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Abstract
Dengue, a mosquito-borne viral infection, is rapidly increasing worldwide and affects over 
half of the world’s population in at-risk areas. Factors such as globalization, urbanization, and 
climate change have fueled its rapid geographical expansion. Although no indigenous dengue 
cases have been identified in Korea, the number of imported dengue cases has increased 
from travel to endemic regions. In Korea, dengue diagnosis relies mainly on detecting anti-
dengue antibodies or viral nucleic acids using real-time polymerase chain reaction. Although 
specific antiviral treatments for dengue are currently unavailable, promising progress has 
been made in developing antiviral agents that target viral replication. Single-dose tetravalent 
live-attenuated dengue vaccine candidates are currently being evaluated for their safety and 
efficacy. Innovative vector control methods, including Wolbachia-infected and genetically 
modified species of Aedes mosquitos, have demonstrated promising results. Owing to the 
limited therapeutic options, vector control strategies remain a primary focus for preventing 
transmission, alongside ongoing research on antiviral drugs and vaccine development. This 
review provides insight into dengue fever transmission, clinical manifestations, and diagnosis. 
Additionally, it covers current global control measures, emerging treatment options, and the 
status of vaccines in development.
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Introduction
Dengue fever (DF) is a rapidly spreading mosquito-borne disease. Dengue virus (DENV) is primarily 

transmitted to humans by Aedes mosquitoes, particularly Ae. aegypti and Ae. albopictus [1,2]. DF is 

widespread in tropical and subtropical regions and is endemic to more than 100 countries, with approximately 

half of the world's population at risk [3,4]. In 2013, Bhatt et al. [5] estimated that 390 million dengue cases 

occur annually, of which 96 million are symptomatic. Widespread infections occurred in Southeast Asia, 

the Western Pacific, the Americas, and Africa, with approximately 70% occurring in Asia [5]. In Asia, rapid 

urbanization contributed to increased transmission and hyper-endemicity, resulting in the first major epidemic 

of severe and fatal forms of dengue [6,7].
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DF has become a significant global health concern, largely because of global travel trends, rapid 

urbanization, and climate change. These factors have led to heightened viral amplification, prolonged 

survival and reproduction of mosquito vectors, and extended transmission seasons, exacerbating dengue in 

endemic areas [7,8]. Messina et al. [9] projected that 6.1 billion people will be at risk of dengue by 2080. As 

the number of cases and geographic distribution of DF continues to increase, further research is needed to 

understand its epidemiology and to implement effective prevention and control.

Objectives
This review offers insights into dengue epidemiology, clinical manifestations, diagnosis, treatment, and 

prevention strategies.

DF cases in Korea
DF is not endemic to Korea; however, there has been an increasing number of imported cases in recent 

years owing to international travel to dengue-endemic regions [10,11]. All dengue cases in Korea were 

imported from travel abroad, mainly from Southeast Asia, with no confirmed local transmission [10,11]. The 

number of imported dengue cases in Korea has increased since 2001, peaking at 313 in 2016 [10]; all four 

DENV serotypes (DENV-1 to DENV-4) were detected in imported cases. An analysis of imported dengue 

cases from 2018 to 2020 revealed that DENV-1 was the most commonly identified serotype, accounting for 

47.1%, followed by DENV-2 (28.6%), DENV-3 (17.1%), and DENV-4 (7.1%) [12]. Most imported dengue 

cases in Korea present with typical manifestations such as fever, rash, and hemorrhagic symptoms; however, 

some studies have reported severe presentations such as acute hepatitis, colitis, acute diverticulitis, and 

hemophagocytic lymphohistiocytosis [13–16].

Dengue vectors and transmission
DF is caused by the DENV, which belongs to the genus Flavivirus (family Flaviviridae). DENV comprises 

four antigenically distinct serotypes: DENV-1, DENV-2, DENV-3, and DENV-4 [17]. The virus is primarily 

transmitted to humans via bites of infected female Aedes mosquitoes, especially Ae. aegypti and Ae. 

albopictus [18]. However, in some parts of the world, Ae. polynesiensis and Ae. niveus have been reported as 

secondary vectors [19]. Dengue transmission occurs when an Aedes mosquito consumes a blood meal from 

a DENV-infected person and bites a healthy individual, transmitting the virus into the bloodstream. Infected 

female mosquitoes can also transmit the virus to their offspring during egg development, contributing to 

viral maintenance in mosquito populations [20]. Although direct transmission of DENV from one person to 

another does not occur, dengue can be transmitted from mother to child during pregnancy or childbirth. In 

rare cases, DENV transmission can occur via blood transfusion, organ transplantation, or needlestick injuries 

[21].

