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ABSTRACT

انتقال حمى  ديناميكية  وفهم  الضنك  بحمى  الإصابة  وبائيات  دراسة  الأهداف: 
2017- من  الفترة  خلال  السعودية،  العربية  المملكة  المكرمة،  مكة  في  الضنك 

2019م.

الصحية  البيانات  جميع  على  حصلنا  مقطعية.  دراسة  هذه  أجريت  المنهجية: 
المملكة  المكرمة،  مكة  في  الضنك  لحمى  المؤكدة  الحالات  لجميع  والديموغرافية 
العربية السعودية خلال الفترة 2019-2017م من إدارة مكافحة الأمراض المنقولة 
بالنواقل والأمراض الحيوانية المنشأ )VBZDA( في مكة المكرمة والمختبر الإقليمي 
المكافحة  إدارة  من  حصلنا  كما  السعودية.  العربية  بالمملكة  المكرمة  مكة  لمنطقة 
على بيانات الحشرات وكثافة الزاعجة. استخدمنا الطرق الوبائية الوصفية لتحديد 

حدوث وتوزيع حالات حمى الضنك.

 2019 عام  في  أعلى  مختبريًا  المؤكدة  الضنك  حمى  حالات  كانت  النتائج: 
بالمقارنة بعام 2017م و 2018م، إشارة إلى تفشي حمى الضنك في عام 2019م 
في مكة المكرمة، المملكة العربية السعودية. حيث بلغ عدد الحالات المؤكدة بحمى 
الضنك 204 في عام 2017م، و 163 في عام 2018م، و 748 في عام 2019م. 
الأشخاص المصابون بحمى الضنك في الغالب من الفئة العمرية 44-25، ويمثلون 
عرضة  أكثر  الرجال  كان  عام.  كل  السنوية  الضنك  حمى  حالات  نصف  حوالي 
عرضة  أكثر  السعوديات  النساء  وكانت  بالنساء،  مقارنة  الضنك  بحمى  للإصابة 
للإصابة بحالات حمى الضنك مقارنة بالنساء غير السعوديات في جميع السنوات 
الثلاث التي شملتها الدراسة. ولم تسجل أي حالة وفاة مرتبطة بحمى الضنك في 

هذه السنوات الثلاث.

العربية  المملكة  المكرمة،  الضنك في مكة  ارتفع معدل الإصابة بحمى  الخلاصة: 
السعودية، في عام 2019م مقارنة بالسنتين السابقتين وذلك بسبب هطول الأمطار 
هطول  بعد  المرض  ناقلات  مكافحة  جهود  تساعد  وقد  2019م.  عام  في  الغزيرة 

الأمطار في احتواء المرض في مكة المكرمة، المملكة العربية السعودية.

Objectives: To study the epidemiology of dengue 
incidence and understand the dynamics of dengue 
transmission in Makkah, Kingdom of Saudi Arabia 
(KSA), between 2017-2019.

Methods: This is a cross-sectional study. Health and 
demographic data was obtained for all confirmed dengue 
cases in Makkah, KSA, in the years 2017-2019 from the 
Vector-Borne and Zoonotic Diseases Administration 
(VBZDA) in Makkah and the Makkah Regional 
Laboratory, KSA. In addition, entomological data about 
Aedes density was obtained from the VBZDA. Descriptive 
epidemiological methods were used to determine the 
occurrence and distribution of dengue cases.

Original Article

Results: Laboratory-confirmed dengue cases were higher 
in 2019 as compared to 2017 and 2018, suggesting 
an outbreak of dengue in Makkah, KSA, in 2019. 
The incidence of confirmed dengue cases was 204 in 
2017, 163 in 2018 and 748 in 2019. Dengue mostly 
affected people in the 25-44 age group, accounting for 
approximately half of the annual dengue cases each 
year. Men were at a higher dengue incidence risk when 
compared to women, and Saudi women had a higher 
risk rate for dengue cases when compared to non-Saudi 
women in all 3 years studied. There was no dengue 
related death in these 3 years.

Conclusion: The dengue incidence increased in Makkah, 
KSA, in 2019 as compared to the previous 2 years, owing 
to heavy rainfall in 2019. Post-rainfall Vector control 
efforts may help contain the disease in Makkah, KSA.

Keywords: Dengue, incidence, Vector Borne diseases, 
Saudi Arabia
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Dengue fever (DF) is one of the most serious 
re-emerging infectious diseases in the world. 

