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Abstract

Although the incidence of Cutaneous Leishmaniasig {n the Asir Region, Saudi Arabia, has decreased
over the last decade, it is still a significant ltie@roblem. This study tests the hypotheses thertet are
relationships between climate variables (maximuneamy and minimum temperature, rainfall, and
relative humidity) and this disease in the Asir i®ag Temperature was the most important factor
associated with CL cases in all Asir and in thehtdgds of Asir during the summer and beginning of
autumn. If the maximum temperature in the previdus 4 months was elevated, there were more cases
(P<0.001). Rainfall also plays a role in CL transsion in the lowlands of Asir. There were more saxfe

CL if rainfall was elevated in the previous 1 tarbnths (P<0.05). Based on these findings and an
understanding of how CL disease is affected byatkmit should be possible to design an early warni
system using the weather to predict the incideiterefore, the results of this study have important
implications for policies to reduce this diseaséhmregion.
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| ntroduction

Leishmaniasis is an important public healtlheishmaniasis is a group of zoonotic diseases
problem in several countries and is considered tmansmitted to humans and animals by the bite of
be the vector borne disease with the second highgsiebotomine sandflies. The infective agents are
number of affected people in the world afteseveral species of flagellated protozoan parasites
malaria (Chaves and Pascual, 2006). This diseg&eithinger et al., 2001There are more than 1,000
is considered the 6th most important endemiknown species of sandfly in the world, of which
disease in the world by the World Healthonly 70 species are known to transmit diseases
Organisation (World Health Organization, 2007)such as Leishmaniasis (Murray et al., 2005). Only
One of the most common forms, cutaneouemale phlebotomine sandflies suck blood, leading
leishmaniasis, is rarely fatal but it can leadgsue to Leishmaniasis. Sandflies do not make noise
destruction, scarring, and serious visible impaiwhen they fly and are also small, being around
ment. These can lead to social stigma due tme-third the size of a mosquito. Their bite isals
deformation of the face with permanent scarringainless (CDC, 2010). This means that people may
(CFSPH, 2009; Murray et al., 2005; Reithinger dbe unaware of sandflies and their biting. Cutaneous
al., 2007; ). Leishmaniasis causes skin sores caused by
leishmania major. It is common in rural areas, with
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dogs and bush mammals being reservoir hosfactors, such as ecological and environmental
Another cause of CL tropica is more common iconditions, social, and economical determinants
urban areas and leads to CL in humans and dag@d-Badry et al., 2009; Faulde et al., 2008).

(Wittner et al., 2000). There have been few studies in Saudi Arabia
Leishmaniasis is distributed in around 90 countrigecusing upon the influence of weather on this
of the world, most of which are in the developinglisease (Al-Tawfiq and Abu-Khams, 2004; El-
countries (16 developed countries and 7Badry et al., 2009; Abdulwahab and Abdulmehsen
developing countries), and there are approximateB005; Ministry of Health KSA, 2008). These
350 million people at risk of leishmaniasis in thesstudies suggest a 2-6 month lag between weather
areas (Cardenas et al., 2006; Schriefer et al9)200and cases. This lag also depends on the type of
Tropical and subtropical countries are the mostishmaniasis. Based on the findings of this study
affected by this illness (World Healthand an understanding of how CL is affected by
Organization, 2007). More than 90% of CL occursveather, it should be possible to design an early
in parts of Afghanistan, Algeria, Iran, Iraq, Saudwarning system to predict incidence in Asir
Arabia, Syria, Brazil, and Peru (CDC, 2010; TDRRegion. This would be useful for health service
2002). planning for example, identifying periods when
There are only a few studies that look at the diregnhanCEd insecticide spraying is required. A.ISO' i
influence of weather upon leishmaniasis Case\/Sv.eather alters under climate change then this data

However, there is good evidence of a close linka é)uld_help p_red|ct j[he impact of this change_on CL
Asir Region. It improves our understanding of

between the abundance of sandflies an Isease transmission dynamics in this region
leishmaniasis cases (Al-Amru, 2002; Al-Tawfiq y gion.
and Abu-Khams, 2004; Abdulwahab and Abdul-

mehsen 2005). Material and Methods
The literature review relating climate variables t _ :
CL highlights a number of important points. A%ata. The numbers of CL cases in each month,

wide range of study designs have been usedsffm the first of January 1996 to the end of

investigate the relationships between leishmania Secember 2007 for the whole of the Asir Region,

and weather. These range from purely obse -atU(.j' ﬁr?bla, tr?n(il/ e?chCen(tjeTX:d sgqt?r,t_were
vational (e.g. more leishmaniasis in summer), b amned trom the vector £ontro ministration,

very few conduct statistical analyses of leish: ealth Affairs Directorate in Asir. Weather data

maniasis cases and associations with weathé _aX|mum, mean, and minimum temperature,

Numerous different climate variables have beef rl]nfal_l, a_r:d Thhlﬁm'q;tY) Q/P\]/ere col(ljectet_:l thO”.‘
used in previous studies, including temperatur amise city. 1his city 1S the second main city in

rainfall, wind, and relative humidity. Most, buttno e region and covers the largest occupied setor |

all studies, showed that climate variables have zyﬂe _mlddle of the reglo??.'l'hese data_ were
impact upon CL incidence (Cross and Hyam btained from The Centre of Information and
1996° Faulde et al. 2008: Eranke et al.. 2002 ocumentation in the Meteorological and
Howéver, the impaci of spécific climate variableEnvironmental Protection section of the Ministry

