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Introduction

• the most prevalent mosquito-borne viral hemorrhagic fever. 

• Flaviviridae family, four antigenically distinct serotypes of this virus

• Endemic virus transmission, coupled with frequent cyclical epidemics →half of the world’s 
population at risk of infection each year 

• encroaching into nonendemic areas due to increasing international travel and rapid 
urbanization with poor public health infrastructure 

• global warming could further exacerbate the spread of dengue vectors both northward and 
southward 

• the cost of acute illness to society is considerably resulting from loss of productivity to costs 
arising from medical care 



Overview of dengue pathology



Overview of dengue pathology

• stimulates both innate and acquired immunity

• Innate immune response - complement and type I interferon (IFN)

• Acquired immune response - involves serotype specific CD4+ and CD8+ T cells result in lysis
and production of cytokines

• Antibody response
• targeted at prM, E and NS1 viral proteins
• Antibodies may neutralize DENV by blocking virus attachment to cells or by blocking viral 

fusion with cellular membranes 
• if antibody titers are below the threshold necessary for DENV neutralization

• opsonize DENV and facilitate viral entry into cells
• increase in virus replication and higher risk of severe dengue

“antibody-dependent enhancement (ADE) of infection” 



Clinical presentation

• Approximately a quarter of dengue infections are symptomatic

• a wide spectrum of presentation and often with unpredictable clinical evolution and 
outcomes 

• three phases
• the febrile phase
• critical phase
• recovery phase 

(Dengue guideline for Diagnosis, 
Treatment, Prevention and Control – WHO 
2009)



Clinical presentation

• incubation period - 4–10 days, 

• febrile phase
• lasts for 2–7 days
• acute fever and constitutional symptoms; chills, malaise, headache, arthralgia, myalgia, 

retro-orbital pain, anorexia, nausea, vomiting, lethargy and rash
• Thrombocytopenia, leukopenia and variable rise in hematocrit 
• Dehydration is common

• critical phase
• Lasts for 24-48 h
• fever defervescence and viremia resolution
• capillary leakage, plasma volume loss and, if untreated or improperly managed, shock 
• It is hypothesized that clinical complications are virus-driven immunological responses



Clinical presentation

• recovery phase begins after 48–72 h
• symptoms improve, hemodynamic status stabilizes with reabsorption of extravasated

fluid
• rapid improvement in white cell and platelet counts
• ascites and respiratory distress from massive pleural effusion, pulmonary edema or 

congestive heart failure 



Diagnosis of dengue

1. Clinical diagnosis
• Starts with clinical suspicion
• 3 phases
• Symptoms are not unique to dengue

2. Laboratory diagnosis
• Definitive diagnosis requires laboratory confirmation



Clinical diagnosis

• starts with a clinical suspicion

• prompted by the recognition of a collection of presenting symptoms and signs

• often present with a history of sudden onset fever, which is often accompanied by nausea, 
aches and pains in the early acute febrile phase of illness

• symptoms are not unique to dengue

• onset of a maculopapular rash, retro-orbital pain, petechiae or bleeding nose or gums are 
more pathognomonic of dengue

• usefulness for early diagnosis would be more limited



Symptoms differentiating dengue infection from other febrile illnesses

Kin Fai Tang & Eng Eong Ooi (2012) Diagnosis of 
dengue: an update, expert review of Anti-infective 
Therapy



Low JGH, Ong A, Tan LK, Chaterji S, Chow A, et al (2011).  The Early Clinical Features of Dengue in Adults: 
Challenges for Early Clinical Diagnosis. PLoS Negl Trop Dis 5(5): e1191. 



Tanner L, Schreiber M, Low JGH, Ong A, Tolfvenstam T, et al (2008). Decision Tree Algorithms Predict the Diagnosis and 
Outcome of Dengue Fever in the Early Phase of Illness. PLoS Negl Trop Dis 2(3): e196. 



