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Abstract: Dengue infection causes significant morbidity and mortality in over 100 countries 

worldwide, and its incidence is on the rise. The pathophysiological basis for the development of 

severe dengue, characterized by plasma leakage and the “shock syndrome” are poorly understood. 

No specific treatment or vaccine is available, and careful monitoring and judicious administration 

of fluids forms the mainstay of management at present. It is postulated that vascular endothelial 

dysfunction, induced by cytokine and chemical mediators, is an important mechanism of plasma 

leakage. Although corticosteroids are potent modulators of the immune system, their role in 

pharmacological doses in modulating the purported immunological effects that take place in 

severe dengue has been a subject of controversy. The key evidence related to the role of corti-

costeroids for various manifestations of dengue are reviewed here. In summary, there is currently 

no high-quality evidence supporting the beneficial effects of corticosteroids for treatment of 

shock, prevention of serious complications, or increasing platelet counts.  Non-randomized trials 

of corticosteroids given as rescue medication for severe shock have shown possible benefit. 

Nonetheless, the evidence base is small, and good-quality trials are lacking. We reiterate the 

need for well-designed and adequately powered randomized controlled trials of corticosteroids 

for the treatment of dengue shock.

Keywords: dengue, dengue shock, shock, corticosteroids, vascular leak, thrombocytopenia

Dengue overview
Dengue is a mosquito-borne acute febrile illness. It is caused by a flavivirus with four 

distinct serotypes (DENV-1, 2, 3, 4).1 Dengue is spread between humans by mosqui-

toes of the Aedes genus, ie, Aedes aegypti and Aedes albopictus.2 Following infection 

with one of the serotypes, lifelong immunity develops, which is type specific. Serious 

disease occurs frequently, though not exclusively, as a result of a second infection by a 

different serotype.3 The exact reasons or mechanisms that result in the development of 

the severe, life-threatening dengue shock syndrome remain an enigma. The principal 

pathophysiological phenomenon that occurs is acute vascular leakage,4 which lasts 

for 24–48 hours after its onset.

The incidence of dengue is rising. During the period 1955–1959, the average 

annual number of dengue infections reported to the World Health Organization (WHO) 

was just 908 from less than ten countries; this had risen to 925,896 from more than 

60 countries during the period 2000–2007.5 It is currently estimated that 390 million 

infections occur annually, in over 100 countries; 96 million of these manifest clinically.6 

Dengue epidemics follow seasonal climatic change; waves of epidemics occur during 

each rainy season. Thousands may be affected during epidemics. While most patients 
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recover from a simple febrile illness, a small but sig nificant 

proportion go on to develop the dengue shock state, with 

associated fatalities. In affected areas, the case fatality rate 

of the more severe infections is 1% or higher, particularly 

in children and young adults.7 Traditionally thought to affect 

children, significant numbers of adults are also affected,8 

resulting in considerable economic impact. The difficulty in 

controlling dengue infection stems from three root causes: 

non-availability of specific treatment, lack of an effective 

vaccine, and difficulties in vector control.

Pathogenesis of dengue
The pathogenesis of severe dengue is poorly understood. One 

factor that is thought to cause the dreaded shock syndrome 

is antibody-dependent enhancement, resulting in increased 

viral replication;3,9,10 however, many other virus and host 

factors are thought to contribute.11–13 Much of the evidence 

points to severe manifestations of dengue having an immu-

nological basis,9,14–16 rather than being due to direct tissue 

damage by the virus. Variations in virulence in the infecting 

strain may contribute, and higher viral loads correlate with 

disease severity.17,18 Vascular endothelial cell dysfunction, 

induced by cytokine and chemical mediators, is thought to 

be an important factor leading to plasma leakage. Current 

limited evidence suggests that transient disruption of the 

surface glycocalyx lining the vascular endothelium takes 

place.19 The cytokines tumor necrosis factor alpha, interleukin 

(IL)-2, IL-6, IL-8, IL-10, IL-12, and interferon gamma are 

significantly elevated in severe dengue when compared with 

uncomplicated dengue fever.17 Complement activation is a 

feature of severe dengue, and complement levels correlate 

with disease severity.

Corticosteroids in high doses are potent modulators of 

the immune system and are of proven benefit in many con-

ditions with deranged immunity. Their clinical use in septic 

or inflammatory shock has, however, been fraught with 

controversy. During the last 2 decades, studies showed much 

promise regarding their benefit in septic shock in patients 

with sepsis-induced adrenal suppression.20  However, this con-

troversy is yet unresolved, and currently the guidelines for 

the treatment of severe sepsis recommend corticosteroids in 

low doses (ie, hydrocortisone 200 mg daily by continuous 

infusion) only in patients with refractory shock, and, further-

more, do not recommend the differentiation between patients 

with and without an adequate adrenocortical response.21 

Nonetheless, in sepsis, corticosteroids are generally safe, 

with hyperglycemia and hypernatremia the only clinically 

significant adverse effects.22 Though there have been concerns 

previously that corticosteroids may increase the incidence of 

superinfection and gastrointestinal bleeding, these are largely 

unsupported.22,23 The beneficial effects of low-dose corticos-

teroids in septic shock are presumed to be due to restoration 

of vascular reactivity to vasopressor agents and not their 

immunosuppressive effects. Lack of vascular reactivity to 

vasopressors is not considered to be the main mechanism of 

shock in dengue, and thus the evidence from severe sepsis 

cannot be directly extrapolated to dengue.

