Septembein Table 48 and the lowlandsduring March to
Novemberin Table 4.9 Models for the rest of year for this variable and all similar
variables which have a few significant relationships are not presented in thisrchapt
but appear in Appendix Bl. In these tables OP represents the models where the
independent variables are not lagged, 1P represents the independent variables lagged
by 1 month and so on.
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Table 47: DT LnCL and maximum temperature Asir during June tdSeptember

Linear regression Ordinal logistic
Max Max. Max Max.
o Max. : temperature| Max. : temperature
° temperature ! temperature ;

o temperature with with auto | temperature with with auto
= only .. | correlatiorz only .| correlationg

seasonality . seasonality ;
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP | .030| .624| .130 | .106 | .130 | .109| .270 | .374 | .940 | .044| .890 | .113
1P | .070 | .128| .070 | .259 | .080 | .218 | .360 | .177| .430 | .218| .640 | .139
2P | .065|.003| .161 | .002| .164 | .001| .207 | .007 | .730 | .026 | .909 | .020
3P .041 | .009| .119 | .017| .146 | .006| .090 | .017| .060 | .030 | .360 | .040
4P | .050 | .006| .130 | .004 | .130 | .003| .080 | .035| .040 | .035| .350 | .041
5P | .040 | .033| .070 | .127| .070 | .101| .050 | .637 | -.190 | .455| -.060 | .833
6P | .080|.005| .090 | .023| .100 | .021| .080 | .651| .010 | .960| .630 | .056
2-4 P | .055|.003| .221 | .001| .247 | .001| .323 | .030| .432 | .032| .851 | .034

The results indicated that in Asir owlaine to Septemb€@L cases appear to

bea positively significantly associatedth averagenaximumtemperature in thg-4

previous months foiinear regression and ordinal logistic regression.

Table 48: DT Ln CL and maximum temperature in thghlandsduring June to

September
Linear regression Ordinal logistic
Max Max. Max Max.
@ Max. ) temperature Max. ) temperature
S temperature . temperature .

o temperature with with auto | temperature with with auto
= only .| correlatior only .| correlatior

seasonality . seasonality .
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P | Cof.| P

OP | .020 | .776| .190 | .077| .200 | .069| .210 | .472| .940 | .049| .670 | .192
1P .080 | .246| .030 | .769| .040 | .709| .410 | .177| .330 | .382| .260 | .550
2P | .082|.008| .170 | .021| .169 | .024| .290 | .049| .783 | .023 | 1.08 | .007
3P | .050 | .012| .145 | .040| .179 | .018| .111 | .025| .176 | .036 | .220 | .044
4P | .062|.007| .160 | .009| .165 | .008 | .103 | .038| .315 | .031| .342 | .041
5P .070 | .010| .120 | .046| .140 | .029| .140 | .251| .070 | .773| .230 | .392
6P | .090|.028| .100 | .084 | .100 | .079| .001 | .985| -.010 | .693 | .040 | .894
2-4 P | .073 | .005| .262 | .002| .278 | .001| .164 | .047 | .512 | .033| .718 | .036

P: previous month. CafCoefficients P: P value(= or<).

The results indicated that ihighlandsover June to SeptembeCL cases

appear to ba positively significantly associatedth average maximurtemperature

in the2-4 previous months for linear regression and ordinal logistic regression.
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Table 49: DT LnCL and Maximumemperature in théowlandsduring March to

November
Linear regression Ordinal logistic
Max Max. Max Max.
© Max. i temperature| Max. : temperature
he} temperature . temperatoe .
o temperature with with auto | temperature with with auto
= only .| correlatiorz only .. | correlatiorz
seasonality . seasonality )
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |[Cof.| P |Cof.| P
OP |-010|.763| -.010| .853| -.020 | .720| -.040 | .590| -.010 | .956 | .030 | .912
1P |-031].065| .027 | .540| .020 | .642| -.110| .082 | .069 | .683| .081 | .644
2P |-040]|.006| .030 | .557 | .020 | .714]| -.120| .015| -.050 | .749| -.040 | .825
3P |-040|.001|-.015| .742| -.024 | .591 | -.120 | .010| -.138 | .426| -.123 | .491
4P |-030|.005| .010 | .805| .020 | .709| -.100 | .032| -.260 | .200| -.150 | .473
5P |-020|.069| .001 | .955| .001 | .933| -.060 | .238 | -.160 | .339 | -.080 | .701
6P | .001]|.824| .030 | .464| .030 | .429| .010 | .822| .001 | .981| .090 | .621

Temp. available for 132 out of 144 montbs the whole of year model

In the lowlands sector CL cases over March to November are not consistently

associated with maximutemperature for any of the previous months.
4.11.2 CL with Mean Temperature

Linear regressions and ordinal logistic BT Ln CL cases againstnean
temperature are presented &irAsir during June to September in Table 4.10 and the
highlands in Table 411 Mean temperature data was not available for the lowlands.

Table 410: DT Ln CL and mean temperature in Asir during June to September

Linear regression Ordinal logistic
Mean Mean Mean Mean
o Mean temperature| Mean temperature
o temperature - temperature .
) temperature with with auto | temperature with with auto
= only .| correlatior only .| correlatior
seasonality : seasonality )
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P | Cof.| P
OP | .010 | .883| .190 | .073| .190 | .082| -.620 | .158 | -.660 | .262 | 1.10 | .165
1P | .070 | .222| .070 | .358| .070 | .358]| -.130 | .652 | -.500 | .246| .220 | .702
2P | .070 | .005| .200 | .003| .200 | .004 | .120 | .384| .170 | .043| 1.10 | .037
3P | .040 | .018| .120 | .070| .150 | .036 | .070 | .510| .250 | .496| .180 | .670
4P | .050|.012| .160 | .009| 1.70 | .007| .070 | .494| .200 | .573| .340 | .40
5P | .050 | .043| .080 | .277| .080 | .251| .030 | .783| -.800 | .054 | -.570 | .212
6P | .080|.017| .110 | .117| .120 | .108| .001 | .998| -.750 | .088 | .360 | .489

The results indicated that in Asir ovéune to Septemb&L cases appear to
bea positively significantly associatedth meantemperatur@- 4 months previously
but only in the linear regression. This effect mostly disappears in the ordinal logistic

regression.
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Table 4.11: DT Ln CL and mean temperature in thghlandsduring June to

September
Linear regression Ordinal logistic
Mean Mean Mean Mean
© Mean temperature Mean temperature
he} temperature . temperature .
) temperature with with auto | temperature with with auto
= only .| correlatiorz only .. | correlatiorz
seasonality . seasonality )
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |[Cof.| P |Cof.| P
OP | .010 | .927| .280 | .059| .290 | .057 | -.740| .109| -.800 | .215| -.030 | .966
1P | .090 | .245| .050 | .660| .060 | .622| -.050 | .877 | -.560 | .225| -.120 | .826
2P | .09 | .011| .230 | .024| .230 | .027 | .200 | .090| .300 | .056| 1.30 | .021
3P | .060 | .025| .180 | .206| .150 | .139| .080 | .428| -.290 | .422 | -.450 | .267
4P | .060 | .022| .140 | .121| .150 | .103| .100 | .371| -.120| .742| .260 | .501
5P | .070 | .023| .130 | .169| .150 | .143| .090 | .478| -.440| .272| -.310 | .445
6P | .090 | .054| .090 | .374| .090 | .358| -.020 | .905 | -.800 | .055 | -.400 | .378

The results indicatk that inthe highlandsbetween June and SeptemlaHr

cases appear to bpositively and mostly significantly associatedith mean

temperatureonly in the 2 previous months for the linear regression and ordinal

logistic regression.

4.11.3 CL with Minimum Te mperature

temperature are presented it Asir during June to September in Table 4.12, the

Linear regressions and ordinal logistic@T Ln CL cases againghinimum

highlands in Table 4.13 ande lowlands during March to November in Table44.1

Table 412: DT Ln CL andminimum temperature iAll Asir during June to
September

Linear regression Ordinal logistic
Min Min. Min Min.
© Min. : temperature Min. : temperature
S temperature . temperature ;
o temperature with with auto | temperature with with auto
= only .| correlatior only .| correlatior
seasonality : seasonality )
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P | Cof.| P

OP |-030]| .647| .100 | .372| .100 | .384 | -.400 | .216 | -.760 | .212 | .440 | .542
1P .060 | .259| -.020| .845| -.020 | .856 | -.200 | .499 | -1.20| .029 | -.480 | .445
2P .070 | .014| .200 | .032| .190 | .037| .120 | .428| .189 | .039 | .910 | .035
3P .040 | .041| .060 | .483| .080 | .395| .080 | .493| -.330| .486 | -.130 | .810
4P | .040 | .049| .070 | .358| .070 | .369| .090 | .434 | -.130| .768| .070 | .882
5P .040 | .092| -.010| .869 | -.010 | .883| .080 | .497 | -.170| .640 | -.350 | .381
6P | .040 | .195| -.030| .574 | -.030 | .596 | .030 | .835| -.450 | .170| -.410 | .253
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The results indicated that ail Asir overJune to Septembé@&L cases appear

to bea positively significantly associatasith minimum temperatureonly in the 2

previousmonths for both linear and ordinal logistegression.

Table 413: DT Ln CL and minimum temperature in the highladdeng June to

September
Linear regression Ordinal logistic
Min Min. Min Min.
© Min. : tempergure Min. ) temperature
he} temperature . temperature .
o temperature with with auto | temperature with with auto
= only .| correlatiorz only .. | correlatiorz
seasonality . seasonality )
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP |-090|.001|-.150| .120| -.150| .120| -.280 | .017 | -.700 | .099 | -.420 | .349
1P |-100|.001]| -130| .120| -.100 | .222| -.270| .260 | -.300 | .392| -.170 | .661
2P | .040 | .182| .120 | .018| .150 | .034| .210 | .194| .100 | .769| .660 | .058
3P | .080 |.152| .100 | .176| .080 | .254| .001 | .996 | -.120 | .686 | -.030 | .924
4P | .090 | .004| .060 | .412| .020 | .789| .190 | .137| -.180 | .574| -.290 | .399
5P | .060 | .008| .070 | .428| .060 | .493| .130 | .155| -.480| .221| -.030 | .941
6P | .060 |.014| .800 | .491| .090 | .414| .140 | .150| -.500 | .329 | .090 | .394

The results indicated that the highlandover June to SeptembelL cases

appear to ba positivey significantly associatedith meantemperaturenly in the 2

previous months. The effect is only seen in the linear regression.

Table 414: DT Ln CL and minimum temperature in the lowlands dulftagch to

November
Linear regression Ordinal logistc
Min Min. Min Min.
o Min. : temperature Min. . temperature
ho! temperature . temperature .
o) temperature with with auto | temperature with with auto
= only .| correlatior only .| correlatior
seasonality : seasonality )
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P | Cof.| P
oP .020 | .396| .040 | .362| -.040 | .412| .030 | .628 | .230 | .257 | .220 | .244
1P |-040]|.030| -.040 | .315| -.060 | .187| -.120 | .079| .010 | .946 | -.160 | .372
2P |-050]|.002| -.050| .270| -.040 | .341 | -.120 | .030| .070 | .706 | .040 | .797
3P |-050|.001| .001 | .980| .001 | .966| -.110 | .045| .030 | .164 | .230 | .264
4P .040 | .015| .080 | .165| .090 | .152| -.070 | .200 | -.470| .049 | .420 | .096
5P |-040|.029| .010 | .842| .001 | .968| .060 | .311| .430 | .151| .190 | .543
6P |-010]|.563]|-.030| .614| .001 | .936| .010 | .854| .190 | .402| .120 | .568

Minimum tempgerature dataavailable for 132 out of 144 montfier the whole of year model

In the lowlands sector CL cases over March to November are not consistently

associated with minimum temperature for any of the previous months.
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4.11.4 CL with Rainfall

Linear regressions anddinal logistic of DT Ln CL cases againsainfall are
presented foall Asir during June to September in Table 4.15, the highlands June to
September in Table 4.16 and the lowlands during March to November in Table 4.17

Table 415: DT Ln CL andrainfall in All Asir during Juneto September

Linear regression Ordinal logistic
I . Rainfall Rainfall . Rainfall Rainfall
-8 Rainfall with with auto Rainfall with with auto
= only seasonality correlauor_& only seasonality correlauor&
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P | Cof.| P
OP |-030]|.331|-.050|.189| -.050| .214| -.090 | .587 | -.010| .642 | -.420 | .120
1P .040 | .342| -.020| .686| .140 | .754| .140 | .507 | .130 | .578 | -.010| .973
2P | -.08 | .014| -.075| .059 | -.074 | .063| -.170 | .393 | -.197 | .365| -.42 | .122
3P |-053]|.099| -.059 | .093| -.061 | .089 | -.210 | .243 | -.220| .287 | -.430 | .067
4P .020 | .417| -.030| .472| -.040 | .423| -.020| .891 | -.230| .336| .120 | .670
5P | .020 | .536 | -.030| .448| -.030 | .458| -.010 | .941 | -.180| .430| -.100 | .693
6P |-030|.498| -.030| .426 | -.040| .397 | .020 | .909| -.060 | .799 | -.160 | .564

In the whole of Asir CL cases over June to September are not consistently

associated with rainfall for any of the previous months.

Table 416: DT Ln CL andrainfall in thehighlands duringuneto September

Linear regression Ordinal logistic
— . Rainfall . Rainfall
% Rainfall R%\'/ELa” wif;] aﬁto Rainfall Rsvlir;:]all Wifl: aﬂto
§ only seasonality correlatior_& only seasonality correlatior_&
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P | Cof.| P
OP |-080]| .056|-.140| .015| -.140| .018| -.110 | .538| -.190 | .428 | -.490 | .083
1P .050 | .297 | .050 | .391| .050 | .446| .120 | .552| .170 | .467 | .060 | .818
2P | -.056 | .252| -.041 | .469 | -.040 | .498 | -.092 | .649 | -.099 | .659 | -.347 | .173
3P |-074|.094| -.081 | .103| -.082 | .103| -.140 | .439| -.070| .408 | -.180 | .409
4P .043 | .295| -.023 | .702 | -.027 | .656| .110 | .515| -.040| .868 | .230 | .351
5P .010 | .901 | -.070| .231| -.070| .232| -.110| .506 | -.320| .159 | -.420| .077
6P |-010|.873| -.040| .538| -.040| .493| .020 | .915]| -.120 | .607 | .130 | .637

In the highlands sector CL cases over June to Septen@eotconsistently

associated with rainfall for any of the previous months.
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Table 417: DT Ln CL andrainfall in thelowlands during March to November

Linear regression Ordinal logistic

[ Rainfall Rainfall Rainfall Rainfall

S Rainfall with with aub Rainfall with with auto
o only .. | correlatior only .. | correlatior

= seasonality . seasonality .
seasonality seasonality

Cof.| P |Cof.| P [Cof.| P |Cof.| P |Cof.| P |Cof.| P
oOP .070 | .020| .050 | .082 | .070 | .110| .420 | .001| .420 | .001 | .270 | .036
1P .075 ] .008| .076 | .005 | .070 | .009| .460 | .001| .531 | .001| .355 | .010
2P | .009|.001| .020 | .548 | .030 | .314| .300 | .005| .300 | .007 | .040 | .744
3P | .079|.003| .076 | .004 | .076 | .003| .535 | .001| .559 | .001| .409 | .002
4P .030 | .219| .040 | .168 | .020 | .395| .400 | .001| .490 | .001| .050 | .726
5P .020 | .539| .020 | .384 | .020 | .568 | .410 | .001| .490 | .001 | .210 | .115
6P .010 | .742| .030 | .244 | .030 | .259| .460 | .001| .620 | .001| .450 | .001
1-3 P| .099 | .004 | .085 | .012 | .078 | .022| .800 | .001 | .829 | .001| .492 | .008

Rainfall data:available for 132 out of 144 montfsr the whole of year model

The resul indicated that ithe lowlandsover March to NovembeCL cases
appear to bepositively and significantly associatedith averagerainfall of 1-3

months previously for both the linear and ordinal logistic regression.