(Tanner et al, 2008)



Laboratory diagnosis

1. Virus isolation

2. Viral RNA detection

3. Antigen detection

4. Antibody detection 

5. Dengue neutralizing antibody detection

6. Combined antigen/antibody detection



Laboratory diagnostics for dengue: 
sensivity and specificity

Kin Fai Tang & Eng Eong Ooi (2012). Diagnosis of dengue: an update, Expert Review of Anti-infective Therapy, 10:8, 
895-907



Approximate window of detection for 
dengue diagnostics



Viral isolation
• viremia - from 2 to 3 days prior to the onset of fever to up to 5.1 and 4.4 days after the onset of the 

disease for 1. and 2. infection respectively

• blood, serum or plasma samples can be used for virus isolation

• Mosquito, mouse brain or cell lines innoculation

• Mosquito inoculation - the most sensitive, Cell line innoculation – more widely used 

• the isolation rate in patients with 1.dengue (91.0%) was higher than those with 2. dengue (77.6%)

• could be due to the interference of cross reactive antibodies with virus isolation

• Advantage - genome  sequencing, virus neutralization and infection studies

• Disadvantage -highly specific but sensitivity only 40% in cell line based virus isolation, requires highly 
trained operators, a dependence on sample integrity and a short viremia period ---> a narrow window of 
opportunity from illness onset 

• not widely used in routine diagnostic laboratories





Viral RNA detection

• By reverse transcriptase PCR (RT-PCR) detection of dengue viral RNA extracted from blood, 
serum or plasma

• a rapid, sensitive and specific method for dengue infection confirmation

• conventional RT-PCR and real-time RT-PCR

• sensitivity of conventional RT-PCR ranges from 48.4 to 98.2% 

• RT-PCR is rarely positive in a case of dengue after  6 days from illness onset 

• Fluorescence-based real-time RT-PCR has a better reported sensitivity (58.9–100%) 

• Multiplex RT-PCRs can differentiate DENV serotypes in a single assay 

• Dengue viral RNA can be detected in whole blood, serum, plasma, formalin-fixed tissue 
specimens, urine and saliva samples using real-time RT-PCR

• Drawback - sensitivity of RT-PCR is also highly dependent on the short window of viremic
period



Antigen detection (Dengue NS1)

• highly conserved glycoprotein essential for DENV viability and is secreted from infected cells 

• Serum or plasma level has been found to correlate with viremia titer and disease severity

• can be found in the peripheral blood circulation for up to 9 days from illness onset but can 
persist for up to 18 days from illness onset in some cases

• a larger window of opportunity for diagnosis of dengue compared with virus isolation, RT-PCR 



Antigen detection (Dengue NS1)

• Commercially available NS1 capture-based detection kits with sensitivities that ranged from 
54.2 to 93.4% 

• able to confirm dengue infection in serum specimens that were RT-PCR negative and 
secondary dengue infection

• less sensitive in secondary dengue infection (67.1–77.3%) compared with primary dengue 
cases (94.7–98.3%) probably owing to the presence of cross-reactive anti-NS1 antibodies that 
impedes the detection of free NS1 proteins in the serum or plasma 

• can also detect infection in other sample sources; tissues, liver, lung and kidney through 
immunohistochemistry

• could be useful in postmortem studies

• Serotype specific NS1 monoclonal antibodies have been raised and applied for NS1-based 
dengue serotype identification assays



Avirutnan P, Punyadee N, Noisakran S et al(2006). Vascular leakage in severe dengue virus infections: a 
potential role for the nonstructural viral protein NS1 and complement. J. Infect. Dis. 193(8), 1078–1088







Antibody detection (IgM & IgG)

• Detection of antidengue antibodies (IgM and IgG) is the most widely used test in diagnosis of 
dengue

• kits are either in the form of Ig capture or direct Ig detection and are configured to detect 
IgM, IgG or both simultaneously

• two versions of these tests: ELISA or strip format (rapid test)

• ELISA provides greater sensitivity, the strip format is amenable for bedside use

• IgM can be detected as early as 3–5 days after illness onset

• levels of IgM continue to increase for approximately 2 weeks thereafter and may persist for 
approximately 179 and 139 days following primary and secondary infection, respectively



• single IgM raises the likelihood that a febrile patient has dengue
• a definitive diagnosis may require the use of paired sera to demonstrate rising IgM titers





Hunsperger EA, Yoksan S, Buchy P et al(2009). 
Evaluation of commercially available anti-
dengue virus immunoglobulin M tests. 
Emerging Infect. Dis. 15(3), 436–440. 