. o : : Defence and Aviation in Saudi Arabia. Other
can be either positive or negative depending Upcg?father data for the lowlands were obtained from

the geographical setting and season. Lagging ajaredah (maximum and minimum temperature
weather variables is an important feature of the St 132 out of 144 months) and Rejal-Alma

studies. (rainfall for 132 out of 144 months) from the
Many studies support these findings by showinglinistry of Water and Electricity (MEPS, 2007).
that weather influences the abundance of t , o .
leishmaniasis vector (sandfly). Others found thgi)pographlcally, cimatically, and endemically,
the vector abundance has an effect upon t
incidence of leishmaniasis.

|§ is region can be divided into three main sectors

or CL (Gaafar et al., 1998; MEPS, 2007). (Figure
1).

Weather conditions are not the only factors that

can affect Leishmaniasis. There are many other
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Figure 1: Topographic Map of Asir Region

1. Asir Sarawat Mountains (a part of Highlands relative humidity varies from 55% in summer
Group): A series of high mountains extending to 70% in winter. This area can be divided into
from the north of Asir Region to the south  two sections:
along the coastal plains of the Red Sea (2000 -
~3000m above sea level). This area covers
districts such as Abha, Khamise, Tanoma, and
Dhahran. The annual average temperature for
this sector is 17°C, average rainfall is 512mm
(the highest rainfall in Saudi Arabia), and
annual average relative humidity is 53.1%.
These areas have the highest occurrence of b. Red Sea Costal Plain (RSCP), such as Al-
leishmaniasis in the Asir Region and P. Gahma, Al-Berk, and Al-Huraidah. The
arabicus specie is the main vector. altitude in this area is between 0 and

200m. The lowest leishmaniasis occurs in

the region, and P. papatasi specie is the
main vector.

a. Foothills such as Al-Majaredah, Muhail,
and Rejal-Alma, where the altitude is
between 300 and 900m. This area has the
highest occurrence of leishmaniasis after
the highlands in Asir Region and P.
papatasi specie is the main vector.

2. Asir Plateau (a part of Highlands Group): In the
NE Asir with an elevation range between
1,000 and 2,000m decreasing to the east, this
area covers districts such as Tathlith, Bishaf,here are wide differences in topology and
and Tareeb. The annual average temperatumeather within Asir. Consequently, there are likely
for this sector is 19.50C with 250mm annuato be differences in leishmaniasis incidence and
rainfall and an annual average relativseasonality between sectors. To investigate this
humidity of 44.4%. This sector has manyurther, the overall incidence rates and histograms
wadies that all flow eastward. It has littleof CL were produced for each of the sectors within
leishmaniasis incidence and P. arabicus spedsir. Data exists for nine sectors: Abha, Khamise,
is the main vector. Sarat-Abedah, Muhail, Majaredah, Rejal-Alma,

3. Tehama (Lowlands Group): Receives an annuDhahran-AIjanoub, Tanoma, and Sabet-Alalia.
' b)- ane sector was not included in the analysis (Ahad-

rainfall of more than 500mm and temperaturg,. : :
ranges between 250C and 490C, and th%}lfadah), as it only had a few cases during the
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period of this study (8 cases). For the analysis; f with the lowest averages occurring in October. The
models were constructed. The first was an analysizonthly average relative humidity in the highlands
of CL in all Asir against Khamise weather datdKhamise) shows a peak during the months of
(Station 1 Figure 1). The following sectors weré&ovember to March with the highest percentage
grouped together based upon sectors with similaccurring in January and the lowest percentage of
seasonal patterns. The first group is the Highlandésimidity in September (Figure 5).

Group, which includes CL cases in 7 sectors:
Abha, Khamise, Sarat-Abedah, Tanoma, and
Sabet-Alalia against Khamise weather data| *| 7
(Station 1 Figure 1). The second group is the|
Lowlands Group, which includes CL cases in 2%
Majaredah and Rejal-Alma against Majaredah |

40

temperature and Rejal-Alma rainfall (Station 2&3 |3 T

ases +

N
o

S

)

Figure 1). The third Group is from different lands, £* J —
[
low number of cases reported during the study

including Muhail and Dhahran-Aljanoub. The data

for the third group has not been analysed duedo th m —

period. Also, no representative weather data exists B R R
for thIS group of SeCtOI’S A Jan Feb Mar  Apr May Jul,\onthul Aug  Sep  Oct Nov  Dec

Averages of leish
2 e

o o

Data Description: The monthly averages of CL
cases in the whole of Asir Region, the highlands
group, the lowlands group, during the study period
are presented in Figure 2. There is a clear
seasonality with peak incidence between October
and March for the whole Asir (Figure 2-A) and the
highlands (B) with peak averages of cases betweer
October and March. However, there is much less
seasonality in the lowlands (C) with the peak cases
occurring between February and June.
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The weather data for Khamise will be used in the| = w ro var ar v a0 as s ox nov oo
analysis of cases across the whole of Asir Regid?l
as well as the highlands group. The temperature i
Majaredah and rainfall in Rejal-Alma will be used
as representative of conditions in the lowlands
group (See Figure 1). The highest average
maximum temperature in the highlands (Figure
3A) and lowlands (Figure 3B) occurs in June (32.3
and 41.98C respectively). The lowest average
minimum temperature in the highlands and
lowlands occurs in January (8.5 and 2034
respectively).