4.11.5 CL with Relative Humidity

Linear regressions and ordinal logistic of detrended logaritbin cases
againsthumidity are presented faall Asir June to September in Table 4.18 and the
highlands June to September Table 4.19. No humidity data was available for the

lowlands

Table 418: DT Ln CL andrelative humidity inAll Asir during June to September

Linear regression Ordinal logistic
Relative Relative Relative Relative
o Relative i humidity Relative - humidity
S L humidity ; - humidity X

o humidity with with auto humidity with with auto
= only .| correlatior only .| correlatiorz

seasonality . seasonality .
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP | .001|.987| .001 | .803| .001 | .832| -.020 | .646 | -.020 | .690 | -.040 | .573
1P .010 | .211 | .010 | .483| .010 | .479| .030 | .530| .020 | .649| .001 | .950
2P |-015|.021| -.013 | .132| -.013 | .151 | -.027 | .464 | -.026 | .587 | -.093 | .094
3P .013 | .015| .013 | .120| .015 | .091 | -.020 | .422| .010 | .867 | .060 | .248
4P | .020|.001| .030 | .073| .030 | .082| .070 | .058| .090 | .066 | .140 | .021
5P |-010] .038| -.010| .198| -.010 | .152| -.060 | .125| -.070| .191 | -.010 | .885
6P | .015].021| .020 | .132| .020 | .110 | .090 | .032| .100 | .037 | .140 | .016
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Table 419: DT Ln CL andelative humidity irthe highlandsluring June to

September
Linear regression Ordinal logistic
Relative Relative Relative Relative
[ Relative - humidity Relative s humidity
o] - humidity : - humidity )

o humidity With with auto humidity with with auto
= only .| correlatiorz only .. | correlatiorz

seasonality . seasonality )
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |[Cof.| P |Cof.| P
OP | .001|.080|-.010| .756| -.010| .760| .001 | .958| .010 | .936| .001 | .961
1P | .010|.262| .010 | .429| .010 | .431| .010 | .790| .010 | .784| -.030 | .587
2P |-013 | .145| -.008 | .529 | -.007 | .588 | -.036 | .344 | -.028 | .548 | -.077 | .144
3P |-011|.159| .001 | .907| .001 | .941| -.010| .784| .040 | .373| .040 | .418
4P |-024]|.007| -.024| .057| -.023| .063| .110 | .060| .060 | .071| .100 | .054
5P |-020].031| -.020| .237 | -.020 | .202 | -.090 | .049 | -.090 | .107 | -.090 | .146
6P |-020|.033|-.020| .129| -.020 | .131| -.060 | .188 | -.060 | .229 | -.070 | .221

In the all Asir and highlands sector CL cases over Junepteber are not

consistently associated with relative humidity for any of the previous months.
4.11.6 Multiple Regressions

In this sectionwe will presentthe results from the normal andultiple
regressions for the coefficient &T Ln CL cases againsiverages of three main
variables of weather data (Maximum Temperature, Rainfall and Reldtivadity).

For temperaturewe will present maximum temperate only as it has a similar
seasonality to minimum and mean temperature and appeared to have the tstronges
associations witlCL. In the multiple regressions we have presented anbdels for

times of the year when one of the independent variables was significant.

A- Multiple Regression ofCL in All Asir

The strongest results from the univariable linear adhal logistic regression
for CL in all Asir against maimum temperature, rainfall and relative humidity, for
average of 2, 3 and 4 previous months dudiage to Septembegeriod are illustrated
in Table 4.20. Table 4.21 presents the multiple regressamnall combination of

these variables.
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Table4.20: Regressions of DT LEL casesof Asir for maximum temperature, rainfall and relative humiditying June to Septembeutf
average oR to 4 previous months

Linear regression

Ordinal logistic

Average - -
. . With . . With aut
of 2-4 Variables With th auto Variables With auto
: : correlation & : correlation &
previous Only seasonality . Only seasonality .
Seasonality Seasonality
months AD
Cof. P Cof. P Cof. P RJ "I Cof. P Cof. P Cof. P
M%(h'll';m. .055 | .003 | .155 | .221 | .001 | .291 | .247 | .001 | .319 || .323 | .030 | -58.1 | .432 | .032 | -56.4 | .851 | .034 | -51.1
Rainfall
Only -130 | .043 | .066 | -.158 | .056 | .175 | -.162 | .055 | .171 || -.512 | .166 | -68.5 | -.777 | .068 | -67.4 | -.845 | .061 | -51.3
Humidity
Only -.024| .031 | 201 | -.030 | .080 | .121 | -.030 | .089 | .123 || -.056 | .169 | -68.6 | -.069 | .271 | -68.5 | -.168 | -.168 | -52.5
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Table 4.21:Regressions of DT LEL cases ofAsir with multiple weathefmaximum temperature with rainfall anchaximum temperature with

relative humidity and for albf them togeth@ruring June to September for average2db 4 previous months

Average Linear regression Ordinal logistic
of 2-4 _ .
previous Variables with Cg\r/rlterl]a?iltj)tr? & Variables With C:V”ZTazgt: &
montls Only seasonality Seasonality Only Seasonality Seasonality
Variables
In Adj. Adj. Ad;. Log Log Log
: Cof. P Cof. P Cof. P Cof. P . Cof. P . Cof. P .
Multiple RJ RJ RJ Likl. Likl. Likl.
Method
Max.Tem| .059 | .001 .183 | .005 .207 | .002 153 | .049 i 169 | .044 . .600 | .024 .
257 300 332 61.48 58.41 50.53
Rainfall | -.151 | .010 -088 | .214 -091 | .192 -.605 | .107 ' -.638 | .248 ' -554 | .283 '
Max.Tem| .008 | .016 184 .183 | .009 289 217 .003 31 .019 | .050 . .303 | .048 . 411 .041 -
Humidity | -.021 | .113 | ° -012 | .344 | ° -009 | .477 | -053 | 478 | 68.29| - 040 | .602 | 68.29| -127 | .167 | 50.16
Rainfall | -.022 | .002 938 -114 | 173 199 -124 | 144 102 -457 | 217 - -792 | .138 - -357 | .532 -
Humidity | -.103 | .078 | ~ -020| .138 | ° -020 | .156 | ° -049 | 224 | 67.80| 004 | .963 | 67.39| -133 | .158 | 50.25
Max.Tem| .083 | .045 170 | .018 .204 | .006 178 | .027 .201 | .039 .361 | .031
Ra|r?fe_1ll -136 | .038 | 244 | -072 | .365 | .287 | .086 | .277 | .315 |[-.633 | .144 | ., 0| -752| 640 | o, g | ~291 | 618 | ;g
Humidity | -.007 | .607 -.006 | .667 -.002 | .901 .011 | .898 .020 | .819 -103 | .323




The resultsof multiple regressions for Cln Asir during June to September
demonstrated that in no models were more than one weather variable significant. We
conclude therefore that the best model for period is that of DT Ln CL against
maximum temperature irhé previous 2 months. This temperature variable was
positivdy significant in all variants of the normal and ordinal logistic regression. In
all cases models including this variable had a better fit (adjustaddRiog likelihood
ratio) and a strongerighificance than any of the other weather variables. Higher

maximum temperature was associated with elevated CL cases.
B- Multiple Regression ofCL in Highlands Group

The strongest results from the univariable linear and ordinal logistic regression
for CL in the highlandsgainst maimum temperature, rainfall and relative humidity,
for the average of the previousA2nonths duringlune to Septembare illustrated in
Table 4.22. Table 4.23 presents thaltiple regressionsor all combinations of these

variables.
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Table4.22 Regressions of DT Ln CL casestlo¢ highlandsfor maximum temperature, rainfall and relative humiditying June to September
for average oR to 4 previous months

Linear regression Ordinal logisic
Average With auto With auto
of 2-4 Variables with . Variables With )
. : correlation & , correlation &
previous Only seasonality : Only Seasonality .
Seasonality Seasonality
montrs Adj Adj Adj Log Log Log
Cof. P " | Cof. P " | Cof. P " || Cof. P . Cof. P . Cof. P .
Rg Rg Rg Likl. Likl. Likl.
Max.Tem.
Only 073 | .005 | .140 | .262 | .002 | .194 | .278 | .001 | .198 || .164 | .047 | -64.8 | .512 | .033 | -64.1 | .718 | .036 | -54.3
Rainfall
Only -.096 | .289 | .030 | -.175 | .080 | .066 | -.178 | .079 | .050 || -.110 | .765 | -65.8 | -.411 | .339 | -64.6 | -.345 | .427 | -55.5
Humidity
Only -.022 | .026 | .083 | -.018 | .288 | .022 | -.017 | .309 | .002 || -.048 | .266 | -65.2 | -.029 | .663 | -64.9 | -.084 | .249 | -55.1
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Table 4.23:Regressions of DT LEL cases ofhehighlands with multiple weathémaximum tempature with rainfall and maximum
temperature with relativeumidityand for all of them togetihgduring June to Septembéosr average o to 4 previous months

Average Linear regression Ordinal logistic
of -4 _ _ With auto _ _ With auto
previous Variables with _ Variabes With _
months ) correlation & ) correlation &
only seasonality . Only seasonality .
Variables Seasonality Seasonality
In . . :
Multiple | cof. P Adzl' Cof. P Ad%' Cof. P Ad%' Cof. P L.OQ Cof. P L.OQ Cof. P L.Og
Method R R R Likl. Likl. Likl.
Max.Tem| .077 | .003 245 | .012 .263 | .008 177 | .024 _ 440 | .039 . 740 | .042 )
162 178 180 64.57 63.00 53.16
Rainfall | -.123 | .143 -.040 | .706 -.034 | .747 -222 | .554 ' 176 | .714 ' 046 | .927 '
Max.Tem| .085 | 036 | .| .314 | 003 | | 365 | .001 | , || 206 | .030 ; 632 | .035 ; 676 | .040 -
Humidity | .006 | .764 | .016 | .381 | ° 023 | 235 | ° .019 | .814 | 63.20| 037 | .652 | 64.03| -.012 | .891 | 54.24
Rainfall | -069 | 430 | .| -175| 168 | . | -183| 156 | |l -083| .823 - -461 | .385 - -.080 | .881 -
Humidity | -.021 | .037 | ° .001 | .994 | - 001 | .944 | ~ -047 | .174 | 65.17| 014 | .871 | 64.61| -076 | .393 | 55.10
Max.Tem| .129 | .019 295 | .006 .336 | .003 297 | .020 579 | .019 697 | .040
Rainfall | -.170 | .073 | .167 | -.104 | .384 | .186 | -.116 | .237 | .206 || -.330 | .433 | -64.41 | -.344 | .524 | -63.83 | .091 | .869 | -54.23
Humidity | .023 | .271 025 | .242 .032 | 135 052 | 572 .064 | .409 019 | .847
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Theresultsof the multiple regressns for CLin the highlands during June to
September demonstrated that in no models with more than one weather variable was
positivdy significant. We conclude therefore that the best model for this period is that
of DT Ln CL against maximum temperaturethe previous 2 months. This weather
variable waspositivdy significant in all variants of the normal linear and ordinal
logistic regressions and in all cases had a better fit (adjustesidRlog likelihood
ratio) and a stronger significance than arytlee other weather variables. Higher

maximum temperature was associated with elevated CL cases.
C- Multiple Regression ofCL in Lowlands Group

The strongest results from the univariable linear and ordinal logistic regression
for CL in the lowlandsagainstmaximum temperature, and rainfall in the previou3 1
months are illustrated in Table 4.24. Table 4.25 presentshtitigle regressionfor
all combinations of these variables.
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Table4.24 Regressions of DT LEL casesof the lowlandgor maximum tempature andrainfall during March to November for average of 1
to 3 previous months

Average

Linear regression

Ordinal logistic

of 1-3 Variables with With auto Variables With With auto
: . correlation& . correlation &
previous Only seasonality . Only Seasonality .
Seasonality Seasonality
montrs Adj Adj Adj Log Log Log
Cof. P " | Cof. P " | Cof. P || Cof. P : Cof. P . Cof. P ;
° Rg ° RJ ° RJ ° Likl. | ~° Likl. | ~° Likl.
Max.Only| -.038 | .010 | .058 | .048 | 426 | .091 | .032 | .587 | .122|f -137 | .019 |, .| -045| .843 | . .| -018 | .939 | . .,
Rainfall. - - -
Only 099 | .004 | .080 | .085 | .012 | .142 | .078 | .022 | .152 | .800 | .001 | ;o ,| 829 | .001 | ., o| 492 | .008 | oo ()

Table 4.25:Regressions of DT LEL cases othe lowlandswith multiple weathefmaximum tempature and rainfall) duringMarch to
November for averagef 1 to 3 previous months

Average Linear regression Ordinal logistic

of 1-3 i i

revious Variables with With auto Variables With With auto
p : correlation & : correlation &
months only seasonality Seasonality Only seasonality Seasnality
mutiple | coft. | P | AN | cot | P | AN cor | P | A [ cor | P |09 | ot | P | 09| cor | P | L0
Method R R R Likl. Likl. Likl.
Max.Tem | -.028 | .070 .035 | .567 023 | .710 -.067 | .322 . 213 | .443 . 120 | .665 .

- 130 189 195 90.09 86.79 75.58

Rainfall | .097 | .006 .086 | .012 .080 | .022 .853 | .001 : .893 | .001 : 565 | .005 :
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Theresultsof multiple regressions for Cin the lowlands group during March
to November demonstrated that in no models was more than one weather variable
significant. We conclude therefore that the best model for #risgbis that of DT Ln
CL against rainfall. Average rainfall in the previou8 Inonths between March and
November wagositivdy significant in all variants of the normal linear and ordinal
logistic regression and in all cases had a better fit (adjustezhd® log likelihood
ratio) and a stronger significance than maximum temperature. Higher rainfall was

associated with elevated CL.
4.12 Discussionand Conclusion

There are twamain species oleishmaniasicasesin Saudi Arabia)VL and
CL (Al-Amru, 2002).This study focuses ofL in Asir Region as thisorm of illness
is endemic andpreadover the foothills and highlands this region(lbrahim et al,
2005) Al-Zahrani et al (1989)statethat the distribution of this disease in Asir region

is influencel by some little known climate factors and geographical situation.

There were some difficulties during this study, asonky had limiteddata for
weatherin the selected areas in Adior examplethe weather ilkKhamise City isnot
representative of thevhole of Asir as the elevation in this region varies froro
3000m Weather and hence sandfly distributions and leishmaniasis cases are almost
certain to vary across Asir. Also it was not possible to analyse the data for some
sectors due to lack of weathdata and the low number of casesr example no
weather data was available for tBdferent Lands Group and the numbers of cases
reported for this sector was low. Finally, some of the Leishmaniasis cases were

unclassified and so could not be assigtwea sectar

Overall theCL casea show that the total number of yearly cagesleclining
from a peak (outbreak) i1998. This outbreak may have been due to Heavy
rainfall throughout this region during some months of year 19971888 (Dr A.
Abdoon 2007 pers. Comm). However our results indicated that rainfall is not
associated with CL cases in the highlands area where most case¥ecturontrol

is a likely explanation for this reduction in cases.
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The statistical analysigresented in this chtgr was based on the hypothesi
that thereis a relationship between weather a@d. This was assumed because the
distribution ofleishmaniasiss tightly linked to geography and mde sensitive to
weather anctlimate influences (Reithinger et .al2007).There is also evidence that
climate affects sandfly numbers which has an impact upon leishmaniasisCrasss.
et al, (1996 notedthat the vector is affected by environmental conditions especially
temperature and rainfalln ArgentinaSalomon et al (2008 showed thathe activity
season of one sandfly species sharply increased during the rainy season and decreased
during the months of lower rainfall or higher temperatuirasiter, (2003) mentioned
that the ncreasd rainfall canlead to anincreasdn vegetationallowing expansion in
the population of vertebrate hosAn increase in sandfly populations can lead to an
increase in theccurrence ofeishmaniasifGage et aJ 2008) There is therefore,

much evidence that weather is important for leighiasis.

Monthly averages ofL cases irall Asir Region duringhe study period show
transmission throughout the year. However, there is a clear seasonality with peak
incidence between Quiverand March,with the highest averagaumber ofcases in
Januay. The averag@umberof cases during the summer is lower, with the lowest
number of cases in JanThee was a higtstandard deviatiom most months which
indicates that there is a large variability from year to year in mon@ilycases. Most
of the CLcases in Asir are in the first group (highlands) and so the monthly patterns
of cases are similar between the two. There is much less seasonality in the lowlands
than in the highlands group with the peak cases occurring between February and June,
with thehighest cases in Marcaseshumberan the rest of the year are little lower,

with the lowest cases in September.

