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Abstract
Dengue fever, caused by the Dengue virus (DeNv), has emerged as a mild to lethal human infection. Globally, an 
estimated 400 million patients have been infected with DeNv over the past 10 years, and this number is expected 
to increase in the coming years. the DeNv, possessing a single positive- stranded RNA with five serotypes, is 
transmitted by mosquitos of the Flaviviridae family—particularly, the Flavivirus genus and Aedes species. the DeNv 
genome encodes three structural and seven non- structural proteins. in the Kingdom of Saudi Arabia (KSA), serotype 
2 of the dengue virus (DeNv-2) emerged in 1994 and caused a major epidemic in Jeddah, KSA. Dengue outbreaks 
first appeared in Makkah in 2004, according to the characteristics studied in hospitalized patients. Major factors 
causing the wide and rapid distribution of the virus include increased urbanization, migration, global commerce, 
weather variation, inadequate mosquito control, the development of pesticide resistance in mosquitos, irregular 
use of insecticides, and shifting climatic circumstances. Detection methods currently used for DeNv include the 
detection of viral antigens (Ag) (virus extraction and purification, immunofluorescence test, and NS1 detection 
assay), serological assays (plaque reduction neutralization titers (PRNt), igM/igG immunological assays), and RNA 
detection using Rt-PCR. low sensitivity, specificity, and accessibility of the detection protocols represent major 
challenges necessitating the advent of more amenable protocols. the Aedes mosquito is the primary vector for 
horizontal transmission of DeNv. DeNv-infected mosquitos infect people, and DeNv passes from one human to 
another through this vector. Once acquired, the virus requires 5–7 days of incubation before the patient exhibits 
various symptoms of dengue fever; subsequently, uninfected mosquitoes that come in contact with infected patients 
feed on their blood and become infected. the DeNv may also be spread through the mating of male and female 
Aedes mosquitoes. the reverse transcription loop-mediated isothermal application (Rt-lAMP) has emerged as one 
of the most adaptable viral detection procedures. this method could prove to be an excellent pathogen detection 
tool because it is cheap, simple, sensitive, cost-effective, accessible, and fast. the method relies on the use of 4–6 
primers to recognize eight different loci in the target sequence contained in the DeNv clinical isolates with a 100% 
success rate and a sensitivity of about 93%. we strongly recommend the use of lAMP in detecting spots of virus 
spread, especially in urban regions where accessibility to detection methods is scarce.
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iNtRODUCtiON

 The prevalence of the dengue virus 
(DENV), which causes dengue fever as a lethal 
infection has considerably increased over the past 
decades. The DENV, a single-stranded (+)-sense 
RNA virus belonging to the Flaviviridae family, 
Flavivirus genus,1 is spread through mosquitos. The 
virus has four distinct serotypes, named DENV1–4 
2, which can cause a range of diseases.1,3 DENV-5 
is a recently discovered serotype of the sylvatic 
strain. Dengue fever can be categorized into two 
types dengue shock syndrome (DSS) and dengue 
hemorrhagic fever (DHF); both diseases can prove 
to be fatal.3

 DENV infection can cause different 
symptoms, such as mild illness and acute flu-
like symptoms. Upon progression, it can cause 
complications that lead to death. High fever 
develops following incubation durations ranging 
from 3 to 15 days.4-7 Current methods used for 
the detection of DENV infection include the 
detection of viral antigens (Ag) (virus extraction 
and purification, immunofluorescence test, and 
NS1 detection assay), serological assays (plaque 
reduction neutralization titers (PRNT), IgM/IgG 
immunological assays), and RNA detection using 
RT-PCR. Two protocols that can be used only 
in laboratories with advanced instruments and 
experienced personnel include virus purification 
and PRNT. The most commonly used diagnostic 
methods include NS1 Ag detection and serological 
methods. Circulating NS1 Ag can be detected using 
enzyme-linked immuno-sorbent technique assay 
(ELISA) up to nine days after symptoms start. IgM is 
detectable later in the first infection but persists 
longer than NS1 and viral RNA. Public hospitals 
frequently employ IgM ELISA tests; interpretation 
of the data can be improved through a rise in the 
titer when testing coupled samples from both 
severe- and recovering-phase patients. Their 
possible interaction with different flaviviruses, 
though (Diagnosis and Serotyping of  Dengue Virus 
Infection at/near Points of Care, 2020).
 Even though a range of procedures 
are presently employed for diagnosing dengue 
infections, more than one approach meets the 
optimum criterion for sensitivity, specificity, 
rapidness of detection, and cost-effectiveness. 

