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ABSTRACT

Since 1994, Saudi Arabia was reported dengue-free country, but later prodigious dissemination of the
disease in various geographic locations and outbreaks have been reported. To date, dengue virus
(DENV) prevailing and serotype circulating in human blood at Jazan area has limited information. The
objective of the current study was to detect and serotype DENV as base data for regional epidemiology
and for future control strategies. A total of 189 blood samples from acute febrile illness subjects all (age,
sex and nationality) admitted to 13 hospitals at Jazan area were collected. Sera were harvested and were
subjected to molecular (Reverse Transcriptase Polymerase Chain Reaction) and to serology (ELISA).
The results demonstrated that, secondary DENV was more commonly detected among 25-65 age groups
of patients followed by < 15 years old patients. Primary DENV infection was mostly detected among
young (< 15) patients and not among elderly (> 65) persons. Out of 189 tested samples, 44 (23.3%) are
infected by primary dengue infection, 79 (41.8%) by secondary dengue and 66 (34.9%) are dengue
negative. The primary and secondary dengue infections were detected throughout the year with
fluctuated prevalence with significant increase (P < 0.01) during April month. The RT-PCR detected
two serotypes (DENV-1 and DENV-2) and one confirmed concurrent mixed infection was observed in
one patient. From the result of study, it can be concluded that age is a crucial variable factor in
secondary DENV infectivity and in case fatality.
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1 Introduction

Dengue virus (DENV) is a mosquito’s borne viral disease that
causes a substantial public health burden (Guzman et al., 2010).
The available data suggest that at least 100 countries are endemic;
3.50 billion people are at risk, 5% case fatality rate mostly among
vulnerable group (children and immunecompromised adults), 50
million positive cases were annually reported and 500,000 looks
for health care facilities (Undurraga et al., 2017). The virus has
four genetically distinct serotypes (de Alwis et al., 2011),
clinically, causes different forms of disease complications and
potentially fatal (Whitehead et al., 2007; Varatharaj, 2010). The
virus is bilogically transmitted by Aedes aegypti and A. albopictus
mosquitoes (Lambrechts et al., 2010). These vectors are adapted
to human confinements and to related rubbish heap and building
environment (Nene et al, 2007). Environmental factors
(temperature, rainfall, humidity), air travel between endemic and
non-endemic country (Armstrong & Rico-Hesse, 2003),
topographic societal, environmental (Chan & Johansson, 2012),
insecticides resistance (Simard et al., 2005) and impact of
ecological factors (Alto & Juliano, 2001) are responsible for
increased disease incidence and sustainable transmission in many
countries including Saudi Arabia. In fact, since 1994, Saudi
Arabia was reported dengue-free country, but later prodigious
dissemination of the disease in various geographic locations and
outbreaks have been reported in Jeddah and Makkah (Ashshi,
2015; Ashshi, 2017; Organji et al., 2017). In addition, new viral
stains and/or serotypes are introduced into the country through the
annual displacement of pilgrims from dengue endemic regions
(Azhar et al., 2015). Therefore, the disease is associated with
epidemics, great economic, social impacts and public health
burden on the country (Ashshi, 2017). Globally, about 75%
dengue infected cases are asymptomatic and are not detected.
Therefore, differential diagnosis between dengue and non-dengue
viral cause’s agents is essential (Levett et al., 2000). There is no
effective drug (Wiwanitkit, 2010) but the eradication surveillance;
integrated vectors control, early diagnosis and prompt vaccination
programme (Morrison et al., 2008). To date, the DENV prevailing
and serotyping circulating in human blood at Jazan area has
limited information and the available diagnostic methods based on
the detection of antibodies using ELISA techniques. In fact, these
antibodies are undetectable during the first week post infection,
therefor; their results are subjective, especially in simultaneously
mix serotypes infections. However differential diagnoses between
these serotypes and/or strain is crucial without the using of
molecular species-specific probes. Therefore, robust, simple,
affordable and applicable laboratories detection tools for
identification and differentiation between all the serotypes are
highly needed. The objective of the current study was to detect

and serotype dengue virus, covering some demographic features,
blood constituents and disease seasonality as a base data for
regional epidemiology and for future control strategies in KSA.

