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ABSTR ACT
BACKGROUND: Although virologically confirmed dengue fever has been recognized in Jeddah, Saudi Arabia, since 1994, causing yearly outbreaks, 
no proper seroepidemiologic studies on dengue virus have been conducted in this region. Such studies can define the extent of infection by this virus and 
estimate the proportion that may result in disease. The aim of this study was to measure the seroprevalence of past dengue virus infection in healthy Saudi 
nationals from different areas in the city of Jeddah and to investigate demographic and environmental factors that may increase exposure to infection.
METHODS: Sera were collected from 1984 Saudi subjects attending primary health care centers in six districts of Jeddah. These included general patients 
of various ages seeking routine vaccinations, antenatal care or treatment of different illnesses excluding fever or suspected dengue. A number of blood 
donors were also tested. Serum samples were tested by enzyme immunoassay (EIA) for IgG antibodies to dengue viruses 1, 2, 3, 4. A questionnaire was 
completed for each patient recording various anthropometric data and factors that may indicate possible risk of exposure to mosquito bites and dengue 
infection. Patients with missing data and those who reported a history of dengue fever were excluded from analysis, resulting in a sample of 1939 patients 
to be analyzed.
RESULTS: The overall prevalence of dengue virus infection as measured by anti-dengue IgG antibodies from asymptomatic residents in Jeddah was 47.8% 
(927/1939) and 37% (68/184) in blood donors. Infection mostly did not result in recognizable disease, as only 19 of 1956 subjects with complete information 
(0.1%) reported having dengue fever in the past. Anti dengue seropositivity increased with age and was higher in males than females and in residents of 
communal housing and multistory buildings than in villas. One of the six districts showed significant increase in exposure rate as compared to the others. 
Availability of public sewage was associated with lower infection at a nearly significant level. No other clear risk factors were identifiable. Infection was not 
related to travel abroad.
CONCLUSIONS: Our results indicate a relatively high exposure of Jeddah residents to infection by dengue viruses, which must be considered endemic 
to this region. Infection largely remained asymptomatic or was only associated with minor illness for which patients did not seek treatment. These results 
call for continued vigilance for clinical cases of dengue that may arise from this wide exposure. They also call for more extensive control efforts to reduce 
exposure to and transmission of dengue viruses.
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Introduction
Dengue fever is the most common arboviral (arthropod-
transmitted) disease of mankind. Around 2.5 billion people 
in the world are at risk of infection. More than 100 countries 
are affected by dengue outbreaks.1 An estimated 390 million 
infections occur annually in the world, of which 96 million 
have some clinical manifestations.2 This includes about 
250,000 cases with the significant and severe manifestations of 
dengue hemorrhagic fever (DHF) and dengue shock syndrome 
(DSS). The global incidence of DHF/DSS has increased more 
than 500-fold in recent years.3 While these statistics reflect 
the major health impact of dengue, they also indicate that 
the majority of people infected with dengue viruses remain 

asymptomatic. This aspect has prompted us to estimate the 
extent of asymptomatic infection by dengue viruses in the 
Jeddah region of Saudi Arabia. Historical description of 
dengue-like illness (breakbone fever) suggests that dengue 
has occurred in this region for several decades. Virologically-
confirmed dengue was discovered when type 2 dengue virus 
was isolated from a fatal case of dengue hemorrhagic fever 
in Jeddah in 1993.4 Since then, many laboratory confirmed 
cases have been reported. The Ministry of Health Statistical 
Records indicate a total of 20,034 reported clinical cases in 
Saudi Arabia between 2004 and 2013, mostly in the cities of 
Jeddah and Mecca on the Western coast of the country,5–10 
confirming the endemicity and yearly occurrence of dengue.
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The aim of this study was to measure the seroprevalence 
of dengue virus infection in healthy asymptomatic Saudi 
nationals, male and female, of different ages and professions 
residing in different areas of the city of Jeddah. Understanding 
the epidemiology of the disease is essential in guiding effec-
tive control measures and in determining vaccination strategy 
once a dengue vaccine becomes available.