In acute respiratory distress syndrome, high-dose 

 corticosteroids reduced the levels of cytokines tumor 

necrosis factor alpha, IL-1, IL-6, and IL-8;24 however, 

 dexamethasone was shown to have no effect on reducing IL-8 

levels in dengue.25 In another recent study, which was part 

of a  randomized controlled trial conducted to determine the 

effects of high-dose corticosteroids given early in the course 

of dengue illness, there was no attenuation in the levels of 

acute phase plasma cytokine concentrations with the admin-

istration of corticosteroids.26 Interestingly, this study did not 

demonstrate markedly elevated levels of plasma cytokines 

in response to dengue, which is in contrast to the previous 

body of evidence.

Clinical manifestations
The natural history of dengue infection is fairly straightforward. 

The incubation period following inoculation of the virus is 

around 4–7 days. Beginning as an acute febrile illness, 

characterized by high temperature, malaise, retro-orbital 

headache, myalgia, backache, nausea, loss of appetite, and 

vomiting, the hallmark of severe dengue is capillary leakage, 

which occurs during the third to seventh day of illness. This 

coincides with reduction in viremia,27 suggesting its immu-

nopathogenic basis.9,14 The symptomatic phase of dengue 

is, for management purposes, divided into three phases: the 

febrile phase, the critical phase, and the recovery phase.5 

 During the febrile phase, patients have constitutional symp-

toms described above, but are generally hemodynamically 

stable; dehydration can occur due to severe vomiting. Platelet 

counts decline, leukopenia is a feature, and varying degrees 

of hemoconcentration can occur. Many patients make an 

uneventful recovery, with abatement of fever and constitu-

tional symptoms, and the patient is then considered to have 

had simple dengue fever. Severe dengue occurs in a minor-

ity, and is often heralded by defervescence, improvement of 

leukopenia, and the occurrence of severe thrombocytopenia, 

with platelet counts dropping drastically below 100×109/L. 

Nonetheless, low platelet counts often do not result in overt 

hemorrhage. It is capillary leakage that gives rise to serious 
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complications, and its occurrence marks the onset of the 

critical phase of dengue, which lasts for approximately 24–48 

hours. During this period, clinically or radiologically demon-

strable third space fluid accumulation occurs (pleural effu-

sions, ascites), with evidence of hemoconcentration  (rising 

hematocrit and hemoglobin); clinical shock may occur, 

and, in extreme cases, refractory shock can result in death. 

Myocarditis, acute respiratory distress syndrome, hepatitis, 

acute kidney injury, and multi-organ failure can occur.28 

Although commonly labeled dengue “hemorrhagic” fever, 

hemorrhage is actually uncommon, and spontaneous hem-

orrhage usually occurs when the platelet count drops below 

5×109/L.  However, internal hemorrhage has been reported  

with higher platelet counts, and is evidenced by shock associ-

ated with a drop in hematocrit and hemoglobin.29 In extreme 

cases of dengue, clinical progression can be relentless and 

unresponsive to treatment, resulting in severe multi-organ 

failure and death.29 A myriad of rare, unusual manifestations 

have also been reported with dengue, such as encephalitis, 

Guillain–Barré syndrome, cerebellitis, hemolytic uremic 

syndrome, rhabdomyolysis, parotitis, acute pancreatitis, 

acalculous cholecystitis, appendicitis, and others.30

Diagnosis of dengue is based on standard diagnostic 

criteria. In resource-poor settings, clinical criteria are often 

adequate for making a presumptive diagnosis. Traditionally, 

confirmation was by detecting dengue immunoglobulin M 

enzyme-linked immunosorbent assay. The last 5 years have 

seen major advances in diagnostics, based on the detection of 

nonstructural protein-1,31 which is secreted by virus-infected 

cells; of the commonly available diagnostic methods, a com-

bination of nonstructural protein-1 antigen detection and 

immunoglobulin M enzyme-linked immunosorbent assay 

provides the best accuracy.32

Management
Careful monitoring and fluid balance, with emphasis on 

preventing overhydration, is the mainstay of management.28 

Previously, mortalities were seen either with over-zealous 

administration of intravenous fluids or due to inadequate fluid 

resuscitation; current guidelines5 advocate a more conserva-

tive approach to fluid administration, favoring oral fluids 

over intravenous fluids if the patient can drink, and careful 

titration of intake based on urine output and hemodynamic 

parameters. Crystalloids and colloids have been shown to 

have similar effects, with no advantage shown with colloid 

administration.33–35 No specific treatment exists; no antiviral 

treatment is of benefit, and there are no data to support the use 

of immunoglobulins.36 Despite being contrary to guidelines, 

some clinicians administer corticosteroids at various stages 

of the illness.37,38 No vaccine is available, and prevention is 

based largely on public health measures to eradicate mosquito 

breeding sites.

