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Abstract

Background

Healthcare systems in dengue-endemic countries are often overburdened due to the high

number of patients hospitalized according to dengue management guidelines. We system-

atically evaluated clinical outcomes in a large cohort of patients hospitalized with acute den-

gue to support triaging of patients to ambulatory versus inpatient management in the future.

Methods/Principal findings

From June 2017- December 2018, we conducted surveillance among children and adults

with fever within the prior 7 days who were hospitalized at the largest tertiary-care (1,800

bed) hospital in the Southern Province, Sri Lanka. Patients who developed platelet count

�100,000/μL (threshold for hospital admission in Sri Lanka) and who met at least two clini-

cal criteria consistent with dengue were eligible for enrollment. We confirmed acute dengue

by testing sera collected at enrollment for dengue NS1 antigen or IgM antibodies. We

defined primary outcomes as per the 1997 and 2009 World Health Organization (WHO)

classification criteria: dengue hemorrhagic fever (DHF; WHO 1997), dengue shock syn-

drome (DSS; WHO 1997), and severe dengue (WHO 2009). Overall, 1064 patients were

confirmed as having acute dengue: 318 (17.4%) by NS1 rapid antigen testing and 746

(40.7%) by IgM antibody testing. Of these 1064 patients, 994 (93.4%) were adults�18

years and 704 (66.2%) were male. The majority (56, 80%) of children and more than half of
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adults (544, 54.7%) developed DHF during hospitalization, while 6 (8.6%) children and 22

(2.2%) adults developed DSS. Overall, 10 (14.3%) children and 113 (11.4%) adults devel-

oped severe dengue. A total of 2 (0.2%) patients died during hospitalization.

Conclusions

One-half of patients hospitalized with acute dengue progressed to develop DHF and a very

small number developed DSS or severe dengue. Developing an algorithm for triaging

patients to ambulatory versus inpatient management should be the future goal to optimize

utilization of healthcare resources in dengue-endemic countries.

Author summary

In countries where dengue is prevalent, hospitals are often overwhelmed due to the high

numbers of patient admissions during dengue epidemics. We studied 1064 children and

adults hospitalized with acute dengue in Sri Lanka to determine the prevalence of severe

disease outcomes to support the development of a system which can limit hospitalizations

in the future. We found that only half of patients developed severe disease outcomes dur-

ing hospitalization and only a small minority of patients developed life-threatening dis-

ease. For dengue-prevalent countries, developing systems to identify patients with acute

dengue who can be managed without hospital admission should be a priority.

Introduction

Dengue is considered to be the most important arboviral disease in the world and has the

potential to cause life-threatening complications.[1] According to recent estimates, approxi-

mately 58–96 million symptomatic dengue infections occur annually, with 10.5 million cases

requiring hospitalization.[2,3] Many countries where dengue is considered a public health risk

have adopted management guidelines to optimize therapy and to ensure patient safety. The

World Health Organization (WHO) developed dengue clinical classification criteria in 1997,

and later revised them in 2009, to assist with surveillance, triage, and treatment.[4,5] Accord-

ing to the 2009 WHO guidelines, hospital admission is recommended in the presence of severe

dengue; dengue with warning signs that include abdominal pain or tenderness, persistent

vomiting, clinical fluid accumulation, mucosal bleeding, lethargy, restlessness, liver enlarge-

ment>2 cm, and increase in hematocrit (HCT) concurrent with rapid decrease in platelet

count; for those with comorbidities that may make dengue or its management more compli-

cated; and for those with certain social circumstances.[4]

The adoption of guidelines and increased attention to clinical management have been asso-

ciated with a decrease in dengue mortality to less than 1% in Sri Lanka and many other coun-

tries.[6,7] However, healthcare systems in dengue-endemic countries are often overwhelmed

during dengue epidemics due to the high number of patients who need monitoring and care

in the hospital setting.[3,8]