In the results, CL incidence was compared to temperature across Asir. The
results presenteevidence that temperatui® an important factoaffectingvariation
in CL casesbut only during the summer (June to September). Elevated maximum
temperature in the-2 previous months was highly significantly associated with
leishmaniasis cas€B<0.001). This resuivas nearly identical in thieighlards group,
which is unsurprising as most cases in Asir occur in the highlards result is
plausible as the lags indicate that temperature during the end of winter and early

spring affects leishmaniasis cases in the summer. During the evidtef and arly
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spring temperatures are generally low (around t@020C) and so elevated
temperature may have positive effects upon the vector. There was no effect in the
lowlands indicating that temperatures are never a limiting factor for Leishmaniasis. In
the lowands winter temperatures are usually higher (225€). The influence of
temperature is supported in the literature @naks et al, (1996) state that the vector is
affected by environmental conditions, especially temperatdumter, (2003 and
Gubleret al, (200]) statethat there are some possible mechanism changes in the
influence of temperature on the transmission of vector borne didédasteofthe CL
cases in this study are fromghland areas,and the highest average maximum
temperature irthe representative areaccursin June(32.26. In some parts of India

one of the studies revealed that the sandftyefound only at temperatures between

17 and 36°C (Singh1999) Therefore the highlands might provide the optimum
temperature for the vectduring summer and then the activity of sandfly is likely to

increase with this temperature.

The study shows that the increase of temperature during summer cda lead
anincrease ofCL cases irthe whole of the AsiRegion and also ihighlands group
However, there was no evidence farrelationship between maximum temperature
and CL casesm the lowlandggroup Thisis slightly unexpected as tighest average
maximum temperature occurs in Jumeich reaches ovet0’C. Adults and larvae are
sensitive tohigh temperatur@and n laboratory experiments, all adult sandflies died
within two hoursat temperatures above 40{Cross and Hyams996). A negative
association with maximum temperature in the summer might therefore be expected.
The lack of a resultuggests that sandflies find mechanisms to avoid these high

temperatures

Maximum, mean and minimum temperatures in Asir are highly correlated.
However, maximum temperature in Asir was most strongly associated with
leishmaniasis cases. This suggests thatimmam temperature is most related to the

temperatures experieretby the sandflies but the reasons for this are unclear

Within the whole of Asir and in the highlandlsere was no evidendbat
rainfall impacted onCL cases. This may indicate that rainfakhs no impact or
influence on the species of sandflies in the highlaimdshe lowlandsgroup, there

was evidencethat increased rainfall calead to increased cases of Leishmaniasis
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There is a highly positive significant relationship between the aveeagll in the

1-3 previous months and CL cases between (March and Noverihés)indicates
that rainfall provides suitable conditions for the vector but in thdalogs only.
Hunter, (2003) noted thaticreased rafall can increase vegetatignowthand allow
expansionin the population of vertebrate hasttherefore this can increase the
infected sandfly numbers and thus the possibility of CL cad4€dd in Saudi Arabia
2000 has mentioned that there is a highly significant correlation between thiy dens
of sandfly and positive caseBhis is because after rainfall it takes time for increases

in sandflies to occur.

In Pondicherry, Indiasummerrainfall is followed by an increase in the
population of sandflieSirnivasan et al 1993. Also some stuis in Colombia stated
that droughtfollowed by rainfallincrease the occurrence o€L (Cardenas et al
2006 Gage et al, 2008)Cross et al (1996 notedthat the vector is affected by
rainfall. Therefore, these conditions can lead to increase theoryettius the
occurrence of CLOur results suggest that in the lamds area of Asir there %0
enough rainfall for vegetation. This means that when there is rainfall there is more
sandflies and hence leishmaniasis. The weather in these areas is dridretefore
not surprising that more rainfall may lead to more vegetation and hence more

sandflies and leishmaniasis.

Some studies note that humidity is one of the most important weather factors
for sandflysurvival development and activityCfoss andHyams, 1996; Sirnivasan et
al., 1993;Kasap et al.2009) but the results of this study do not show evidence that
therewas a gnificant relationshigbetween relative humidity and CL cases for Asir
or any of the endemic areas. This interpretation ghsli limited by the absence of
humidity data in the lowlandsThis contradiction could be due the different
location of this study. Italso could bedue tothe increase in humidityhich is
associated with other weather factaach as high temperagiwhich have shown

themselves to be significant in the madel

In summary, this study showed thaeather factors play an important role in
affecting CL cases. Temperature was the most important factor associated with CL in
all Asir and in the highlandarea during the summer and beginning of autumn. If the

maximum temperature in the previous 2 to 4 months was elevated there were more
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cases. Rainfall plays an important role in CL transmission in the lowlands with greater
cases if rainfall is elevated ihd previous 1 to 3 months. This occurs in all months
except during the winter season. Although this study shibvat weather has an
influence upon CL in Asir, it is important to recognize that leishmaniasis cases are
becoming less of a problem in this RagiOverall the study shows that the total
number of yearl\CL casedas declined to one third of cases innieetiesby the end

of the study periodThe reasons for this were provided in the literature review.
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5.1 Introduction

Schistosomiasis, also known as Bilharzia, is a parasitic dissased by
parasitic worms called schistosontlat leads to chronic ill healih humansand is
second only to malaria iterms ofpublic health importanc@VHO, 2005). Over one
billion humans are at risk worldwide, and it is estimated that 200 million people
worldwide are infected with the snafbnsmitted, wateborneparasitdeading to 1.53
million disabilityadjusted life year (Gryseels et,a2006) Also 20000 deaths are
associated with the severe consequences of infection, including bladder cancer or
renal failure (Schistosomlaematobiunand liver fibrosis and gutal hypertension
(S. mansami) (CDC, 2010). 1l is alsoeasily transmted from developing counmies to

developed countriegd{sseiret al., 2008).

Schistosoma(Figure 5.1), are blood-flukes including flatworms which are
responsible for the parasitic infection which causes sdust@sis (WHO, 2007).
The worms responsible for the disease were discovered in 1851 by Theodor Bilharz, a
German pathologist, from whom this disease took its name, Bilharziasis (Appleton et
al., 1977).

Schistosomaneed fresh water tosurvive, so it canbe found in and around
water, i.e. rivers, streamslamsand lakes in endemic areAfherever people are in
contact with water during their normal daily activitiesuch as recreatiomand
irrigation, they are at riskChildrenare nearly always the mostawly infectedsince
they spend some of their time playing and swimming in watet also becaudber
naturalimmunity is less thaim aduls (Amin et al., 1995). Therefore, this disehas
an especially detrimental effect on the growth and developaofesttildren (Hussein
et al., 2008).

Adult wormscanlay hundreds of eggs (Figute2) each dawhile they are
insidehumans and theseggs are excreted imumanfaeces or urineThis leads to the
water becomingcontaminated by Schistosoma. Tparasitelifecycle is completed
when these hatch into miracidia whittten infect the intermediate snail h@Btgure
5.3) (WHO, 2007J.The snails release cercaria into the water which may infect other

people who come into contact with this water.



Figure 5.2 Sngle egg ofschistosoma  Figure 5.3 Schistosoma snail host
(CDC, 2010) (CDC, 2010)

5.2 Species of $ustosomes and Geographical Distribution

Schistosomiasiss found in tropical countries inAfrica, Caribbean eastern
South AmericaEast Asia andn the Middle East(Figure5.4) (WHO, 2004).There
are five species of watdrorne flatworm, or blood flukegalled schistosomes (WHO
2007, CDC, 2010:

1 Schistosomanansoniwhich causentestinal schistosomiasis, ocsun Africa, the
Eastern Mediterranean, the Caribbean and South America

1'S. Japonicumgroup of parasites, which cause Oriental or Asiatic imalst
schistosomiasidt is endemic in Soutkast Asia and in the Western Pacific region.

1'S. mekongiin the Mekong river basin which cause OrientalAmiatic intestinal
schistosomiasisit is endemicalsoin SouthEast Asia and in the Western Pacific

region.

1 S.intercalatumhas been reported from central African countries. It causes another

Intestinal schistosomiasis.
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1 S. haematobiumis endemic in Africa and the Eastern Mediterranean. It causes

Urinary schistosomiasis

} & r NS
Q = "\ Schistosomiasis-Endemic Areas
— 4

7] Hepatic/Intestinal
. Urinary
e [[17] Both Types

AT [ 1 Very Low Risk

Figure 5.4: Distribution ofschistosomiasis

5.3 Infection and Life Cycle of Schistosomiasis

Infectionoccurs wherpeople come inteontact with contaminated fresh water
including infectedsnails (which carry schistosomgsThe life cycle of the human
schistosomes are generadiynilar, and involvesnany step§CDC, 2010; Amin et al.,
1995).

Figure 5.5 (CDC, 2010 shows the lifecycle of schistosomiasisThe cycle
begins vhen infected peple urinate or defecate in freglater This waterbecomes
contaminated by Schistosoma egfke eggs hatcheleasing larva (miracidium), and
this larva searches for appropriateails in the waterfThe miracidium penetrate into
snails,grow and develop inside the sna#ad transform into a mother sporocyst.
About a week later this mother wijlve rise to many daughters which aftet 8veeks
will produce cercarae. These are sexually differentiated, into male and fdrhale.
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cercaria of schistosomes is usually released 25 to 30 days after the snail has been
infected. Itcan penetrate the skin péoplewho come into contact witlkontaminated

water During penetration the cercaré@se their tails and become schistosomes
Within several weekgheworms grow multiply anddevelop insidehe bloodstream.

They then pass to the right side of therhaad the lung@nd produce eggshen they

reach the liverSome of the egggo to the bladder or intestines and are passed into

urine or stod. This human cycle is usually completed in 30 to 45 days.

Cearcariae released by snail Ak = Infective Stage
into watar and free-swimming A= Diagnostic Stage
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Figure 5.5 Life cycle ofschistosomiasi$CDC, 2010
5.4 Symptoms and Diagnosis dchistosomiasis

Many infections are sub clinically symptomaf€DC, 2010; WHO, 2005)with
mild armeemia and malnutrition being common in endemic areésute
schistosomiasis may occurld weeks after the initial infectiodepending on the
species of snail, parasite, climate variables, environment and source of water (Amin at
al.,, 1995). There are two main stages of schistosomiadig eéarly stage of
schistosomiasisncludesitchinessof the skin, bloody mucous stools, fayeough

diarrhoea, abdominal painand dysenteri@ttacks The late stage afchistosomiasis
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includes; Hepatosplenomegal{the enlargement oboth the liver and thespleen)
(Figure 5.6), wight loss, severe liver diseaseaemiaandjaundice It canalsocause

bladder cancer, kidney problems or complications of the liver and spleen

Microscopic identification of eggs ithe stool or urings the most practical
method for diagnosidhe stool examationis the more common of the twWémin et
al., 1995)

Figure 5.6 The enlargement of thiver and thespleen Kedical Ecology2004)
5.5 Control of Schistosomiasis

WHO state thathtere are three main methotteat may be used to control
schistosomiasis(CDC, 2010; WHO, 2005; Amin at al., 1995Paraite control
(Treatment)control of transmission and health education.

5.5.1 Parasite Control (Treatment)

The main shistosomiasigreatmentdrug is praziquantelusing a sgle oral
dose annually. When outbreakssshistosomiasisccur it is often not rctical to test
all individuals for schistosomiasis especially as some individuals may show few
symptoms. Thereford/HO, 2005 hasleveloped guidelines for community treatment
of schistosomiasis based on the impeEdheillnesson children(children beingnore

susceptible)n endemic villages:

1. If more than50% of children have blood in theurine (a symptom of

schistosomiasis) thesveryone irthe village should receive a treatment.
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2. If 20to 50% of childrerhave blood in their urine, only scheafje childen are
treated
3. But if less20% of childrenhave these symptomsnass treatment is not

implemented.

5.5.2 Control of Transmission

Methods of control of transmission include snail control and prevention of

human water contact.

Control of snail:

1 Molluscicides: Snails can be controlled through gpraying of molluscicidgin

locations where snails breed. Examples includbeys, wells,dams, streams,
vegetation, algae and armgreas where individuals may be exposed to snails
(Figure 5.7)(Amin at al, 1995) Hand or power spraying is the recommended
method for stagnant or slow running water in ponds, marshes, lake stmores
wells where the parasite and snails may be presemtflowing water in small
rivers, streams, irrigation canals, the application oflusclcide through driffeed
methods in recommended. In these the chemical is applied continuously at one
dispensing point upstream of any stretch of water to be treated and is carried

downstream killing snails along the length of water course.

Environmentamanagement: This includes the elimination of snails and changing
their habitats by amoving vegetation, filling rain poolsand removing mails
(Figure 5.8) Medical Ecology.org.2004). Secondly, improvingvater supplyand
sanitation for communities, athe provision of safe water for drinking and
domestic activities and adequate sanitation systems have been proved to be
effective in reducing human water contact. This is the top intervention priority for
the control of transmissiofMedical Ecology.org.2004). Safe drinking water can

be provided through the use of deep and surface wells, and the filtration and
treatment of stream water. Prevention of human water contact can also be effected
by fencing off stretches of water, bridging streams and providafg laundry
facilities. Also improving sanitation facilities can also be effedi#ohin at al,

1995.
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. Sy
Figure 5.7: Spraying of molluscicides incations where snails breaa Asir, Saudi
Arabia (The Vector Control Admistration in Asir Region, 20r)

Figure 5.8: Removing vegetation, filling rain pools and removing snailasir
(The Vector Control Admistration in Asir Region, 2007)

5.5.3 Health Education

Co-operation among related agencissrequired to communicat® people
that thisillness is dangerous to their healBeople should be urgemb-operate with
the health team, avoid contact with water aghhrisk sites, and avoid urinatiar
defecation in or beside wat@ihe message cabe spreadthroughschools gatherings
e.g. relgious gatheringor through &ce to faceontacts irprimary health care centres
or any health point. éaflets and posters at water contact points or sclaoelsther
methods through which such information canspeead. As children are most at risk
educdion can be challenging because children love playing in watein at al.,
1995).
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5.6Seasonal Influences on the Transmission of Schistosomiasis.

Snaik play a very important role irthe transmission of schistosomiasand
snail population sizg ratesof infection, and the production of cercaria are strongly
influenced by climad. This therefore affects thetes of transmission of the disease.
There areseveralenvironmental factors thatan affect the density and viability of
snail populations (Medit&cology, 2004; Davis et al., 2002)

1 Water levels, affected by rainfall, are critiea the optimasnail habitat occurs in
a narrow zone of elevation above mean low waitearid areas rainfall is required
to provide suitable snail habitainnual floods in ®me environments can drown
many, if not the majority of thadult snails In areas where there is continuous
flooding some species of snail lifer aboutoneyear. Where there is no flooding,
the species can liiavice as long, and often longer.

1 Temperature can also have an impact on the snail population as when
temperatures in the water fall below 10°C or exceed 30°C both adult snails and
their eggs may die.

1 Elevation also plays an important role in the density of snail populations. The
optimum hditats for the snails are flat, mldvel land with some drgeason
ponds, and also thick grass.

5.7 PreviousStudies

There are very few studies that look at the direct influexfceeatherupon
schistosomiasisases Thereforethis sectionwill try to presentthe available studies
which examinethe relationship of weather conditiotessnail populations followed by
the parasite. The few studies on weather and schistosomiasis cases will then be
presentedWe will present studies from around the world beffacussing upon those
conducted in the Mdle East and finallyin Saudi Arabia and the study ar@air
Region
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5.7.1 Thel nfluence ofWeather on the Snails Hosts

One study in Senegal examined seasonality in the transmission of
schistosomiasis (Sturrockt al, 2001) Quantitative snail surveysere conducted
over 3 years from 1992 at sites representing different habitats in and aound
irrigation schemeWatertemperature affected snail survival and reproduction and this
concurred withAppletord seseach (1977) All snail populations grew rapidly and
numbergpeakedn late spring andearly summerdepending on the habitatheythen
dropped sharply in the heat of the summemwater temperatures reached their peak.
Numbersremained relatively low untilhe following springwith most transmission

between May and August eagbar.