2 Materials and Methods:
2.1 Study area

Jazan Region, Saudi Arabia is stretching out 300 km along the
Southern Red Sea coast, covering an area of 11,671 km? and is
populated by 1533,680 (Anonymous, 2016). The area is
characterized by a distinctive hot and humid climate, inadequate
sewage and waste management systems provide important sites
for mosquito breeding. In addition, the area attracts large number
of visitors and migrants thus increasing the dissemination of
DENV in the area.

2.2 The experimental design

This was a hospital-based prospective study conducted for a
period of 12 months (July to December 2017, January to June
2018). Febrile patients (oral or rectal temperature > 37.5°C or
38°C) were defined (Walker et al., 1990), seeking medical care
and admitted to 13 hospitals at Jazan area, Saudi Arabia were
selected to curry out the current study.

2.3 Blood samples

By clinical officers and/or nurses, 10 ml venous blood samples
were aseptically withdrawn in blood from 189 acute febrile illness
subjects (all age, sex and nationality) during their first hospital
admission. Sera samples were processed by divided into two
aliquots; first one cryopreserved (screw-capped cryotubes,
Greiner Bio-One, Germany) for serology and molecular detection
and second was kept at —80 °C until use. The whole blood
immediately was used for haematological values: Haemoglobin
(Hb) concentration, platelet and White Blood Cells (WBCs) count
as baseline using automatic analyzer (ABX pentra DX 120
HORIBA ABX Magnos bc).

2.4 Serology

Paired sera samples were screened for DENV infection using non-
structural protein 1 (NS1), IgM and IgG-capture Enzyme-linked
Immunosorbent Assay (ELISA) following the manufacturer’s
instructions. Fully automated ELISA (Human Diagnostics,
Germany) system was used in all washing steps and the assay
procedure was done following the previous protocol (Alcon et al.,
2002). Briefly, the washing solution and the conjugate were
respectively diluted 1/20 (distilled water) and 1/50 (diluent) and
were allowed to reach room temperature. To validate the assay
results, reagent (R3, R4, R5) were respectively used as negative
control, calibrators and positive control serum. In each microplate,
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50uL of diluent, 50pL of samples (calibrator, controls or patients)
and 100pL of diluted conjugate were added, inculpated at 37 °C
for 90 minutes, washed 6 times and was gently inverted in
absorbent paper. At room temperature, 160 pL substrate solution
was added, allowed to develop in dark for 30 minutes, 100 pL of
stop solution added, the plate bottom wiped, and the optical
density was read at 450 nm using a plate reader.

2.5 Reverse Transcriptase Polymerase Chain Reaction (RT-
PCR) and conventional nested PCR

RT-PCR and the conventional nested PCR were used as
molecular confirmatory evidence for DENV infection and for
serotyping.

2.5.1 RNA isolation

High pure viral nucleic acid kit (Roche Applied Science,
Germany) was used for the extraction of RNA from all ELISA
tested sera samples, following the manufacturer’s protocol.
Briefly, in a nuclease-free 1.5 ml microcentrifuge tube: 200 pl of
binding buffer, 50 pl Proteinase K and 200 pl of serum sample
were added, immediately mixed and were incubated for 10
minutes at 72°C. To the mixture, 100 pl Binding Buffer was
added, 50 pl of elution buffer was added and eluted viral RNA
was kept at —80 °C until use.

2.5.2 Serotyping

RT-PCR and the conventional nested PCR were performed
according to the standard protocol (Lanciotti et al., 1992) with
some modification. The viral RNA was amplified by first round
one step RT-PCR using RT-PCR-system protocol (Promega-
USA). Briefly, in 50 pl final volume reaction mixture, 50 pmol
(final concentration 1uM) of each forward (D1 5'-
TCAATATGCTGAAACGCGCGAGAAACCG-3) and reverse
(D2 5-TTGCACCAACAGTCAATGTCTTCAGGTTC-3')
primers, 5 pl of RNA and nuclease free water to total volume 50
pl were mixed. The RT-PCR was done as follows: Incubation for
1 hour at 42°C, initial denaturation at (94°C, 3 min), 35 cycle of
denaturation (94°C, 30 second), primers annealing (55°C, 1
minute), primer extension (72°C, 2 minutes) and final extension
for 5 minutes. Under the same thermal conditions, 1.0 pl of the
above PCR product (1:100 in sterile distilled water) was added as
a template in the subsequent nested PCR reaction to 50 pl reaction
volume mixture containing forward primer D1 and type-specific
(TS) reverse primers (TS1:5’-CGTCTCAGTGATCCGGGGG-3’;
TS2:5°CGCCACAAGGGCCATGAACAG-3’; TS3:5°-
TAACATCATCATGAGACAGAGC-3’ and TS4:5°-
CTCTGTTGTCTTAAACAAGAGA) and was further amplified
by nested PCR step (second round). The PCR products
amplification was analysed on gel electrophoresis (1.5 agarose in
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Tris-Acetate EDTA buffer) staining with 1% ethidium bromide
and the size compared with a 1 Kb plus DNA ladder using Gel
Doc XR Imaging System (Bio-Rad).