In Sri Lanka, island-wide annual epidemics of dengue have been occurring since 1989, with

all four serotypes of dengue co-circulating in the country.[9] The Ministry of Health in Sri

Lanka has developed guidelines for the management of dengue–these build upon the WHO

guidelines and provide further country-specific recommendations. The Sri Lankan guidelines
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recommend inpatient monitoring of patients who have thrombocytopenia (platelet count

�100,000/μL). In addition, the guidelines recommend that patients with warning signs such as

abdominal pain, persistent vomiting, or mucosal bleeding after 3 days of fever or illness be hos-

pitalized for management.[10]

The proportion of patients with acute dengue who develop severe adverse clinical outcomes

such as plasma leakage, hemorrhage, and severe dengue has not been prospectively, systemati-

cally assessed among hospitalized patients in Sri Lanka. Even in other countries in South Asia

with comparable admission criteria, outcomes among hospitalized at-risk dengue cohorts

have not been evaluated systematically. With increasing experience and improved outcomes

when managing dengue fever in Sri Lanka, the possibility of further refining thresholds for

admission and management, while ensuring patient safety, exists. Improved admission criteria

become especially important as the demand for hospital beds increases during unexpected

viral epidemics. Improved criteria may help triage patients for ambulatory management versus

inpatient management, potentially lessening the burden on the healthcare system.[11–14] In

order to develop such criteria, a systematic understanding of the spectrum and occurrence of

clinical outcomes among patients who meet current criteria for hospital admission is first

needed.

Methods

Ethics statement

Ethical approval was obtained by the Ethical Review Committee of the Faculty of Medicine,

University of Ruhuna (Sri Lanka) and the Institutional Review Board of Duke University

(USA). Written informed consent was obtained from patients or their guardians (for patients

<18 years of age) and assent was obtained from patients aged 12–17 years.

Febrile cohort

We conducted a prospective, cohort study of patients admitted to the largest (1,800 bed) ter-

tiary-care hospital in Galle District, Southern Province of Sri Lanka from June 2017 to Decem-

ber 2018. Trained research assistants conducted surveillance among hospitalized children�1

year of age and adults with self-reported or documented fever (�38.0˚C/100.4˚F) within the

prior 7 days. Patients who developed thrombocytopenia (platelet count�100,000/μL) within 7

days of admission and who met at least two clinical criteria consistent with dengue were eligi-

ble for enrollment. The platelet count threshold of 100,000/μL was selected in accordance with

the 2012 Sri Lanka Ministry of Health’s national guidelines for admission among patients with

dengue fever.(10) Clinical criteria were extracted from the 2009 World Health Organization

(WHO) Case Classification for Probable Dengue or Dengue with Warning Signs and included

nausea or vomiting; myalgia or arthralgia; leukopenia (<4,000 x 103 cells/μL); rash or flushing;

abdominal pain; clinical or ultrasound evidence of fluid accumulation; bleeding; lethargy or

restlessness; liver enlargement; and increase in HCT (�10% from admission).(4) Patients with

focal bacterial infections, fever or thrombocytopenia explained by another etiology as sus-

pected by the primary clinician (i.e., leukemia), or hospitalization more than 7 days were

excluded from the study.

Study procedures

At enrollment, trained research assistants collected data regarding demographics, chronic

medical problems and symptoms, and medications used prior to admission. An acute blood

sample was also collected at enrollment from all patients. During hospitalization, research
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assistants reviewed the patient’s medical records daily to collect information regarding labora-

tory values and clinical outcomes such as the onset of clinically confirmed plasma leakage,

development of shock, and receipt of care in the intensive care unit (ICU). Treatments

received by the patient, including blood and platelet transfusions and vasopressors, were also

recorded. All patients received routine clinical management by their medical team, and the

study team was not involved in any clinical decision-making. Serum was separated and used

immediately for rapid NS1 antigen testing if indicated (see Laboratory testing below), with the

remainder stored promptly at -80˚C for further testing.