Materials and Methods
Subjects and questionnaire. The total population of the 

study was 1984 subjects of Saudi nationality attending six pri-
mary health care centers in various districts of Jeddah (total 
population around 3.5 million). These included students from 
elementary, middle, and secondary schools and university, 
adult females seeking antenatal care, and general patients of 
various ages. The mean age was 38.6 years (range 3–80 years, 
standard deviation ±14.7). The median was 38 years. The 
subjects were not suspected cases of dengue and did not suf-
fer from fever. The reasons for their visits were for primary 
care (eg vaccination, antenatal care, etc.) or for illnesses other 
than dengue fever or similar illnesses. Most patients (1637 
out of 1974 with completed information, 83%) had no symp-
toms. The rest had various conditions (eg diabetes, respira-
tory or diarrheal disease) but were not suspected of dengue. 
Forty-five patients were excluded from the statistical analysis. 
Nineteen of these reported a history of dengue fever while 26 
had incomplete questionnaires.

The location of primary health care centers and the 
number of patients are included in Table 1.

Official governmental approval for the collection of 
samples was secured by writing to the Deputy Director of 
Health of the Jeddah Municipality and ethical approval was 
obtained from the Ethical Committee at King Fahd Medical 
Research Center of the King Abdulaziz University, Jeddah. 
A patient consent form was completed for each patient. This 
work complies with the Declaration of Helsinki.

Questionnaires were completed for 1958 patients. The 
measured variables were sex, age, occupation, residence loca-
tion, type of housing, water supply, water storage, stagnant 
water bodies in the house and vicinity, sewage drainage, 
history of dengue fever or other ailments, exposure to mosqui-
toes, mosquito protection measures, mosquito control activi-
ties, travel abroad, and dengue-specific health education.

In addition, samples were collected from 184 anonymous 
Saudi blood donors at King Abdulaziz University Hospital, 
but no questionnaire was conducted.

Specimen collection and testing. About 5 mL of blood 
was collected in plain Vacutainer tubes. Blood was allowed to 
clot at room temperature for half an hour and the specimens 
were centrifuged at 3000 rpm for 20 minutes. Serum was trans-
ferred to 5 mL screw cap containers and stored at -20oC until 
tested. Frozen samples from the primary health care centers 
were shipped in ice boxes to the main lab at King Fahd Medi-
cal Research Center (KFMRC) for further storage and testing.

Serum samples were tested by enzyme immunoas-
say (EIA) for anti-dengue virus IgG antibodies to dengue 
viruses 1, 2, 3 and 4, using Dengue IgG Indirect ELISA 
Test kits manufactured by Panbio (Inverness Medical/Panbio 

Table 1. anti-dengue igg antibody positivity and demographic information of asymptomatic saudi subjects attending primary health care centers.

VARIABLE NO. ANTI-DENGUE IgG P-VALUE* ODDS RATIO (95% CI)

POSITIVE %

Total no. studied 1939 927 47.8

0.001 (male  female) 1.374 (1.139–1.658)male** 656 348 53.0

Female 1280 577 45.1

age (years)

11 11 3 27.3

0.000 (compared  
to age  11 y)

11–20 237 76 32.1 1.259 (0.325–4.878)

21–30 399 156 39.1 1.712 (0.447–6.552)

31–40 462 197 42.6 1.982 (0.519–7.568)

41–50 429 228 53.1 3.025 (0.792–11.557)

50 366 244 66.7 5.333 (1.390–20.462)

district of health center

–Kilo 14 828 391 47.2

0.004 (aziziah  other 
districts) 1.326 (1.093–1.607)

–al-montazaht 204 101 49.5

–al-amir abdulmajeed 52 17 32.7

–al-aziziah 591 312 52.8

–al-matar algadeem 148 65 43.9

–al-Bawadi 116 41 35.3
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Australia). This kit is for the purpose of qualitative detection 
of IgG antibodies to dengue virus serotypes 1, 2, 3 and 4 in 
serum. It is the recommended kit for detection of any past 
exposure to dengue. It has high sensitivity for detecting low 
concentration of IgG antibodies. Compared to the reference 
method of hemagglutination inhibition, the kit is reported by 
the manufacturer to have a sensitivity of 87% for primary den-
gue and 97.9% for secondary dengue and a specificity of 100% 
with negative sera. The indirect ELISA kit is to be distin-
guished from another kit made by the same company, Dengue 
IgG Capture ELISA, which detects only higher concentra-
tions of the IgG antibodies (equivalent to hemagglutination 
inhibition titer of 1:2560) and is mainly used for the diagnosis 
of secondary dengue virus infection in patients with clinical 
symptoms of dengue.