PimentelSouza, et al (1988) studied the influence of experimental
illumination and seasonal variation on the snail Biomphalaria Glabrata, a snail vector
of schistosomiasis iBrazil. The data were counted throughout the year under two
regimes (12h light and 12h dark from 7am to 10pm). The researchers state that, as
found in some previous studies, watemperatureéhas an influence on edaying,
hatching and survival for thelsistosomiasis vect@nails. An increase of temperature
during winter and autumn leads to more mating activity, but when the temperature
starts to decrease the mating count decreased. Anstilndy in Brazil Pimentel
Souzaet al., 1990) stated that a haghrate of egg production was observed at water
temperaturepetween 20.0 and 27.57@nd the number of eggs / snails / day reached
a maximumwithin this temperature range. A statistically significant lower number of

all these was observed at lower tempees around 17.5°C.

Barbosa et al., (1987) studied the effect of temperature on the reproductive
rate in snails as these are a vector of schistosoma manidenisnail data were
collected between summer 1981 and spring 1982 and the experiments wege in th
middle of each season. Reproduction was measured by egg production, number of
clutches and hatching, and the highest rates occurred during wintdovandtes
during thesummer.Although there was not a high correlation between the rates of
reproductionand temperature, the highest mean number of hatching, clutches, and
number of snailgper day were recorded in wintdfollowing this lower numbers
occurred during thautumn then spring with the lowest occurring during the summer.

The variation in tempetare for this study during the year was from 19.5 to 26.3°C.
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This studyconfirmed that during winter the density of snails increases in tropical
zones such as Egypt (Hassan, 1974), and Brazil (Barbosa, 1970). However it
increases during summer in temger zones such as South Africa. This is probably
due to the optimum temperature for snails, as in temperate zones temperatures are

most suitable in the summer (Appleton, 1977).

Michelson, (1960 studied the effects of temperature tre growth and
reprodwction of australorbis glabratu@ genus of planorbid freshwater sngiis the
laboratory. Michelson mentioned that temperature may influence the ability of
miracidia to infect snails analso thedevelopmentof the schistosoma larvae within
snails It may also affect cercarial emergence and thus the infectivity of cercaria for
the mammalian host. He states that the optimal temperaturaepiorgrowth was at
30°C. However this range is different to that found in BraBinfenteiSouzaet al.,

1990) whichstated that a higher rate of egg production was observed at temperatures
between 20.0 and 27.5°C.

A study of infections with larval stages in snails was carried out in Qena
Upper Egypt (Hussein et al., 2008). The result of this study showed that thethighe
numbers of infected snails collected were during January followed by September,
whereas the lowest number appeared in June as this is the hottest month in Egypt. The
influence of climag was clearly shown anthe number of snails peak in winter and

autumn, and decrease in summer and spring.

In the Jequitinhonha ValleyBrazil, Kloos et al (2004) studied the
schistosoma in all aquatic snail habitats in a rural area. Snail and environmental
surveys were carried out from July 2001 to November 2002. Orikeoinajor
objectives of this study was to examine the seasonal distribution of schistosoma
mansoniinfections in this area. Larger snail numbers were found in standing waters
from October® March during the rainy and hot seasout the densities weredher
in streams and canals from April to September during the dry seddsm a
significantly larger mean number of one of the snail sped@iegl@bratg was found

in the rainy seasoR<0.001.

In a study inthe Jos metropolisarea ofNigeria, Agi (1995) noted that the

population ofBulinus sp.snail increased durinthe summerwith the peak occurring
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in June and tt thenumber of these snails decreased during March. The researcher
mentioned that the seasonality of the snail population was attributbdnges in the
rainfall pattern The rainy season in this part of the country occunsng summer

when more snails were found

5.7.2 Thelnfluence of Weather on the Parasite of Schistosoma

Adult infectionfree schistosoma japonicum harboured in Oncomelami
hupensiswere collected fromJiangsu province in eastern Chibg Yang et al.,
(2007). In one of the experiments carried out under laboratory conditions, they
investigated theffect of temperaturen the development &. japonicumandhave
also triedto determine the lowest temperaturavaich the hibernation dD. hupensis
occurs

The findings state that a positivelationshipexistsbetween temperature and
the development 0. japonicumThe effect of temperature on the prepatent (early
stage) peods was highly statistically significant (P<0.001) as the average
development rate / day of the snails increased with rising of temperature. At 21°C,
24°C, 27°C and 30°C the development rates were 0.008, 0.011, 0.014 and 0.016,
respectively. The loweshérmal temperature derived from this regression is 15.3°C
(lowest temperature at which development occurs). These findings indicate that the
transmission of schistosomiasis will be increa$atimate change leads tovearmer
China.

Coelho et al (2006) evaluated the influence of temperature schistosoma
mansoniinfection in Biomphalaria glabratd.ower temperatuseled to the lowest
infection level. The influence of temperatungon infectionat 15°C was significantly
less than iwasat 20°C (P < 0.0). At 20°Cit was significantly less than was at
30°C (P<0.01)

5.73 The influence ofweatherupon schistosomiasisliness

A recent epidemiological study for schistosomiasis diseasarried out in
two local areas of Benue State in Nigeria (Houmsebal, 2009).Seven hundred and
fifty urine samples were obtained from different paftt the community between
November 2008 and March 200Bhe greatest risk and prevalence of infectias



during the dry seasorP€0.01), but there was no significatifference in infection

rates between one month and another. The highest incidence of schistosoma infection
wasrecordedduring Felruaryand Mach (52%) for each.The paper suggests that this
maybedue to the hot season in this area during theseths

In Morocco climatevariability may have contributel to the prevalence of
schistosomiasis durintpe 1 9 8.0ridessevere drought in that period led to a lack of
water,and areduction in theaumber ofintermediatesnail hosts of the parasite of this
illness.Also the lack of rainfall especially ithe Ouarzazaterea of Moroccpled to
the drying out of the breeding sites of Bulinus truncatus, hence stoppireg
transmission cycle of the schistosomiasis (Laamrani,e2@00).

5.74 Studies in Saudi Arabia

Several studieson schistosomiasis in Saudi Arabia have been carried out, but
most of them do noéxaminethe influence of weathein detail. Problems in the
control of schistosomiasis in Asir Region have been studied bivadlani 191).

This study discusxl some factors of this region such as geography, climate,
hydrographical conditions, sources and spread of infection, and the role of primary
health care centre3his information is usedo establish appropriate plans for the
control of this disease.

This studymentionedthat rainfall and streams are the major sources of water
in Asir regionand that ector snail habitats are found in streams in the highlands.
After heavy raifall these streamsarry the snails from the highlands downthe
lowlandswhere the flood water accumulates and the snails exist in pools and dams
Sources of the infection of this illnesare also mentionedfor example when
expatriates from endemic countriesne to work in this region and b@oe an
important source of infectiorAlso in the past there wemot enough specialists and
field technicians in té region to implement anappropriate program to control
schistosomiasisThe paper makes marsyggestion to improve the control program
including; Activate the cooperation arwbordination between different ministries and
agencies involved in the control program gaoht committee meetings with related
department in this region (e.g. Water & Electricity Department, Agriculture and
Municipality). Also provde safe drinking watesupplies,an adequate sanitation

system and provide health education to the residents. Furthermore specialized training
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programs should be established such as health education programmes and training for
the professionals of the primary health care cenReutine population cheelps for
this disease should be carried bytthesecentresghus givingthem a more active role

in schistosomiasis prevention

A recent study in Asir region, Saudi Arabia, has beamried out and
considers the factors affecgirthe prevalence of schistosomiasis (Shati, 2009). He
compared two sectors in Asir; Abha (highlands) and Tehama (lowlands), over eight
years (2002007). Over the period a decline in the number of cases was noted and
there were significantly more casestire highlands in comparison to the lowlands.

The infection rate in the highlands during summer was high, but there were no
significant differences in infection rates between seasons in the lowlands. So the
prevalence of the illness was significantly aféectby season (summer) in the
highlands only. The study mentioned that many biotic factors can play an important
role in schistosomiasis prevalence such as rainfall which usually increases during
summer in some parts of the highlands. This increase caollbe/dd by a rise in
schistosomiasis cases in the highlands area. As was found in other studies, the
researcher noted that the increase of schistosomiasis prevalence in this area usually
peaks during the wet season. In the highlands the temperature @uriagcan drop

to less than ten degrees, and the literature review has demonstrated that such
temperatures are unsuitable for schistosomiasis transmiskiowever in the
lowlands temperatures during winter season are more suitable. In the summer
temperatres are very higin the lowlandswhich may provide unsuitable condit®n

for schistosomiasis transmission. Thus temperature can affect schistosomiasis
transmissionThe study showed that there was a decrease in the prevalence during the

study period, anthis may be due to Ministry of Health control program.

5.75 Literature Review Summary

Table 5.1 summarises the main studies (statistically) of the correlation

between schistosomiasis or snails and climate variables.
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Table5.1: Summary of the mainugtiesrelating to schistosomiasis

The relationship
No The author Place Depgndent Indep_endent & Lag time
Variable Variable
(month)
1 Appleton, 1977 Senegal Numb_er of Water Negative
shails Temperature
5 PimentelSouza, et Brazil The mating Water Positive
al 1988 count d snail Temperature
Negative in
3 Barbosa et al., Tropical. density of Water tropical
1987 South Africa shails Temperature | Positive in South
Africa
4 Hussein et al., Qena Upper numbers of Water Negative
2008 Egypt infected snails| Temperature 9
o Water .
5 Kloos et al., 2004 Jeqwtmhonha numbe;rs of Temperature Pos!t!ve
Valley, Brazil, snails X Positive
Rainfall
. Lo numbers of Water Positive
6 Agi, 1995 Nigeria X Temperature "
shails X Positive
Rainfall
7 Yang et al., 2007| Eastern China _Sna|l_s S. Temperature Positive
japonicum)
8 Coelho et al., 20( Iabor_a_tory SCh'StOSOma Temperature Positive
conditions mansoni
9 Houmsou et al., | Benue State, infection rates Temperature Positive
2009 Nigeria Rainfall Negative
10 Laamrani etal., Morocco Trar)smlssp Of. Rainfall Positive
2000 schistosomiasig
11 | Al-Madani, 1991| ASIrRegion | abundanceof| ..., Positive
Saudi Arabia shaik
Positive in
. Asir Region | schistosomiasig highlands
12 Shati, 2009 Saudi Arabia infection Temperature Not significant in
Lowland

The literature review highlights a number of important points:

1. There are few studies which look at the influenok weather upon
schistosomiasis cases.

The weather influences vary by location.

3. Time lags between weather and infection are likely to be betB8emnd 9
months depending on the location and type of schistosomiagiather
variablesand other factors.

4. Different climate variablesuch as temperature amdinfall may influence
schistosomiasis

5. Some studiesinvestigatedthe influence of weatherupon the populations
survival and reproductioof theschistosomiasis host (snail)ti@rs found that

thehostabundance has an effect upon the incidenteeoiiiness



6. Some studies showed that climate variables have an impact upon
schistosomiasis incidencelowever, the impact of specific weather variables
can be either positive or negative depending upon the geographical setting and

season.

Based on the findings of the previous studies, it is clear that there is an urgent
need to research the influence o&ather upon the host (snail) and parasite of
schistosomiasis in the endemic areas of Saudi Arabia such as Asir Region. Building
upon the literature review such a study should examine a wide range of weather
variables and also consider that any relatiorshiyth the weather may vary
seasonally. A statistical analysis for this disease seems the most appropriate study

design and this may need to consider factors such as autocorrelation in the data.
5.8 Schistosomiasis in Saudi Arabia

There are three main spes of schistosomiasis in this countminary,
intestinal and combined schistosomiasis. The geographical distribution during 2007
for urinary schistosomiasis (MQH2008), shows that this illness is endemic in
Makkah, Madinah, Jazan, Asir and LitRegion However intestinal schistosomiasis
is endemic in Taif, Afahah, Asir, Bishah, Najran, Makkah, Madinah, Hail, Jeddah
and JazamRegions The snairesponsible foboth typesof schistosomiasiexists only
in Jazan, Makkah, Asir and Madind&egion Combinedschistosomiasihias been
recorded in Asir Regio(MOH, 2008).

Schistosomiasis used to be one of the most important public health problems
in Saudi Arabiaespecially in sougrnregions.In terms of trends over time Figure
5.9 presents the number of sdieisomiasis cases in Saudi Arabia from 1980 to 2009.
This figure shows a sharp decrease of cases throughout this period, with the highest
number of cases occurring in 1983 (25985 cases). There was a dramatic increase from
1980 (9880 cases) to 1983. The nembf cases in 2009 is less tha¥ of the level
in 1980.
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Figure 5.9:_ Thenumber of ¢chist)cases in Saudi Arabia 880 20M)

The prevalence rates of this illness in 2007, 2008 and 2009 were 1.52/100,000,
2.80/100,000 and.14/100,000 respectike Urinary schistosomiasis in all of Saudi
Arabia in 2007 was 24.6% of all cases while intestinal schistosomiasis was 75% and
the combinedlinessrepresented just 0.4% (MQ010).

The statistical year book (MOH, 2006) states that the highest percentage of all
cases types 2005was found in Asir Region (39%), followed by Jazan, Bisaat
Albahah Regions (27.6%, 16.3% and 9.9% respecti@igure 5.10).All these

regions are located e south of Saudi Arabia

One study in Asir Region (AMadani, 1991), ngorts that both intestinal and
urinary schistosomiasis have been reported. The topography of Asir region and
different weather conditions between sectors create difficulties for schistosomiasis
control in the Region. However, improvements to primary heath centres are the

most important factor for better control of this diseaseNkabani, 1991).
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Figure 5.10: Comparison oschistosomiasis amonggions ofSaudi Arabia2005
(MOH, 2006)

5.9 Schistosomiasis in Asir Region (Study Area)

This study will focus on schistosomiasis cases in Asir Region and its
subsectorsThe prevalenceof this illnessand its transmissiors influenced by little
known geographical and climate fact@gch as temperature, rainfall and humidity
(Al-Madanj 1991, Amin et al., 199; Shatj 2009).

The topography of Asir Region may be one of the main factors which
contribute to the difficuit in controling of schistosomiasis. This topography helps in
disseminating the snails from the highlands to lower atieas repopulating free
habitatsin the lowlandswith the intermediate hosts (Madani, 1991) Also the
presence of manyaccessible water sourcesthe highlandsvhich are infested with
snailsmakes control difficultAdditionally some parts of this region arghabited by
bedouins who moe from oneareato another searafg for water. Thesepeopleuse
water in the valleyas the main source for their daily activiti#iss thereforedifficult
to stop schistosomiasis transmission as valley water is part of their everyday live.
Education may also be problematic. Within Bedouin tribes it is also difficult to locate

the infected individualeind providethem proper treatmenWithout treatment these
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individuals become part of the lifeycle of schistosomiasis (Almadini, 1991; Shati
2009).

5.10 Topographical Classification of Asir Region and Endemic Areas

Topographically, climatically and endemically this region cardiveled into

three main sectoiis terms of schistosomiasis transmiss{dm A. Abdoon2007 pers.
Comm) (Figures5.11 and 5.12)

1.

2.

Highlands Areas: a series of high lands which extend from the north of Asir
Region to the south along the coastal plains of the Red Sea-(28@@0m above
sea level). It ione ofthe coldest areain Saudi Arabia and has thaghist annual
rainfall (500mm), raining almost every month, in spring and sumr(MEPS,
2007 Subyani, 2000). Thiarea covers districts such as Abha, Khamise, Tanoma,
and Dhahran. The annual average temperature for this sector 1€,1and the
annual average relae humidity 53.1%. These areas have the highest occurrence
of schistosomiasis in and it can be divided into two sections depending on the
endemicity:

a. Southern Asir Sarawat Mountains and their sectors

b. SabtAlalayaSector (North)

Asir Plateau (a part of ighlands); is in the east of Asir region with an elevation
range between 1000 and 2000m decreasing to the east. This area covers the
districts such as Tathlith, Almadha and Bishah. The annual average temperature
for this sector is 19%, with 250mm annuakinfall and annual average relative
humidity of 44.4%. This sector has many wadies all flowing eastward. According
to local sourcesOr A. Abdoon 2007 pers. Comm) there are few cases of
schistosomiasis in this area as a result of a low amount of taiofahg the last

two decades in this sector.

Tehama (Lowlands): This area receives an annual rainfall of more3f@anm,

and temperature ranging betweefl@%nd 48C, with relative humidity varying

from 55% in summer to 70% in winter. Depending on th&ude this area can be
divided into two areas: foothills between 300 and 900m such -Adafdredanh,
Muhail and RejalAlma. This area has a moderate occurrence of schistosomiasis.

However the coastal area which is between 0 and 200m (Costal Plain Red Sea)
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has the fewest cases of schistosomiasis in the region suchGahAla and Al
Berk.