Characteristics of 9 tests used for detection of IgM against dengue virus





Antibody detection (IgM & Ig G)

• Early antidengue IgM response (<2 months) has been found to be cross-reactive to all four 
DENV serotypes and other flaviviruses

• False positives have also been observed in patients with previous dengue or malaria infection 

• During primary infection, IgG can only be detected after 10 days from illness onset, making it 
less useful for early diagnosis

• the rapid increase of IgG levels during secondary infection (as early as day 4 from illness 
onset) can be suggestive of dengue when the ratio of IgM and IgG is used 



Dengue neutralizing antibody 
detection

• Neutralizing antibodies provide greater specificity in distinguishing antibodies to DENV from 
other cross reactive flavivirus antibodies

• can be measured by using plaque reduction neutralizing tests (PRNTs)

• PRNT remains the most widely used assay for immunity studies

• labor intensive, time consuming and has low throughput and is therefore not routinely used 
in dengue diagnostics

• New tests - ELISA-based microneutralization test (ELISA-MN), the fluorescent antibody cell 
sorter-based Dendritic Cell-Specific Intercellular adhesion molecule-3-Grabbing Non-integrin 
expressor DC assay and the enzyme-linked immuno sorbent spot microneutralization assay 
have been developed to overcome the limitations 

• ?? good agreement or poor agreement  in association with vaccination or secondary infection



Combined antigen/antibody detection

• Combination of the NS1 antigen, antidengue IgM and IgG antibody into a single reaction for 
ease of use

• diagnostic sensitivity (89–93%) and specificity (75.0–100%)

• rapid diagnostic tools – single or duo, sensitivities and specificities are uniformly lower than 
the equivalent laboratory-based assays







Key issues in diagnosis in DENV

• Clinical diagnosis using the 1997–2009 WHO dengue classification schemes has high 
sensitivity but lacks specificity 

• Decision algorithms for diagnosis have been proposed 

• Choice of diagnostic assays should be guided by the time from illness onset

• The presence of pre-existing antibodies from a previous heterologous dengue virus infection 
or a previous flavivirus infection can affect the sensitivity or specificity of many diagnostic 
assays



Rationale for dengue therapy

• treatment for dengue is largely supportive

• no licensed therapeutic drug

• Several clinical trials of therapeutic interventions against acute dengue 

• target the virus, host immune responses or host factors required by DENV to complete 
replication cycle

• studies reported higher viremia levels (>tenfold) in patients with severe compared with 
nonsevere during early infection 

• hypothesis → reducing viremia by antiviral therapy in the early phase of dengue infection 
may reduce severity of clinically apparent disease



Target Profile of a dengue therapeutic

Ideal properties of a dengue therapeutic



Life cycle of DENV, drug targets and 
candidate drugs



I. Drugs targeting dengue proteins

Direct-acting antiviral agents

1. Entry/fusion inhibitors

2. Replication & transcription inhibitors

3. MTase inhibitors

4. Nucleoside analog 

5. Helicase inhibitors

6. Protease inhibitors

7. NS4B inhibitor



? Antiviral therapy in early phase

Libraty DH, Endy TP, Houng H-SH et al. Differing influences of virus burden and immune activation on disease 
severity in secondary dengue-3 virus infections. J. Infect. Dis. 185(9), 1213–1221 (2002). 



? Antiviral therapy in early phase

Wang W-K, Chao D-Y, Kao C-L et al (2003). High levels of plasma dengue viral load during defervescence in patients with dengue 
hemorrhagic fever: implications for pathogenesis. Virology 305(2), 330–338



? Antiviral therapy in early phase

Wang W-K, Chen H-L, Yang C-F et al. Slower rates of clearance of viral load and virus-containing immune 
complexes in patients with dengue hemorrhagic fever. Clin. Infect. Dis. 43(8), 1023–1030 (2006). 