o
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Averages of cases + St.D
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The monthly average rainfall in the highlandsC Month
(Khamise) shows peak rainfall between March and
August with the highest occurring in April and

minimum occurring in February (Figure 4A). The

monthly average rainfall in the lowlands (Rejal-

Alma) shows seasonality with peak rainfall

between December and April (Figure 4B). The
highest averages were in March. The average
rainfall during the summer and auturare lower

Figure 2: Monthly Averages of CL Cases in the
Whole of Asir (A), the Highlands (B) and the
Lowlands (C)
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Figure 3: Maximum, Mean, and Minimum Figure 4: Monthly Average Rainfall in the Whole
Average Temperatures in the Whole of Asir and of Asir and the Highlands (A) and in the Lowlands
the Highlands (A) and Maximum and Minimum (B) (1996 -2007)
Average Temperature in the Lowlands (B) (1996 -
2007)
ol ] I
. |
Data Preparation:The analysis to examine the |¢* 1 1 l
relationship between monthly cases of CL and th(z®

selected weather data proceeded in a number
stages. Due to a positively skewed distribution o
the number CL cases, the natural logarithm (Ln) o
CL cases (adding 1 to zero values) was performe 1
for the cases to produce Ln CL. For similar 1 ﬂ» —
reasons, the natural logarithm was taken of rdinfa o Fe var o way an a g S 0% tor Dec
(adding 1 to zero values) to produce Ln rainfall. Month
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In order to control for this effect, for the whadé  Figure5: Monthly Average Relative Humidity in

Asir, the highlands and lowlands data and the the Whole of Asir and the Highlands

natural logarithm of CL cases was put into a

regression against time (each month numbered

from 1 to 144). The unstandardised residual froftatistical Analysis: The literature review has

this model represents the natural logarithm of Ccdemonstrated that the relationship between CL

cases with the long term trend in incidencéases and weather may vary according to the time

removed. of the year. Therefore, the analysis proceeded in
stages:

a. In the first stage, scatter plots were created of
the detrended (DT) natural logarithm of Cuta-
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neous Leishmaniasis (DT Ln CL) against eacResults

of the weather variables. The analysis is presented by first looking at

b. Within each group (all Asir, highland, relationships between CL and temperature (maxi-
lowlands), months were grouped together. Theyum, mean, and minimum) followed by rainfall
models for all Asir and the highlands regiorand relative humidity. This is performed for all of
consider three time periods: February to Mayhe Asir region, the highlands, and the lowlands
June to September, and October to January. Téeparately.

results for the lowlands region are presented for
two time periods: March to November an n the result we have used OP to represent the

- dels where the independent variables are not
December to February. The grouping for alf"® , .
Asir, highlands and Iozvlands, gfor Sacgr]\ perio gged, 1P represents the independent variables

gged by 1 month, and so on until 6P. Linear
mfgugiiz??ﬁ:%a?n the pattern of cas r%gressions and ordinal logistic of DT Ln CL cases

against each weather data were performed. The
c. To produce an analysis that is more robust t@sult will be presented from the normal and
the distribution of the data, an ordinal logistianultiple regressions for the coefficient of DT Ln
(OL) of Ln CL cases for every month againsCL cases against averages of three main variables
each of the weather variables was produced sfsweather data.
well. This was achieved by dividing Ln CL into

five categories with equal numbers of months. For temperature, we will present maximum

temperature only as it has a similar seasonality to

d. In the regular regression analysis it was nahinimum and mean temperature and appeared to
possible to assume that the CL rate in oneave the strongest associations with CL. In the
month is unrelated to the CL rate in the nexnultiple regressions we will present only models
month (i.e. the data is autocorrelated). Therger times of the year when one of the independent
fore, all models were analyzed in three waysariables was significant.
The first did not control for seasonality or . . .
autocorrelation. The second controlledy fofA' Regression of CL in All Asir: The strongest

seasonality by incorporating dummy variable esults from the univariable linear and ordinal
for each of the individual months. The final09'SUC regression for CL in all Asir against

controlled for autocorrelation by adding the CLmaximum temperature, rainfall, and re_Iative humi-
cases in the previous months into these modelg!tyf for average of 2, 3, and'4 Previous month.s

_ ~during June to September period are illustrated in
e. The same actions were repeated for the ordinghble 1. Table 2 presents the multiple regressions

logistic analysis. for all combinations of these variables.

f. The regressions were performed against thghe results of multiple regressions for CL in Asir
current month’s weather data as well as thguring June to September demonstrated that in no
previous month’s weather data up to 6 previousiodels were more than one weather variable
months. The literature review indicated thasignificant. We conclude therefore that the best
lagged relationships may exist up to this periodnodel for period is that of DT Ln CL against
We then examined these relationships an@iaximum temperature in the previous 2-4 months.
combined the weather from the three monthshis temperature variable was positively signifi-
with the strongest associations with CL. cant in all variants of the normal and ordinal

