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Introduction

Dengue fever remains an important infectious disease in the
Middle East transmitted to people through the breeding of
Aedes mosquitoes.!'? In the Arab world, dengue was first seen

ABSTRACT

Objective: Increased temperature and humidity across the world and emergence
of mosquito-borne diseases, notably dengue both continue to present public health
problems, but their relationship is not clear as conflicting evidence abound on the
association between climate conditions and risk of dengue fever. This characterization
is important as mitigation of climate change-related variables will contribute toward
efficient planning of health services. The purpose of this study was to determine
whether humidity in addition to high temperatures increase the risk of dengue
transmission.

Methods: We have assessed the joint association between temperature and humidity
with the incidence of dengue fever at Jeddah City in Saudi Arabia. We obtained
weekly data from Jeddah City on temperature and humidity between 2006 and 2009
for 200 weeks starting week 1/2006 and ending week 53/2009. We also collected
incident case data on dengue fever in Jeddah City.

Results: The cross-tabulated analysis showed an association between temperature or
humidity conditions and incident cases of dengue. Our data found that hot and dry
conditions were associated with a high risk of dengue incidence in Jeddah City.

Conclusion: Hot and dry conditions are risk factors for dengue fever.

Keywords: Climate, cross-tabulation analysis, dengue fever, Jeddah city

sensitive to climate variations, as rainfall and temperature
affect the density of mosquitoes.”!” As temperature and humid
conditions help in breeding of mosquitoes, mosquitoes that
carry the dengue virus have increased risk of spreading dengue
under those circumstances.

in the late 19" century.”®! The disease emerged in Zanzibar in

Dar es Salaam, on the East African coast, and in Makkah,
Medina, and Jeddah, Saudi Arabia.l’! Symptoms of the dengue
virus can vary from having a mild fever to a severe deadly
hemorrhagic fever or dengue shock syndrome. Moreover,
one could also experience a very high temperature, acute
headache, pain in the back of the eyes, discomfort in the joints,
sore muscles, and painful bones.! Dengue hemorrhagic fever
is dengue fever accompanied with hemorrhage and includes
severe pain in the abdomen, bleeding, vomiting with or without
blood, black stools, and excessive thirst.[!

Ae. aegypti — the mosquito species that spread dengue — are
susceptible to extreme temperatures regardless of humidity
such as dry and hot conditions or wet and hot surroundings.
Ae. aegypti arvae die once water temperatures reach 34°C
and adult mosquitoes start to die at an air temperature of
40°C.1" While temperature is an important factor in the
development of larval advancement, it is not the most useful
predictor in regards to the larval amounts in a particular
geographical region.!""15 Other climatic factors including the
hours of sunlight and wind velocity may influence mosquito
survivability and ecology.['!”!

The transmission of vector-borne infectious diseases is

determined by many components, including climatic
conditions, such as temperature and humidity.”8] The
transmission of mosquito-borne-diseases in particular is

Promprou et al. (2005), in a study of dengue fever hemorrhagic
fever incidence and climatic factors of Southern Thailand,
showed that while climatic variables (rain and temperature)
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do have a major role in the transmission cycles of dengue
hemorrhagic fever, the importance of these factors differed
by geographical region. The study compared the Gulf of
Thailand side of Southern Thailand to the Andaman Sea side.['™
The Andaman side with 204 + 215 mm rainfall and 80.85%
humidity had a lower incidence rate of dengue hemorrhagic
fever than the Gulf side, which had 183 mm of rain and
79% humidity.!'¥! These variations were because of the high
yearly precipitation and the higher number of rainy days on
the Andaman Sea side during the May to October monsoon
season.!"®! These findings contrasted with an earlier study by
Kanchanapairoj, (2000) which concluded that the incidence
of dengue hemorrhagic fever was similar in both regions.™”!
The difference may be because the two studies examined
different time spans (1978-1997 versus 1993-2002) and
covered different areas (four provinces versus all 14 provinces
in Thailand).