Practical challenges in development of 
Dengue therapy

• present to healthcare settings may be too late to benefit from antiviral therapy

• clinically difficult in differentiating dengue from other febrile diseases 

• lacking of diagnostic tests in resource limited settings

• Challenging in identifying patients at risk of severe disease 

• antiviral treatment must be fast acting as viremia declines rapidly after illness onset 

***Dengue therapeutics development must be coupled with improved diagnostic and 
prognostic tools in order to translate research into clinical practice***

***Gold Standard – clinical intervention***

(Supportive therapies during acute dengue)



II. Fluid Therapy

• Sensible fluid resuscitation is of paramount importance in the management of patients with 
severe dengue

• a clinical algorithm in the latest WHO guidelines

• goal is to prevent the complications of vascular leakage and hypovolemic shock







Fluid therapy

• Colloids
• provide volume expansion over and above the actual fluid volume infused
• molecules increase plasma oncotic pressure and promote retention of fluid in the 

intravascular compartment
• magnitude of this effect is determined by the average molecular weight of the colloid 

molecule and circulation retention time determines the duration of the effect

• Crystalloids
• Plasma volume-expanding capacity is related to sodium concentration
• NaCl 0.9% (154 mM) >>> Ringer’s lactate (131 mM)(theoretical risks of worsening tissue 

acidosis and lactate accumulation when large volumes are infused) 



Dung NM, Day NP, Tam DT et al (1999). Fluid replacement in dengue shock syndrome: a randomized, 
double-blind comparison of four intravenous-fluid regimens. Clin. Infect. Dis. 29(4), 787–794 



Ngo NT, Cao XT, Kneen R et al (2001). Acute management of dengue shock syndrome: a randomized 
double-blind comparison of 4 intravenous fluid regimens in the first hour. Clin. Infect. Dis. 32(2), 204–213 







Recommandations for fluid therapy 

1. Ringer’s lactate – theoretical risks of worsening tissue acidosis and lactate accumulation

2. No significant advantage of colloids compared with lactate infusion

3. Effect of colloids are transient

4. Colloids may be the preferred choice in those with PP< 10 mmHg

5. Importance of carefully titrated fluid therapy to maintain vital functions during the 
vascular leakage period without overfilling the intravascular space 



III. Blood products

• Thrombocytopenia (platelet count below 150 × 109/l) is a hallmark of Dengue infection and 
usually observed between days 3 and 8 following the onset of illness

• Platelet count plummets in parallel with a rising hematocrit, indicative of progression to the 
critical phase of the disease

• Platelet count reaches nadir during defervescence (days 3–6) followed by gradual 
spontaneous recovery

• Minor bleeding (mucosal, petechiae) without hemodynamic instability is common and usually 
resolves spontaneously



Blood products

• In patients with severe thrombocytopenia (defined as ≤20 × 109/l), strict bed rest and 
avoidance of NSAIDs and intramuscular injections are usually sufficient to reduce the risk of 
severe bleeding

• correlation between platelet count and bleeding risk is lacking 

• the benefits of treatment are outweighed by significant risks including fluid overload, 
transfusion-associated lung injury, blood-borne infections and allergic reactions



Platelets transfusion in Dengue 

Prophylactic platelet transfusion in patients without bleeding when platelet falls below 10–20 × 109/l is 
widely practiced in sepsis, but is not supported by evidence in dengue management

Surviving Sepsis Campaign: International Guidelines for Management of Severe Sepsis and Septic Shock: 2012





Leo Y-S, Thein TL, Fisher DA et al (2011). Confirmed adult dengue deaths in Singapore: 5 year multi-center 
retrospective study. BMC Infect. Dis. 11, 123



• . 