Data entry and analysis. Data analysis was by the Statis-
tical Package for Social Studies, Version 22 (IBM-SPSS PC+ 
version 22, SPSS Inc). Descriptive statistics, χ2 test, odds 
ratio, and binary logistic regression analysis were used. Odds 
ratio and 95% confidence intervals (CI) were calculated for 
variables with significant differences.

Results
Table 1 indicates the result of the anti-dengue IgG test in 1939 
subjects attending primary health care centers. These subjects 
were not suspected of dengue or dengue-like illnesses and did 
not report any history of dengue. The percentage of dengue 
IgG positive subjects was 47.8%.

Prevalence of dengue IgG antibody was significantly 
higher in males than females (P  0.001, odds ratio 1.374). 
Prevalence of anti-dengue IgG in different age groups is indi-
cated in Table 1 and Figure 1. The prevalence of anti-dengue 
IgG was significantly increased with increasing age as com-
pared to children less than 11 years old.

Residents of communal and collective housing had sig-
nificantly higher anti-dengue seroprevalence, followed by 
residents in apartments as compared with residents in villas, 
who had the lowest prevalence. However, no significant 

differences were found according to the number of members 
or number of rooms in each housing arrangement (χ2 0.225, 
0.807 respectively). Among the six locations of primary health 
centers where samples were collected, only Al-Aziziah district 
showed a significantly higher seroprevalence as compared to 
the five other locations.

Out of 298 subjects who were questioned about travel, 
dengue IgG was positive in 111/221 (50.2%) who had not 
travelled outside Saudi Arabia compared to 27/77 (35%) 
who had travelled outside the country, indicating that infec-
tion was mostly acquired locally (P = 0.022, OR 1.869, 95% 
CI 1.092–3.198).

Table 2 indicates the association of different environ-
mental variables with seropositivity to dengue. These variables 
are grouped under four categories: availability of municipal 
water and sewage, presence of open water tanks or other 
sources of stagnant water in the house or surrounding areas, 

Table 1. (Continued)

VARIABLE NO. ANTI-DENGUE IgG P-VALUE* ODDS RATIO (95% CI)

POSITIVE %

Type of housing

Villa 61 15 24.6

0.004 (compared  
to villa)

apartment 1177 567 48.2 2.795 (1.569–4.978)
communal housing 581 292 50.3 3.052 (1.694–5.497)
collective housing 49 26 53.1 3.391 (1.529–7.523)

employment 422 208 49.3
0.227 ns

non-employment 1214 557 46.0

Travel outside saudi arabia
no 221 111 50.2 0.022 (did not  

travel  travelled 1.869 (1.092–3.198)
yes 77 27 35.0

Notes: *(Significance: P  0.05). **gender information missing for three patients.

Figure 1. age-related prevalence of anti-dengue igg.
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Table 2. association of different environmental variables with the prevalence of anti-dengue igg antibodies.