5.11 Rationale and Hypotheses

The influence of weather uposchistosomiasiscases is important to
understand for a number of reasons:
1. Based on the findingsf this studyand anunderstanding of howchistosomiasis
is affected by weather it should be possible to design an early warning system to
predict schistosomiasisases. Thiswould also be useful for health service
planning and hence to develop good and effective @dnprogrammes for
example identifying periods when enhanoealluscicidesspraying is required.
2. If weatheraltersunder climate change then this data could help predict the impact
of this change oschistosomiasim Asir Region.
It can help clarify themportant modes of transmission in the region.

It improves our understandimg disease transmission dynasiic

This study tests the hypotheses that there are relationships between weather
(maximum, mean and minimum temperature, rainfall and relative hiynidhd
schistosomiasisases in Asir Regiorn addition this study was also able to make use
of a dataset of snail abundance to examine how numbers of the host in Asir Region
are affected by the same weather factors. It also enabled us to examine the
relationships betweeschistosomiasis cases and snainbers.

5.12 Data and Method
5.12.1 Sources of Data

Official letters were issued, instructing authorized personal to collect health
and weather datalhe numbers ofchistosomiasi€asesand snailsin ead month
from the first of Jan 19®to the end of Dec 2®@for the whole of Asir Regiomere
obtained from thé&/ector Control Administration, Health Affairs Directorate in Asir.
The datarepresents all reported cases of schistosomiasis in Asir regidraamdeen
collected from all hospitals and primary health care centres (public or praratd)e
Main Parasitology Laboratory in Abha (Annual report8998 2009. The reported
schistosomiasis cases were confirmed in different ways depending on the tigjse of



disease. Urinary schistosomiasis cases were confirmed by a person with visible
haematuria or with a positive reagent strip for haematuria or with the eggs of S.
haematobiumn urine (microscope). Intestinal schistosomiasis were confirmed by a
personwith eggs of Smansonj or S.japonicum/ mekongiin stools (microscope)
whether chronic or recurrent intestinal cases. This study will not consider each type of
this disease separately but will consider both types together for the statistical analysis.
The snail data were collected by teams from the Vector Control Administration and
Primary Health Care Centres in different endemic areas across Asir region. The
control program for Schistosomiasis in Asir consists of collecting and removing snails
from area where they are likely to occur. These include valleys swelieams, water
pools and dam It is acknowledged that these methods of control have not been very
effective (AFMadani, 1991). As part of this process the removed snails are counted
and typed These counts are the input data used in this study. The professionals and
experts of this disease with their field teams collect snails throughout the year
particularly during the seasons when snails are anticipBted.(Abdoon2007 pers.

Comm; Annualreports, 19982009).

Weather data for Khamise, thiewlands and SabkAlalaya sector were
obtained fromsources mentioned in the last 2 chapters. All the locations of weather
stations in Asir Region are illustrated in Figure 5.T2e aim of this collectin was to
obtain corresponding weather data for each sector within Asir. However, this proved

impossible due to the limited availability of data for many sector within Asir.

5.12.2 Classification of Data:

As a consequence e@fide differences in topology dnweather within Asir
there are likely to be differences srhistosomiasis betweesectors.There are
fourteen sectoren Asir (Figure5.11): Abha, Khamise, AhadRifadah, AtMadhah,
Tathlith, SaratAbedah DhahrarAljanoub, Tanoma, RejéAlma, MajaredahMuhail,
Al-Berk, Al-Gahma and&abtAlalaya.

The limited weather data available across Asir imply that it is not possible to
examine the associations between schistosomiasis cases and weather for each endemic
sector in Asir individually. It is thereforenecessary to group sectors together.

Differences in incidence between sectors may be due to differences in reporting.
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However, varying seasonalities are more likely to be due to transmission differences
between sectordlo group sectors together graphsschistosomiasis seasonality in
each sector were produced Figure 5.11. However, these did not reveal consistent
seasonality between groups of sectors partly due to the low numbers of cases in
subsectors. This made the grouping of sectors, using the mesleddiru previous

chapters impossible.

Therefore, sectors were grouped depending on the topography of this region,
and alsoaccording to thelassificationsf the Vector Control Administration, Health
Affairs Directorate in AsirShati, (2009 uses similarclassification of Asir Region.
Groupings were created which were highlands, lowlaBdbtAlalaya Using these
three groups four models were constructéthe first was an analysis of
schistosomiasis in the whole of Asir. Then three models of schistossroéaes of
the sectors; the highlands, the lowlands and in-8&baya sector. Further details are

provided below:

1. Schistosomiasis cases in overall Asir Region agaiisaimise weather data
(Maximum, mean and minimum temperature, rainfall and relative idityn
Station 1 Figure 5.)2Khamise is thesecond main city in the region, and covers
the largest occupied sector in the middle of this region (M@16). Weather
data was available for all months.

2. Schistosomiasis cases in the highlands graeigh{ setorg: Abha, Khamise,
Ahad-Rifadah, Al-Madhah, Tathlith, SargAbedah, Dhahra#ljanoub, and
Tanoma Khamise weather data will represent this graspwell (See station 1
Figure 5.12)

3. Schistosomiasis cases in thewlands group (five sectory RejalAlma,
Majaredah, MuhailAl-Berk andAl-Gahma Majaredah temperatu(8ee station 2
Figure 5.12)and rainfall of RejalAlma (See station 3 Figure 5.1@ata available
for 132 out of 144 monthswill represent this groupNo humidity data was
available for thisarea.

4. Schistosomiasis cases in Sahhlaya Sector,SabtAlalaya station weather data
will represent thisector. (See station 4 Figure 5.1R)o humidity data was

available for this area.



Monthly snail numbers are available for the whole of Asily, Therefore in
the final model these data will be analysed aga{hsimise weather data (Maximum,
mean and minimum temperature, rainfall and relative humi@tation 1 Figure
5.12.
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Figure 5.11: Monthly Average oBchistosomiasiCases in Sectors of Asir Region (82D) Adapted fromCDSI, 2005)

191



@] Sabewst

Sabet-Alalaia

L)
; £
Figure5.12 Topographiamap for Asir Region including the weather stations

5.12.3Schistosomiasidata Description

The nonthly averages ofchistosomiasisases irnthe whole ofAsir Region
during the study periodare presented ifigure 5.13 and show transmission of the
parasite throughout the year. However, thersoimeseasonality with peak incidence
between Marctand June,with the highest averageumber ofcases inMay (24.83
followed byApril (24.75. The averagaumberof cases during theutumn and winter
are lower, with the lowest numberccurring in November(9.83. The standard
deviation bars on the graph indicate that there is a large variability from year to year

in monhly cases ofchistosomiasis
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Figure 5.13: Monthly Averages of schistosomiasis CaseslliAsir Region
(1998- 2009)

Figure 5.14 shows the monthly averages okchistosomiasicases inthe
highlands groupduring the study period. There is a clear seaddp with peak
averages of cases betwdegbruaryand June with the highest average casesMay
(13.83 followed by June (13.58. The averagewumbersof cases during théate
summerand autumn and early wintare lower, with the lowest number of cases
November(5.17). The standard deviation bars on the graph indicate that there is a
large variability from year to year.
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Figure 5.14: Monthly averages of schistosomiasis casdblelighlands group
(1998- 2009)

Figure5.15shows monthly average$ schistosomiasisases irthe lowlands
group in Asir Region during study period. Thereless seasonality that in the
highlands group with th@eak averages of casescurring between February and
Jure, with the highest average casesMay (4.92 followed by March (83). The
averagenumbercases in the rest of the yeaerea little lower with a small peak in
October (but this may simply be random variatj@arydthe lowest averages of cases
wasin September](.5). The standard deviation bars on thephrandicates that there

is a large variability from year to year.
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Figure5.16 shows monthly averageumberof schistosomiasisases inSabt
Alalayasector which is in the north of the highlands Asir Region duringthe study
period. There isa little seasonality in this sector, with tpeak averages of cases
occurringbetweenMarch and August with the highest average casesApril (7.33
followed byAugust(7.17). The lowest average of casgasin Novembern2.42). The

standard deviation bars on the graph indicates that there is a large variability from
year to year.
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Figure 5.16: Monthlyaverages ofchistosomiasisases inSabtAlalaya Asir Region
(1998 - 2009)

5.12.4Snail Data Description

The nonthly averagenumber of snailsn all Asir Region duringthe study
periodis presented ifFigure’5.17. There is a clear seasonality with peak incidence
betweenJanuaryand June,with the highest averagaumberin May (117.9 followed
by April (114.9. The averag@mumber inthe next half of the year iswer, with the
lowest numberoccurringin December(68.9. The standard deviation bairgdicate

that there is variabilitfrom year to year ithe monthlynumberof snails
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Figure 5.17: Monthlyaverages osnail numbersn all Asir Region (1998 2009)

5.12.5 Temperature Data Description

The temperature data féthamise Citywill be used in the analysis of cases
across the whole dAsir Regionas well as thénighlands grouplt will also be used
for the snail data. Descriptions of these data were presemt&ection 3.11.3.
Although thisanalysis is for a different year range (1889 vs. 1992006) the

seasonal trends in these data are similar to thesemied previously.

The temperature iMajaredahwill be used agepresentative ofonditions in
the lowlands group and these data were again presented previously for a slightly

different range of years in Section 3.11.3.

The temperature in SaBdalaya sation will be used asrepresentative of
conditions in this area’ hese data have not been used in previous chapters. From this
station onlymaximum and minimum temperatuaee available and the data are shown
in Figure 5.18 The highest average maximum feerature occwin June 80.6°C)
and the highest minimum in July1&.1°C). The lowest averagenaximum and

minimum temperature occsiin January 17.4and8.7°C respectively).



35

N
(6]

N
o

Averages of Temperature °C

%

Figure 5.18: Maximum andninimumtemperature irSabtAlalaya(1998-2009)

Jun Jul
Month

Sep D

5.126 Rainfall Data Description

Khamise rainfallwill be assumed to beepresentative oéll Asir and the
highlands groupThe monthly average rainfall in this city during the study penead
presented inSection 3.11.4 fora slightly different yearly rangeRejatAlma is
assumed to beepresentative of rainfathf the bwlandsgroup,and similar data for
this weather station was presented alsBantion 3.11.4.

The morthly average rainfall in Saltlalaya sector over the study period in
Figure 5.19shows a slight seasondl with a peak incidence betwe&ovemberand
January and also between March and Mage highest averages were April
(49.1mm) followed byMay (37.3 mm). However the average rainfdletween June
and October also in Februaaye lower.The lowest averageccursin July (2.4mm),
with a slight peak in Augustl@.2nm). The standard deviation bars on the graph
indicate that there is an extreme variability from year to year.
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Figure 5.19: Monthlyaveragegainfall in SabtAlalayasector (198 -2009)

5.127 Relative Humidity Data Description

Therelative humidityin Khamise will be assumed to Ipepresentative odll
Asir and the highlands group, atitese data were presented previously in section
3.115.

5.128 Statistical Analysis Data Prepaation

The analysis to examine the relationship between monthly cases of
schistosomiasisand the selected weather daieoceeded in a number of stages.

Identical stages were used for analysis of the snail data.

A histogram ofthe number ochistosomiasisasesach monthn the whole
of Asir Regionwas producedThere arefew months with more thad0 cases The
skewed nature of the distributionay cause problems when perfamg regression
analysis andso the natural logarithnof schistosomiasis cas€adding 1 to zero
values)was performed. This producddigure 5.20 and descriptive statisticef this
distribution are presented inable 5.2 and demonstrate that taking the natural

logarithm ofschistosomiasis produces a variable that is nearly normallibdistd.



The same action has beearried outfor the highlands group, the lowlands
group, Sabflalaya casesand snail numbers in all Asir. FigurB.21 shows
histograms of thénighlandsafter transformation. TablB.3 presens the descriptive
statistic of this distribution. Figure5.22 shows histograms of thdowlands after
transformationTable 5.4 preserd the descriptive statistic of this distributioRigure
5.23 shows histograms of theSabtAlalaya sectorafter transformation. Tabl&.5
present the descriptive statistic of this distributiorrigure 5.24 shows histograms of
the snail numbers of all Asiafter transformation. Tablg.6 preserd the descriptive
statistic of this distributionln terms of the independemariables, rainfall for each
group, also demonstrated a skewed distribution. Therefore, we took the natural

logarithm of rainfall (adding 1 to zero values) to get (Ln rainfall)each one

The schistosomiasislata werghenadjusted forany effects that could bias
the resultsOver time he number of schistosomiasis cases in Asir has declined and
thislong term trend is shown iRigure 5.25.Since the middle of 2001 the number of
cases has declined from tpeaknumberof cases inJune The long term trend in
schistosomiasis in the highlds) lowlands and Salftlalaya areshown inFigures
5.26 5.27.and5.28 respectivelyThe long term trend in snail numbers in the whole of
Asir Region isshownin Figure 5.8. Over time the number of snails in Asir is almost

constant with only a small dexé over time.

In order to control for this effect, for the whole of Asir, highlands, lowlands
and Sabflalaya, the natural logarithm oBchistosomiasicases were put into a
regression against time (each month numbered from 1 to 144). The unstandardised
residual from this model represent the natural logarithstbistosomiasisases with
the long term trend in incidence removdthe same procedure was applied to the
shail data to produce the natural logarithm of snail counts with the long term trend in

incidence removed.

The final stage in the analysis was to examine whether the monthly numbers
of snails were related tmonthly cases o$chistosomiasis and this was carried out

using regression analysis.
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Table 52: Descriptivestatistics for Ln.schistcases in Air Region

Std Skewness
N Minimum | Maximum | Mean Deviat.ion
Ln. Schist. Statistic | Std. Error
144 0.0 4.25 2.62 0.906 -1.011 0.202
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Figure 5.21: Frequency of Natural Logarithm &chist(Ln. Schisj in Highlands
(19987 2009)

Table 53: Descriptive Statistics for LischistCases in Highlands

o _ Std. Skewness
Ln. Highlands N Minimum | Maximum | Mean Deviation Statistic | Std. Error
Schist )
144 0.0 4.04 1.94 0.957 -371 .202
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Figure 5.22: Frequency of Natural Logarithm &chist(Ln. Schis} in Lowlands
(19981 2009)

Table 54. Descriptive Statistics for LischistCases in Lowlands

\ Mini Maxi " Std. Skewness
inimum aximum ean e
Ln. Lowlands Deviation | gyatistic | Std. Error
Schist
144 0.0 3.04 1.488 0.820 -.434 .202
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Figure 523 Frequency of Natural Logarithm &chist(Ln. Schis} in SabtAlalaya
(19987 2009)

Table 55: Descriptive Statistics for LischistCases irSabtAlalaya

o _ Std. Skewness
Ln. Highlands N Minimum | Maximum | Mean Deviation Statistic | Std. Error
Schist )
144 0.0 3.04 1.102 0.838 .209 .202
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Table 56: Descriptivestatistics for In. snailin Asir
Std Skewness
: N Minimum | Maximum [ Mean o
Ln.Snail Deviation | gatistic | Std. Error
All Asir
144 2.94 5.37 4.40 394 -548 202
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Figure 5.25: Monthlyschistosomiasisases irall Asir Region (1998 2009)
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Figure 5.26: Monthlyschstosomiasisases irthehighlands group (1998 2009)
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Figure 5.27: Monthlyschistosomiasisases irthelowlands group (1998 2009)
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Figure 5.29: Monthlysnail numlersin the whole of Asir Regiof1998i 2009)

5.129 Statistical Analysis

According to the literature reviewhe relationship betweeschistosomiasis

and weather may varyependingon the time of the yeaiThe same may be true for

the snail datal'herefore the analysis proceeded in a number of stages:
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Depending on the trend of schistosomiasis cases in Asir region and the other
groups we separated the year into different time periods. In the Asir region the
schistosomiasis was separated into three timegserFeb to May, June to September
and October to January (See Figure3h.The highlands group was separated into
two time periods November to April and May to October (See Figuréd).5The
lowlands group was separated into two time periods; June teerNmer and
December to May (See Figure 5)1SabtAlalaya sector was separated into two time
periods May to October and November to April (See Figuré)5The snail numbers
during the study period also was separated into two times, May to November and

December to April (See Figure 7)1

For each of time periods linear regressions of DT Ln schistosomiaBi§ Ln
shails against each of the lagged weather variables were created (lagged up to 12
months). Longer time lags dh used in the malaria and lerslaniasis chapter were
produced as the incubation period for schistosomiasis and its lifecyaieoris
uncertain and may denger.We then examined these relationships and combined the
weather from the two or three months with the strongest associatimosincases the
strongest relationships varied depending on the weather variables examined and the
sector the model was produced f@ecause these models contained data from
multiple months it became important to control for seasonality. Therefore, délsno
were analyzedincorporating dummy variables for each of the individual months.
Finally in these analyses it wast possible to assume that g@histosomiasigate in
one month is unrelated to tleehistosomiasis rate in the next month, and this is
known as autocorrelatiom.herefore theschistosomiasign the previous month was
added into these modeas an independent variabkn identical procedure was used

for the analysis of DT Ln snails.