The disease, in recent decades, has expanded in its 
geographical distribution and becomes endemic in more 
than 100 countries, with around 2.5 billion people at 
risk of infection.1

The World Health Organization (WHO) estimates 
that there could be over 50 million incidences of DF 
each year worldwide.2,3 The causes for the appearance 
of this disease are not fully understood. However, 
changes in the socio-demographic and public health 
infrastructures of affected countries over the past 
decades might have significantly contributed to the 
changing dynamics of dengue incidence.4

The WHO reports that the dengue virus can cause 
classic DF, dengue shock syndrome (DSS) and dengue 
hemorrhagic fever. Dengue fever is an arthropod 
Vector-Borne disease that is spread by different species 
of biting female Aedes (Ae.) mosquitos (Ae. aegypti; Ae. 
albopictus; Ae. polynesiensis). Aedes aegypti is the more 
important vector because it exists in proximity to 
human habitation.5

The dengue viruses belong to the genus of Flavivirus 
and family of Flaviviridae.6 It has genetic material 
composed of single-strand ribonucleic acid (RNA) and 
has 4 distinct serotypes dengue virus (DENV 1-4).7 
The virus is found in tropical and sub-tropical climates 
worldwide with high humidity and hot temperatures, 
and generally in urban and semi-urban locations.8 High 
humidity lengthens the mosquito’s lifespan, as well as 
minimizes the time required for viral replication. After 
being ingested by the mosquito host, the virus may 
require 3-14 days of incubation period in mosquito to 
transmit to a new human host. This incubation period 
is lesser in high humidity environments.9

In Kingdom of Saudi Arabia (KSA), in 1994, dengue 
virus serotype 2 (DENV-2) was recorded for the first 
time, and was responsible for a major epidemic in 
Jeddah, KSA, with 289 confirmed cases reported.10 
Since then, dengue cases have been reported in other 
geographical locations of KSA.

In Makkah, KSA, the number of dengue cases has 
been reported as dengue-endemic in the last decade. In 
2004, dengue case profiles were initially reported for 
hospitalized patients at a single center, during the first 
outbreak of dengue in Makkah. A total of 159 DF cases 
were admitted to a tertiary hospital in Makkah from 

2006-2008, and 77% of these cases were during the 
spring and early summer. Later on, a massive increase 
in construction work in Makkah between 2008-2012 
raised the number of DF, with 4,187 cases reported, due 
to the rise in stagnant water .11-13

Many factors are further related to increasing 
the spread of this disease, including growing levels 
of urbanization, travel, international trade, climate 
change and poor vector control. In addition, irregular 
insecticide spray, development of insecticide resistance 
in mosquitos and changing climate conditions may 
contribute to the outbreaks of the disease.14

Prevention and control of dengue disease are 
still the most substantial steps needed to minimize 
the danger of infection. Understanding the disease’s 
prevalence and distribution over time are important if 
we are to effectively administer interventional measures. 
Therefore, we carried out this study to determine the 
epidemiology of dengue spread in Makkah between 
2017-2019.

Methods. This cross-sectional study recruited 
laboratory-confirmed dengue cases in Makkah 
hospitals, KSA, between January 2017 and December 
2019. The study subjects were mostly citizens and 
residents of Makkah. However, visitors with confirmed 
dengue cases were also included in this study. All blood 
samples were collected within 5-10 days of illness onset. 
The diagnosis of the disease was made by the regional 
laboratory in Makkah. The results were recorded on 
the Health Electronic Surveillance Network (HESN) 
website according to the system of the Ministiry Of 
Health (MOH). Patients with negative results were 
excluded from the study.

The inclusion criteria was citizen, resident, or visitor 
to Makkah city with laboratory confirmed dengue, 
during the study period. The exclusion criteria was 
citizen, resident, or visitor to Makkah city who did 
not test positive for dengue infection during the study 
period and all who were not citizen, resident, or visitor 
of Makkah city during the study period.

All suspected dengue disease samples were sent upon 
collection to the regional laboratory from different 
hospitals in Makkah to detect the dengue virus to 
confirm the diagnosis. The samples were stored at -30°C 
under consistent frozen situations for more molecular 
assays.