Mosquitoes are infected with DENV when they feed on viremic hosts (Fig. 1). The virus replicates in the 

mosquito mid-gut before disseminating into the salivary glands. The period between the ingestion of DENV-
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infected blood and transmission of the virus to a new host is known as the extrinsic incubation period (EIP). 

The duration of EIP is strongly influenced by ambient temperature (25°C to 30°C), viral strain, and mosquito 

competence [22,23]. Following the EIP period, which usually lasts 5–14 days, an infected mosquito can 

transmit the virus by biting another person [24,25]. However, spatial and temporal studies have reported that 

dengue clusters occur in the same household at times far below the estimated EIP (< 7 days) [26]. Results 

from a cluster study in Kaohsiung, Taiwan, are consistent with dengue infections occurring within the same 

household less than three days after the initial reported infection [27]. The mechanical transmission of DENV, 

where Ae. aegypti mosquitoes transmit the virus immediately after consuming an infectious blood meal 

without midgut incubation, as demonstrated in mouse models [27].

Fig. 1. Dengue virus transmission cycle (illustration adapted from Gómez et al. [28]).

Clinical manifestations of dengue
The incubation period for DF is approximately 4–10 days after being bitten by an infected mosquito [1], 

during which symptoms usually begin to appear. Dengue infections range from asymptomatic to mild or 

severe. DF is characterized by the sudden onset of flu-like symptoms, including fever, headache, myalgia, 

skin rashes, and mild mucosal bleeding. Although dengue is usually a self-limiting febrile illness, with most 

patients recovering 4–7 days after symptom onset, in some patients, especially those who have had dengue 

before, the disease may progress to severe life-threatening forms such as dengue hemorrhagic fever (DHF) or 

dengue shock syndrome [29].
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In 2009, the World Health Organization (WHO) revised the guidelines to categorize dengue infections as 

dengue without warning signs, dengue with warning signs, or severe dengue [1]. The warning signs include 

persistent vomiting, lethargy, abdominal pain, mucosal bleeding, and rapid breathing [1]. Dengue infections 

usually progress in three distinct phases: the febrile phase, characterized by viremia and sudden onset of high 

fever; the critical phase, which may begin around three days after fever onset, marked by resolution of fever 

and viremia, but with a high risk of shock due to plasma leakage and fluid accumulation in tissues; and the 

convalescent phase, when patients begin to recover, accompanied by reabsorption of accumulated fluids (Fig. 

2) [1,30,31].

Fig. 2. The clinical course of dengue shows the three distinct phases (illustration reproduced from Yacoub et al. [23], with permission).

During the latter part of the febrile phase, minor bleeding manifestations such as petechiae and ecchymosis 

may occur as a result of thrombocytopenia or platelet dysfunction [32,33]. The spots can help to recognize 

DHF in its early stages. In most patients, minor bleeding resolves with defervescence. However, in patients 

with increased vascular permeability, the disease may progress to DHF, characterized by fluctuations in 

hematocrit levels (> 20%) [34] and gastrointestinal bleeding that is detectable 24–48 h after defervescence 

and before the onset of shock [23,33]. The subsequent shock can lead to disseminated intravascular 

coagulation, multiple organ failure, metabolic acidosis, and sometimes death [23,33].

Diagnosis of DF
Diagnosis of DF continues to rely on symptom-based assessment, which can be challenging during the 

febrile stage when it resembles other vector-borne diseases such as malaria, chikungunya, and Zika fever. 