2.6 Statistical analysis

Statistical package for social science (SPSS) software programme
was used to analyse the collected data at significant level (P <
0.05) and the analysis of variance (ANOVA) was used for
multiple comparisons of all test variables (age, gender, Hb,
platelet, WBCs counts, NS1, IgM, 1gG and month) and dependent
variable (dengue patient).

2.7 Ethical approval and informed consent:

The research proposal was reviewed and accepted by the Research
Ethic Committee, King Abdulaziz University and by Ministry of
Health, Saudi Arabia. Before blood samples collection, the
patient, parent, or guardian provided a written informed consent.

3 Results

The normal blood constituents (Hb, platelet, WBCs counts) of all
the collected samples from 189 febrile illness were analyzed by
quantile-quantile (Q-Q) plot using (SPSS, software programme)
and showed normal distributions pattern (Figure 1, a-c). The
results of blood samples examined by different ELISA sets in
different age and sex groups are shown in table (1) and the
haematological constituents of positive and negative samples are
shown in table (2). The pattern of NS1, IgM and 1gG positive
samples among different age groups and their percentages results
are illustrated in figure (2). The linear results of 1IgG ELISA
showed increasing pattern by age from young to elder age groups
and the result of NS1 and IgM on the other hand showed different
pattern, they increased from young to young adult, decreased to
worth the adult and not detected in the elder age group. The blood
samples collected from both sexes, 118 (62.4%) male and 71
(37.6%) female were subjected to the all different serologic tests
(NS1, IgM and IgG), comparatively high positive cases were
detected in male 25 (21.4%), 35 (30.5%), 57 (48.3%) compare to
female 1 (15.3), 20 (28.2%), 22 (31.0%) respectively.

3.1 Classification of dengue virus infected cases

The classification of clinical dengue cases as primary and
secondary was based on reactivity of NS1 antigen, dengue
specific immunoglobulin IgM and 1gG antibody circulating in the
blood. Dengue virus infected case is considered primary if the
NS1 and/or IgM positive/lgG negative, likewise, the secondary if
the NS1 and/or IgM negative/lgG positive (Cordeiro et al., 2009).
Accordingly, DENV infected cases identification and
discrimination between different primary, secondary and
negative dengue suspected patients in Jazan area was carried out.
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Table 1 Distribution of dengue virus from febrile subjects’ cases by ELISA in different age and sex groups

n % NS1 IgM [o]€]
-ve +ve -ve +ve -ve +ve
§ <15 81 42.9 75 6 60 21 55 26
%’ 15-24 21 111 14 7 11 10 15 6
g 25-65 81 42.9 58 23 56 25 40 41
<
> 65 6 31 6 0 6 0 0 6
Total 189 100 153 36 133 56 110 79
« Male 118 62.4 92 25 82 36 61 57
o5}
@ Female 71 37.6 61 11 51 20 49 22
Total 189 100 153 36 133 56 110 79
N = number of samples, -ve = negative, +ve = positive
120 A 1gG
164
i 100 -+
NS1
E . 80 -
g 60 - IgM
-
40 -
Linear
e 5 10 18 20 20 A (19G)
Observed Value
T 5 0 , = — Linear
- . <15 1524 2565 >65 (NS1)
i 22 B. Plate let years  years years years  _____ Log,
E 400 (Igm)
1 Figure 2 Pattern of percentage of the positive samples tested by NS1,
3 %0 IgM and IgG ELISA (Trends for 1IgG (—), NS1 (- -) and IgM (---) for
100 dengue virus positive samples are indicated)
“I Cl
«100~ T T T T
~200- o 200 400 000 800

