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Introduction: In recent decades, the rate of infection with dengue virus (DENV) has risen significantly, now affecting nearly
400 million individuals annually. Dengue fever among humans is caused via specific mosquito vectors bites. Sporadic cases have been
reported in Egypt. The goal of this study was to identify the serotype of the DENVoutbreak in both human and mosquito vector along
the coast of the Red Sea, Upper Egypt, in 2017. Identification of the serotype of the virus may help identify its source and assist in
applying epidemiological and control measures.
Materials and Methods: The current study was carried out in El Quseir City, Red Sea Governorate, Upper Egypt, on 144 patients
complaining of symptoms indicative of dengue fever at the time of the 2017 Egypt outbreak. Human blood samples and the mosquito
reservoirs were identified as having dengue virus infection serologically and molecularly.
Results: Overall, 97 (67.4%) patients were positive for dengue virus IgM antibodies. Molecular examination of the human samples
and pools of mosquitoes revealed that DENV-2 virus was the serotype responsible for the outbreak. Only one pool of female
mosquitoes containing Aedes aegypti was infected with dengue fever virus (DENV-2).
Conclusion: This was the first serotyping of the DENV responsible for dengue virus outbreak in Egypt in 2017. Determining the
serotype of dengue virus can help to avoid and monitor outbreaks. The serotype identified in this study was DENV-2, while
DENV-1 was the serotype found in the previous outbreak in 2015 in the province of Assiut. This study thus raises concerns that
a new dengue serotype could have been introduced into Egypt. It is necessary for a comprehensive risk assessment to be carried
out in the country, including an entomological survey, to assess the presence and potential geographical expansion of mosquito
vectors there.
Keywords: dengue fever, Upper Egypt, serotyping, human, mosquito, multiplex PCR

Introduction
Dengue virus (DENV) that belongs to the family Flaviviridae, genus Flavivirus, is the causative agent for human dengue
fever. This is an arboviral disease spread via the biting of female mosquito vectors (Aedesa egypti and Ae. Albopictus).1,2

The infection rate has grown globally especially during rainy seasons in urban and suburban regions in Asian countries,

Infection and Drug Resistance 2022:15 2713–2721 2713
© 2022 El-Kady et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Infection and Drug Resistance Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 3 March 2022
Accepted: 17 May 2022
Published: 30 May 2022

http://orcid.org/0000-0002-9294-2630
http://orcid.org/0000-0001-6302-3443
http://orcid.org/0000-0001-5253-5910
http://orcid.org/0000-0003-4941-5373
http://orcid.org/0000-0001-6605-3373
http://orcid.org/0000-0002-6486-9835
http://orcid.org/0000-0002-1491-6402
http://orcid.org/0000-0001-6682-0309
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


and affecting approximately 400 million individuals annually.3–5 The World Health Organization (WHO) statistics
reported that about 50% of the world’s population is at risk of infection.6

Since the nineteenth century, dengue cases have been reported in several African countries, including Egypt.7 Years
later, more outbreaks have been documented in fifteen countries, especially in East Africa. The main isolated DENV
serotype in African epidemics was DENV-2.7

DENV has a single-stranded RNA genome and includes four serotypes (DENV-1, DENV-2, DENV-3 and DENV-4)
that causes a self-limiting febrile illness called dengue fever and lasting for few days.8 Some cases can complicate to life-
threatening conditions characterized by hemorrhage and thrombocytopenia (dengue hemorrhagic fever), or excessive
plasma leakage (dengue shock syndrome).9 The rate of mortality varies across reported cases, with a mean of 5% in
general population infected with DENV.10

DENV rapid evolution is associated with the “error-prone RNA-dependent RNA polymerase”, which lead to the
formation of several genotypes in each serotype.8,11 This evolution phenomena has been associated with epidemic
activity, and sometimes with the intensity of the infection.3,12,13 Other factors, such as the genetic constitution of DENV,
the genetic make-up of the patient, were correlated with life-threatening conditions, in addition to previous infection with
a different serotype.14 The spread of the mosquito vector combined with increased urbanization can lead to hyperende-
micity (multiple virus serotypes co-circulating). Despite challenges facing the development of dengue vaccine including
the different serotypes and the cross reactivity with other Flavivirus, several attempts revealed promising results, in
addition to the current vector control strategies.15–17