: ; logistic regression. In all cases, models including

g. In most cases, the strongest relationships wer%?s variable had a better fit (adjusted &d log

between DT Ln CL and temperature in 2-4 "7 . o
previous months and between DT Ln CL an kelihood ratio) and a stronger significance than

rainfall in 1-3 previous months. Therefore, fo2Y Of the other weather variables. Higher maxi-

consistency these lags were used in all modeldNUM temperature was associated with elevated CL
cases.
All of the data were analyzed using SPSS v.16/

v.18 for Windows and Microsoft Excel 2007 /
2010.
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Tablel

Normal Regressions of DT Ln CL Cases of Asir forxiiaum Temperature, Rainfall and Relative
Humidity during June to September for Average td 2 Previous Months

Average Linear Regression: Ordinal Logistic:

of 2-4 Variables With With Auto Variables With With Auto

previous  Only Seasonality Correlation & Only Seasonality Correlation &

months Seasonality Seasonality
Cof. P Cof. P Cof. P Cof. P Cof. P Cof. P

Max.Tem.  .055 .003 221 .001 247 .001 .323 .030 432 032 .851 034

Only

Rainfall -130 .043 -.158 .056 -.162 .055 -512 .166 =777 .068 -.845 .061

Only

Humidity ~ -.024 .031 -.030 .080 -.030 .089 -.056 169 -.069 271 -.168 -.168

Only

Cof. : Coefficients. P: P value (= or <).

Table?2

Multiple Regressions of DT Ln CL Cases of Asir fdaximum Temperature, Rainfall, and Relative
Humidity during June to September for Average ¢ 2 Previous Months

Average Linear Regression: Ordinal Logistic:
of 2-4 Variables With With Auto Variables With With Auto
previous  Only Seasonality Correlation & Only Seasonality Correlation &
months Seasonality Seasonality
Cof. P Cof. P Cof. P Cof. P Cof. P Cof. P
Max.Tem.  .059 .001 183 .005 207 .002 153 049 169 044 .600 024
Rainfall -.151 .010 -.088 214 -.091 192 -.605 107 -.638 248 -.554 283
Max.Tem.  .008 .016 183 .009 217 .003 019 .050 .303 .048 A1 041
Humidity ~ -.021 113 -012 .344 -.009 477 -.053 AT8 -.040 602 -127 167
Rainfall -.022 .002 -114 A73 -124 144 -.457 217 -792 138 -.357 532
Humidity ~ -.103 .078 -.020 138 -.020 .156 -.049 224 .004 963 -133 158
Max.Tem.  .083 .045 170 .018 204 .006 178 027 .201 .039 .361 031
Rainfall -.136 .038 -.072 .365 .086 277 -.633 144 -.752 640 -.291 618
Humidity ~ -.007 .607 -.006 .667 -.002 .901 01 .898 .020 819 -103 323

B- Multiple Regression of CL in Highlands variable were positively significant. We conclude
Group: The strongest results from the univariabléherefore that the best model for this period & th
linear and ordinal logistic regression for CL ireth of DT Ln CL against maximum temperature in the
highlands against maximum temperature, rainfalprevious 2-4 months. This weather variable was
and relative humidity for the average of thepositively significant in all variants of the norma
previous 2-4 months during June to September dieear and ordinal logistic regressions and in all
illustrated in Table 3. Table 4 presents the midtipcases had a better fit (adjusted Bnd log
regressions for all combinations of these variablesikelihood ratio) and a stronger significance than
any of the other weather variables. Higher maxi-
mum temperature was associated with elevated CL
ses.

The results of the multiple regressions for CL i
the highlands during June to September demo
strated that no models with more than one weath®
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Table3

Normal Regressions of DT Ln CL Cases of the Higlifafor Maximum Temperature, Rainfall and
Relative Humidity during June to September for Aager of 2 to 4 Previous Months

Average Linear Regression: Ordinal Logistic:

of 2-4 Variables With With Auto Variables With With Auto

previous  Only Seasonality Correlation & Only Seasonality Correlation &

months Seasonality Seasonality
Cof. P Cof. P Cof. P Cof. P Cof. P Cof. P

Max.Tem.  .073 .005 262 .002 278 .001 164 047 512 .033 718 .036

Only

Rainfall -.096 .289 -175 .080 -178 .079 -110 .765 -411 339 -.345 427

Only

Humidity — -.022 .026 -018 .288 -017 .309 -.048 .266 -.029 663 -.084 249

Only

Table4

Multiple Regressions of DT Ln CL Cases of the Hagids for Maximum Temperature, Rainfall and
Relative Humidity during June to September for Age of 2 to 4 Previous Months

Average Linear Regression: Ordinal Logistic:
of 2-4 Variables With With Auto Variables With With Auto
previous  Only Seasonality Correlation & Only Seasonality Correlation &
months Seasonality Seasonality
Cof. P Cof. P Cof. P Cof. P Cof. P Cof. P
Max.Tem.  .077 .003 245 .012 263 .008 77 .024 440 .039 .740 .042
Rainfall -123 143 -.040 .706 -.034 747 -.222 .554 176 714 .046 927
Max.Tem.  .085 .036 314 .003 .355 .001 .206 .030 632 .035 676 .040
Humidity ~ .006 764 016 .381 023 235 019 814 .037 652 -012 891
Rainfall -.069 430 -175 .168 -.183 156 -.083 823 -.461 .385 676 .040
Humidity -.021 .037 .001 994 .001 944 -.047 A74 .014 871 -012 .891
Max.Tem. .129 019 295 .006 .336 .003 297 020 579 019 697 .040
Rainfall -170 073 -104 .384 -116 237 -.330 433 -.344 524 .091 .869