Therefore, new detection techniques are urgently 
needed to address this known diagnostic gap.8

 The chance of contracting severe dengue 
fever increases with consequent infections by 
various serotypes; however, recovery from an 
initial infection by one of the five serotypes 
offers permanent immunity against that specific 
serotype. A deficiency of effective antiviral 
medicines and vaccines has contributed to the 
rising DENV infection-related death and morbidity 
rates in recent years. Healthcare priorities in this 
situation include rapid clinical therapy for this 
condition and early diagnosis of infection using 
sensitive and targeted testing techniques. Thus, 
the current research goal is to develop a novel 
mosquito vector DENV detection assay that is 
simple, sensitive, specific, cost-effective, and quick.
 The first incidence of DENV infection 
in humans has not been determined yet, mainly 
because the disease is typically asymptomatic and, 
therefore, cannot be diagnosed. The first instances 
of dengue fever to be identified and recorded were 
in Batavia in 1779. One year later, Philadelphia, 
USA, had a DENV epidemic.9 According to the World 
Health Organization, about 1.2 million people were 
infected by the DENV in 1998. Then, a 30-fold rise in 
DENV infections was recorded after 50 years. In 
the 18th and 19th centuries, as the global trade 
industry grew, port towns thrived and became 
more urbanized, creating the perfect environment 
for flourishing the main vector, Aedes aegypti. 
Although rapid urbanization in Southeast Asia 
increased transmission and hyperendemicity, 
the virus has not been identified in the Americas 
since the first incidence of Dengue infection in 
the human population because the infection is 
commonly asymptomatic and, therefore, not 
diagnosed.2 Asia, Africa, and North America all 
reported the first dengue outbreaks nearly at 
the same time. Recent data from several sources 
revealed that there were around 50 million DENV 
infections in 100 different countries worldwide.10

 The virus can spread between humans 
through an infected mosquito vector bite.11 These 
mosquitoes also transmit other viruses, such as the 
West Nile virus. The first major pandemic of the 
severe and fatal type of DENV infection was that 
of Dengue hemorrhagic fever (DHF) in Southeast 
Asia as a direct consequence of this evolving  
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ecosystem.12 Hypovolemia, shock, plasma leakage, 
and increased vascular permeability are all 
indications of DHF. The WHO estimates that there 
were about 4.2 million DENV infections in 2019.

Global epidemiology
 Dengue is a highly infectious disease with 
an estimated 400 million cases globally. Its incidence 
has considerably increased during the past decade, 
placing the lives of half of the global population 
in more than 125 endemic countries in danger). 
Dengue fever is an acute viral illness with systemic 
symptoms that has spread both epidemically 
and endemically, resulting in a variety of clinical 
presentations ranging from minor fevers to 
deadly infections.6

 The global epidemiological patterns of 
dengue have shifted due to various variables. 
One of these variables is demographics, including 
population increase, economical patterns 
in developing nations, and land-use trends. 
Another important aspect is the growth in the 
number and density of inhabitants caused by 
migration to urban regions.13 This might be due 
to high employment chances, driving more rural 
locals to migrate to urban centers. Moreover, 
transportation modernization has led to changes 
in dengue epidemiology, owing to increased 

travel of humans, disease vectors, and viruses. 
Constant public health policy and infrastructure 
developments also lead to changes in dengue 
epidemic patterns.13