The aim of our study was to identify the serotypes of DENV in the outbreak that took place in Red Sea Governorate,
Upper Egypt, in 2017 in both human and mosquitoes, in addition to identifying the mosquito vector involved during the
outbreak. The present study is the first to identify DENV serotypes in the 2017 Egyptian outbreak in either humans or
mosquitoes. This will identify the source of the virus and aid the implementation of epidemiological and control
strategies.

Materials and Methods
Study Area
This study was carried out in El Quseir City (145 km south of Hurghada), Red Sea Governorate, Upper Egypt, in the period
between the 1st of October and 30th of December 2017 (at the time of the 2017 dengue fever outbreak in Egypt) (Figure 1).

Collection and Examination of Human Samples
We included 144 patients who attended Safaga General Hospital, Red Sea Governorate, Egypt. All participants
complaining of febrile illness with at least two of the following manifestations: myalgia, arthralgia, headache, and
skin rashes were included. All patients underwent a comprehensive interview about their medical history (age, sex,
myalgia, arthralgia, rashes, and previous similar manifestations) and a clinical examination (temperature, blood pressure,
and bleeding tendency). Blood samples were collected, in ethylenediaminetetraacetic acid (EDTA) containing tubes, after
which the plasma was separated by centrifugation and divided into two parts: one part was used for detecting anti-dengue
virus Immunoglobulin M (IgM) and the other part was kept at −20°C for further molecular examination.

Diagnosis of Dengue Infection
Dengue virus IgM was estimated using ELISA kit in accordance with the manufacturer’s instructions (Abcam, UK).

Molecular Analysis
RNA Extraction
Plasma samples of IgM-positive cases were subjected to RNA extraction using QIAamp Viral RNA Extraction Kit (Cat#
219610), in accordance with the instructions of the manufacturer. Briefly, each sample was vortexed properly with 5
volumes of lysis reagent, then the homogenate was incubated at (15–25°C) for 5 min and followed by addition of
miRNeasy serum/plasma Spike-In control and chloroform. After vigorous shaking and incubation at room temperature
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for 2–3 min, the aliquot was centrifuged at 8000 rpm to separate the sample into 3 layers. The top colorless aqueous layer
(contains RNA) was mixed well in another tube containing 1.5 volumes of absolute ethyl alcohol. Using an RNeasy
Mini-Elute spin column, the mixture was centrifuged at 8000 rpm and the supernatant was discarded. This step was
repeated for 3 times. To dry the membrane, 500 µL of 80% ethanol was added to the spin column, then centrifuged at
high speed for 5 min. To elute the RNA, 14 µL RNase-free distilled water was added to the spin column membrane, then
centrifuged at high speed for 1 min. ND-1000 UV-Vis Spectrophotometer (NanoDrop®) was used to estimate the
concentration of the RNA (ng/μL) after extraction.

First Step Amplification: Reverse Transcription Polymerase Chain Reaction (RT-PCR) of Dengue Virus RNA
Using the SuperScript III First-Strand Synthesis System (Invitrogen, USA), dengue virus RNA was converted into
a cDNA, which then was used for virus amplification using D1 consensus forward primer and D2 reverse primer. The
PCR product was then used as the template for the second step to detect the different DENV serotypes.