Humidity 023 271 .025 242 032 135 .052 572 .064 409 019 847

C- Multiple Regression of CL in Lowlands normal linear and ordinal logistic regression amd i
Group: The strongest results from the univariablall cases had a better fit (adjusted &d log
linear and ordinal logistic regression for CL ireth likelihood ratio) and a stronger significance than
lowlands against maximum temperature anchaximum temperature. Higher rainfall was asso-
rainfall in the previous 1-3 months are illustrated ciated with elevated CL.

Table 5. Table 6 presents the multiple regressions

for all combinations of these variables.

The results of multiple regressions for CL in thtP'SCU$'0n and Conclusion

lowlands group during March to NovemberThere are two main species of leishmaniasis cases
demonstrated that in no models was more than oime Saudi Arabia: VL and CL (Al-Amru, 2002).
weather variable significant. We conclude thereFhis study focuses on CL in Asir Region, as this
fore that the best model for this period is that dbrm of illness is endemic and spread over the
DT Ln CL against rainfall. Average rainfall in thefoothills and highlands of this region.

previous 1-3 months between March and Novem-

ber was positively significant in all variants biet
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Table5

Normal Regressions of DT Ln CL Cases of the Lowsafodt Maximum Temperature and Rainfall during
March to November for Average of 1 to 3 Previousnithe

Average Linear Regression: Ordinal Logistic:

of 2-4 Variables With With Auto Variables With With Auto

previous  Only Seasonality Correlation & Only Seasonality Correlation &

months Seasonality Seasonality
Cof. P Cof. P Cof. P Cof. P Cof. P Cof. P

Max.Tem.  -.038 .010 .048 426 032 587 -137 019 -.045 843 -018 939

Only

Rainfall .099 .004 .085 012 078 .022 .800 .001 .829 .001 492 .008

Only

Table6

Multiple Regressions of DT Ln CL Cases of the Lawda for Maximum Temperature and Rainfall
during March to November for Average of 1 to 3 foeg Months

Average Linear Regression: Ordinal Logistic:

of 2-4 Variables With With Auto Variables With With Auto

previous  Only Seasonality Correlation & Only Seasonality Correlation &

months Seasonality Seasonality
Cof. P Cof. P Cof. P Cof. P Cof. P Cof. P

Max.Tem.  -.028 070 035 567 023 710 -.067 322 213 443 120 665

Rainfall .097 .006 .086 012 .080 .022 .853 .001 .893 .001 .565 .005

The literature review in this region state that thbeavy rainfall throughout this region during some
distribution of this disease in Asir region ismonths of years 1997 and 1998 (Al-Amru, 2002).
influenced by some little known climate factorsHowever, our results indicated that rainfall is not
and geographical situation (Al-Zahrani et al., ;98%ssociated with CL cases in the highlands area
Abdulwahab and Abdulmehsen 2005). where most cases occur. Vector control is a likely

There were some difficulties during this study, agxplanatlon for this reduction in cases.

we only had limited data for weather in thelThe statistical analysis was based on the
selected areas in Asir. For example, the weather liypothesis that there is a relationship between
Khamise is not representative of the whole of Asiweather and CL. This was assumed because the
as the elevation in this region varies from O tdistribution of leishmaniasis is tightly linked to
3000m. Weather, and hence sandfly distributiorgeography and may be sensitive to weather and
and leishmaniasis cases, are almost certain to vafimate influences (Reithinger et al., 2007). There
across Asir. Also, it was not possible to analyse tis also evidence that climate affects sandfly
data for some sectors due to lack of weather datambers, which has an impact upon leishmaniasis
and the low number of cases. For example, raases. The vector is affected by environmental
weather data was available for the Different Landsonditions, especially temperature and rainfall
Group, and the numbers of cases reported for t{iSross and Hyams, 1996). A study in Argentina
sector was low. Finally, some of the leishmaniasishowed that the activity season of one sandfly
cases were unclassified and so could not lepecies sharply increased during the rainy season
assigned to a sector. and decreased during the months of lower rainfall

Overall, the CL cases show that the total number %g'ignrl?égggsz?;?r:?;ﬁzscésﬁggggtira?\t iil(.:’reic;??ﬁ
yearly cases is declining from a peak (outbreak) i