Laboratory testing for acute dengue

Serum rapid NS1 antigen testing (Standard Diagnostics Bioline, Seoul, Korea) was performed

for all patients who were enrolled within 5 days of illness onset. NS1 testing was performed

on-site at the Department of Microbiology, Faculty of Medicine, University of Ruhuna. Test-

ing was not repeated if a patient had a documented positive NS1 antigen result as an outpatient

from a reputed commercial laboratory that was known to use the Standard Diagnostics Bioline

rapid NS1 test. Dengue IgM and IgG antibody testing by enzyme-linked immunosorbent assay

(ELISA; Standard Diagnostics Bioline, Seoul, Korea) was also performed on-site at the Univer-

sity of Ruhuna. IgM testing was performed on serum of all patients with negative NS1 test

results or with duration of illness greater than 5 days. Dengue IgG testing was performed for

all enrolled patients.

Collection of ultrasound examination data

Research assistants recorded results of any ultrasound examinations that were performed and

documented in the medical record during the patient’s hospitalization. Per standard hospital

protocol for the clinical management of dengue, bedside ultrasound scans of the chest, abdo-

men, and pelvis are performed by clinicians once the platelet count decreases below 100,000/

μL to detect signs of plasma leakage. If the initial scan does not show signs of plasma leakage,

scans are typically repeated every 12 hours until the platelet count begins to rise.

Definitions and outcomes

Patients were classified as having acute dengue if they met the following criteria for labora-

tory-confirmed dengue: 1) positive rapid NS1 antigen test result if within 5 days of patient’s ill-

ness onset, or 2) presence of dengue IgM antibodies if NS1 antigen testing was negative. The

presence of IgG in the acute sample differentiated primary from secondary dengue.

Among patients with acute dengue, we assessed for the development of the following pri-

mary outcomes: 1) dengue hemorrhagic fever (DHF; 1997 WHO Classification), 2) dengue

shock syndrome (DSS; 1997 WHO Classification), and 3) severe dengue (2009 WHO

Classification).

DHF was defined as the presence of fever; thrombocytopenia with platelet count <100,000/

μL; and evidence of plasma leakage as manifested by 1)�20% rise in HCT above average for

age and sex, 2) hypoproteinemia <5g/dL, or 3) evidence of pleural effusion or ascites by clini-

cal examination or by ultrasound. As the tourniquet test is rarely performed in routine clinical

practice in our setting, we did not include hemorrhagic manifestations as part of the DHF cri-

teria. Including this criterion would have resulted in a large under-estimation of cases. DSS

was defined as DHF plus either pulse pressure<20 or hypotension for age (systolic blood pres-

sure <80 if age<5 years or systolic blood pressure <90 if age�5 years).

Severe dengue was defined as any of the following: 1) shock with use of vasopressors or

pulse pressure <20; 2) fluid accumulation with respiratory distress, defined as clinical or

PLOS NEGLECTED TROPICAL DISEASES Clinical outcomes in children and adults hospitalized with acute dengue

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010091 December 28, 2021 4 / 13

https://doi.org/10.1371/journal.pntd.0010091


ultrasound evidence of pleural effusions as well as either hypoxia (oxygen saturation <90%) or

tachypnea (respiratory rate>20 for patients >5 years of age and respiratory rate>40 for

children� 5 years of age); 3) severe bleeding, defined as need for blood transfusions or clinical

evidence of severe bleeding such as melaena or haematemesis; or 4) severe organ involvement

with serum aspartate aminotransferase (AST) or alanine aminotransferase (ALT)�1000U,

impaired consciousness with Glasgow Coma Scale score�14, cardiac involvement with

arrhythmias or heart failure, or acute renal failure requiring dialysis.