In a recent study conducted by Polwiang (2020), they
analyzed the epidemiology of dengue and aimed to determine
dengue’s seasonal patterns in Thailand and its relation to
various climate factors.”?”! The study also used three models
to predict the incidence of dengue.?” It was found that the
seasonal factor seemed to be weaker than the trends of dengue
cases, and climate factors may not be the only indicator of
the transmission of dengue.?” Moreover, it determined that
using one model may not be sufficient to forecast a dengue
outbreak.?! Wang et al. (2019) also investigated the outbreak
of dengue in Guangdong, China.?"" They looked at weather
conditions impacting dengue through multi-scale models."
Unlike the Polwiang study, it found that predicting certain
weather conditions including rainfall, temperature, and
peaking times allowed for quick response decisions mainly
due to the pauses between incidents of precipitation and the
effective reproduction number of dengue fever.?!’ Adnan et al.
(2020) set out to determine whether dengue fever cases were
related to the trend of climatic factors in Kuala Lumpur.?? It
revealed that factors such as temperature, relative humidity,
and rainfall impacted 4.4% of dengue cases in the years from
2012 to 2016.12%

The results from the epidemiological studies suggest two
related issues. First, that dengue is manifested by a complex
interaction between climate variables, biology of the Aedes,
transmission of the disease, and geographical/spatial
variation. Second, there is a lack of consistency in the pattern
of association between temperature, humidity, and the risk
of dengue fever across the world. Hence, there is a need to
unravel the different aspects of this disease transmission and
hence local and geographically small area-based studies are
necessary to address specific situations. We have addressed
these aspects by conducting the first ever local analysis
connecting climate data and incident dengue in Jeddah. We
present here the reports of the first study in Jeddah on the
association between temperature and humidity conditions in
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Jeddah City and the prevalence of dengue fever in Jeddah
City.

Like many other cities in Saudi Arabia, Jeddah City has a
warm climate. Summer temperatures are rather hot and often
rise above 52°C, while in winter, the temperature is a more
modest 25°C.1* There is a very little rain in this region and
only a small amount of it falls in winter.*¥ From 2006 to 2009,
there was a low amount of rain, with 70 mm the maximum
rainfall, in the winter of 2009, during week 48.1%3! Because of
its coastal location, Jeddah City has high humidity on most
days of the year, but more especially in summer.?* These
conditions play a significant role on the population density
of mosquitoes.?>%!

The purpose of this study is to assess the association between
climate variables and dengue fever cases to understand why
there is a major problem of dengue fever in Jeddah City. This
particular area in Saudi Arabia experiences high numbers of
dengue fever cases, and it has been hypothesized that climate
may have an effect on these numbers. The primary question
of our study attempts to determine what effects climate
factors have on dengue fever case rates and to what extent are
seasonal variations in dengue. In the following sections, we
present the methods, main results, and discuss the importance
of the findings. In this report, we investigate the relationship
between climate conditions and incidence of dengue fever in
Jeddah City.

Methods

There are various methods and tools which have been
implemented to explain the association between climate
variables and dengue fever. The previous studies have used non-
linear to describe the relationships between temperature and
dengue cases.?*2% One of this study have used the distributed
lag none-linear model (DLNM) R package to examine temporal
associations of primary variables of interest on dengue cases
reported weekly across the maximum lag period. DLNM
explains non-linear and delayed associations between climate
factors and weekly dengue cases by integrating the base
matrices through another cross-basis function to demonstrate
the relationship at the same time."?”! In this study, we present
a descriptive analysis for weekly data using cross-tabulation
analysis of secondary data on climate variables and incident
dengue cases in Jeddah city.

Data acquisition

We obtained the following climate-related variables from
Jeddah City administration: Daily temperature, humidity,
and confirmed cases of dengue between 2006 and 2009. We
have analyzed data on odds week and measures of the weekly
mean, maximum, and minimum values for temperature and
humidity. The data covered all weeks in the period 20062009,
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which were divided into the total number of dengue fever cases
per week, the weekly mean, and maximum and minimum
of temperature and humidity into quartiles, ranging from 1
(lowest) to 4 (highest).

Data preprocessing and analysis

We used cross-tabulation analysis in SPSS© for the weekly

humidity variables, we ran a number of cross tabulations.
We cross-tabulated the total number of dengue fever cases
every week with climate variables. For every week, we
obtained and calculated the mean, maximum, and minimum
values for temperature and humidity. Following this
procedure, to estimate the association between increment
in the climate parameters and increase in the number of

cases, we converted these measures into their quartile or
25™ percentile values. Hence, for both the weekly count
of dengue fever cases and weekly mean, maximum, and
minimum values of climate variables, we had ordinal
variables with the following values where the 1 was lowest
and 4 was highest [Tables 1-6]. We then cross-tabulated the
ordinal variables and used the Chi-square test of trend to
assess their statistical significance.

dengue fever cases and temperature and humidity variables
to assess the linear relationship between the total number of
dengue fever cases per week with weekly average of maximum
and minimum temperature and humidity.