. vegetation, allowing expansion in the population of
1998. This outbreak may have been due to tr\]/grtebrate host (Hunter 2003). An increase in
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sandfly populations can lead to an increase in tlwases in this study are from highland areas, amd th
occurrence of leishmaniasis (Gage et al., 2008)ighest average maximum temperature in the
There is therefore much evidence that weather rigpresentative area occurs in June. In some plarts o
important for leishmaniasis. India one of the studies revealed that the sandfly
ere found only at temperatures between 17 and
6°C (Singh, 1999). Therefore, the highlands

ight provide the optimum temperature for the

ctor during summer, and then the activity of

ndfly is likely to increase with this temperature

Monthly averages of CL cases in all Asir Regio
during the study period show transmissio
throughout the year. However, there is a cled!
seasonality with peak incidence between Octob&f
and March, with the highest average number oft
cases in January. The average number of caddse study shows that the increase of temperature
during the summer is lower, with the lowestduring summer can lead to an increase of CL cases
number of cases in June. There was a high standardhe whole of the Asir Region and also in the

deviation in most months which indicates thahighlands group. However, there was no evidence
there is a large variability from year to year irfor a relationship between maximum temperature
monthly CL cases. Most of the CL cases in Asiand CL cases in the lowlands group. This is

are in the first group (highlands) so the monthlglightly unexpected, as the highest average
patterns of cases are similar between the twmaximum temperature occurs in June which

There is much less seasonality in the lowlands thaeaches over 4. Adults and larvae are sensitive

in the highlands group with the peak case® high temperature, and in laboratory experiments,
occurring between February and June with thall adult sandflies died within two hours at

highest cases in March. Case numbers in the resttefperatures above 40°C (Cross et al.,, 1996). A
the year are little lower, with the lowest cases inegative association with maximum temperature in
September. the summer might therefore be expected. The lack
f a result suggests that sandflies find mechanisms

In the results, CL incidence was compared t%avoid these high temperatures

temperature across Asir. The results present
evidence that temperature is an important factddaximum, mean, and minimum temperatures in
affecting variation in CL cases, but only during th Asir are highly correlated. However, maximum
summer (June to September). Elevated maximutemperature in Asir was most strongly associated
temperature in the 2-4 previous months was highlyith leishmaniasis cases. This suggests that
significantly associated with leishmaniasis casemsaximum temperature is most related to the
(P<0.001). This result was nearly identical in théemperatures experienced by the sandflies, but the
highlands group, which is unsurprising as moseasons for this are unclear.

cases in Asir occur in the highlands. This resalt Within the whole of Asir and in the highlands
plausible as the lags indicate that temperatu[ﬁere was no evidence that rainfall impacted on CL

dL."'ng th_e and of winter and early spring affectg ses. This may indicate that rainfall has no impac
leishmaniasis cases in the summer. During the egg influence on the species of sandflies in the

of winter and early spring, gtgmperatures arf’:‘;ighlands. In the lowlands group, there was
generally low (around 10 to ) so elevated evidence that increased rainfall can lead to

ri1|‘*?creased cases of leishmaniasis. There is a highly

indicating that temperatures are never a limitin ositive  significant relationship - between the
g per . verage rainfall in the 1-3 previous months and CL
factor for leishmaniasis. In the lowlands, winter

. cases (between March and November). This
temperatures are usually higher (20 t635 The indicates that rainfall provides suitable condition

influence of temperature is supported  in th?or the vector, but in the lowlands only. Hunter

literature ‘and Cross et al. (1996) state that tQEOOB) noted that increased rainfall can increase

vector is affected by environmental Cond'tlon.s\'/egetation growth and allow expansion in the

especially temperature. There are some possi Spulation of vertebrate hosts; therefore, this can

Omfc?ﬁg'st':;ﬁggq?ggzr:n t:fe I\r/](iléjtirr]cigrrfgmgssr:; S|rnecrease the infected sandfly numbers and thus the
|§ossibility of CL cases. MOH in Saudi Arabia,

(Gubler et al., 2001; Hunter, 2003). Most of the CI2000 has mentioned that there is a highly

vector. There was no effect in the lowland

Science Target Inc. www.sciencetarget.com
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significant correlation between the density ofemperature was the most important factor
sandfly and positive cases. This is because aftessociated with CL in all Asir and in the highlands
rainfall, it takes time for increases in sandflies area during the summer and beginning of autumn.
occur. If the maximum temperature in the previous 2 to 4
months was elevated, there were more cases.
g%ainfall plays an important role in CL transmission
in the lowlands with greater cases if rainfall is
[elevated in the previous 1 to 3 months. This occurs

increases the occurrence of CL (Cardenas et 'tr?cl)lu r?lort]rt]t:ss ;ﬁgepghdolw:gthgewvggttﬁérSﬁ;‘:ogr']
2006; Gage et al., 2008). The vector is affected g 9 y

rainfall (Cross and Hyams, 1996). Therefore, thes quen(_:e upon CL in Asir, it Is important to
conditions can lead to increase the vector, thes tfEC0o <€ that Ie|_shmr_;1n|a5|_s cases are becoming
' ss of a problem in this region. Overall, the gtud

occurrence of CL. Our results suggest that in t
lowlands area of Asir there is not enough rainfafl "Ov> that the total number of yearly CL cases has

for vegetation. This means that when there geclined to one third_ of cases in the ninetiesfsy t
rainfall there are more sandflies and henc%nOI of the study period.

leishmaniasis. The weather in these areas is dri@ased on these findings and an understanding of
It is therefore not surprising that more rainfathyn how CL disease is affected by climate, it should be
lead to more vegetation and hence more sandflipessible to design an early warning system using
and leishmaniasis. the weather to predict the incidence of this digeas

Some studies note that humidity is one of the mogperefore, the resuits of this study have important

important weather factors for sandfly survival'mp”.caﬁor.]S for policies to improve public health
development, and activity (Cross et al., 199(%? this region.