 Approximately 1800 years ago, the 
earliest known instance of a dengue-like sickness 
occurred in 265–420 A.D. in the Chinese Chin 
Dynasty. The condition was fairly identical to 
that during water poisoning caused by flying 
insects 14. Furthermore, there were reports of a 
dengue epidemic in some French regions and 
Central America throughout the latter half of the 
seventeenth century. As a result, dengue might 
have spread widely even before the 18th century. 
Dengue fever first became a public health problem 
in Southeast Asia after world war II between the 
late 40s and early 50s.15 Shifts in the environment 
and population provided an ideal atmosphere for 
the propagation of this vector-borne disease. The 
migration rates during wartime also increased the 
portability of the mosquito vector.
 Before the 1970s, only nine nations were 
impacted by dengue outbreaks, according to the 
WHO (Dengue and Severe Dengue, n.d.). Currently, 
more than 100 countries are significantly impacted 
by dengue epidemics.17 These nations are generally 
found on the majority of the world’s continents, 
including South-East Asia, the Pacific Rim region, 

Figure 1. Global distribution of dengue infections before 1960 (yellow) and after 1960 (red).16
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Arabian nations, the Americas, Europe, Australia, 
and New Zealand. In addition, the Pacific Rim 
area suffers around 75% of the worldwide dengue 
infection effects. Furthermore, the Latin American 
territory has seen a rise in the severity and rate of 
dengue outbreaks in recent years (Figure 1).13

 DENV-2 was initially identified in KSA 
in 1994, when it caused a significant outbreak 
in Jeddah (Figure 2), with 289 documented and 
confirmed cases1 8  (Figure 3). After that, dengue 
cases have also been recorded in other KSA 
regions, including Makkah. When dengue first 
broke out in Makkah in 2004, hospitalized patients 
at a particular facility were the first to have their 
case characteristics recorded. Between 2006 and 
2008, 159 patients with DF were hospitalized in 
Makkah, and 77% of them were infected in the 
spring and early summer. Afterward, a significant 
uptick in Makkah’s building activity between 2008 
and 2012 resulted in 4,187 incidents of DF being 
documented, primarily because of the increase in 
still water.19-21

 Additional factors that contribute to the 
spread of this illness include rising urbanization, 

migration, international commerce, climate 
variability, and ineffective vector management. 
Moreover, uneven pesticide use, the development 
of resistance in mosquitos against pesticides, 
and shifting climatic conditions might all be 
contributing factors as well.22

 DENV has spread to new regions due 
to increased traveling within and across cities and 
nations.23 Muslims from all over the globe travel to 
KSA for Umrah and Hajj (pilgrimage). Dengue has 
been brought into the Umrah and Hajj locations, 
including three major cities: Makkah, Jeddah, 
and Al-Madinah, since many of the infected 
patients come from endemic areas. In addition, 
internal variables, such as environmental factors, 
industrialization, and human activities that promote 
breeding sites, help the spread of the mosquito 
vector.24,25 All of these cities have seen large dengue 
epidemics on occasion.22,26 The Saudi Ministry of 
Health (MOH) documented 3350 instances of DENV 
infections in the Kingdom of Saudi Arabia in 2009, 
with a case fatality rate of 4.6 per 1000 (https://
ghdx.healthdata.org/record/saudi-arabia-health-
statistical-yearbook-2018).

Figure 2. The Fight against dengue fever in Saudi Arabia, the western region has been the most affected
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 The underestimation of dengue fever 
cases is one of the concerns for surveillance 
systems in the KSA.27 This highlights the frightening 
extent of silent viral transmission and the 
limitations of the present surveillance methods, 
which have led to several outbreaks.25 
 Entomological monitoring can aid in 
detecting DENV in Aedes aegypti sooner than that 
in humans.29 DENVs have been identified in Aedes 
aegypti mosquitos from endemic and epidemic 
areas using clinical and laboratory screening 
tests. During outbreaks, such identification assists 
in determining regions with a greater incidence 
of DENV distribution, allowing vector control 
authorities to concentrate their efforts and target 

the areas where people are at greater risk of getting 
infected.30,31

DeNv morphology
 DENV has a diameter of 50 nm and is 
spherical in structure. Mature virions contain 
membrane-attached proteins, namely M 
(membrane) and E (envelope) (Figure 4). When 
virions develop, the precursor structure seen in 
intracellular immature virions is converted into the 
mature form (M).32 DENV virion structures have 
been studied using X-ray crystallography.33,34 The 
envelope, E, is a rod-like protein comprising two 
identical subunits with icosahedral symmetry and a 
herringbone-like arrangement of the protein dimers 