Due to the low numbers of schistosomiasis cases ants smaome months
and the problems that this might cause in a linear regression, an ordinal logistic
regression of Ln schistosomiasis cases and Ln snails was additionally applied. This
was achieved by recoding Ln schistosomiasis and Ln snails into fagocas of
increasing schistosomiasis incidence or snail numbers. These were then used in an
ordinal logisticregression to produce an analysis that is more robust to the distribution
of the data.
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Multiple regression analysis was examined in the finajestaf the statistical
analysis. This method describes the effect of the two or three weathables
together againddT Ln of schistosomiasisase®r DT Ln snail numbersThe purpose
of this test is to identify which weather variable has more influenpen

schistosomiasisass and snail numbethan others.

All of the data were analyzed using SPSS v.16 / v.18 for Windows and
Microsoft Excel 2003 / 2007.

5.13 Resuls

The analysisis presented by first looking at relationships between
schistosomiasiand temperature (maximum, mean and minimum) followed by rainfall
and relative humidity. This is performed for whole Asir, highlands, lowlands and
SabtAlalaya sector separately, but only where meteorological data is present. An
identical sequence of modeis then produced for the snail data against weather
predictors. Finally schistosomiasis incidence is compared to snail numbers using

regression analysis.

The models which do not have any significant relationship are not presented in
this chapter but appe in Appendix C.1. The results for the combined lags are

presented on the final line of each table.
5.13.1 Schistosomiasis witlifemperature Data

This section presents tha&gnificant results for the relationships between
schistosomiasis casesd tempeature inall Asir, highlands group, lowlands group
and Sab#lalaya sector.Linear regressions and ordinal logistic of detrended
logarithm schistosomiasiscases againstemperature data will be illustrated.
Maximum temperatureis considered first followed by mean and minimum

temperature.



Maximum temperaturéor overall Asir model between June and Septengoer
presentedn Table5.7

Table 57: DT Lnschistand maximum temperature atl Asir (June to Sep)

Linear Regression Ordinal Logistic
Max. Max.
— Max. temperature Max. temperature
[0) Max. . Max. ;
o] temperature| with auto temperature| with auto
o temperature ith lati temperature ith lati
< only with correlation only with correlation
seasonality and seasonality and
seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |[Cof.| P |Cof.| P |Cof.| P
OP | -41|.818| -52 | .797| -89 | .641| .13 | .721| .12 | .818| .06 | .910
1P 81 | .311| -1.2 | 57 | -61 |.714| .08 | .615| .02 | .954| -.02 | .955
2P 15 | .048| 1.6 | .284| 1.3 | .353| 1.1 |.013| .96 | .012| .96 | .013
3P 1.4 | .063| 1.7 | .136| 1.3 | .129| .83 | .041| .57 | .072| .38 | .063
4 P 2.8 | .011| 2.6 | .034| 2.4 | .030| 1.2 | .011| .72 | .017| .686 | .023
5P 63 | .414| 45 | .715| -15 | .895| .33 | .413| .23 | .359| .17 | .654
6P | -71 | .663| -65 | .568| -.27 | .793| .13 | .971| .02 | .936| .02 | .944
7P 41 | 654 | -37 | .766| .21 | .855| .28 | .533| .14 | .626| .19 | .506
8P 65 | .791| .46 | .743| .84 | 517| .09 |.777| .05 | .855| .12 | .709
9P .2 |.818| -.12 | .939| .13 | .930| -.03 | .875| -.08 | .801 | -.01 | .977
10P | 29 | .081| 3.1 | .244| 3.3 | .718| .83 | .117| .72 | .206| 1.1 | .071
11P | 33 |.036| 41 | .061| 2.8 | .190| 1.3 | .008| .96 | .042| .77 | .110
12P | 21 | .294| .16 | .940| -.73 | .713| .81 | .376| .44 | .351| .20 | .685
34P | 36 |.001| 40 |.021| 35 |.029| 1.0 |.008| 1.2 | .006| 1.0 | .008

2-4P | 40 | .031| 467 | .021| 40 | .032| 1.2 | .010| 19 | .001| 1.6 | .004
0: current month. PPrevous month. Cof: Coefficient

The resultsndicated that in Asir over June tof@ember schistosomiasis cases
appear tdoe positively associated withmaximumtemperature in th8 - 4 previous
monthsin all variants of the moddbr both linear and ordinal logistiegression. A

positive association is also observed for thelprevous months
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highlands, the lowlands and Sakalaya sector did not show any consistency in their

The results for maximum temperature against schistosomiasis cases in the

significant associationsThe results for meatemperaturein the all Asir moel

between June and Septemhbs presenteth Table5.8.

Table 58: DT Lnschistandmeantemperature irall Asir (June to Sep)

Linear Regression Ordinal Logistic
Mean Mean

S Mean Mean temperature Mean Mean temperature

3 temperature temperature|  with auto temperature temperature|  with auto
= only with _ correlation only with _ correlation

seasonality and seasonality and

seasonality seasonality

Cof.| P [Cof.| P |Cof.| P [Cof.| P |Cof.| P |Cof.| P

OP 15 | B55| 1.3 | 652 | 1.95| 456| 1.0 | .545| .08 | .899| .03 | .598
1P 2.7 | .266 | -25 | 281 | -25 | .243 | -.07 | .225| -.06 | .910| -.03 | .953
2P 90 | 624 11 | 584 | .78 | .683| .90 | .614| .81 | .098 | .88 | .070
3P 14 | .038| 19 | 102 | 15 | .094| .34 | .068| .52 | .036 | .28 | .064
4P 23 | .079| 22 | .027| 2.3 | .047| .23 | .048| .74 | .041| .75 | .070
5P -25 | .160| -2.7 | .134| -24 | .145| -55 | .268 | -.37 | .342 | -.53 | .193
6P -21 | 448 | -21 | 269 | -52 | 773 | -2.1 | 444 | -38 | .333| -.50 | .903
7P 39 | .018| 44 | .026| 35 |.069| 19 | .019| 1.05| .029| .90 | .060
8P -1.7 | .632| -15 | 510 | .79 | .725| -41 | .662 | -.496 | .324 | .24 | .696
9P -33 | .204| 42 | .119| -27 | 303| -1.3 | .224| -1.2 | .061| -.85 | .189
10P | 27 | 447 | 24 | 441 | 2.2 | .440| .17 | .437| .06 | .928| .66 | .351
11P| 21 | 506| 29 | 438| 1.1 | .715| .21 | .516| .38 | .579| .231 | .737
12P | 44 | .098| -49 | .111| -48 | .084 | -.44 | .088 | -.66 | .324 | -.63 | .346
34P| 18 | .047| 22 | .049| 19 | .086| 2.9 | .053| .65 | .038| .70 | .061

The resultsindicated that in all Asir between June and September

schistosomiasis cases appeabagositivelyassociated witlmeantemperature ithe
3 - 4 previous months some but not allvariants of the model

The results for mean temperature against schistosomiasis cases in the
highlands, the lowlands and Sa&kalaya sector do not show any consistency in their

significant associations



Minimum temperaturdor the all Asir model between June and Septener

presentedn Table5.9.

Table 59: DT Lnschistand minimumtemperature irall Asir (June to Sep)

Linear Regression Ordinal Logistic
Min Min

— . Min temperature . Min temperature

% Min temperature| with auto Min temperature| with auto

o temperature ; : temperature ; :
s only with ' correlation only with ' correlation
seasonality and seasonality and

seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |[Cof.| P |Cof.| P |Cof.| P

oP 12 | 432 | -42 | .736| -63 | .802| 2.1 | 532 | -.14 | .829 | -.22 | .720
1P -15 | 325 -23 | .371| -1.2 | .632| -2.1 | .336| -.39 | 473 | -.18 | .749
2P 22 | 496 | 16 | .528| 1.0 | 658 | 19 | 396 | .48 | 423 | .61 | .314
3P 1.3 | .015| 38 | .040| 3.0 | .057| 16 | .043| .67 | .061| .58 | .087
4 P 20 | .037| .17 | .044| 21 | .063| 2.6 | .047| .01 | .078| .09 | .086
5P -22 | 163 | -3.1 | .029| -2.2 | .105| -23 | .132| .69 | .046| .69 | .050
6P -25 | 288 | -14 | .282| -65 | .600| -15 | .278 | -.44 | .111 | -.25 | .396
7P 48 | .034| 2.7 | 039| 26 | .028| 2.6 | .040| .92 | .004 | .91 | .004
8P -89 | 427 | -67 | .656 | .57 | .691| -.64 | 400 | -.22 | .484 | .229 | .445
9P -19 | 122 | -1.2 | 522 | -86 | .613| -2.0 | .214 | -.33 | .370 | -.20 | .600
10P| 24 | 466 | 15 | 553 | 1.3 | 566| 2.6 | .445| .08 | .870| .25 | .634
11P| 25 | .449| 82 | .782| .06 | .983| 20 |.389| .05 | .938| -.24 | .700
12P | 42 | .164| 5.6 | .045| -4.7 | .070| -3.4 | .204 | -91 | .156 | -.82 | .194
34P| 59 | .030| 52 |.043| 23 | .062| 2.1 | .047| 1.1 | .062| .50 | .087

The results indicated that in all Asir between June and September

schistosomiasis cases appeabegositivelyassociated witlminimumtemperature in

the 3- 4 previous months some but not allvariants of the model

The results for minimum temperature agsi schistosomiasis cases in the
highlands, the lowlands and Sakalaya sector do not show any consistency in their

significant associations
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5.132 Schistosomiasis withrainfall Data

The all Asir model withrainfall between Feb and May mesenedin Table

5.10.
Table 510: DT LnschistandLn rainfall in all Asir (Feb to May
Linear Regression Ordinal Logistic
Rainfall Rainfall

g Rainfall Rai.nfall with auto Rainfall Rai'nfall with auto

o only with . correlation only with . correlation
= seasonality and seasonality and

seasonality seasonality

Cof.| P |[Cof.| P |Cof.| P |Cof.| P |[Cof.| P |Cof.| P
oOP 32 | .047| 16 | .294| 16 | .297| .31 | .395| .25 | .288| .24 | .301
1P 13 | .230| 3.3 | .033| 3.5 | .025| .47 | .034| .58 | .028| .62 | .022
2P .24 | .861| -26 | .861| -.01 | 996 | -.11 | .627| -.07 | .777| -.06 | .820
3P -1.4 | .327| -99 | 523 | -95 | 541 | -45 | .324| -30 | .217| -.31 | .205
4 P .670 | .623| 432 | .757| .48 | .735| .12 | .749| .05 | .837| .05 | .835
5P 28 | .040| 2.8 | .043| 2.8 | .049| .56 | .024| .45 | .046| .47 | .044
6P 46 | .695| 19 | .192| 18 | .220| .25 | .268| .19 | .393| .195 | .397
7P .23 | .846| .83 | .610| .86 | .600 | .44 | .214| .41 | .117| .41 | .114
8P 18 | .133| 23 | .180 | 3.2 | .18/ | .67 | .147| .56 | .038| .56 | .039
9P -1.3 1 .340| -1.4 | 421 | -1.1 | 549 | -.08 | .745| -.07 | .878 | -.03 | .904
10P -86 | .510| -1.5|.392| -15 | 401 | -.21 | .507| -.14 | .601| -.15 | .596
11P 64 | 591 1.0 | .517| 1.02 | .523 | .42 | .124| .33 | .213| .33 | .215
12P -57].611| -3.0 | .0O89| -3.2 | .0O75| .74 | .084| .56 | .050 | .57 | .046
56 P 24 | 139| 3.7 | .037| 3.7 | .048| 3.6 | .081| 46 | .025| 4.5 | .039

The resultsindicated that

in all Asir between Feb and May schistosomiasi

cases appear toe positively associated witlmainfall in the5 - 6 previous months for

all variants of the modealxcept the rainfall only variants.
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The all Asir modelfor rainfall between June and Septembepissentedn

Table5.11

Table 511 DT LnschistandLn rainfall in all Asir (June to Sep)

Linear Regression Ordinal Logistic

Rainfall Rainfall

% Rainfall Ra|_nfall with auto Rainfall Ra|_nfaII with auto
o only with correlation only with correlation

= seasonality and seasonality and

seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.|] P |Cof.| P
0P -83 | .344| -1.7 | 123 | -1.2 | .235| -.741| .290| -.31 | .193 | -.27 | .236
1P -38 | .685| -.26 | .803| .22 | .819| -.315| 554 | -.22 | .341 | -.08 | .737
2P -19 | 83| -1.4 | .199| -1.1 | .252| .798 | .026| .55 | .025| .60 | .021
3P -43 | 609 | -93 | .350| -.76 | .400 | -.353 | .214 | -.30 | .175| -.19 | .404
4P -24 | .001| -23 | .031| -19 | .056| .515| .016 | -.76 | .105 | -.64 | .116
5P 1.1 | .184| .02 | .090 | 1.4 | .074 | .147 | .621| .10 | .112 | .15 | .104
6P .83 | 430| 15 | .070| .77 | .059 | .318 | .200 | .27 | .044 | .29 | .131
7P 33 | .002| 28 | .009| 1.8 | .046| .789 | .008 | .63 | .015| .51 | .022
8P -27 | .798| .61 | .540| .35 | .717| .212 | .348 | .32 | .144| .13 | .592
9P 55 | .604| .67 | 504 | .43 | 641 | .354 | 451 | .22 | .307 | .14 | .520
10P | .75 | .393| -.42 | .689 | -3.8 | .694 | -.117 | .524 | -.10 | .648 | -.22 | .347
11P | .17 | .843| -15 | .183| -1.1 | .306 | -.218 | .589 | -.16 | .491 | -.14 | .552
12P | 94 | 290 15 | .194| 2.1 | .950| .373 | .099 | .29 | .255| .44 | .105
5-7P| 18 | .042| 35 | .038| 2.8 | .034| .754 | .049| .62 | .037| .67 | .030

The resultsndicated that in Asir between June and September schistosomiasis

cases appear tde positively associated witlmainfall in the5- 7 previous months and

in all variants of the model
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The highland group modéor rainfall betweenFeb and July is presentedn

Table5.12.

Table 5.2: DT LnschistandLn rainfall in the highlandgFeb to July)

Linear Regression Ordinal Logistic

Rainfall Rainfall

g Rainfall Ral'nfall with au.to Rainfall Ramfall with au.to
o only with correlation only with correlation

= seasonality and seasonality and

seasonality seasonality

Cof.| P |[Cof.| P |Cof.| P |Cof.| P |[Cof.| P |[Cof.| P
OP | -07 | .266| -.15 | .104| -.09 | .273| -.07 | .196 | -.22 | .164 | -.082 | .184
1P | -07 | .284| -.21 | .020| -.153 | .063| -.061 | .191 | -.28 | .067 | -.131 | .050
2P | -06 | .350| -.194 | .040 | -.070| .439 | -.051| .265 | -.214 | .081 | -.094 | .477
3P |-115]| .103| .128 | .176 | -.050 | .560 | -.124 | .129 | .166 | .122 | -.088 | .480
4P |-011| 931 | .011 | .960 | .055 | .488| -.012 | .861 | .014 | .860 | .076 | .421
5P | 102 | .249 | .086 | .365| .061 | .467 | .147 | .278 | .099 | .311 | .089 | .397
6P | .119 | .019 | .249 | .006 | .200 | .014 | .249 | .029 | .527 | .010 | .559 | .007
7P | 150 | .041| .274 | .004 | .187 | .034 | .321 | .031 | .590 | .006 | .530 | .016
8P |-038| .603| -.05 | .634 | -.124 | .145| -.062 | .524 | -.015| .584 | -.214 | .095
9P | .024 | .746| .093 | .360 | .172 | .055| .034 | .702 | .083 | .311 | .222 | .085
10P | -.018| .815| -.091 | .409 | -.092 | .340 | -.054 | .765 | -.077 | .329 | -.082 | .301
11 P | -033| .689 | -.053| .620 | .032 | .733| -.067 | .612 | -.036 | .602 | .044 | .513
12P | -011| .881| -.06 | .605| -.03 | .794 | -.009 | .791 | -.051 | .545 | -.023 | .684
5-7P| 212 | .023 | .428 | .001 | .342 | .007 | .467 | .020 | 1.02 | .001 | 1.05 | .001
6-7 P| .290 | .015| .454 | .001 | .327 | .003 | .583 | .026 | .943 | .006 | .995 | .006

The resultandicated that in the highlands group between February and July

schistosomiasis cases appearbtopositively associated wittrainfall in the 5 - 7

previous months, and in the @ previous months all variants othe model

The results for rainfall data against schistosomiasis cases in the lowlands and

SabtAlalaya did not show any consistency in their significant associations

5.133 Schistosomiasis withrelative humidity Data

The results for relative humidityath against schistosomiasis cases in all Asir,

the highlands, the lowlands and Saltdlaya did not show any consistency in their

significant associations
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5.134 Snail numbers with Weather Data

The next analysis examined the relationships between ilsmaumber and
weather data. This is performed for the whole Asir Region as the snail data is only
available for whole the region.