Kasap et al., 2009; Srinivasan et al., 1993), bet t
results of this study do not show evidence th
there was a significant relationship betwee
relative humidity and CL cases for Asir or any offThe authors thank the Vector Control
the endemic areas. This interpretation is slightlxdministration, Health Affairs Directorate in Asir.
limited by the absence of humidity data in théMinistry of Health in Saudi Arabia, particularly
lowlands. This contradiction could be due to th®r. Abdulmehsen Abdoon, Mr. Ali Alshahrani, Dr.
different location of this study. It also could tlee Mohamed Zahrani, and Dr. Adnan Aldaham from
to the increase in humidity, which is associatethe Infectious Diseases Department in MOH, for
with other weather factors, such as higlproviding CL data. Weather data was provided by
temperature, which have shown themselves to liee Ministry of Water and Electricity. Financial
significant in the model. support was from the government of Saudi Arabia.

In Pondicherry, India, summer rainfall is followed
by an increase in the population of sandflie
(Srinivasan et al., 1993). Also, some studies i
Colombia stated that drought followed by rainfal

cknowledgments

In summary, this study showed that weather factors
play an important role in affecting CL cases.

References

Al-Amru, S. (2002), The importance of sandfly Al-Zahrani, M. A., Peters, W., Evans, D. A,
(Psychodidae: Diptera) in KSA. Entomology Smith, V. and Ching Chin, [. (1989),
Department, Agriculture College, King Saud “Leishmania infecting man and wild animals in
University. (Report, Arabic Version) Saudi Arabia. 6. Cutaneous leishmaniasis of

Al-Tawfig, J. A. and Abu-Khams, A. (2004), man in the south westTransactions of the

“Cutaneous leishmaniasis: a 46-year study of Equl S‘%%et%/ﬂof&groplcal Medicine and

the epidemiology and clinical features in Saudi YOIene, oo, i

Arabia (1956-2002)"International Journal of Cardenas, R., Claudia, M., Alfonso, J. and Franco-

Infectious Diseases, 8, 244-250 Paredes, C. (2006), “Studied impact of climate
change variability in the occurrence of

Science Target Inc. www.sciencetarget.com



12 © Faraj and Lake 2014 | The Seasonality of Cutaneous Leishmaniasis

leishmaniasis in Northeastern Colombia”,
American Journal of Tropical Medicine and
Hygiene, 75 (2), 273-277

Mohammed, MBBS, (1998)Annals of Saudi
Medicine, Vol. 18, No 1, 1998

Gage, L.Kenneth, Thomas R. Burkot , Rebecca J.
Centers for Disease Control and Prevention, Eisen, , Edward B. Hayes, (2008), “Climate and
(CDC). (2010) Leishmaniasis, http://www.cdc. Vectorborne DiseasesAm J Prev Med, 35(5):

gov/parasites/leishmaniasis/, Last updated: 436-450

November, 2010, last accessed: April, 2012 0 b 3. Reiter, P., Ebi, K.L., Yap, W., Nasci

Center for Food Security & Public Health, R. and Patz, J.A. (2001), “Climate variability
(CFSPH). (2009), Leishmaniasis cutaneous and and change in the United States: potential
visceral. Factsheets. Institute for International impacts on vector- and rodent-borne diseases”,
Cooperation in Animal Biologics, lowa State Environmental Health Perpectives, 109(suppl
University, College of Veterinary Medicine 2), 223-233

http://www.cfsph.iastate.edu/Factsheets/pdfs/Iﬂun,[er PR. (2003), “Climate change and

shmaniasis.pdhist accessed: April, 2012 waterborne and vector-borne disease. The

Chaves, L.F. and Pascual, M. (2006), “Climate Society for Applied Microbiology”Journal of
Cycles and Forecasts of Cutaneous Applied Microbiology Symposium Supplement,
Leishmaniasis, a Nonstationary Vector-Borne 94, 37S5-46S

Disease”PLoSMedicine, 3 (8), 1320-1328 opimy Apdulwahab A. and Abdoon Abdul-

Cross, E. and Hyams, K. (1996), “The potential mehsen M, (2005), “Distribution and
effect of global warming on the geographic and population dynamics of phlebotomus Sandflies
seasonal distribution of phlebotomus papatasi in in an endemic area of cutaneous leishmaniasis
Southwest  Asia”, Environmental Health in Asir Region”,Journal of Entomology, 2(1):
Perspectives, 104 (7), 724-727 102-108, 2005

Cross, E.R., Newcomb, WW. and Tucker, CXasap Ozge E, Asli Belen, Sinan Kaynas, Fatih M.
(1996), “Use of weather data and remote Simsek, Levent Biler, Nihal Ata, Bulent Alten,
sensing to predict the geographic and seasonal (2009), “Activity Patterns of Sand Fly (Diptera:
distribution of phlebotomus papatasi in Psychodidae) Species and Comparative
Southwest Asia”American Journal of Tropical Performance of Different Traps in an Endemic
Medicine and Hygiene, 56, 530-536 Cutaneous Leishmaniasis Focus in Cukurova