Observed Value

Expected Normal Value

o

T T T
~10. o 10 20

P
s
g

Observed Value

Figure 1 Normal Q-Q - Plot of
(A) Hemoglobin, (B) Platelets and (C) WBCs

Demographic and monthly profile of dengue infected and non-
infected patients are summarized in table (3) and the
haematological constituents of DENV infected patients (primary
and secondary) and the non-infected blood samples are shown in
table (4). Secondary dengue infection was more commonly
detected among 25-65 followed by < 15 and less common in both
15-24 and > 65 years old examined patients. On the other hand,
primary dengue infection was highly detected among young
(< 15) and not detected among elder age group (> 65).
Comparatively, male patients were highly infected by secondary
26 (13.8%) and primary 57 (30.2%) compare to female 18 (9.5%)
and 22 (11.6%) respectively. On monthly bases, the primary
and secondary dengue infections were detected throughout the year
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Table 2 Hematological constituent in NS1, IgM and IgG positive and negative samples

_ IgM 1gG
Haematological values

Negative Positive Negative Positive Negative Positive

M +sd M +sd M +sd M +sd M +sd M +sd

Haemoglobin 10.4 25 13.1 2.2 10.8 2.6 11.2 2.7 111 2.6 10.6 2.7
Platelet 249 152 219 144 247 148 232 159 273 148 204 147
WBCs 9.3 6.8 57 4.3 9.1 7.0 7.3 53 8.4 6.8 8.1 6.6

M= Mean (V/V), sd. = standard deviation

Table 3 Classification of dengue virus infected (primary and secondary) and non-infected febrile illness cases

Test

Demographic profile Primary n (%) Secondary n (%) Negative n (%) Total (%)
<15 19 (10.1%) 26 (13.7) 36 81 (42.9)

%; 15-24 9(4.8) 6(3.2) 6 21(11.1)
E’; 25-65 16 (8.5) 41 (21.7) 24 81(42.9)

> 65 0(0) 6(3.2) 0 6(3.1)
Total (%) 44 (23.3) 79 (41.8) 66 (34.9) 189 (100)
9 Male 26 (13.8) 57 (30.2) 35 118 (62.4)
Z Female 18 (9.5) 22 (11.6) 31 71(37.6)
Total (%) 44 (23.3) 79 (41.8) 66 (34.9) 189 (100)

July 6 12 0 18 (9.5)

August 1 3 0 4(2.1)

% September 2 3 3 8(4.2)

=

é October 3 4 17 24 (12.7)
November 1 1 8 10 (5.3)

December 0 4 4 8(4.2)

January 1 7 8 16 (8.5)

February 7 5 4 16 (8.5)
§ March 6 8 13 27 (14.3)
§ April 11 14 6 31(16.4)
May 3 13 3 19 (10.1)

June 3 5 0 8(4.2)
Total (%) 44 (23.3) 79 (41.8) 66 (34.9) 189 (100)
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Table 4 The correlation between negative and different course of the dengue infection in different age groups and sex

Primary Secondary Negative
Plate Plate WBCs Plate WBCs
Mean 2.6 74.6 25 6.6 153.9 8.9 7.2 229.3 6.3
N 12 12 12 16 16 16 23 23 23
% +sd 3.9 140.3 5.5 3.6 206.8 11.9 35 204.8 7.8
Range 10.0 472.0 18.1 10 724 41.5 10 624 25.1
Variance 151 140.3 5.5 12.9 4278 141.2 12.3 42.7 16
Mean 25 6.3 0.5 5.1 190.3 9.9 35 149.6 74
N 4 4 4 3 3 3 10 10 10
i +sd 5 12.5 0.9 45 165.4 9.1 4.6 188.1 9.6
= Range 10.0 25.0 1.9 8.4 299 17.8 9.4 506 27.4
% Variance 25 156.3 0.9 19.9 2735 82.4 12.2 3540 92.2
g Mean 7.4 143 33 5.6 1445 4.7 8.1 195 11.6
332’ N 4 4 4 21 21 21 3 3 3
g +sd 49 123.8 2.3 4.1 160.6 17.8 0.3 97.8 6.1
Range 10 302 5.4 10 571 17.8 6 181 10.9
Variance 24.2 1532 5.5 171 2580 25.6 0.1 9577 36.7
Mean 35 74.6 2.2 9.1 276.5 5.9 6.7 204.3 7.1
N 20 20 20 44 44 44 36 36 36
§ +sd 45 125.7 44 14 161.4 2.1 3.8 193.1 8.1
Range 10 472 18.1 3 370 4.3 10 624 27.4
Variance 204 1580 19.2 19 2606 4.3 14.1 3728 65.9
Mean 9.3 141.1 4.6 8.9 167.7 6.3 8.9 250.5 7.1
N 26 26 26 57 57 57 35 35 35
é +sd 6.06 125.9 52 4.6 151.0 6.8 4.8 185.7 79
Range 16 373 18.1 15 571 41.5 16 712 25.1
. Variance 36.7 15850.2 271 212 22801.4 45.8 233 34466.7 63.3
% Mean 7.1 216.1 3.6 8.9 198.1 7.1 9.4 257.3 7.3
N 18 18 18 22 22 22 31 31 31
)
g +sd 49 199.7 4.4 3.6 162.7 6.6 31 155.9 75
- Range 13 692 17.8 13 724 28.9 13 594 27.4
Variance 235 39896.1 19.433 12.8 26483.3 43.8 9.2 24319.9 56.7