Second Step Amplification: Multiplex PCR with Serotype-Specific Primers
This amplification was performed to detect the four serotypes. PCR products from the first step of the RT-PCR were used
as templates. D1 primer was used as a forward primer (conserved in all dengue serotypes). The specific oligonucleotides
(TS1, TS2, TS3, and TS4) for each serotype (DEN-1, DEN-2, DEN-3, and DEN respectively) as reverse primers19

(Table 1).
The total reaction volume was 25 µL, consisting of the following: 5 µL of the extracted RNA, 5 µL of 5× Qiagen RT-

PCR buffer, 1 µL of dNTP mix, 1 µL of Qiagen RT-PCR enzyme mix (reverse transcriptase + DNA polymerase), 1 µL of
each primer (D1, TS1, TS2, TS3, and TS4), and 8 µL of RNase-free distilled water. The thermal cycling (peqSTAR;
VWR International, UK) first step involved activation of reverse transcriptase enzyme to convert viral RNA to DNA, in
which the temperature was set to 50°C for 30 min. The second step involved DNA amplification, which featured hot-start

Figure 1 Map of Egypt displaying the location of the Red Sea Governorate and its cities. Site of the study is Quseir City adapted from https://freesvg.org/1546672123.18
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at 95°C for 15 min for activation of DNA polymerase enzyme, followed by 40 cycles of initial denaturation (1 min at 94°
C), annealing (1 min at 55°C), and primer extension (1 min at 72°C), and final extension at 72°C for 10 min.

The PCR products and a 100 bp DNA ladder were run on 2% agarose gel containing ethidium bromide, then visualized
under UV. The imaging was carried out with a Gel Documentation System (Cleaver Scientific, UK). The expected molecular
weights for the four serotypes DENV-1-4 were 482 bp, 119 bp, 290 bp, and 389 bp, respectively (Table 2).

Collection and Examination of Mosquitoes
After identification of positive dengue virus-related IgM antibody human cases, a total of 193 mosquitoes were collected
using CDC light traps between October and December 2017. Twenty collection sites were distributed throughout Quseir
City, where clinical cases were reported. Collected specimens were labeled with location and date of capture, stored on
dry ice then sent to the department of Medical Parasitology, Faculty of Medicine, South Valley University, and stored at
−80°C until further processing.20–22 Mosquitoes were identified according to.23 Identified mosquitoes were then pooled
according to species and sex into 10 pools, each contained 19–20 insects.

Insects in each pool were macerated in 100 μL of phosphate-buffered saline before RNA extraction in a 1:1 phenol
and chloroform mixture. For each sample, 5 μL of acid-washed size-selected silica particles were mixed, then after five
minutes centrifuged, and the formed pellet was washed twice (10 mM Tris pH 7.4, 50% ethanol, 50 mM NaCl, 1 mM
EDTA). The pellet was resuspended in 10 μL of RNase-free distilled water, incubated for 5 min at 55°C, then
centrifuged. The resulted supernatant eluate was transferred to another tube. Immediately prior amplification, the washed
pellet was resuspended in 5 μL of RNase-free distilled water.24 Molecular examination of mosquito samples was
performed using the same protocol for the human samples.

Statistical Analysis
All obtained data were statistically analyzed by IBM SPSS, version 22. Quantitative data were expressed as mean ±
standard deviation. Qualitative data were expressed as number and percentage.

Results
The mean age of the included 144 patients was 41.4 ± 13.7. Ninety-seven (67.4%) were male. All patients presented
fever. Other clinical manifestations included headache, arthralgia, myalgia, and rash (bleeding tendency). The epidemio-
logical data and clinical presentation of the participants are shown in Table 3.

Table 1 The Five Oligonucleotide Primers Used in Multiplex PCR
for Identification of the DENV Serotype in the Present Study

Primer Primer Sequence

D1 5ʹTCAATATGCTGAAACGCGCGAGAAACCG-3’
TS1 5’-CGTCTCAGTGATCCGGGGG-3’

TS2 5’-CGCCACAAGGGCCATGAACAG-3’
TS3 5’-TAACATCATCATGAGACAGAGC-3’

TS4 5’-CTCTGTTGTCTTAAACAAGAGA −3’

Table 2 The Oligonucleotide Primer Set for Each Virus Serotype
and Expected Product Size