Various laboratory methods have been developed to facilitate the accurate diagnosis of DF, especially in cases 
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where the clinical presentation overlaps with other febrile illnesses. DF is diagnosed using tests that detect 

viral nucleic acids, antigens, or antibodies. During the febrile phase, viral isolation and nucleic acid detection 

by real-time polymerase chain reaction (RT-PCR), or nonstructural protein 1 (NS1) antigen using rapid 

immunochromatographic tests, or IgM or IgG by enzyme-linked immunosorbent assay (ELISA) are crucial 

for diagnosing DENV infection. In patients with no history of prior dengue infection, the sensitivity of NS1 

antigen detection tests in the febrile phase was found to exceed 90%, compared with 60%–80% in secondary 

infections [23,35]. Recently, a meta-analysis conducted by Macedo et al. [36] evaluated the accuracy of rapid 

diagnostic tests for dengue. The sensitivity of IgM ranges from 13.8% to 90%, whereas that of NS1 antigen 

ranges from 14.7% to 100% [36]. The combination of three analytes (IgG, IgM, and NS1 antigen) showed 

the best overall performance, with a sensitivity of 90% and specificity of 89% [36].

During the critical phase (4–7 days after fever onset), the host initiates the production of specific IgM or 

IgG antibodies in response to DENV infection. Serological assays for detecting IgM and IgG antibodies 

typically employ ELISA with hemagglutination inhibition assay being the preferred diagnostic method [37,38]. 

Viral NS1 antigens have been reported to be present during the acute phase of dengue infection [39]. In 

primary infections, IgM can be detected as early as 3–5 days after fever onset and persists for several months 

after recovery [40,41]. IgG is typically not detected during the acute phase of a primary infection. However, 

in patients with secondary infections, IgG antibodies become the dominant immunoglobulin isotype and are 

detectable as early as three days after the onset of illness [40]. Consequently, IgM/IgG antibody ratios are 

commonly used to differentiate between primary and secondary dengue infections during the acute phase of 

the disease.

In Korea, the diagnosis of DF primarily relies on testing travelers returning from dengue-endemic regions 

because there are no local transmissions. Serological tests like IgM ELISA and RT-PCR to detect DENV 

among symptomatic travelers are used for diagnosis of DF by the Korea Disease Control and Prevention 

Agency [42]. Positive dengue results prompted further confirmatory testing of a 4-fold increase in IgG, 

usually 2–3 weeks after the onset of symptoms. Recently, rapid antigen tests have been made accessible at all 

airports and port quarantine centers in Korea for early detection of dengue among inbound travelers.

Treatment and management of dengue
Supportive care, symptom management, close monitoring, and complication prevention are essential for 

managing DF. Acetaminophen (paracetamol) and other analgesics are used to reduce fever and treat joint 

and muscle discomfort. However, due to the high risk of bleeding, aspirin, ibuprofen, and other non-steroidal 

anti-inflammatory drugs should be avoided [30]. The WHO guidelines recommend that patients rest, stay 

hydrated, and seek immediate medical attention if they experience warning signs, such as severe abdominal 

pain, persistent vomiting, rapid breathing, or bleeding [1]. In most cases, patients with DF recover within 2–7 

days without requiring hospitalization; however, severe cases may require hospitalization for supportive care, 

including blood transfusions, intravenous fluids, electrolyte replacement, and close monitoring [43]. Using 

insect repellents, wearing protective clothes, and eliminating mosquito breeding sites are the key strategies for 

preventing mosquito bites and the spread of DF, particularly in tropical regions.
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Antiviral medications and their efficacy
There are currently no specific antiviral treatments for DF. However, a promising DENV inhibitor 

(JNJ-A07) has shown remarkable antiviral activity against all four DENV serotypes in 21 clinical isolates in 

vitro [44]. This inhibitor prevents the replication of new viral particles by blocking the interaction between 

the two viral proteins (NS3 and NS4B) essential for viral replication [44]. Studies on mouse models have 

demonstrated a significant reduction in the viral load with low oral doses of the inhibitor [44]. Additionally, 

natural compounds, such as flavonoids, silymarin, and baicalein have demonstrated promising potential to 

inhibit in vitro viral activity [45].

The future of DF
Global strategies to control dengue continue prioritizing vector control strategies, including mosquito 

surveillance and targeted insecticide application to minimize mosquito breeding sites and reduce transmission 

[1,8,46,47]. Public health campaigns are also underway to promote community engagement, education, and 

awareness, encouraging preventive measures such as using insect repellents and eliminating breeding sites. 

Considering the persistent increase in new dengue cases, vaccination programs for prevention are strongly 

recommended. Developing effective and affordable dengue vaccines remains the key focus of ongoing 

research.