N = Number, + sd = Standard deviation
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Figure 3 The correlation between the climatic factors and the prevalence of primary dengue virus infected cases

Table 5 Hematological values and laboratories results of blood samples collected from the expired cases

Demographic Blood constituents DENV detection Serotype
Age (year) Platelets ELISA PCR
Male >1 13 66 4.2 +ve +ve DENV-1
Male 34 5.7 300 8.4 -ve -ve -
Male 12 10.1 520 2.8 -ve -ve -
Male 70 6.8 29 12 +ve +ve DENV-2
Male 11 9.1 30 8.9 +ve +ve DENV-2
Female >1 10.3 50 14 +ve +ve DENV-1
Female 14 8.4 230 35.9 -ve -ve -
Female 1 8.4 27 17.8 +ve +ve DENV-1
Female 62 10.3 50 14 +ve +ve DENV-1, 2
Female >1 55 55 28.6 +ve +ve DENV-1

+ ve = positive, - ve = negative

with fluctuated prevalence with significant increase (P < 0.01) of
infection during April/2018. The seasonality of primary dengue
virus infected cases and the climate factors are illustrated in
figure (3). The prevalence of the primary dengue infection during
different months was significantly correlated to the rain fall
precipitation.

3.2 Mortality

The 189 dengue suspected patients were followed-up through the
study period, 10/189 (5.3%) died during hospitalization or during

treatment and their blood constituents were demonstrated in
table (5). Based on the ELISA and PCR test results, 7/10 (70%)
are infected by secondary form of DENV infection, 3/10 (30%)
were non-infected (negative) and primary DENV infection were
not detected in all the expired cases.

3.3 Molecular

Out of 189 ELISA tested sera, 123 sera samples were randomly
selected maintaining the original proportion of the positive and
negative ELISA tested sera and including sera from all expired
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cases, DENV RNA were extracted and further were subjected to
RT-PCR and nested PCR to confirm the serology results, to
calculate the sensitivity/specificity and to identify different DENV
RNA serotypes.

3.4 Sensitivity and specificity of RT-PCR

The results of the nested PCR and NS1 ELISA were compared
and the sensitivity and the specificity of the nested PCR technique
were calculated following the previous formula (Salih et al.,
2012). More or less, similar results were seen using both test
techniques and respectively agreed on 60 and 58 positive and
negative samples. Comparatively, the specificity and the
sensitivity of nested PCR technique were respectively calculated
96.8% and 95.1%.

3.5 DENV RNA detection and serotyping

The results of 1.5% agarose electrophoresis analysis of RT-PCR
and nested PCR products were demonstrated in figure (4). DENV-
1 and DENV-2 were detected in all blood samples collected from
the study area throughout the 12 months. Only one patient had
confirmed concurrent mixed infection with DENV serotype 1 and
serotype 2.