Lye DC, Lee VJ, Sun Y, Leo Y-S (2009). Lack of efficacy of 
prophylactic platelet transfusion for severe 
thrombocytopenia in adults with acute uncomplicated 
dengue infection. Clin. Infect. Dis. 48(9), 1262–1265



Assir MZK, Kamran U, Ahmad HI et al (2013). Effectiveness of 
platelet transfusion in dengue fever: a randomized controlled 
trial. Transfus. Med. Hemother. 40(5), 362–368 



Summary of clinical trials that assessed prophylactic blood product transfusion 
in dengue patients



Major bleeding

• usually arises from the gastrointestinal tract and/or vagina in adult females

• Patients at risk of major bleeding
• 1st commonest cause - prolonged or refractory shock
• 2nd - renal or liver failure
• 3rd - persistent metabolic acidosis
• 4th - nonsteroidal anti-inflammatory drugs or anticoagulants (e.g., heparin, warfarin)
• 5th - preexisting peptic ulcer disease

***In the event of severe bleeding, timely transfusion of packed red cells, platelets and 
fresh frozen plasma may be lifesaving***



IV. Therapies targeting the host immune 
response

1. Corticosteroids
• Inhibitory effects

*** Use of steroids cannot be recommended





Therapies targeting the host immune 
response

2. IVIG

***failed to show efficacy of IVIG in promoting platelet recovery
Dimaano EM, Saito M, Honda S et al (2007). Lack of efficacy of high-dose intravenous immunoglobulin treatment of severe 
thrombocytopenia in patients with secondary dengue virus infection. Am. J. Trop. Med. Hyg. 77(6), 1135–1138 . 



Therapies targeting the host immune 
response

3. Mast cell inhibitors

St John AL, Rathore APS, Raghavan B, 
Ng M-L, Abraham SN (2013). 
Contributions of mast cells and 
vasoactive products, leukotrienes and 
chymase, to dengue virus-induced 
vascular leakage. eLife 2, e00481 



V. Drugs targeting host factors required by DENV to 
complete its life cycle

1. Chloroquine
• by interfering with pH-dependent steps of viral replication
• also has immunomodulatory effects by suppressing release of TNF-α and IL-6

2. Celgosivir
• an alkaloid castanospermine derived from the Moreton Bay Chestnut tree
• inhibited all four serotypes at submicromolar concentrations 
• result in misfolding of E, prM and NS1 proteins during virus replication
• could also reduce cellular apoptosis due to virus-induced ER stress

3. Others (HMG-CoA-reductase inhibitors) 
• Inhibition of cholesterol synthesis may result in faulty viral particle assembly and protein 

glycosylation
• Statin also exhibit anti-inflammatory and endothelial-stabilizing effects and possible antiviral effect 

targeting DENV virion assembly
• lovastatin increased survival rate when administered either before or after infection 



VI. Therapeutic antibodies

1. Therapeutic human serum polyclonal antibodies (IgG)
• prepared from pools of plasma obtained from multiple healthy blood donors
• Disadvantage - batch-to-batch variations, risk of blood-borne pathogens and allergic 

reactions

2. Therapeutic monoclonal antibodies (mAbs)
• can be produced in high quantities, specificity and consistency with significantly reduced 

adverse events associated with polyclonal IgGs
• Mouse-derived or human mAbs

• Have only been studied in vitro and in animal models



Conclusion 

1. Acute systemic viral infection presents with wide clinical spectrum from mild form to severe 
and even fatal syndrome

2. Death is usually primarily by plasma leakage, leading to shock, organ failure and 
hemorrhage

3. Clinical assessment and laboratory tests are required to assess disease phase and severity

4. Judicious fluid therapy is currently the corner stone of managing acute dengue to prevent 
complication



Conclusion 

5. No clear advantage to the use of colloids over crystalloids

6. Colloids may be preferred in severe or refractory shock

7. Blood transfusion is indicated in patients with major hemorrhage

8. Prophylactic platelet or FFP transfusion is not beneficial and not recommended

9. Drugs treatment targeting host immune response, host factors required by dengue virus to 
complete life cycle and denue proteins or direct acting antiviral agents are in cinical trial
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