Linear regressions and ordinal logistic regressionsD®f snail numbers
againstweather data in all Asir will be illustratedaximum temperaturever
December to April and May to November periods airesentedn Tables 5.13 and
5.14 respectively.

Table 513: DT Ln snailsandmaximum temperatuiia all Asir Region
(Dec to April)

Linear Regression Ordinal Logistic
Max. Max.
— Max. temperature Max. temperature
[3) Max. . Max. .
S temperature| with auto temperature| with auto
o) temperature ith lati temperature ith lati
= only with correlation only with correlation
seasonality and seasonality and
seasonality seasonality
Cof.| P |[Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
OP 6.5 | .001| 8.01 | .047| 8.2 | .042| .271 | .008 | .382 | .041 | .341 | .045
1P | 118 | 516 | 3.4 | 446| 2.3 | .607| 2.34 | .487| 45 | .322| 2.8 | .536
2P |-121| .178| -.106 | .398 | .001 | .994 | -.344| .115| -.350 | .244 | -.127 | .735
3P |-093| .120| -.151 | .342 | -.143| .255| -.172| .175 | -.445| .209 | -.433 | .377
4P |-192| .098 | -.128 | .554 | .029 | .870 | -.103 | .379 | -.233 | .605 | .304 | .621
5P |-141| .058 | -.347 | .186 | -.193 | .357 | -.139 | .389 | -.965 | .096 | -.940 | .289
6P |-255| .169 | -.172| .526 | .102 | .637 | -.217 | .575| -.565 | .316 | .164 | .848
7P |-137| .002 | .117 | .264 | .063 | .402 | .091 | .224 | -.112 | .611| .209 | .732
8P | .167 | .001| .053 | .611 | -.033 | .656 | -.109 | .088 | -.057 | .789 | .351 | .550
9P |-171| .001 | -.015| .899 | -.069 | .414| -.129 | .034 | -.105 | .658 | -.418 | .577
10P | .177 | .001 | .058 | .642 | .003 | .976| .105 | .108 | -.041 | .868 | .048 | .930
11 P | -244| .001 | -.011| .928 | -.016 | .863 | -.139 | .133 | -.235| .383 | -.351 | .632
12 P | -.072| .405| .070 | .556 | .070 | .408 | -.133 | .349 | -.160 | .520 | -.092 | .885

The resultsindicated that in all of Asir between December and April, the
number of snail number appear b positively associted with the maximum

temperature ithe current month only all variants of the model
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Table 514: DT Ln snailsand maximum temperatura all Asir Region(May to Nov)

Linear Regression Ordinal Logistic
Max. Max.
— Max. temperature Max. temperature
() Max. . Max. .
S temperature| with auto temperature| with auto
) temperature ; : temperature ; )
< onl with correlation onl with correlation
y seasonality and y seasonality and
seasonality seasonality
Cof.| P |Cof.| P |Cof.| P |Cof.| P [Cof.| P | Cof.| P
OP 1.6 | .112 | -.164 | .696 | -2.79 | .588 | .218 | .186 | -.83 | .393 | -1.02 | .342
1P |-193| .358| .183 | .311 | .071 | .076 | -.240| .264 | 2.01 | .093 | 1.40 | .091
2P | -479 | 940 | -.024| 918 | -.14 | .452 | -.561 | .046 | -1.18 | .033 | -.644 | .424
3P 2.8 | .004| 548 | .123| 54 | .131| 1.9 | .007 | 6.01 | .254| 4.1 | .098
4P | 231|.004| 7.11 | .032| 6.75 | .048| 2.91 | .011 | 6.66 | .025 | 7.21 | .041
5P 19 |.027| 29 | .358| 2.2 | .496| 2.08 | .030| 3.4 | .265| 2.91 | .254
6P | 325 | .264| 148 | .113| 1.23 | .381| 2.75 | .126 | 1.38 | .047 | 1.59 | .667
7P | 250 | .635| -.157| .215| -1.33| .759 | 2.81 | .718 | .124 | .650 | -.299 | .488
8P |-230| .337 | -29 | 494 | -2.27| 814 | 1.71 | .699 | -911 | .670 | -.248 | .567
OP | 259 | .649| 252 | .697 | 2.80 | .464 | .939 | .885 | .920 | .941 | -.928 | .641
10P | 1.83 | 549 | 1.73 | .603 | 1.38 | .736| .430 | .181 | .408 | .219 | .572 | .204
11P | -2.21| 937 | -1.57| .689 | -2.25| .830 | -.041 | .843 | .236 | .456 | .464 | .352
12P | -1.06 | .277 | -1.07 | .965 | -1.77 | .524 | -.152 | .450 | -.085 | .780 | -.345 | 391
34P| 26 | .003| 10.7 | .015| 10.2 | .022| 3.2 | .001 | 8.75 | .011 | 9.24 | .034
2-4P| 33 | .001| 10.0 | .047 | 10.92| .044| 3.1 | .007 | 9.23 | .033 | 9.47 | .039

The resultsndicated that in all Asir between May aN@vember, the number

of snails appear tbe positively associated wittmaximumtemperature irthe 3- 4

previous months and in-24 previous monthi all variants of the modsl
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The result of rainfalfor all Asir model between DecemberdaApril periodis
presentedn Table5.15
Table 5.5: DT Ln snailsandLn rainfall in all Asir Region(Dec to April)

Linear Regression Ordinal Logistic
Rainfall Rainfall

% Rainfall Ral'nfall with au.to Rainfall Ramfall with au.to

o with correlation with correlation
= only seasonality and only seasonality and

seasonality seasonality

Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
oOP .72 | .815| -7.8 | .048| -8.2 | .036| .67 | .511| -3.46| .033 | -2.49 | .028
1P -3.2 1 .392| 43| .252| -35 | .350| -1.18| .219 | -3.11| .112 | -3.7 | .169
2P 11 | .781| 3.4 | .379| 3.7 | .321| .954 | .621| 2.0 | .412| 1.91 | .249
3P 120 | 658 | .041 | .731 | -.058 | .533 | .119 | .119 | -.151| .585 | .177 | .697
4P |-122| .758| -.116 | .697 | -.066 | .790 | -.16 | .668 | -1.06 | .099 | -.519 | .662
5P |-615| .869 | -.356 | .462 | -.375| .348| -.819 | .913 | -1.02 | .298 | -.469 | .267
6P .662 | .085 | -.234 | .364 | .123 | .600 | .718 | .795| -1.27 | .424 | -.705| .251
7P 556 | .226 | -.264 | .305 | -.37 | .874 | -.616 | .857 | -1.80 | .305 | -1.28 | .261
8P |-238| .626 | -.186| .404 | .156 | .445| -.152| .335| -1.01| .047 | -.562 | .304
OP |-198| .008 | -.247| .219 | -.086 | .625| -.212| .179| -1.11 | .018 | -.915| .072
10P | .348 | .011 | .200 | .721 | .390 | .311 | .227 | .946 | -1.47 | .210 | -.782 | .229
11P | -.012| .047 | 94 | .245| .324 | .311 | -.037 | .054 | .842 | .362 | .254 | .318
12P 20 | 540 | 6.0 | .161| -53 | .207| 1.3 | .454 | -4.12| .174 | -4.84 | .222

The resultandicatedthat in all Asir over December to April, the number of

snails appears tbe negativelyassociated witlmainfall in the current month onlin

mostvariants of the model

5.135 Schistosomiasi€aseswith Snail Numbers

The final stage of the analysis intigated whether there were associations
between schistosomiasis cases and snail numbamsar regressions and ordinal
logistic regressions oDT Ln schistosomiasis casegainstDT Ln the number of

snails in all Asir are presented in Table 5.16.
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Table 516: DT Lnschist and DT Ln snaiis all Asir Region

Linear Regression Ordinal Logistic
Snails Snails

% Snails Sn_alls with auto Snails Snalls with auto

o) with correlation with correlation
= only seasonality and only seasonality and

seasonality seasoality

Cof.| P | Cof.| P |Cof.| P |Cof.| P |Cof.| P |Cof.| P
oP .082 | .001| .048 | .031 | .06 | .036| .017 | .001| .012 | .026 | .014 | .011
1P .101 | .001| .066 | .016 | .06 | .031| .020 | .001 | .016 | .003 | .015 | .007
2P .047 | .070| .017 | .541 | .010 | .817| .037 | .084 | .042 | .431| .012 | .757
3P .028 | .286| .027 | .336 | .024 | .384| .029 | .271 | .034 | .387 | .024 | .244
4P 021 | 422 | .042 | .132 | .038 | .173| .031 | .472| .032 | .149| .079 | .142
5P -.019| 475 | .022 | .448 | .015 | .603 | -.029| .485 | .041 | .499 | .027 | .543
6P -.06 | .026| -.018 | .518 | -.02 | .434| -.05 | .036 | -.033 | .555 | -.10 | .384
7P .073 | .006| -.04 | .140 | -.040| .167| .078 | .004 | -.014 | .187 | -.042 | .097
8P -05 | .064 | -.023 | .431 -02 | .580| -.04 | .055| -.033| .466 | -.026 | .521
9P .038 | .155| .057 | .047 | .06 | .032| .033 | .167 | .086 | .067 | .046 | .089
10P | .036 | .192| .026 | .375 | .02 | .561| .031 | .184| .019 | .178| .022 | .561
11P | .032| .248| .010 | .936 | -.01 | .948| .039 | .227 | .011 | .857 | -.012| .838
12 P | .110| .001| .082 | .005 | .08 | .005| .017 | .001 | .013 | .019 | .014 | .015
0-1 P | .140 | .001| .094 | .007 | .094 | .007 | .029 | .001 | .024 | .001 | .023 | .001

The resultover thewhole year indicated that inlasir schistosomiasis cases

appear tdbe positively associated witlthe number of snails collectenh average of

the current month and one previous month and iaaiants of the modsl!

5.136 Multiple Regressions

In this sectionwe will presentthe results from the normal anthultiple

regressions ofDT Ln schistosomiasiscases againsthe weather variablesFor

temperature, @ will present maximum temperatuoaly in the multiple regressions

as it has a similar seasonality to minimum and mean tenyperahd appeared to

have the strongest associations wstthistosomiasis. No multiple regressions were
produced for the snail data as in no period was more than one set of weather variables

significant.

A. Multiple Regressions ofSchistosomiasigCases in AllAsir

The normal regressions for schistosomiasisall Asir against mgaimum

temperature and rainfall, in the averages of 3 and 4 previous mduotirsy June to

Septembeare illustrated in Tabg5.17. Table 5.18 presents the multiple regressions

for the® variables.




Table5.17 Regressions of the coefficient of DT $chistosomiasisases ofvhole Asirfor averages of 3 and 4 previous monthsnakimum
temperature and rainfatiuring June to September

c Linear regression Ordinal logigic
— 9 . : With aut . . With aut
c 9 Variables with auto Variables With th auto
E o : correlation & . correlation &
= 2 only seasonality . only Seasonality .
g > Seasonality Seasonality
v Ad;. Adj. Adj. Log Log Log
Cof. P Cof. P Cof. P Cof. P . Cof. P . Cof. P .
R R R Likl. Likl. Likl.
Magh'lr;m. 362 | .001 | .085 | 40 | .021 | 216 | 351 | .029 | 337 || 1.0 | .008 | -75.0 | 1.23 | .006 | -69.2 | 1.04 | .008 | -69.0
Rainfall
Only -2.62 | .012 | .109 | -2.72 | .045 | .193 | -2.24 | .074 | 312 || -44 | .043 | -75.0 | -.481 | .116 | -71.6 | -.480 | .114 | -71.5

Table5.18 Regressions of theefficient of DT Lrschistosomiasisases ofvhole Asirwith multiple weatheaverages of 3 and 4 previous
months ofmaximum temperature and rainfalliring June to September

B8 Linear regression Ordinal logistic
c E . "
g % Variables with With a_uto Variables With With a_uto
XS] only seasonality correlation & only Seasonality correlation &
8 %_ Seasonality Seasonality
= dij Adj Adj Lo Lo Lo
>3 | cot | P |2 | cor. | P )| cof. | P J 1 cor. | P 00 | cor | P 09 | cor | P 0g
= R? R? R? Likl. Likl. Likl.
M:)!t%% 808 | .039 295 | .047 2.75 | .043 049 | .019 1.06 | .036 110 | .033
AT 155 213 329 2583 6912 6901
Rtjailr?fall 22 | 033 141 | 377 1.03 | .485 -470 | .038 ' .09 | 811 ~“| _0.82| 817 '
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The resultsof multiple regressions for schistosomiasis in all Asir during
June to September demonstrtat in no models were the two weather variables
significant. We conclude therefore that the best model for this period is that of DT Ln
schistosomiasis against maximum temperature. Maximum temperature was positively

significant in all variants of the noral and multipleegressions.
B. Multiple Regressions ofSchistosomiasigases inthe Highlands

The normal regressions for schistosomiasis casebe highlandsagainst
maximum temperature and rainfall, in the averages of 6 and 7 previous months,
duringFebwuary to Julyare illustrated in Tabg5.19. Table 5.20 presents the multiple
regressions for these variables.



Table5.19 Regressions of theoefficient of DT Lrschistosomiasisases ohighlands grougor averages of 6 and 7 previous months of
maximumtemperature andainfall during February to July

Linear regression

c Ordinal logistic
e . , With aut : . With aut
c 9 Variables with auto Variables With th auto
E o : correlation & . correlation &
= 2 only seasonality . only Seasonality .
S > Seasonality Seasonality
nd Adj. Adj. Adj. Log Log Log
Cof. P Cof. P Cof. P Cof. P . Cof. P . Cof. P .
R R R Lik. Lik. Likl.
Max.Tem. - -
Only -025 | 406 | .01 | -34 | .087 | .001 | -179 | .323 | .202 || .010 | .993 | ;.\, | -580 | .185 | .| -231 | .593 | -96.0
Rainfall
Only 290 | .015 | .064 | .454 | .001 | .165 | .327 | .003 | .307 || .583 | .026 | -99.9 | .943 | .006 | -94.3 | .995 | .006 | -89.7

Table5.20 Regressions of theoefficient of DT Lrschistosomiasisases othe highlands groupvith multiple weatheaverages of 6 and 7
previous months ahaximum temperature and rainfalliring Februay to July

B8 Linear regression Ordinal logistic
c E . "
g % Variables with With a_uto Variables With With a_uto
XS] only seasonality correlation & only Seasonality correlation &
8 %_ Seasonality Seasonality
= dij Adj Adj Lo Lo Lo
>3 | cot | P |2 | cor. | P )| cof. | P J 1 cor. | P 00 | cor | P 09 | cor | P 0g
= R? R? R? Likl. Likl. Likl.
M:)!t%% 060 | .053 .084 | 668 003 | .987 070 | 293 024 | .959 472 | 327
Multiple 104 153 295 99.40 94.30 89.24
Rairl?fall 287 | .004 408 | .001 327 | .005 559 | .011 ' 1.03 | .002 ' 1.18 | .001 '
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Theresultsof multiple regressions for schistosomiasis in the highlands during
February to July demonstrate that in no models were the two weather variables
significant. We conclude therefore that the best model for this period is that of DT Ln
schistosmiasis against rainfall. Rainfall was positiveignificant in all variants of

the normal and multipleegressions.