Figure 3. Clusters of Dengue Confirmed Cases in Jeddah, Saudi Arabia.28
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(Figure 5).35

Genomics and proteomics of DeNv
 T h e re  a re  f i ve  D E N Vs ,  n a m e l y  
DENV1–52 which have an amino acid sequence 
similarity of 65–70%.36 The viral genome 
is a (+)-sense RNA comprising 10.6 to 11  
kilobases37 and consists of one open reading 
frame (ORF) (~ 3400 codons), accompanied by 
untranslated regions on the 5′- and 3′-ends.38 The 
ORF is translated into three structural (capsid (C), 
membrane precursor (prM), and envelope (E)) and 
seven non-structural proteins (NS1, NS2A-B, NS3, 
NS4-B, and NS5) Figure 6).

DeNv detection
 The efficient and correct identification of 
dengue fever is critical for clinical management.40  
Definitive diagnosis procedures for verifying DENV 

infection include detecting the virus, viral genetic 
material, antigens or antibodies, or a mix of these 
methods. The virus is found in the bloodstream 
and circulating hemocytes in addition to other 
sites in the body. Throughout the initial phases of 
the infection, extraction and purification of the 
virus and viral genetic material or Ag detection 
can be employed to diagnose the disease. At the 
end of the severe phase of infection, serology is 
the commonly used diagnostic approach. Antibody 
response to infection varies according to the 
host’s immunity status. Numerous methods for 
laboratory diagnosis have been designed to aid in 
patient care and the prevention of the disease.

virological diagnosis of DeNv
 Blood is drawn for viral isolation, 
especially in the first five to six days after the onset 
of symptoms, when the condition is severe. The 

Figure 4. The structural component of dengue virus. (Source: https://en.wikipedia.org/wiki/Dengue_virus)

Figure 5. Three-dimensional cryo-electron display of an isolate of Dengue virus39 
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viral RNA and NS1 Ag can also be detected in such 
samples. Using monoclonal antibodies against 
each of the five recognized serotypes, an indirect 
immunofluorescence test is used to identify the 
isolated viruses.41

Molecular diagnosis of DeNv
 In this technique, DENV can be detected 
using specific primers for the C and/or prM 
gene(s). This region is flanked by a sequence 
shared by all five DENV serotypes, enabling 
genomic amplification. In a semi-nested PCR with 
a subsequent amplification, the serotypes are 
subsequently identified using serotype-specific 
primers.42 RT-PCR enables the processing of a large 
number of samples at once. This molecular test 
is the most commonly used virological method 
for DENV detection. Using RT-PCR in the early 
detection of DENV has been demonstrated to be 
a useful diagnostic technique, with the benefit of 
not exhibiting a substantial difference in sensitivity 
in both active and passive infections.43

loop-mediated isothermal amplification (lAMP)
 Heat-dependent amplification of genomic 
DENV RNA is another molecular diagnostic 
technique, requiring only one temperature setting 
for the amplification procedure. For instance, 
PCR-testing equipment may not be accessible in 
rural locations. Since isothermal amplification-
based tests require no thermocyclers, they 
are less expensive and complicated than PCR  
testing.44 So far, there is no isothermal brand for 
DENV diagnosis permitted by the CDC.

 Reverse transcription loop-mediated 
isothermal amplification (RT-LAMP), reverse 
t ranscr ipt ion  recombinase  po lymerase 
amplif ication (RT-RPA),  and nucleic acid 
sequence-based amplification (NASBA) are some 
of the platforms being explored for isothermal 
amplification-based detection of DENV infection.
 The RT-LAMP procedure, introduced by 
Notomi et al.45, consists of three primer pairs: 
outer pair, inner pair, and loop ones to recognize 
eight different loci on the target sequence45,46 This 
technique, established as a potential detection 
tool, amplifies the input sequence at a constant 
temperature, typically between 60 and 65°C, using 
a water bath or conventional heating block.47