Makkah is the ancient Holy City of the islamic 
world and the capital of Makkah Province. It is situated 
in the western part of KSA, at a longitude of 39.826168 
East and a latitude of 21.422510 North. The city is at 
an elevation of 277 m (909 ft) above sea level and lies 
approximately 70 km (44 mi) inland from Jeddah on 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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the Red Sea. The estimated population in Makkah was 
more than 2 million in 2020, making it the third-most 
populated city in Saudi Arabia.15 Raising that figure, 
every year, approximately 2 million Haj pilgrims and 6-7 
million Umrah pilgrims visit and stay in Makkah, KSA, 
coming from different parts of the world.16,17 Makkah’s 
climate is hot in summer, with temperatures often more 
than 40°C (104°F) during the day and dropping only to 
30°C (86°F) at night. The climate is then moderate in 
winter, with temperatures of around 30°C (86°F) in the 
day and 18°C (64°F) at night; there is little rainfall in 
Makkah between November and January.18

Prior to designing the study, a through literature 
search was conducted to review all the published 
research article on dengue incidence in Makkah 
region, KSA. For this, PubMed search engine from 
the National Library of Medicine, National Centre for 
Biotechnology Information was used. All published 
articles we obtained were analyzed.

Ethical approval was obtained from the Ethics 
Committee of the MOH, KSA (ethical approval 
reference no. H-02-K-076-0420-287). Data was 
collected with prior approval to conduct the study 
from the MOH. Patients’ data collected from the 
regional laboratory and the Vector-Borne and Zoonotic 
Diseases Administration in Makkah were anonymized 
and analyzed for this study. The study did not directly 
involve any human subject, laboratory data of human 
subjects were obtained after ethical approval.

RNA extraction. Extraction from 300 μl of the 
serum sample was carried out using the MagNA 
Pure 96 instrument (Roche Molecular Systems, Inc., 
Germany), following the manufacturer’s instructions.19 
All chemicals and equipment used in this study were 
supplied by the MOH.

RT-PCR assay. Reverse transcription polymerase 
chain reaction (RT-PCR) was carried out using a 
LightMix Modular Dengue Virus kit. 10 μl of the 
reaction mix was combined with 10 μl of the extracted 
RNA, following the manufacturer’s instructions. The 
PCR reaction per well consisted of 4.0 μl Roche master, 
0.1 μl RT enzyme, 0.5 μl reagent mix containing 
primers and probes and 5.4 μl PCR-grade water. 
The step of reverse transcription was achieved via the 

following technique: 55°C RT step for 5 minutes, 95°C 
denaturation for 5 minutes, 45 cycles of 5 seconds at 
95°C, 15 seconds at 60°C then 15 seconds at 72°C 
in quantification mode and, finally, cooling at 40°C 
for 30 seconds. All procedures were carried out in a 
LightCycler 480 instrument and data was investigated 
with LightCycler software 480 (Roche Molecular 
Systems, Inc., Germany).20

Mosquito counting and density calculation. 
Mosquito samples were collected by field teams and 
then sent to the laboratory to determine types and 
numbers. Density was calculated by averaging, for all 
the sites explored, the number of mosquitos per room.

Statistical analysis. Data was inputted into Microsoft 
Excel sheets. Data entries were double-checked to rule 
out potential errors in the data entry. Microsoft Excel 
was used for all data analysis, as well as plotting curves 
for data display. Prevalence and incidence rates were 
calculated as previously described.21 Pearson correlation 
coefficients were calculated to determine whether or not 
there was rainfall using Microsoft Excel.

Results. The suspected and confirmed dengue cases 
in Makkah, KSA, were compared in 2017, 2018 and 
2019. A total of 1,004 in 2017, 752 in 2018 and 1571 in 
2019 blood samples from suspected dengue cases from 
Makkah hospitals were sent for dengue diagnosis in the 
laboratory. The diagnostic test positive rate for dengue 
in Makkah was more (47.6%) in 2019 as compared to 
2017 and 2018 (Table 1).

There was a marked increase in dengue cases in 
Makkah during 2019 when compared to 2017 and 
2018. Figure 1 displays the total laboratory-confirmed 
dengue cases and the cumulative percentage of 
confirmed dengue cases in Makkah by week, for 2017-
2019.22 In 2019, the confirmed dengue cases were high 
when compared to 2017 and 2018. An early onset of 
dengue cases was observed in 2019 when compared to 
the previous 2 years. Half of the total annual dengue 
cases were reported by week 18 in 2017, by week 23 in 
2018 and by week 13 in 2019, suggesting there was a 
shift in yearly dengue infection dynamics. In 2018 and 
2019, in addition to high cases of dengue in the first 
half of the year, the dengue cases tended to rise again at 

Table 1 -	 Average annual rainfall and dengue cases in Makkah, Kingdom of Saudi Arabia.

Year Annual rainfall (mm) Suspected dengue cases Confirmed dengue cases The precentage of suspected cases found to be positive
2017 25.15 1,004 204 20.32%
2018 11.74 752 163 21.67%
2019 110.8 1,571 748 47.61%
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the end of the year. No dengue deaths were reported in 
Makkah in any of the 3 study years.