Vector control
Biological vector control methods, such as Wolbachia-infected and genetically modified mosquitoes, 

are being investigated to combat DF [48]. Studies on Wolbachia-infected Aedes mosquitoes are ongoing 

to reduce the ability of insects to transmit dengue and other viruses [49]. By releasing Wolbachia-

infected mosquitoes into the environment, dengue transmission cycles are disrupted [47,49,50] through 

a phenomenon known as cytoplasmic incompatibility. During this process, Wolbachia-infected male 

mosquitoes mate with females lacking Wolbachia, resulting in nonviable eggs that reduce the mosquito 

population [51,52]. Introduction of the wMel strain of Wolbachia into Ae. aegypti populations in Australia 

have demonstrated a significant reduction in the transmission potential of DENV [53–55]. Other initiatives to 

genetically modify Aedes mosquitoes to prevent them from transmitting the DENV have been reported [48, 

56], providing a potential long-term solution for dengue vector control.

Dengue vaccines
Recent developments in dengue vaccines show promise, with two vaccines, Dengvaxia® (chimeric yellow 

fever virus, DENV; tetravalent dengue vaccine, CYD-TDV) and QDENGA (TAK-003), currently approved 

and others at various stages of research and development [57]. As the Food and Drug Administration 

approved in 2019, Dengvaxia® is recommended for people aged 9–45 years with previous dengue infections. 

Dengvaxia® has shown approximately 60% overall efficacy but has limitations owing to an increased risk of 
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severe dengue in those not previously infected [57–59]. Another vaccine, TAK-003, is recommended by the 

WHO and approved for use in multiple countries. TAK-003 clinical studies have shown promising results, 

with an efficacy of 61.2% against symptomatic dengue, 84% against hospitalization, and 70% against the 

development of DHF [57,60,61]. Dengvaxia® and TAK-003 are live-attenuated vaccines using weakened 

viral strains to enhance immunity.

Recent advancements in dengue vaccine research have yielded promising results, including the 

development of a single-dose vaccine by the Butantan Institute [62]. In a phase 3 trial, the tetravalent butan-

DV (Butantan-DV) demonstrated 80% protection against dengue in individuals without prior exposure to 

the virus and an even higher efficacy of 89% in those with a history of dengue infection [62]. Another live-

attenuated tetravalent candidate dengue vaccine, DengusiilTM, is undergoing clinical trials in Australia. Gunale 

et al. [63] reported that a single dose of the vaccine resulted in high immunogenicity, seroconversion, and 

seropositivity in most participants, with over 69% of the participants indicating tetravalent seroconversion 

and more than 15% demonstrating trivalent seroconversion [63]. However, challenges in dengue vaccine 

development persist, including the lack of adequate animal models for studying dengue pathogenesis, 

difficulty in inducing a balanced immune response against all four virus serotypes, and concerns regarding 

antibody-dependent enhancement [64,65].

Further research on dengue vaccines should prioritize expanding the geographical coverage of clinical 

trials for Butantan-DV and other potential candidates to assess vaccine performance across diverse dengue-

endemic regions [30,62]. Additionally, leveraging new technologies, such as virus-vectored and virus-like 

particle-based approaches, to enhance vaccine design and efficacy warrants further investigation to fully 

comprehend dengue pathogenesis and immune responses crucial for guiding rational vaccine development 

[64-66].

Other technologies
New technologies, such as stem cell therapy and wearable biosensors, have demonstrated promising 

results in the diagnosis and treatment of DF [67]. Stem cell therapy has the potential to alleviate complications 

associated with dengue by reducing inflammation and promoting tissue repair, as evidenced by the successful 

outcomes observed in dengue-infected mouse models [67]. Innovative technologies, such as wearable 

biosensors, enable the early detection of DF and real-time monitoring of symptoms and complications [68], 

facilitating timely intervention and improved patient management.

Conclusion
Dengue has been reported in more than 100 countries, and cases are projected to increase to 6.1 billion by 

2080 due to global warming [9]. No specific antiviral agents have been approved for dengue, and treatment 

remains supportive, focusing on the close monitoring of warning signs and fluid replacement in patients 

with severe symptoms. The lack of a viable animal model and the inability to develop effective agents 
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against all four DENV serotypes continue to hinder dengue antiviral and vaccine research. However, recent 

developments have identified several potential antiviral medications and vaccine candidates currently in 

clinical trials. Additionally, dengue prevention relies on effective vector control measures and community-

based interventions to reduce the risk of DENV transmission.
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