 The RT-LAMP typically begins by reverse 
transcribing the RNA structure to DNA (Figure 7A) 
and building a loop construction that replicates 
the sequence. The replicated sequence can 
be seen with the naked eye or even under UV  
light.50 The efficacy of RT-LAMP was demonstrated 
in a study by Hu S-f et al.51 The RT-LAMP test they 
developed had a success rate of 100% and 98.9% 
in identifying clinical isolates of DENV and affected 
patients, respectively. The RT-PCR technique 
exhibited 93% sensitivity for the clinical isolates 
and 84.2% for patients. The RT-LAMP produced 
no false positive results. Li et al.52 demonstrated a 
one-tube-dependent 30-minute reaction approach 
employing the RT-LAMP primers for the C-prM 
gene in all five serotypes. With a LOD of 10 RNA 
segments for each reaction, Lau et al.,53 developed 
a one-tube RT-LAMP approach that focused on the 
NCR gene on the 3′-end present in all serotypes and 

Figure 6. Genomic arrangement and proteolysis of the ORF to produce the viral proteins in members of the genus 
Flavivirus. (NCR = Non-coding region)33 
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identified DENV presence based on the variation 
in sample turbidity.
 In another study, DENV RNA was amplified 
using LAMP and analyzed using a portable 
MinION sequencer to identify the serotype 
54 RT-LAMP offers numerous benefits, including 
being quick, inexpensive, isothermal, very 

accurate, and precise. However, PCR is preferable 
for multiplexing and viral quantification  
applications. 55 LAMP-based assays often 
demonstrate binary results with no quantitative 
data. NASBA is also a popular isothermal 
amplification technique. The fundamental benefit 
of this technique is being a one-step isothermal 

Figure 8. Loop-mediated isothermal amplification (LAMP).49 

Figure 7. Detection of DENV RNA with (A) the LAMP method; initially, ssRNA is converted to dsDNA. (B) the portable 
laboratory with minimal chemicals and devices48
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method that targets DENV RNA isolates.5 5  Silica is 
used to isolate RNA from blood samples and is 
subsequently replicated at 41°C without the need 
for a thermal cycler.56  The process is completed 
in 30 minutes, and RNA is visualized using an 
electrochemiluminescence.57

 Recently, many traditional NASBA-based 
DENV detection tests have been developed.58-60 
Yrad et al.,61 described a gold nanoparticle-based 
DENV-1 RNA detection technology. DENV-1 RNA 
was amplified using NASBA, followed by the 
formation of a sandwich complex using AuNP and 
DENV-1 capture probes. In pooled human sera, 
with a LOD of 1.2 104 pfu/mL, this compound 
may be visually identified using a lateral flow 
biosensor in less than  20 minutes. Although NASBA 
is straightforward, affordable, and boosts the 
detection specificity of the biosensor utilized, 
it requires sample pre-treatment and careful 
management of the viral particles.62

 A n o t h e r  i n n o vat i ve  i s o t h e r m a l 
amplification method for identifying pathogens 
is the RPA test.63 At a steady temperature range 
of 37–42°C, RPA can identify 1–10 target DNA 
fragments for each reaction in less than 20 
minutes.64 An RPA-based DENV detection test 
that focuses on highly conserved 3′-UTR segments 
was developed by Teoh et al.65 This assay could 
be completed in less than 20 minutes and had 
a LOD of 10 copies of RNA for each response. To 

enable the sensitive detection of DENV quickly, 
a point-of-need-based mobile RPA unit (Figures 
7B and 8) has been created and implemented in 
Thailand and Senegal.48 To cover all serotypes, 
researchers developed two assays specifically 
targeting the 3′-UTR sections of DENV 1–4. The 
portable device provides the tools and materials 
required for RNA extraction and fluorescence 
detection. Additionally, a new RT-RPA-based 
assay with horizontal flowing dipsticks with an 
identification range of 1–106 copies/L for DENV-1 
has been developed.66

 The RPA-based assays mentioned above 
make it abundantly clear that this platform may 
be used in resource-constrained settings, as it 
requires only slightly expensive machines for the 
rapid and precise detection of DENV.