Virus Serotype Primers Used Expected Weight

DENG-1 D1 + TS1 482 bp

DENG-2 D1 +TS2 119 bp
DENG-3 D1 +TS3 290 bp

DENG-4 D1 +TS4 389 bp
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From the serological examination of human plasma, 97 (67.4%) patients were positive for DENV IgM (Table 4).
Positive samples were subjected to further molecular examination using RT Multiplex PCR analysis. After the RNA
extraction, we measured the RNA concentration in the samples using Nanodrop. RNA concentration in samples ranged
from 4 to 151.4 ng/µL - with 260/280 ratio from 1.7 to 3.3. Samples with low concentration of RNA gave negative
results for multiplex PCR; however, samples with RNA concentration form 21–114.8 ng/µL were positive using
multiplex PCR (63 samples) (Table 5).

Table 3 Epidemiological Data and Clinical Manifestations of Patients
Participating in the Present Study

Variables Number and Percentage (%)

N 144

Age (years) (Mean ± SD) 41.4 ± 13.74.

Gender
Male 97 (67.4)

Female 47 (32.6)

Presenting Clinical Manifestations N %

Fever 144 (100)

Headache 144 (100)

Arthralgia 132 (91.7)
Myalgia 129 (89.6)

Bleeding tendency 25 (17.4)

Table 4 Results of ELISA/IgM Examination of Patients Samples
Layered by Age and Gender

Gender/Age ELISA/IgM

Positive Negative

No. (%) No. (%)

Male <18 28 (28.8) 8 (17)
>18 35 (36.1) 12 (25.5)

Female <18 20 (20.1) 11 (23.4)
>18 14 (14.4) 16 (34)

Total 97 47

Table 5 Results of Multiplex PCR Examination of ELISA/IgM Positive
Samples Layered by Age and Gender

Gender/Age PCR

Positive Negative

No. (%) No. (%)

Male <18 15 (23.8) 4 (11.8)
>18 21 (33.3) 9 (26.5)

Female <18 17 (27) 7 (20.5)
>18 11 (17.4) 14 (41)

Total 63 34
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Molecular analysis of the human samples showed that the virus serotype that was responsible for the outbreak was
DENV-2. In all examined samples, the bands resulting from amplification using the five oligonucleotide primers were at
119 bp, indicating infection with DENV-2 virus (Figure 2).

As shown in Table 6, a total of 193 mosquitoes were captured. Microscopic examination of mosquitoes revealed four
species, namely; Ae. aegypti, Culex pipiens, Anopheles sergentii, and An. multicolor. Only one pool of adult female Ae.
Aegebti was identified, and then used for Molecular analysis. Bands resulting from amplification were at 119 bp,
indicating infection with DENV-2 virus (Figure 2).

Discussion
The factors that contribute to the exacerbation of the problem of dengue fever are the random unplanned overcrowding of
the population, climate change, and widespread population movements. The unprecedented increase in flights has led to
the spread of arboviruses and related vectors into new areas and to disease-naive human populations. Dengue fever is
now considered among the main causes for post-travel fever.25

Periodic outbreaks of dengue fever have occurred in Egypt with an increasing number of cases of increasing severity.
The first outbreak of dengue fever in Egypt was reported in 1799 in Cairo and Alexandria governorates. This was
followed by an outbreak reported in Port Said in 1871, an outbreak reported in Cairo in 1880, an outbreak reported in the
Nile Delta in 1889, an outbreak in Port Said and the Suez Canal in 1906, an outbreak throughout Egypt (including Upper
Egypt) in 1927, an outbreak in Egypt (area unknown) in 1937, travel-associated cases reported in Italy in two travelers
returning from a Red Sea resort in 2010, and an outbreak in Assiut Governorate in 2015.26

The current study was conducted during a recent outbreak of dengue fever in Red Sea Governorate, Upper Egypt, in
2017. A total of 144 patients with subjective symptoms participated in the present study. The mean age of our patients
was 41.4 ± 13.74, which is in accordance with previous studies.27,28 As reported previously, infection among males was
is higher than females.28–30 In our study, all patients complained of headache and fever, while more around 90%

Figure 2 Agarose gel electrophoretic analysis of DENG samples amplified by One-Step Multiplex RT-PCR. (A) Human samples; amplified products of clinical samples,
positive samples showing 119 bp (DENV-2). (B) Amplified products of Adult female Aedes aegypti, positive samples showing 119 bp (DENV-2). DNA ladder 100 bp.