VARIABLE NO. ANTI-DENGUE IgG P-VALUE* SIGNIFICANCE

POSITIVE %

A) Municipal water and sewage

availability of municipal water
yes 1405 680 48.4

0.124 ns
no 452 200 44.2

regular availability of municipal 
water

yes 732 355 48.5
0.525 ns

no 891 418 46.9

availability of public sewage
yes 586 261 44.5 0.052 no  yes or 1.210 

(95% ci 0.996–1.471) sig?
no 1290 637 49.4

Overflow of sewage water
yes 654 320 48.9

0.435 ns
no 1140 536 47.0

B) Open water systems

Water storage in tanks and 
containers in house

yes 1041 510 49.0
0.524 ns

no 654 310 47.4

coverage of water containers
yes 1006 493 49.0

0.111 ns
no 103 42 40.8

any stagnant water in house
yes 158 77 48.7

0.085 ns
no 1159 578 49.9

Presence of uncovered flower 
vases

yes 83 42 50.6
0.405 ns

no 1708 827 48.4

Presence of stagnant water in 
fountains or swimming pools

yes 73 35 47.9
0.902 ns

no 1726 825 47.8

Presence of open water tanks 
in nearby construction sites

yes 27 10 37.0
0.517 ns

no 1148 553 44.3

Water accumulation from air 
conditioners

yes 138 64 46.4 0.436
ns

no 809 379 46.8 0.474

stagnant water in animal pits
yes 27 10 37.0

0.404 ns
no 1513 739 48.8

car tire in yard
yes 27 12 44.4

0.701 ns
no 1425 694 48.7

stagnant water outside house
yes 36 14 38.9

0.501 ns
no 959 454 47.3

C) Mosquito biting

Presence of window screens
yes 615 300 48.8

0.162 ns
no 285 120 42.1

Frequent mosquito biting
yes 1384 667 48.2

0.739 ns
no 505 239 47.3

Presence of mosquitoes inside 
house

yes 1214 591 48.7
0.365 ns

no 673 313 46.5

Presence of mosquitoes  
outside house

yes 1254 616 49.1
0.316 ns

no 592 276 46.6

frequency of mosquito biting, and mosquito control efforts. 
Only the availability of a municipal sewage system was nearly 
significantly associated (P = 0.052) with a lower dengue 
infection. On the other hand, mosquito spraying in the house 
by municipal workers was significantly associated with a 
higher rate of dengue seropositivity. Our interpretation of this 
finding is found in the Discussion section below.

In addition to asking subjects whether they had previous 
dengue fever infection, they were asked if they suffered from 
diabetes, liver disease, heart disease, kidney disease, thyroid 
disease, or any other disease. No significant association with 
seropositivity was observed (P = 0.267).

Anti-dengue IgG was also tested in 184 Saudi blood 
donors, of whom 68 (36.95%) were found positive.
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Discussion
The main significant finding of the present study is the high 
prevalence of infection (47.8%) with dengue viruses in the city 
of Jeddah, Saudi Arabia. While clinical cases are now fre-
quently diagnosed and reported in this city and neighboring 
areas (eg Mecca), the extent of infection by dengue viruses in 
this region has not been reported. The current work indicates 
widespread infection by these viruses and supports the conclu-
sion that dengue is currently endemic in this region. This calls 
for more vigilance for the diagnosis of clinical dengue and the 
study of factors that affect the balance between asymptomatic 
and clinically significant infections.

While measurement of anti-dengue IgG antibody may 
reflect infection in the past several months or years, it may not 
detect ongoing or very recent infection at the time of sample 
collection, i.e. until IgG increases to a detectable level. This 
may require testing for anti-dengue IgM antibodies. However, 
the interval between IgM and IgG appearance is expected to 
be very short (a few days to a few weeks) compared to the total 
period during which IgG remains stable in the blood (up to 
many years). Therefore, the expected effect of this point on the 
result of the study would be small if not negligible.

Of several possible risk factors, only male sex, older 
age and communal and multistory housing could be identi-
fied as significant. Higher prevalence amongst males may 
reflect the tendency of males to spend more time outside the 
house, which may increase their exposure to mosquito biting, 
or the custom for females in this region to cover their bodies 
more extensively, reducing exposure to mosquito biting. The 
increased seroprevalence with older age most likely reflects 
the increased chance of infection with time rather than higher 
susceptibility of older people. We also observed a significant 
association between anti-dengue IgG and mosquito spraying 
in the house by municipal workers. This may reflect targeted 
house spraying by the municipality in areas from which clini-
cal dengue cases are reported.

One district out of the six tested had a significantly 
higher infection rate. This calls for inspection of factors that 
may have led to this increase. For reasons unknown to us, this 

study did not show a significant association between several 
factors related to water storage or mosquito activity and den-
gue infection. We consider it possible that the high incidence 
of infection may have masked the identification of some 
specific factors. Ghaznawi et al reported a significant asso-
ciation in 1995 between dengue fever cases and construction 
sites near the affected patients’ houses.11 This was attributed 
to the presence of open water tanks at these sites. Our study 
indicates that this may no longer be a major risk factor at the 
present time. Most houses and apartment buildings in Jeddah 
have two water reservoirs, a lower one underground in the 
yard and an upper one on the roof. The larger underground 
tank is usually built mostly from concrete or fiberglass. The 
smaller one, or several smaller ones, were in the past usually 
made from concrete, but most are now fiberglass. Municipal 
water supply is stored in these smaller tanks and the under-
ground tank. During shortages of municipal water supply, 
water is supplemented by potable water trucks. In addition, 
most houses hold an underground septic tank. Septic tanks 
are emptied by sewage trucks in areas of the city where public 
sewers are not yet present.

Jeddah holds a special importance due to its close prox-
imity to Mecca and surrounding holy sites, so that it is the 
main entry point for pilgrimage to these sites. Endemic dis-
eases in this area are thus of concern to pilgrims as well as to 
residents. The population of Jeddah is multiethnic, as pilgrims 
from many Islamic countries, especially from the Middle East, 
East Asia, and Africa, have settled in and intermixed with the 
local inhabitants from the Arabian peninsula and Yemen.