Detection of NS1 antigen
 The NS1 protein sequence, comprising 
six structural subunits, is highly preserved in 
all five serotypes of DENV67 The NS1 Ag has been 
used as a diagnostic marker in the early stages 
of the infection. ELISA detection of NS1 is as quick 
and efficient as RT-PCR but does not identify viral 
serotypes. The sensitivity of the test may vary based 
on the condition. In the advanced stages of the 
disease, the NS1 test is more accurate.68

Serological diagnosis
 IgM can be detected in serum, blood on 
filter paper, and saliva but not in urine. Serum 
specimens are examined at single or varying 
concentrations. Most of the antigens tested in 
this technique are derived from the E protein of  
DENV  .69

DeNv infection
 A female mosquito becomes infected 
upon feeding on humans during the acute and 
viremic phases of dengue fever. First, DENVs attack 
the midgut of the mosquito in addition to other 
organs prior to migrating to the salivary glands. The 
infection is transmitted to other humans through 
a bite from an infected mosquito, and it takes 
between 4 and 7 days for the symptoms to appear 
and for the infected human to be able to spread 
the virus to another mosquito. Asymptomatic and 
symptomatic patients can both spread the virus 
to mosquitoes.20 The entire time the mosquito is 

Figure 9. DENV horizontal transmission (Vector & 
Transmission
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feeding on people, it will transmit the disease.20,70

 DENV targets immunological cells to 
infect the human body. The virus is introduced into 
the circulation through a mosquito bite and infects 
the keratinocytes and immature Langerhans 
cells via receptor-mediated endocytosis.71 When 
the virus-infected cells reach the lymph nodes, 
macrophages and monocytes migrate to the site 
and then get infected by the virus. This results in 
DENV replication, followed by the spread of the 
disease through the lymphatic system of the 
body. As a result, various additional immune cells 
of the mononuclear lineage, such as the blood-
derived monocytes, myeloid dendritic cells, and 
macrophages in the spleen and liver, are infected 
as well.72-74 
 In the later stages of DENV infection, the 
adaptive immune system is stimulated to release 
plasma B-cells to produce antibodies and T-cells 
to precisely target the virus-infected cells.2 Plasma 
cells produce antibodies to attack the mature viral 
particles. T-cells act on virus-infected host cells 
through the release of cytokines. Despite the 
long-term protection against dengue infection 
provided by the adaptive immune system, the 
innate defensive response is still required to 
help eliminate the DENV. Additionally, a person 
may be vulnerable to subsequent DENV infection. 
After the first infection, patients may develop 
long-lasting immunity against a single serotype; 
however, they may be vulnerable to infection by 
the other serotypes.75 When a patient is infected 
with a serotype other than the one against which 
the patient has developed immunity, a significantly 
more severe illness may be experienced. Currently, 
there is a lack of knowledge on the severe 
pathophysiology of secondary DENV infections.17

 Modes and cycles of DENV transmission 
Horizontal transmission of DENVDENV, yellow 
fever, and West Nile viruses, in addition to 
other arthropod-borne viruses from the 
Flaviviridae family, are mostly transmitted through 
mosquitoes. DENV is by far the most prevalent  
arthropod-borne virus among these viruses. 
The forms and cycles of DENV mosquito–human 
transmission can be divided into two categories: 
horizontal transmission and vertical transmission.
 The main route of transmission of DENV 
infection in humans is horizontal transmission. 
DENV serotypes all require Aedes mosquitos as 

the primary vector for transmission. DENV infects 
humans throughout its sylvatic cycle. 7 6  The 
endemic DENV has developed from a sylvatic 
strain that originated in Asia and Africa, employing 
other mammals as hosts and forest-dwelling Aedes 
mosquitoes as vectors.77 DENV sylvatic strain is 
also an ancestor strain. Ancestral transmission 
refers to non-human transmission, while efficient 
inter-human transmission necessitates a huge 
population size of at least 10,000 to 1 million 
individuals, which did not exist until 4000 
years ago, at the advent of urban civilizations.78 
Moreover, several evolutionary investigations 
regarding the sylvatic strain of DENV reported in 
KSA corroborated this hypothesis. This increases 
the likelihood of sylvatic DENV-infected Aedes 
mosquitos infecting people with dengue.79