Variations in temperature and humidity can play an important
part in explaining rates of dengue fever in Jeddah City. To
examine the influence of the variation in temperature and

Table 1: Quartile for averaged maximum weekly temperature and weekly dengue cases 2006—-2009

Quartile of averaged maximum Quartile of weekly dengue cases Linear by linear Chi-square P<value
weekly temperature association

0-2 3-8 9-24 25-121 0.112 26.5 0.00
25.60-31.94 8 15.40% 1936.50%  2140.40% 47.70%
31.95-35.86 10 19.20% 13 25.00% 1223.10% 17 32.70%
35.87-38.66 16 30.20% 15 28.30% 59.40% 17 32.10%
38.67-42.81 6 11.50% 14 26.90% 1426.90% 18 34.60%

Table 2: Quartile for averaged weekly temperature and weekly dengue cases 20062009

Quartile of averaged Quartile of weekly dengue cases Linear by linear association  Chi-square  P<value
weekly temperature

0-2 3-8 9-24 25-121 0.238 15.0 0.00
21.10-25.58 713.50% 20 38.50% 18 34.60% 7 13.50%
25.59-29.30 12 23.10% 11 21.20% 14 26.90% 15 28.80%
29.31-31.98 13 24.50% 16 30.20% 713.20% 17 32.10%
31.99-34.70 8 15.40% 14 26.90% 13 25.00% 17 32.70%

Table 3: Quartile for averaged minimum weekly temperature and weekly dengue cases 2006-2009

P<value

Quartile of averaged minimum

Quartile of weekly dengue cases Linear by linear association  Chi-square

weekly temperature

0-2 3-8 9-24 25-121 0.658 9.4 0.4
16.03-20.59 713.50% 18 34.60% 18 34.60% 917.30%
20.60-23.35 1019.20%  1426.90% 14 26.90% 14 26.90%
23.36-26.29 1222.60% 17 32.10% 917.00% 15 28.30%
26.30-31.09 1121.20% 12 23.10% 11 21.20% 18 34.60%

Table 4: Quartile for averaged maximum weekly humidity and weekly dengue cases 2006-2009

Quartile of averaged Quartile of weekly dengue cases Linear by linear association  Chi-square P<value

maximum weekly humidity

0-2 3-8 9-24 25-121 0.00 23.5 0.00
55.29-75.42 59.60% 12 23.10% 14 26.90% 21 40.40%
75.43-79.56 59.40% 19 35.80% 1120.80% 18 34.00%
79.57-84.42 1223.50% 16 31.40% 12 23.50% 11 21.60%
84.43-95.14 18 34.00% 14 26.40% 15 28.30% 611.30%
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Table 5: Quartile for average weekly humidity and weekly dengue cases 2006-2009

Quartile of average Quartile of Weekly Dengue Cases

weekly humidity

0-2 3-8 9-24
34-53.78 59.60% 13 25.00% 1121.20%
53.79-59.13 59.60% 15 28.80% 13 25.00%
59.14-64.42 10 19.20% 18 34.60% 12 23.10%
64.43-75 20 37.70% 15 28.30% 16 30.20%

Linear by linear association =~ Chi-square  P<Value
25-121 0.00 34.8 0.00
23 44.20%
19 36.50%
12 23.10%
2 3.80%

Table 6: Quartile for averaged minimum weekly humidity and weekly dengue cases 20062009

Quartile of averaged

Quartile of weekly dengue cases

P<value

Linear by linear association

Chi-square

minimum weekly humidity

0-2 3-8 9-24 25-121 0.00 34.0 0.00
15-31.42 59.60% 12 23.10% 1121.20% 24 46.20%
31.43-35.99 59.60% 16 30.80% 1121.20% 20 38.50%
36-41.06 14 26.40% 19 35.80% 12 22.60% 8 15.10%
41.07-53 16 30.80% 14 26.90% 18 34.60% 47.70%
Results "
80

The results of the cross-tabulation analysis are presented in the 0
following paragraphs and accompanying figures. 4

E 50 +
Seasonal variation g1 ——casts

Figures 1-4 show the total number of dengue fever cases
plotted weekly from 2006 to 2009. Across each of these
years, the number of dengue fever cases increased in the
summer season. In 2006, Figure 1 dengue cases were
recorded between the spring and summer weeks and the
highest number of 72 cases was in week 16. In 2007, despite
a peak in week 27, overall, there were no clear seasonal
variations because of the low number of dengue fever cases.
Data for years 2008 and 2009 suggest increased incidence
of dengue fever cases in the summer season. The highest
correlations between the weekly number of cases in each
year were found between 2008 and 2009 (»=0.81) and 2006
and 2008 (» = 0.69).