El-Badry, A., Al-Juhani, A., El-Kheir, I. and Al- Plain, Southern Anatolia, Turkey. Hacattepe

Zubiany, S. (2009), “Distribution of sandflies in ~ _rVersity, Faculty of Science, Department of

; : : . Biology, Ankara, Turkey”Acta Vet. Brno, 78:
El-Nekheil Province, in Al-Madinah Al- i
Munawwarah Region, Western of Saudi 327-335; doi: 10.2754/avb200978020327

Arabia”, Research Journal of Parasitology, 4 Meteorological and Environmental Protection
(1), 1-11 Section (MEPS), (2007), The Center of
Information and Documentation in the Ministry

Faulde, M., Schrader, J., Heyl, G., Amirih, M. and
“Zoonotic cutaneous

in Mazar-e Sharif,
epidemiologicaMinistry of Health, KSA, Statistic Department,

Hoerauf, A. (2008),
leishmaniasis outbreak
northern Afghanistan: an
evaluation”, International Journal of Medical
Micrabiology, 298, 543-550

Franke CR, Ziller M, Staubach C, Latif M, (2002),

of Defense and Aviation in Saudi Arabia,
Meteorological Department, Annual Report.

The Statistical Books (2000), “A review of
health situation, Leishmaniasis”, http://www.
moh.gov.sa/statistics/index.html

“Impact of the El Nino/southern oscillation onMinistry of Health, MOH. (2006), “Regional

visceral leishmaniasis”Brazil. Emerg Infec
Dis, 8: 914-7

Gaafar M. Malik, MRCP; Osheik Seidi, MRCP;

Abdelmageed El-Taher, MBBS; Abdin Shiekh

Workshop on Adaptation Strategies to Protect
Health under Climate Change Variability and
Change in Water Stressed Countries in EMR”.

Science Target Inc. www.sciencetarget.com



International Journal of Environment and Sustainability | Vol. 3 No. 3, pp. 1-13 13

Ministry of Health, KSA, Statistic Department, Clustering of Leishmaniasis in Northeastern
The Statistical Books (2008), “A review of Brazil’, Emerging Infectious Diseases
health situation, Leishmaniasis”, www.cdc.gov/eid ¢ Vol. 15, No. 6

Murray, H., Berman, J.D., Davies, C.R., Saravi&ingh, Karam, (1999), “Studies on the role of
N.G., (2005), “Advances in leishmaniasis”, climatological factors in the distribution of
Lancet, 366, 1561-1577 phlebotomine sandflies (Diptera: Psychodidae)

Reithinger Richard, Ueslei Teodoro, and Clive R. in semi-arid areas of Rajasthan, Indiddyrnal

Davies, (2001), “Topical Insecticide Treatments pf Arid Environments, 42: 43-48 Article No.
to Protect Dogs from Sandfly Vectors of jare.1999.0499

Leishmaniasis, London School of Hygiene &Srinivasan, R., Panicker, K.N., Dhanda, Vijai,
Tropical Medicine, London, United Kingdom”,  (1993), “Population dynamics of Phlebotomus
Emerging Infectious Diseases, Vol. 7 No.5 papatasi (Diptera: Phlebotomidae) in

Reithinger, Richard, Jean-Claude Dujardin, Pondicherry”India. Acta Trop., 54, 125-130

Hechmi Louzir, Claude Pirmez, BruceTDR, February (2002), “Strategic Direction for
Alexander, Simon Brooker, (2007), “Cutaneous Research, Programme for Research and
leishmaniasis”Lancet Infect Dis, Vol. 7: 581— Training in Tropical Diseases, Strategic
96 Direction: Leishmaniasis”, Avenue Appia 20,

Salomon D Oscar, Juan R Rosal, Marina Steinl, 1211 Geneva. www.who.int/tdr

Maria G Quintana, Maria S Fernandez, Andrew/ittner, Murray and Herbert B. Tanowitz, (2000),
M Visintin, Gustavo R Spinelli, Maria M “Leishmaniasis in Infants and Children”,
Bogado de Pascual, Maria L Molinari (2008), Seminarsin Pediatric Infectious Diseases, Vol
“Phlebotominae (Diptera: Psycodidae) fauna in 11, No 3, pp 196-201

the Chgcp region and'cutaneogs Ie'Shm"’m"'ﬁﬁorld Health Organization, leishmaniasis, (2000),
transmission patterns in Argentinaviem Inst “The leishmaniasis and Leishmania/HIV co-

g?gaggz Cruz, Rio de Janeiro, Vol. 103(6): infections”, http://www.knowledgebank.irri.
org/factsheetsPDFs/Health_and_Nutrition/who
Schriefer, Albert, Luiz H. Guimarées, Paulo R.L. FS_hiv_leishmaniasesColnfect.pdf

Machado, Marcus Lessa, Hélio A. Lessa, — “
Ednaldo Lago, Guilherme Ritt, Arist()telezW olreI;jShl;lneaari'Egsgrgagézpac;ur?n,0f(20a07)V,VH%onté(:(ng:t

Goes-Neto, Ana L.F. Schriefer, Lee W. Riley : .
' P ’’  Committee. Geneva, World Health Organi-
and Edgar M. Carvalho, (2009), "Geographic zation”, Technical Report Series, No. 793)

Science Target Inc. www.sciencetarget.com