An analysis of the density of Aedes mosquitoes in 
Makkah reveals that the mosquito density was higher 
in 2019 when compared to 2017 and 2018, as shown 
in Figure 2. The average observed density of Aedes 
mosquitos was 0.04 mosquitoes per room in 2017, 0.06 
mosquitoes per room in 2018 and 0.09 mosquitoes 
per room in 2019. Monthly analysis of Aedes densities 
reveals that, for the first 10 months of the year, the Aedes 
density in 2017 was slightly higher when compared to 
2018. However, there was a marked increase in Aedes 
density in November and December 2018.

When analyzed for age distribution, the highest 
cases were reported in the 25-44 age group (Figure 3), 
which accounted for almost 50% of the dengue cases 
in all 3 years. Children younger than one year old least 
contributed to dengue cases. The highest contributing 
group for dengue cases (25-44 years) was responsible for 

confirmed 176 dengue cases in 2017, 72 cases in 2018 
and 383 cases in 2019.

An analysis of dengue cases based on gender 
and nationality reveals that, in Makkah, the dengue 
incidence rate was higher for males when compared 
to females, within both Saudi and non-Saudi groups, 
for all 3 years (Figure 4). In 2017, the incidence risk 
of dengue infection was almost equal in Saudi males 
(23.54 cases per 100,000 population) and non-Saudi 
males (22.44 cases per 100,000 population). In 2018, 
the incidence risk for dengue infection was higher in 
Saudi males (12.70 cases per 100,000 population) than 
non-Saudi males (8.81 cases per 100,000 population). 
The incidence risk for dengue infection in 2019 was 
higher in non-Saudi males (59.34 cases per 100,000 
population) than Saudi males (40.16 cases per 100,000 
population). The incidence risk for dengue infection 
remained high for Saudi women when compared to 
non-Saudi women in all the 3 years studied.

Figure 1 -	Dengue cases in Makkah, Kingdom of Saudi Arabia, by weeks. (A) The total number of confirmed dengue cases was plotted against the week 
number in 2017, 2018 and 2019. (B) Cumulative percentages of the total number of confirmed dengue cases were plotted against the week 
number in 2017, 2018 and 2019.

Figure 2 -	Aedes density by year in Makkah, Kingdom of Saudi Arabia. The Aedes density is plotted against the months of the year in 2017, 2018 and 2019.
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Discussion. Global dengue infections are on the 
rise. In 2000, a total of 505,403 dengue cases were 
reported, as compared to 2.4 million dengue cases in 
2010 and 4.2 million in 2019. There were 960 dengue-
related deaths reported in 2000, as compared to 4,032 
in 2015 (WHO).

The weekly dynamics of dengue cases were quite 
different in the 3 years studied in Makkah, KSA. 
Notably, in 2019, 50% of the annual dengue cases 
were reached by week 13, while it was week 23 in 2018 
and week 18 in 2017. The dynamics of dengue cases 
appear to be related to rainfall, as illustrated in Table 1. 
In 2017, approximately half of the annual rainfall was 
received by the end of February. However, in 2018, 
approximately 80% of the annual rainfall was received 
in October and November.

There was a sharp increase in Aedes density at the 
end of 2018. In fact, this rainfall at the end of 2018 

might have contributed to the early onset of the dengue 
peak in 2019. The known dengue vectors are female 
Aedes mosquitoes belonging to 2 species, Aedes aegypti 
and Aedes albopictus. The latter has not been reported 
to be present in the western part of KSA; therefore, 
Aedes aegypti is thought to be the principal vector for 
dengue spread in western KSA. Thus, Aedes density 
impacts the dengue incidence. However, the methods 
used to measure Aedes density may give different results. 
In our study, we included Aedes density as calculated 
around the homes of confirmed dengue cases. Samples 
were collected from 10 houses in each direction around 
the house of a confirmed dengue patient. This method 
has a flaw in cases where the dengue infection has been 
acquired at another location. For instance, a dengue 
infection acquired at a workplace or a picnic spot may 
not be reflected well in mosquito density, if we calculate 
mosquito density around the residence of the patient. 
Moreover, patients’ vulnerability to mosquito bites may 
be different in the same locality, as some people live in 
well-protected environments while others do not.