4 Discussion

Total of 189 serum samples were collected on the day where the
dengue suspected patients presented to 13 hospitals outpatient
clinics at Jazan area during 12 months (June to December 2017,

500 bp =

Figure 4 Documentations of dengue virus by RT-PCR using dengue
virus specific primer sets. Lane y, standard size marker, L; negative
control, L, positive control, L 314 test samples

January to July) and were subjected to dengue antibodies
detection by different serological test using NS1, 1gG and IgM
ELISA. The results of tested blood samples were correlated with
some demographic factors (age, gender), month and blood
constituents. The blood constituents (Hb, platelets and WBCs
count) in different course of dengue infected and uninfected
patients using NS1, IgM and 1gG ELISA were demonstrated. The
NS1, IgM and IgG ELISA, the blood platelets and WBCs count
were significantly reduced in dengue infected compare to non-
infected patients; on the other hand, Hb is slightly changed. These
results are concordance with other findings (Lin et al., 1989; Ho et
al., 2013; Kotepui et al., 2017). The blood samples were collected
from different age groups range between 6 months and 83 years
old and are categorized into 4 age groups (Anonymous, 2007).
Accordingly, the young (< 15 years) and adults (25-65 years)
were counted for largest age groups 81(42.9%) and the young
adult (15-24 years) and the elder (> 65 years) were counted 21
(11.1%) and 6 (3.1%) respectively. The linear results of 1gG
IELISA showed increasing pattern by age from young to elder age
groups and the result of NS1 and IgM on the other hand showed
different pattern, they increased from young to young adult,
decreased to worth the adult and not detected by in the elder age
group. Worldwide, humans of all age groups are at risk to dengue
infection; especially it poses a paediatric public health problem in
some parts of the world (Gubler, 1998). On the other hand, there
is a clear distinction between young and elders in the pattern of
dengue complications and association, and this variation partially
depend on intrinsic age-dependent and physiological differences
(Dinh et al., 2012). Knowledge of such differences is important to
inform research on disease pathogenesis, as well as to encourage
development of management guidelines that are appropriate to the
age-groups at risk. In general, the results of ELISA detecting
DENV infection during the present study and the comparison
between the different age groups revealed that, adults were
infected disproportionately to children. In fact, the detections of
the NS1 antigen and dengue related IgM and 1gG antibodies are
commonly used in dengue diagnoses (Khurram et al., 2014,
Khandia et al., 2018), NS1 is virus-specific non-structural protein
that can be detected for up to 9 days after dengue infection (Alcon
et al., 2002; Lebani et al., 2017), IgM antibodies become
detectable in most patients at days 3-5 of fever onset (Khurram et
al., 2014). Related to IgG antibodies detected (past infection), the
most susceptible age group for dengue infection was older than 65
years and followed by 25-65 years. This finding is concordance
the recent dengue prediction by 1gG sero-prevalence (Jamjoom et
al., 2016). Therefore, it can be suggested that the individuals in
these age groups were actively involved in outdoor activities that
increased their chances of exposure to the infective dengue vector
bite, the 1gG antibodies are circulated in the elder blood and give
solid immunity for long time. Similar observations have been
reported from South East Asia regions where adults were
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more affected than children (Tank & Jain, 2012) and in Saudi
Arabia (Khormi & Kumar, 2011). Other possible explanation is
the preponderance of patients in this study seeking for clinical
care several days after the onset of illness, favouring the detection
of 1gG, which circulates in the serum for longer periods than viral
the detected by NS1 (Zangmo et al., 2015). In NS1 and IgM, the
high infection was detected in 25-65 and less in young groups and
no infection in elder age groups. Regarding children, a lower
dengue infection was observed in age group (< 14 years old) and
in young adults (15-24 years). A. aegypti vector is considered a
predominantly day biting outdoor DENV vector, children and
young adults were at a lower risk of dengue infection as they
spend most of their time indoors, completely covered or sleep
under bed nets unlike the adults (25-65 years) who were able
to play and spend more time outdoors within and around the
residential areas and elder (older than 65) are immune. Similar
findings were observed from southeast India and Caribbean
(Akram el at. 1998; Kumar et al., 2013). Although, young aged
individuals less than 15 years old, were immune because of
maternal antibody enhancement of disease, as maternal antibodies
wanes from protective to enhancing levels (Halstead, 2002;
Hammond et al., 2005). The result of dengue positive and
negative cases in different sex was correlated. The blood samples
collected from both sexes, 118 (62.4%) male and 71 (37.6%)
female were tested by NS1, IgM and 1gG, comparatively, high
positive cases were detected in male 25 (21.4%), 35 (30.5%), 57
(48.3%) as compared to female 1 (15.3), 20 (28.2%), 22 (31.0%)
in all different serologic test NS1, IgM and IgG respectively.
Gender differences in dengue infection have been inconsistent
worldwide, while some studies reporting a higher prevalence in
men (Yew et al., 2009; Anker & Arima, 2011), others have shown
a higher prevalence in women (Morrison et al., 1998) and others
reported no gender difference (Kalayanarooj & Nimmannitya,
2000). The present study indicates those males are highly
susceptible to the dengue infection. The current findings are
agreed with the recent investigation carried out in Saudi
Arabia by Jamjoom et al. (2016) and not in harmony with that
from Nigeria and Madagascar (Sissoko et al., 2010; Dawurung et
al., 2010). Therefore, the present findings could state that men
in Jazan area are energetic, carrying out domestic activities
during the day and women may less exposed to mosquito bites ad
their body are covered compare to the men or could be
genetically different. The findings of the present study were
similar to other studies from India which suggested that exposure
to multiple serotypes over a period resulted in development of
diverse immunity (Sharma et al., 2012; Tomashek et al., 2009).
There has been a growing recognition that biological differences
between males and females based on genetic, immunological, and
hormonal factors may determine the susceptibility to dengue
infection (WHO, 2007). Our results concerning the gender
differences related to infection due to dengue virus (Hakim et al.,