Effect of increased temperature

Between 2006 and 2009, the association between the weekly
numbers of dengue fever cases and the weekly average of
the maximum, mean, and minimum temperature suggests
that the highest number of dengue fever cases occurred in
the hottest weeks with the lowest humidity [Tables 7-9].
Compared with <32 degree centigrade of averaged
maximum temperature, for temperatures exceeding 38
degree C, the risk of having more than 25 cases (“heavy
caseload”) was higher.

Figures 5—7 show the relationship between the weekly number
of dengue fever cases and the weekly average of the mean,
maximum, and minimum temperature. The weekly average
of maximum and minimum temperatures was not linear
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Figure 1:. Number of dengue fever cases per week for each week
for 2006

6+ —e—CASES
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Figure 2:. Number of dengue fever cases per week for each week
for 2007

with the weekly number of dengue fever cases when the
average maximum and minimum temperature increased or
decreased, but Figure 5 shows that the weekly average of mean
temperature is significantly linear with the weekly number of
dengue fever cases. This illustrates that the average of mean
temperature had more effect on dengue fever in increasing the
number of cases than the weekly average of maximum and
minimum temperatures.
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Figure 3: Number of dengue fever cases per week for each week
for 2008
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Figure 4: Number of dengue fever cases per week for each week for 2009.
Source: Ministry of Health, 2010
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Figure 5: Cross-tabulation for averaged weekly temperature and
weekly and weekly dengue fever cases, 2006-2009

-

Ro
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Dengue Fever Cases

Figure 6: Cross-tabulation for averaged maximum weekly
temperature and weekly dengue cases, 2006-2009

<20.59 20.60-23.35 23.36-26.29 >26.30
Dengue Fever Cases

Figure 7: Cross-tabulation for averaged minimum weekly temperature
and weekly dengue fever cases, 2006-2009

Table 7: Cross-tabulation for averaged maximum weekly
temperature and weekly dengue cases 20062009

Averaged maximum Dengue fever cases Odds ratio
weekly temperature Y >25 cases

<31.94 8 4 1
31.95-35.86 10 17 3.4
35.87-38.66 16 17 2.125
>38.67 6 18 6

Effect of humidity on incident dengue fever
cases

The relationship between the weekly number of dengue fever
cases (2006-2009) and the weekly average of maximum,
mean, and minimum humidity shows that dengue fever cases
are always highest when humidity is lowest. Table 10 shows
that the add ratio of having more than 25 cases was 92% less
(0.08) when the averaged maximum weekly humidity was
>84.43%. The weekly averages of the mean and minimum
temperature relationship with the weekly numbers of dengue
fever cases are located in Tables 11 and 12.

Figures 8-10 show the relationship between the weekly number
of dengue fever cases and the weekly average of maximum, mean,
and minimum humidity. It is evident that the weekly averages of
maximum, mean, and minimum humidity were significantly linear
relationships when they were increasing or decreasing.

Thus, the analyses show distinct relationships between the
number of dengue fever cases and the climate variables
(temperature and humidity). Weekly averages of mean
temperature had a linear relationship to dengue fever cases,
but this was not true of average maximum and minimum
temperature. In the case of humidity, relationships were linear
regardless of which measure was used.

Discussion

Analyses of the impact of temperature and humidity factors
on dengue in Jeddah City showed that more dengue cases
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Table 8: Cross-tabulation for averaged minimum weekly 12

temperature and weekly dengue cases 2006—-2009 {

Averaged Minimum Dengue fever cases Odds ratio os \

Weekly Temperature Y — >25 cases ’ \

2 0.6
<20.59 7 9 1 = \
20.60-23.35 10 14 1.09 o \
02

23.36-26.29 12 15 0.97 : \

>26.30 11 18 1.27 0

<53.78 53.79-59.13 59.14-64 42 >64.43
Dengue Fever Cases

Table 9: Cross-tabulation for averaged weekly temperature and Figure 8: Cross-tabulation for averaged weekly humidity and weekly
weekly dengue cases 2006-2009 dengue cases 20062009