Dengue cases were more concentrated in the age 
group of 15 years or above. This suggests that the dengue 
infection is mainly acquired through outdoor biting 
mosquitoes, as small children and women contribute to 
lesser cases in the city. The outdoor employment of the 
adult population may expose them to a greater risk of 
dengue infection. Moreover, little immunity has been 
acquired in the population against the symptomatic 
infection since the incidences of dengue are few. It would 
be interesting to study how immunity to the dengue 
virus develops and lasts in the Saudi population. Since 
our study focused only on symptomatic patients who 
came to the hospital for treatment, this study cannot 
answer questions on immunity in the population. 
Studies that measure symptomatic and asymptomatic 
dengue infections to characterize age-dependent dengue 
immunity in the population are urgently needed, given 
the alarming rise of dengue cases at local and global 
levels.

We observed differences in the reported dengue 
cases in males and females. There are several infectious 
and non-infectious diseases where the 2 genders behave 
differently. When it comes to dengue, males were 
consistently higher in reporting confirmed cases in 
Makkah. The incidence rate of confirmed dengue cases 
was higher among males when compared to women in 
all 3 years studied. There can be multiple explanations 
for this observation; the biological susceptibility to 
dengue or severity of the dengue disease may be different 
in males and females. There may also be differences in 
reporting the illness or in health-seeking behavior in the 

Figure 3 -	Age distribution of dengue cases in Makkah, Kingdom of 
Saudi Arabia. The dengue cases in an age group are displayed 
as a percentage of the total. Each bar is divided into different 
colored segments to represent the proportion of dengue cases 
in 2017, 2018 and 2019 for each age group.

Figure 4 -	Nationality and gender-related incidence risk of dengue cases 
in Makkah, Kingdom of Saudi Arabia, plotted from 2017-
2019.
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different genders. Alternatively, the site of work may 
have exposed males to a greater risk of mosquito bites 
when compared to females. Women are less likely to 
be employed in remote areas where mosquito densities 
may be higher. There were differences in the dengue 
cases between Saudi citizens and foreigners in Makkah. 
In 2017-2018, Saudis reported more dengue cases 
when compared to foreigners in Makkah. This may be 
due to the free availability of healthcare to Saudi citizens 
when compared to the foreigners, all of whom may not 
have free access to healthcare. However, in 2019, more 
non-Saudi males reported dengue cases when compared 
to Saudi males in Makkah. This may be due to the 
work-related exposure of non-Saudis in 2019, a year of 
heavy rain. Moreover, since there was a global increase 
in dengue cases, visitors may have contributed more 
to dengue cases in 2019 as compared to the previous 
2 years. Since there are more male pilgrims visitors to 
Makkah as compared to female pilgrim visitors, the 
foreigner females may thus have contributed fewer cases 
when compared to Saudi females in 2019. There were 
no dengue-related deaths reported during our study 
period in Makkah.

Study limitations. There are limitations to our study 
that should be considered when interpreting the results. 
Since dengue severity is not recorded at the Vector- 
Borne disease unit (VBDU) and the regional laboratory 
of Makkah, KSA, this study could not examine the 
epidemiology of the different severities of dengue 
cases. The incidence rate calculations were based on the 
2010 census. We could not calculate incidence rates 
in different age groups since the national census did 
not provide population data by age group in Makkah. 
Furthermore, asymptomatic infections and patients 
who did not report to healthcare units in Makkah 
were missed in this study. Makkah has a very dynamic 
population, with annual visitors numbering more than 
4 times its resident population; for this reason, the 
incidence rate calculations should be interpreted with 
caution.

The study calls for renewed efforts on dengue 
control programs in Makkah. The increase in dengue 
cases with annual rainfall suggests that good mosquito 
control programs may help to contain dengue 
outbreaks. The changing pattern of rainfall demands 
that future civil infrastructure should be designed to 
minimize water clogging and the creation of mosquito 
breeding sites. Integrative approaches to vector control 
programs may be adopted. We suggest that, after each 
major rainfall in a locality, local vector control teams 
should be activated to insecticide spray hotspot areas. 
Water samples from potential mosquito breeding sites 
should be collected for at least 2 weeks following major 

rainfall to determine the presence of mosquito larvae. 
Appropriate larvicidal measures can then be employed 
to control mosquito breeding. Community education 
campaigns about water clogging and mosquito breeding 
should also be increased. Since Makkah receives visitors 
from all over the world, potentially, this city could 
receive global dengue genotypes. Different dengue 
types have been associated with different clinical 
manifestations of the disease.21 As such, we recommend 
that the MOH includes the detection of dengue type 
in its PCR diagnosis protocol. More studies are needed 
to characterize the epidemiological, environmental, 
clinical, immunological and molecular aspects of 
dengue in Makkah.

In conclusion, this study reports that there was a 
dengue outbreak in Makkah during 2019. Effective 
vector control measures following a rainfall may help 
control dengue in Makkah.
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