 The horizontal transmission of DENV 
entails its passage from one individual to another 
through a mosquito vector. This happens when 
an Aedes mosquito carrying DENV feeds on an 
uninfected individual. After the acquisition, 
DENV requires 5–7 days of incubation before 
the patient exhibits various dengue fever  
symptoms.80 Uninfected Aedes mosquitoes that 
come into contact with the infected person during 
this time and feed on them then become infected. 
Thus, the cycle continues spreading the virus to 
other healthy people (Figure           9).

transovarial transmission of DeNv
 Grav id  female  Aedes  mosquitos 
transmit DENV to progeny or children through 
transovarial transmission, also known as vertical  
transmission  . 81 When DENV enters the mosquito 
via blood feeding, it infects and replicates in 
multiple areas of the mosquito’s body, including 
the mid-gut, ovaries, and neural tissues   . 82 DENV 
infects the eggs because the ovaries are infected. 
As a result, the virus is transferred to the larva and 
pupae as they develop into adult mosquitos. Natural 
vertical transmission of DENV in Aedes mosquitos has 
been documented several times over the last 30  
years.83-85 Natural populations of vector 
mosquitoes have been the subject of several 
studies over the years, in which immature forms 
(eggs, larvae, and pupae) of these mosquitoes 
are recovered from the environment.81-83,86,87 
The immature mosquitos are then grown until 
they reach the adult stage before being tested 
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for DENV. Furthermore, other studies have shown 
that DENV can be vertically spread in laboratory-
infected mosquitos. In many studies, Ae. aegypti 
or Ae. albopictus mosquitos were intentionally 
infected through intra-thoracic, oral, or parental  
injection.88-91 Subsequently, the infected mosquitos 
were permitted to breed and feed on human blood 
to reproduce and produce eggs. The offspring were 
then tested for the presence of the virus in both 
larvae and adults. DENV vertical transmission 
serves as a virus maintenance mechanism, allowing 
all serotypes to survive without a human host or 
favorable natural environment conditions.92

 In addi t ion,  mult ip le  laboratory 
investigations have demonstrated that DENV may 
survive for up to five generations in mosquitoes 
and can remain in subsequent generations  
as well.89,93 This demonstrates how mosquitoes 
serve as a reservoir for DENV and that vector 
mosquitoes are crucial to maintaining viruses in the 
environment. DENV vertically spreads in humans. 
Pregnant women who have dengue fever during 
the last stages of pregnancy may pass the virus to 
their unborn child.94-96 Researchers could extract 
DENV together with DENV-specific IgM antibodies 
from fetal blood. Additionally, researchers found 
evidence that DENV may be transferred vertically 
through breastfeeding.97 After delivery, DENV was 
isolated from the breast milk of women. However, 
further research is required to assess the plausibility 
of DENV transmission through breast milk.

Sexual transmission and uncommon transmission 
of DeNv
 According to research done in the 
late 1980s, DENV may be spread by mating 
between male and female mosquitoes.98  
All DENV serotypes could be sexually transmitted 
to female Ae. albopictus from laboratory-infected 
male Ae. albopictus. If the female mosquitoes were 
fed on blood two to seven days before breeding, 
the transmission was significantly accelerated. 
The infected females would then pass the virus 
to their offspring.98 Other dengue transmission 
methods that do not need the vector mosquito 
have also been reported. These transmission 
methods include needlestick, transplantation, 
and transfusion transmission. 99 Blood transfusion 
is certainly a factor in transfusion-related 
transmission. As a blood pathogen, dengue 

presumably infects blood recipients, and therefore 
this is to be expected.100,101

 DENV is also transferred through 
organ transplants, known as “transplantation 
transmission.” There have been reports of DENV 
infections in transplant patients’ kidney and bone 
marrow.102 Since DENV is not included among the 
infectious agents that must be screened before 
organ transplants, the probability of DENV 
transmission seems quite significant.99 Another 
unusual mechanism of DENV transmission is 
needle-stick injury, one of the most prevalent 
incidents in ordinary clinical practices. Numerous 
infectious diseases, including HIV and HBV, 
have been linked to infection through needle  
sticks .99 DENV reportedly transfers through needle-
stick injuries, although only a few cases have been 
documented.103,104
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