Hakami et al.

2011). The classification of dengue infected cases to primary and
secondary and non-infected in different age, sex and groups,
months and haematological values were conducted and assisted.
The immune response varies in case of primary infection (first
infection) or secondary. A primary infection is characterized by a
slow and low response in antibody levels. The IgM antibody
appears first while the immunoglobulin 1gG is detected at the end
of the first week of the disease and its rate increases slowly. IgM
can remain elevated in serum for two to three months after the
iliness. During a secondary infection, antibody titres increase very
quickly with high levels of 1gG detected even in the acute phase.
The four dengue virus serotypes can co-circulate in the endemic
areas because the immunity to one serotype does not afford
protection from the infection by a heterotopous serotype.
Individual variations occur in antibody responses to the dengue
virus. Secondary infections are associated with elevated risks of
severe disease outcomes. Primary and secondary infections are
distinguishable based on their antibody responses. On monthly
bases, the primary and secondary dengue infections were detected
throughout the year with fluctuated prevalence with significant
increase (P < 0.01) of infection during April/2018. The
seasonality of primary dengue virus infected cases and the climate
factors are illustrated in figure (3). The prevalence of the primary
dengue infection during different months was significantly
correlated to the rain fall precipitation and high peak during April.
Similar finding from Saudi Arabia, Pakistan and from Bangladesh
(Ahmed et al., 2008; Siddiqui et al., 2009; Muraduzzaman et al.,
2018) agreed with the current study. On the other hand,
however, other studies have shown that dengue cases coincided
mainly with the post monsoon period of subnormal rainfall. This
was because of the relatively high prevalence and distribution of
A. aegypti larval indices after post monsoon rains (Baba & Talle,
2011; Pun et al., 2011). Occurrence of dengue infection in the
present study appeared to be independent of temperature; this
could be due to the fact that the temperature in Jazan
throughout the year is high and not heterogeneous. We could
propose that all climatic factors, the inadequate public services,
ecological factors, and ineffective vector control are collectively
contributing in dissemination and could play a role to dengue
sustainability in Jazan area. Most of epidemiological studies used
mathematical models that developed to predict dengue
seasonality (Bartley et al., 2002; Nakhapakorn & Tripathi, 2005).
About three fourth of the expired cases during hospitalization or
during treatment were infected by secondary dengue infection and
one fourth were negatively tested to DENV infection. The
correlation between nested PCR and ELISA using NS1 results
were more or less, similar and comparatively, the specificity and
the sensitivity of nested PCR technique were respectively
calculated 96.8% and 95.1%. DENV RNA detection and
serotyping revealed two serotypes (DENV-1 and DENV-2)
circulating in all blood samples collected from febrile illness
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subject in the study area throughout the 12 months. Only one
patient had confirmed concurrent mixed infection with DENV
serotype 1 and serotype 2. Our result indicated that, age is a
crucial variable factor in secondary DEN-2 infectivity and the
case fatality. Since, during secondary DEN-2 infection, the high
fatality rate in (young infant and/or elderly) is reported (Guzméan
et al., 2002).

Conclusion

Age is a crucial variable factor in secondary DENV infectivity
and in case fatality. Overall, the increased transmission of dengue
coincided with the rainfall. All climatic factors, the inadequate
public services, ecological factors, and ineffective vector control
could play a role in the disease sustainability in Jazan area.
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