Averaged weekly Temperature Dengue fever cases  Odds ratio

<2 cases >25 cases 12
<25.58 7 7 1

1
25.59-29.30 12 15 125 \
0.8
29.31-31.98 13 17 131 \
£ 06
>31.99 8 17 212 \
0.4 \

Table 10: Cross-tabulation for averaged maximum weekly 02 —
humidity and weekly dengue cases 2006-2009 0
Averaged maximum Dengue fever cases Odds ratio e vl Lt R
- s = - Dengue Fever Cases

weekly humidity

<2 cases >25 cases

Figure 9: Cross-tabulation for averaged maximum weekly humidity

p(ER 3 21 ! and weekly dengue cases, 2006-2009
75.43-79.56 5 18 0.86
79.57-84.42 12 11 0.22 2
>84.43 18 6 0.08 .
o \
Table 11: Cross-tabulation for average weekly humidity and . \
weekly dengue cases 2006-2009 e \
Average weekly Humidity Dengue fever cases Odds ratio 04 \
<2 cases >25 cases 02 \\
<53.78 5 23 1 0
53.79-59.13 5 19 0.83 <3142 >|.4,-;5.99 36-41.06 >41.07
engue Fever Cases
59.14-64.42 10 12 0.26 : — —
Figure 10: Cross-tabulation for averaged minimum weekly humidity
>64.43 20 2 0.02

and weekly dengue cases 2006-2009

Table 12: Cross-tabulation for averaged minimum weekly
humidity and weekly dengue cases 2006-2009

linear statistically and significantly with dengue fever cases
from 2006 to 2009. This can be considered as evidence from

Averaged minimum Dengue fever cases Odds ratio . L. K .
e T cases 525 cases Jeddah regarding the association between climate variables and
v v cases D cases . .. . o . .

dengue risk. This information in itself is a valuable resources
<31.42 5 24 1 . .

for global epidemiology.
31.43-35.99 5 20 0.83
36-41.06 14 8 0.12 These findings are consistent with a number of reviews of
>41.07 16 4 0.05 studies that have assessed the relationship between dengue

fever and climatic conditions. There is consistent agreement

occurred when the temperature was high and humidity was that there is a relationship between climate and the incidence
low. The weekly average of mean temperature and the weekly ~ of dengue fever. For example, Banu ef al. (2011) reviews
average of maximum, mean, and minimum humidity can a number of studies which found that climate factors were

affect the number of dengue fever cases more than the average important influences on the seasonal and geographical
maximum and minimum temperatures can because they were  distribution of dengue fever cases."
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According to Christophers (1960), the temperature and
humidity in summer may have a great influence on the
survival and ration of mosquitoes. Adult mosquitoes cannot
survive beyond the temperature of 40°C. Kalid et al. (2008)
demonstrated that high temperatures shorten the viral
development rate; however, such temperatures can also
increase the number of infective mosquitoes.**

Wu et al. (2007) studied the effects of weather variability
on the occurrence of dengue fever in Kaohsiung in southern
Taiwan. Using time-series analysis, dengue fever was shown
to be associated with variations in temperature and rainfall."
Wu’s study was similar to the current research because it found
temperature to be an influential factor on dengue fever.

In Jeddah City, the high temperatures and low humidity were
the contributing factors. Wu’s study differed from this study
in that in Southern Taiwan, rainfall is a contributing factor.
This is not the case in Jeddah because the city has a very low
rainfall and therefore rainfall data were not used.

We have presented here results of simple cross-tabulations
and exploratory data analyses. Our analyses have several
limitations. These data are at best indicative as we have only
obtained aggregate level data and we did not obtain any
individual level measurements, and therefore on the basis
of these findings alone, it cannot be stated what would be an
individual’s risk of dengue on a dry or wet hot day. Therefore,
while we suggest that our study adds one more piece of
evidence that increased temperature and low humidity (that
is hot and dry conditions) are predisposing, risk factors for
increased incidence of dengue fever, and has important public
health implications, this finding needs to be validated in more
carefully conducted studies and we urge caution before we
can definitively recommend containment measures based on
these findings.

Conclusions

This is the first study to examine the effects of climatic
conditions for patterns of association between temperature,
humidity, and the risk of transmitting dengue fever in Jeddah
City, Saudi Arabia. While the results confirm the pattern, we
expected that dengue fever can peak in dry and hot conditions
as the mosquitoes breed, and dengue being an RNA virus
can spread faster in hot dry conditions.? Besides mosquito
breeding, there are possibly other contributing factors which
may be responsible for the surge in dengue during the spring
and summer weeks.
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