The high level of dengue IgG positivity found in this 
study is not unique. Similar high rates have been reported 
from many countries in which dengue is endemic. Burke et al  
reported in 1988 that 50% of the children in Bangkok had 
antibodies to dengue by the age of 7 years.12 Yamashiro 
et al reported in 2004 that 98% of blood donors and 56% of 
children in the Dominican Republic were positive for dengue 
IgG.13 Balmaseda et al reported an overall seroprevalence of 
91% among children in urban Nicaragua in 2006.14 Yew et al 
reported that 59% of adults in Singapore had anti-dengue IgG 

Table 2. (Continued)

VARIABLE NO. ANTI-DENGUE IgG P-VALUE* SIGNIFICANCE

POSITIVE %

D) Mosquito control

insecticide spraying (fogging) 
in street

yes 659 309 46.9
0.823 ns

no 1206 572 47.4

insecticide spraying inside 
house by municipality workers

yes 1121 558 49.8 0.029 yes  no or 1.216 
(95 ci 1.012–1.462) Significant

no 768 343 44.7

Frequency of mosquito control 
awareness or education

yes 1163 568 48.8
0.268 ns

no 695 321 46.2

Note: *Significance: P  0.05.
Abbreviation: NS, not significant.
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indicating past infection.15 In the Aseer and Jazan regions in 
Southern Saudi Arabia, Al-Azraqi et al found a seropreva-
lence of anti-dengue IgG of 31.7% in 2013.16

The presumed high level of dengue infection suggested 
by the high IgG seropositivity relative to the number of 
confirmed clinical dengue cases reported in Jeddah strongly 
suggests that the vast majority of infections are either asymp-
tomatic or cause minor symptoms that do not prompt medi-
cal attention or require hospitalization. Still, it cannot be 
ruled out that some clinically diagnosed dengue cases are 
not reported. This is not unexpected since inapparent dengue 
infection has been generally recognized and widely reported. 
Thus, Endy et al reported that the majority of dengue infec-
tions in children were inapparent or undifferentiated febrile 
illnesses.17,18 Burke et al reported that 87% of students in 
Bangkok who became infected by dengue viruses were either 
asymptomatic or minimally symptomatic.12 Yew et al estimated 
that only 1 out of 23 individuals recently infected with dengue 
was reported to the health authority as a clinical case.15 Bhatt  
et al estimate that of the estimaed 390 million dengue infec-
tions per year in the world, only 96 million (24.6%) manifest 
apparently at any level of clinical or subclinical severity.3 In 
their study of dengue vaccine efficacy in Latin America, Villar 
et al (2014) reported that 79.4% of children in their study had 
seropositive status at baseline for one or more dengue sero-
types.19 Even in regions with rare incidence of dengue, eg the 
United States of America, a serosurvey conducted in Florida 
in 2009 reported that 5.4% of households had evidence of 
recent dengue virus infection (Centers for Disease Control 
and Prevention).20

With the indirect anti-dengue IgG kit used in this study, 
the manufacturers report a 5–10% level of cross reactivity with 
sera from patients infected by the related flaviviruses West 
Nile and Japanese Encephalitis. While we cannot exclude the 
possibility of cross-reactivity, infection or disease by these two 
viruses has not been reported or recognized in Jeddah, and 
further study is required.

Inapparent dengue infection is important in understand-
ing the full picture of dengue burden in a population. Inap-
parent infection provides a source of virus to mosquitoes and 
constitutes a fundamental link in the chain of transmission of 
dengue in a community. In addition, a major point of concern 
related to existing dengue antibody in the population is its 
effect on enhancement of subsequent (secondary) infections in 
future epidemics. A secondary dengue infection results when 
a person previously infected with one serotype is exposed to a 
different serotype, and is the single most important risk factor 
for severe dengue disease (DHF/DSS).2,12 The co-circulation 
of several dengue serotypes in Jeddah has been reported.21,22 In 
this regard, it may be pointed out that the global incidence of 
DHF/DSS in recent years has increased more than 500-fold.4

Finally, the prevalence of anti-IgG antibody is impor-
tant for assessment of vaccine efficiency when a dengue 
vaccine becomes available. Hopefully, the presence of previous 

anti-dengue antibodies may not interfere with vaccine efficacy. 
In fact, Villar et al reported higher efficacy in dengue seropos-
itive children after vaccination with a tetravalent recombinant 
dengue vaccine in South America.19
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