Despite the lack of convincing evidence of its benefit, 

trials of corticosteroids in dengue continue, on the basis that 

ameliorating an overactive immune response may prevent 

or treat severe dengue where profound vascular leakage 

occurs. There is little evidence currently on the effects of 

corticosteroids on the deranged immunological mechanisms 

occurring in dengue.

Evidence from trials: efficacy, safety
The earliest evidence of possible benefit of corticoster-

oids in dengue came from a small randomized controlled 

trial, in which children with dengue shock syndrome were 

treated with a tapering dose of hydrocortisone for 3 days; a 

statistically significant mortality benefit was seen in older 

children (8 years and over).39 Several clinical trials were 

conducted between 1973 and 1988, with varying results 

(Table 1).40–44 In another nonrandomized, non-blinded case 

series of 22  children with dengue shock syndrome, nine out 

of eleven patients treated with methylprednisolone survived, 

while all patients not given steroids died.40 Nonetheless, many 

subsequent controlled studies of corticosteroids in dengue 

shock syndrome failed to show benefit,41–45 and a Cochrane 

Review concluded that there was no benefit in treatment with 

corticosteroids in dengue.46 The methodological quality and 

validity of these studies were poor, with high risk of bias 

and inadequate power; the total pooled number of patients 

was 284, and all were children.47

Corticosteroids are not recommended treatment in the 

WHO dengue guidelines.5 The main criticism of this recom-

mendation is that it is based on poor-quality evidence, thus the 

interest in corticosteroids for treating dengue has continued.47 

A recent retrospective study of single-dose  methylprednisolone 

in adult patients with dengue shock, comparing them with a 

group of similar patients who did not receive steroids as per 

protocol, showed a significant reduction in mortality with 

corticosteroid therapy.48 Time to defervescence, hematologi-

cal recovery, and hospital stay were all significantly shorter 

in the corticosteroid cohort, and the amount of resuscitation 

fluids and need for intensive care were considerably less. 

 Nonetheless, this was not a randomized trial, although the 

results were striking. Notably, this study recruited the sickest 

of dengue patients, and administration of corticosteroids was 

a rescue measure; this raises the question as to the critical 

importance of timing of corticosteroid administration.
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Two studies have evaluated the effects of  corticosteroids 

given early on in the course of dengue illness, prior to the 

onset of the critical phase. In a relatively large randomized 

controlled trial in Vietnam comparing high-dose (2 mg/kg) 

and low-dose (0.5 mg/kg) prednisolone for 3 days in the 

early stages of dengue, no reduction in the incidence of 

shock or other complications was seen with corticoster-

oids.49 Conversely, another study, published only in abstract 

form, suggested that administration of high-dose corticos-

teroids early on in the course of illness, ie, within 120 hours 

of onset of fever, reduces the incidence of bleeding and 

ascites.50 Corticosteroid treatment was associated with a 

slightly higher risk of hyperglycemia, but no adverse effects 

or prolongation of viremia were seen.50 There is currently 

inadequate evidence from which to draw a firm conclusion 

on the benefits of early administration of corticosteroids.

The studies discussed so far looked at outcome in terms 

of mortality due to shock, or the prevention of shock and 

other complications. Corticosteroid treatment has also failed 

to show improvement in platelet counts in dengue.51,52 Some 

benefit of oral or pulsed methylprednisolone in dengue macu-

lopathy has been suggested;53 this may reflect a nonspecific 

effect of steroids in this situation.

Conclusion
There is a paucity of high-quality evidence regarding the 

effects of corticosteroids in dengue, either in prevention of 

complications or treatment of established shock.

However, the apparent beneficial effects of corticoster-

oids given for severe shock cannot be ignored, given the high 

mortality associated with the most severe forms of dengue. 

There is a definite need for an adequately powered and 

carefully designed randomized controlled trial of high-dose 

corticosteroids in the treatment of patients with severe dengue 

shock syndrome. Justification for such a trial is supported by 

the fact that no major adverse effects have been demonstrated 

with the administration of corticosteroids in dengue. The 

controversy on the effects of corticosteroids in dengue arises 

from the lack of good-quality trials and the overemphasis of 

poor-quality evidence from early studies.
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