5.14 Discussion and Conclusion

Severalstudiesof schistosomiasis disease in Saudi Arabia have been carried
out, but most of therhavenot examinedheimportanceof climate and weathearpon
theexiseence of the diseas€his is an important research gap as schistosomiasis
to be one of the moskriouspublic health problems in this countgspecially in the
soutternregions (Statistial year book MOH, 2002 he highest rate of this disease
in SaudiArabia during 2005 was in Asir Region (16.3 «A5@0,000) followed by
Albahah and JazaRegions, (13.0, 11.5 cases/100,000) respectivéiis justifies the
importance of examining schistomiasis within the Asir regiolBoth intestinal and
urinary schistosomiasis have been reported in Asir (Statistical year book MOH,
2006).

During this study somdifficulties were encountered. The main one was the
limited weather data for some selectealemic areas in Asir, an@lso information
missing from withinthis data.This meant that it was not possible to produce models
for each schistosomiasiendemic area in Asir. For examplee have combined
severalsectors forendemic schistosomiasatain the highlandsincluding Abha,
Khamise Sarafbidah AhadRifadah, Tathlith, Almadha, Dhahraljanoub and
Tanoma into onegroup, and a similar combination of sectors has been carried out for
the lowlands. Although all these areas are in the highlands awne the same
seasonalityof schistosomiasis, it would have been better to examine each separately
but the weather data was not availatoe each sectort was thereforaecessary to
group sectors togethellowever, there were even greater limitationshvttie snail
data which were only available for the whole of Asir. Obtaining these data for sectors
within Asir would be helpful in understanding variations in snail numbers throughout
the region. Also these data appeared to correlate well with schistesooaaes in the

same month. This indicates that they do not give an accurate picture of variations in
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snail numbers in the region. In the future, it would be helpful to examine whether

more useful information on snail numbers in the region could be &edrac

The averagenumber of schistosomiasis casesha whole ofAsir in the last
year (2009) of the study is less than one third of the average of cases in the first year
(1998), This is a lower reduction in reported cases than for leishmaniasis and mala
and indicates that there has been less progress with this illness than with malaria and

leishmaniasis.

In the results presented in this chapter, temperature was associated with
schistosomiasis incidence in Asir, and there is a positive associatimednethe
maximum temperature and the number of cases for the whole of Asir during June to
September. The lag for this relationship is from 3 to 4 months which fits with lags
reported in the literature. Mean and minimum temperature showed similar trends.
This relationship did not appear in the rest of year. However, a link with temperature
was not apparent in any of the groups making up Asir, specifically the highlands
sector, the lowlands or in SaBtalaya sector. If such a relationship exists, it is
difficult to understand why it would not be apparent in any of the 3 sectors making up
Asir. However further support for this relationship comes fradme humber of snails
collected between May and November which also appear tasbeciated with
maximumtempeatureaverages ofhe previous 3 and 4 months.the literature there
is support for an association with temperat®ienentelSouza, et al (1988ktate that
in Brazil, an increasen temperature during winter and autumn leads to more mating
activity anongst snails which may lead to more schistosomi&gishelson 1960
mentioned that temperature may influence the ability of miracidia to infect snails and
also the developnent of the schistosoma larvae within snaile Biomphalaria
glabrataCoelho et al (2006) showed that dwer temperatuseled to the lowest
infection level.These could all be explanations for the possible positive associations
between temperature and schistosomiasis and snails observed in Asir. It is important
to note that positive asgsiations are not observed in all locations. Senegal
Sturrock et al (2001 noted that snail numbermdrop sharply in tB heat of the
summer. It is likely that temperatures in that country rise to a level where snalil

survival is affected. In Asir, tengpatures in the highlands (where most cases occur)
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are low enough that elevated temperatures are unlikely to have a negative effect upon

snail numbers.

The strongest relationship emerging from this chapter is that rainfall appears
to be positively associl with schistosomiasis cases for the highlands only. Elevated
rainfall 6 and 7 months previously led to elevated schistosomiasis cases between
February and July. In the literature rainfall / water is constantly cited as being
important for schistosomiasihe impact of rainfall upon schistosomiasis in this
study was only in the highlands. This is unsurprising as most cases (more than 80%)
are reported from the highlands. The positive associdbemveen rainfall and
schistosomiasis occurs between Febraary July. It refers to rainfall 6 and 7 months
previously which is the time of year when rainfall at its lowest in the highlands (e.g.
Septemberi December). During these dry periods elevated rainfall may provide
opportunities for snails to breed. Thigthleads to schistosomiasis casesrGonths

later.

There is widespread support for an association between schistosomiasis and
rainfall. In Saudi ArabigAl-Madani(1991) mentionedhat rainfall and streams are the
major sources of water in Asir region aridat vector snail habitats are faliin
streams in the highlands and associated widtipitation Kloos et al, (2004 state
that larger snail numbers were found in standing waters from Octobd&tarch
during the rainy and hot seasam a rural arean Brazil. Agi (1995) inthe Jos
metropolisarea ofNigeria notedthat the rainy season in this part of the country
occurs during summerwhen more snails were found\ lack of rainfall in the
Ouarzazatgart of Morocco led tothe drying out of the breeding ites of Bulinus
truncatus, hence stopping of transmission cycle of the schistosomiasis (Laamrani et
al., 2000).

One novel feature of this chapter was the snail data which might help to
explain the relationships between schistosomiasis and weather. Hoag\adready
discussedthese data had several limitations as they were available only for the whole
of Asir and not for each endemic area. The reduoltssnailsagainst weather data
indicated that in the whole d¢iie region over winter and spring seasotig humber
of snails appeared to be negatively associated with rainfall in the current month only.
This is different to the schistosomiasis data which indicated a positive association
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with rainfall 67 months earlier. One hypothesis for this relationstupld be that
rainfall wastes snails from the bodies of water being investigated leading to lower
numbers being collected. An alternative explanation could be that rainfall has a
negative effect on the ability of collection teams to search for snails.

The third relationshipexaminedwas between schistosomiasis cases and the
number of snails. The results over the whole year indicated tlla¢ iwhole of this
region schistosomiasis cases appear to be associated witavdragenumber of
snails, inaverage bthe current month and one previous mofithereason for this is
not clear as the literature review has indicated that the development of the parasite of
schistosoma in the snails and the incubation of the disease take more than two
months. Instead thelationship may indicate thtiie people who are responsible for
the collection of snails may try to collect more snails from the environmental sources

when they realise that there is increase of the schistosomiasis cases.

In summary this study showedhat weather variation factors play a role in
affecting schistosomiasis caséhe results indicated thaerhperaturemay bean
important factor associated with schistosomiasigh@ whole ofAsir during the
summer and beginning of auturbat it was unclar why this impact was not seen in
any of the sectors making up Asifhe results showed thaf the maximum
temperature in th@revious 3 to 4 months was elevattliere were more cases of
schistosomiasisThere was stronger support for the role of rdintnd transmission
in the highlands was elevated if rainfall was elevated in the previous 6 to 7 months.
This occurred during the spring and summer seasons Dinéyresults also indicated
that weather was not an important factor associated with snaisii. This may be
partly due to limitations of the snail data especially the close association with the
number of reported caseAlthough this study showa decrease adchistosomiasis
cases duringhe study periodit is important to recognize that thdisease is a still a

significant health problenparticularly in some endemic sectors iis Region.
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Chapter 6

Conclusion




6.1 Introduction

Habib, (2011) states that the Arab countries, malaria, and leishmaniasis are
themajor vedor-borne diseases of concern. The prevalence of these diseabegas
linked to climae-related environmental changesicieased temperatures, variable
humidity and rainfall trends may affect the vector population dertbigpatternsof
transmissionand infection rates (WHO et a2003 Habib, 201). The consequence
of these changesiay causevectorborne illnesseso emerge in some non endemic
areas or to intensify in endemic areas particularly in Arab countri@dabib,
2017).Costello et al.(2009 state that no effective vaccines exist for many climate
sensitive infectious diseases suab malaria, dengue fever, schistosomiasis, and

leishmaniasisReliance upon finding a vaccine solution is not appropriate

The three illnesses, malaria, leishmaisiaand schistosomiasis, in this study
have been chosen for some reasons. These illnesses still represent major public health
problems in Saudi Arabia, and particularly in Asir regiGostello et al (2009) state
that these three diseases are sensitiveclimate (climatesensitive infectious
diseases), so it was useful to study these diseases in Asir.

6.2 Development of the Study

As we have discussed, the methodology of this study was developed
predominantly in the first main chapter, malaria. The otlaer chapters, CL and
schistosomiasis, built upon the methods created in this chapter meaning that
difficulties or obstacles encountered in the Malaria chapter did not need to be
repeated. A good example of this was with the first stage of the malariaistudy
which much time was spent investigating how to account for the fact that the
relationships with weather may vary over the year. Initially we produced scatter plots
of malaria against the independent varialftasevery month. The purpose of this
analyss was to determine which months should be grouped together (i.e. group
consecutive months with positive or negative relationships with weather together).
Unfortunately, this method proved difficult to implement because it was often unclear
which months shuld be grouped. The situation was complicated further by the fact
that some of the relationships between weather and malaria may be lagged. Therefore
a new method was developed and grouped months together based upon those with

similar trends in the malaitime series over the year (e.g. months of high incidence
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during the winter). This method was taken forward to the CL and schistosomiasis
chapter and scatter plots were not used again. In the malaria chapter much effort also
went into deciding that mosppropriate statistical model to use. In this chapter we
decided upon conducting both a multiple regression and an ordinal logistic regression.

These developments were taken forward to the CL and schistosomiasis chapter.

In the first two data chapters weathwas compared to disease incidence. A
major development of this idea occurred in the schistosomiasis chapter where we
were able to obtain data on the abundance of the environmental host of this disease
(snails). It was hoped that this development migimian the relationships between
schistosomiasis and weather observed. Although an exciting addition to the study it
was concluded that these data had major limitations as they seemed to be a poor
indicator of the numbers of snails in the environment aedewnore affected by
sampling effortin addition, this data was only available for Asir a whole and not for

each endemic area which limited its use.

6.3 Summaries and discussions

The results of this study were divided into three main data in additiomoto t
secondary chapters (Introduction and Study area). A brief summary of each will now

be given.

6.3.1 Infectious Diseasehapter 1)

The study has presented an overview of infectious diseases and highlighted
their global importance to health. We also destrated why many of these are
sensitive to climate variability. One important reason to examine climate variability is
because of the likely impact of climate change upon incidence. An overview of global
climate change and its adverse impact upon headtk presented in this chapter. The
chapter ended by justifying the three illnesses (malaria, CL and schistosomiasis)

which are the infectious diseases to be studied in this thesis.



6.3.2 Study Area Chapter 2)

The next chapter presented Saudi Arabid e Asir Region. The choice of
this region was justified through its locationtive Afro-tropical Zonewhich extends
from tropical countries in Africa to the Arab Peninsula (Khalifa 2009). It was shown
how this region had a number of infectious diseas®s how its varied topography
and weather made it an ideal study choR&sed on the literature review of the three
illnesses, andll the above informatigrit was shown clearly that there was an urgent
need to study and research the influence of cénvatiability upon the presence of

these illnesses in Asir Region.

6.3.3 Malaria (Chapter 3)

The first main data chapter considered malaria, as this illness is the most
important vectoiborne disease globalyWWHO/SDE/PHE, 1999and in the study area
(Asir Region) Dr A. Abdoon2007 pers. Comm). Malaria is endemic in lowlands of
Asir Region (Haddad, 1990) The study showed that weather variations play an
important role in affecting the number of malaria cases in Asir Region. The results
indicated that raifall was the most important factor associated with malaria during
the summer months in Tehama of Asir (TA) and Tehama of Qahtan (WIQ¢h(
includevalleysand foothills).Greater rainfall in the current and previous month led to
more malaria cases. Althgh rainfall was also significant oveahe whole year,
because rainfall was not significant in models for other times of the year we
concluded that the whole year result was driven by the summer rBsghuse
summer is the driest period any rainfall dgriis period may provide opportunities
for mosquito breeding. At other times of the year there may always be enough
breeding sitefor mosquitoes and so additional rainfall is unimportant.

6.3.4 CL Leishmaniasis (Chapter 4)

The second climatsensitive ifiectious disease examined in this study was
Leishmaniasis. As there were only limited casegisiferalleishmaniasis in Asiover
the study period this study focused umomaneouseishmaniasis (CL). Leishmaniasis
is considered to be the vectborne digase with the second highesamber of
affected people in the world after malaria (Chaves gt24106). This study showed

22¢



that weather factors play an important role in affectthg incidence ofCL cases.
Temperature was the most important factor astetiavith CL in all Asir and in the
highlands areaBetweensummer andthe beginning of autumnf the maximum
temperature in the previous 2 to 4 months was elevated there were morefcases
leishmaniasisThe highlands in Asir might provide the optimum tesrgiure for the
vector during summer, and elevated temperatures may increase sandfly activity.
However,there was no evidence farrelationship between temperature and CL cases
in the lowlands areas. Because these areas are much hotegatave assodi@n

with maximum temperature in the summeas anticipatedThe lack of a result
suggests that sandflies find mechanisms to avoid these high temperatimasgh
temperature does not appear to be importamfall plays an important role in CL
transmision in the lowlands A greatemumber ofcasesccursif rainfall is elevated

in the previous 1 to 3 months. This occurs in all months except during the winter

seasonRainfall may provide more suitable conditions for sandflies.

6.3.5 Schistosomiasis (Chpter 5)

The influence of climate variability upon this disease is a significant research
gap as schistosomiasgised to be one of the most important public health problems in
Saudi Arabiaparticularlyin the soutBrnregions (Statistical year book MOBR002).

This study showed that weather variations play a role in affecting schistosomiasis
cases.The results indicated thagérhperaturemay bean important factor associated
(positive association)with schistosomiasis in all Asir during the summer and
begnning of autumn It was unclear why this impact was not seen in any of the
individual sectors within AsifThe results showed thdtthe maximum temperature in

the previous 3 to 4 months was elevated there were mmecerded cases of
schistosomiasis. Thstrongest relationship emerging from tkisidyis that rainfall
appears to be positively associated with schistosomiasis icaties previous 6 to 7
monthsfor the highland®only. This occurred during the spring asdmmerseasons.
Rainfall may providesuitable breeding sites for snai@ne novel feature of thistudy

was thedata on snail abundancehich it was hopedmight help to explain the
relationships between schistosomiasis and weathewever, the associations
between these data and the sclsigioiasis incidence data suggest that the snail
counts were not a true reflection of snail abundance within Asir. Instead they suggest

that sampling effort is increased when schistosomiasis cases are more abundant.

22¢



6.4 Conclusion of the results of the thredlnesses

This study shows associations between weather and malaria, schistosomiasis
and leishmaniasis in Asir. Overall the total numbers of yearly cases for all three
di seases have declined sharply since the
Health Affairs Directorate in Asir Region has made important progress regarding the
control of the vecteborne diseases in Asir, in addition to the general strategy adopted
by the Ministry of Health. This progress provides an explanation for the redumction
the number of cases in Asir. This is as a result of the improved facilities and an
increased number of professionals, technicians and workers concerned with the
problem. Different methods for the control of malaria and control of leishmaniasis
have beerntroduced by the Vector Control Administration and some Primary Health
Care centres. Two methods both involved spraying pestidmaembatmalaria:
(Seasonal spraying) in the houses which has a residual effect and space spraying
(Fogging) which can mak a significant impact upon the vector of leishmaniasis
(sandfly) as well as the mosquito vectors. The greatest effort has been concentrated on
the control of malaria as this has been the most prevalent disease. However, there was
a massive spray againgft rvalley fever disease for more than six months which
started in Asir and Jazan in 2000. This action had an important impact upon the

vectors of malaria and leishmaniasis.

However, it is important to recognize that these diseases still represent
significant health problems in Asir, especially schistosomiasis and Leishmaniasis with
a concern of malaria incidence in some endemic areas if harg/icontrol shortage

in theseareas Dr A. Abdoon2007pers. Comm).

To summarize, Table 6.1 shows the madmportant results for the
relationships of between malaria, CL and schistosomiasis with the climate variables

(Temperature, rainfall and relative humidity) in Asir Region during the study period.
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