Table 6 Species of Mosquitoes Tested for Arboviruses, Collected
Between October 2017 and December 2017, Quseir City, Red Sea
Governorate, Egypt

Mosquitoes Male Female Total

Culex pipiens 39 31 70

Aedes aegypti 17 12 29

Anopheles multicolor 19 22 41

Anopheles sergentii 23 30 53
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presented arthralgia and myalgia. In relation to more virulent genotype, previous workers noticed higher frequency of
hemorrhagic manifestations including epistaxis, gum bleeding, melena, and even hematemesis and skin rashes.30,31

Positive samples were subjected to Multiplex RT PCR. DENV-2 serotype was the reported serotype in both humans
and mosquitoes. Our study is the first to identify the DENV serotype causative of the Egyptian outbreak in 2017. Dengue
fever outbreaks and epidemics are not uncommon in Africa, with recent outbreaks occurring predominantly in the east of
the continent.7 Egypt is bordered to the east by the Red Sea with Saudi Arabia and to the south by Sudan, where these
countries were declared endemic for dengue fever and frequently suffer from dengue outbreaks. The predominant three
serotypes of the virus (DENV-1, DENV-2, and DENV-3) were documented in several Middle East countries including
Saudi Arabia,31 particularly Jeddah and Makkah. It was reported that DENV-2 infection was more common than DENV-
1 or DENV-3 infection in Jeddah and Makkah.32,33 Recently several outbreaks and sporadic cases has spread in many
areas in Sudan.34–36 DENV can also be introduced by travelers from endemic regions.37–39 DENV-1, DENV-2, and
DENV-3 were confirmed to be endemic in some parts of Sudan.34,40

In terms of the mosquito vectors, dengue virus was identified only in female Ae. aegypti. The same virus serotype
that was identified in human samples was identified in the mosquito population in our study. Earlier before 1940, Ae.
aegypti species was correlated with all dengue outbreaks in Egypt, but the use of insecticides such as DDT led to
a strong decrease and disappearance of mosquito population, however, studies reviewed the re-emergence of Ae.
aegypti, in Egypt.41,42 In 2018, Abozeid et al reported the first detection of Ae. aegypti from the dengue outbreak in
Red Sea Governorate,41 which could be exported on ships from Saudi Arabia or via ground traffic from Sudan.

The serotype reported in the present study is DENV-2, while the serotype identified in the previous outbreak in 2015
in Assiut Governorate was DENV-1.26 This raises concerns about the introduction of a new dengue serotype into Egypt.
Considering the public health risk of the disease becoming endemic in Egypt, it is important that a detailed risk
assessment of the situation is performed in the country, including an entomological survey to determine the existence
and possible geographic expansion of mosquito vectors in the country.

We believe that many outbreaks in Egypt have not been well characterized. This could be due to the weak
surveillance infrastructure and unrecognition of dengue fever. On the other hand, the reemergence of Ae. aegypti vector
in Egypt may increase the risk of transmission of many arboviruses, including dengue fever. Vector control strategic
approach should be considered and including effective community engagement in accordance with the WHO new
strategy (2017–2030) to strengthen vector control worldwide.

Limitations of the Present Study
The only limitation of this study is the number of samples used for Multiplex PCR. ELISA/IgM positive samples only
were used for DENV serotyping, in addition to the low concentration of RNA in clinical samples which led to serotyping
of 63 out of 144 suspected cases. Although, a small number of samples were used, we revealed a new DENV serotype
(DENV-2), which raises concerns about the introduction of a new dengue serotype into Egypt and necessitates more
studies to be conducted on serotyping of different dengue serotypes in Egypt.
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