Among patients with laboratory-confirmed acute dengue, we also assessed the following

secondary outcomes: receipt of crystalloid boluses or colloids; transfusion of blood, platelets,

or fresh frozen plasma; receipt of steroids or vasopressors; development of plasma leakage;

development of acute renal failure requiring hemodialysis; transfer to the intensive care unit;

and death. Plasma leakage was defined as clinical signs of fluid leakage (pleural effusions, asci-

tes) or ultrasound signs of fluid leakage (pleural effusions, ascites, pericholecystic fluid, fluid in

the Morrison’s pouch, and pelvic fluid).

Statistical analysis

We determined the proportion with laboratory-confirmed acute dengue and primary versus

secondary dengue. In addition, we determined the proportion who developed our pre-defined

primary and secondary outcomes. We performed exploratory analyses to assess associations of

age (children versus adult) and type of dengue infection (primary versus secondary) with

development of primary outcomes by using the Chi-squared test and the Kruskal-Wallis test as

appropriate, with p-value <0.05 being considered statistically significant. All analyses were

performed using R version 3.6.3 (Vienna, Austria).

Results

Study cohort

Among 1,832 enrolled patients, 1064 (58.1%) were confirmed as having acute dengue: 318

(17.4%) by NS1 rapid antigen testing and 746 (40.7%) by IgM antibody testing. Of patients

with positive NS1 antigen test results, 43 (13.5%) tests were performed prior to admission at

commercial laboratories and 275 (86.5%) of tests were performed after enrollment at the on-

site research laboratory. Among patients with acute dengue, 758 (71.2%) were considered to

have secondary dengue based on positive IgG antibody testing of the acute serum sample, with

median (IQR) day of illness that the test was performed being 5 (4–6) days. The analyses that

follow are limited to the 1064 patients with laboratory-confirmed acute dengue.

Demographic characteristics and clinical history among patients with acute

dengue

Of 1064 patients with acute dengue, 994 (93.4%) were adults�18 years and 704 (66.2%) were

male (Table 1). Median age among adults with acute dengue was 33.9 years (IQR 25.8–47.6)

and median age among children with acute dengue was 14 years (IQR 7.4–17.0). Overall, 177

(16.6%) patients had common chronic medical conditions such as diabetes mellitus (66, 6.2%),

hypertension (54, 5.1%), and bronchial asthma (44, 4.1%). Almost all patients (1020, 95.9%)

reported use of paracetamol and one-fifth of patients (200,18.8%) reported use of antibiotics in

the week prior to admission, with most having used amoxicillin/penicillin (104, 9.8%). Few

patients reported the use of other medications such as non-steroidal anti-inflammatory drugs

(NSAIDs), steroids, or statins. However, traditional Sinhalese medications such as herbal prep-

arations containing coriander, ginger, and cumin were used commonly in 129 (12.1%).
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Table 1. Sociodemographic and clinical characteristics of children and adults with acute dengue in Southern Province, Sri Lanka, 2017–2018.

Children <18 years (n = 70) Adults�18 years (n = 994) Overall (n = 1064)

Number (percentage) or median (IQR) Number (percentage) or median (IQR) Number (percentage) or median (IQR)

Sociodemographic characteristics

Age (years) 14.0 (7.4–17.0) 33.9 (25.8–47.6) 32.7 (24.3–45.7)

Sex–Male 48 (68.6) 656 (66.0) 704 (66.2)

Residence

- Urban 13 (18.6) 224 (24.5) 4.2)

- Semi Urban 23 (32.8) 296 (29.8) 0.0)

- Rural 32 (45.7) 422 (42.4) 454 (42.7)

Travel in past 30 days 22 (31.4) 305 (30.7) 0.7)

- Southern Province 10 (14.3) 106 (10.7) 0.9)

- Western Province 12 (17.1) 173 (17.4) 7.4)

- Other province or international 2 (2.8) 51 (5.1) 53 (5.0)

Dengue contact in past 4 weeks 20 (28.6) 299 (30.1) 319 (30.0)

Employed (adults�18 years) --- 740 (74.4) ---

Clinical characteristics

Days of fever at admission 4 (3–4.5) 4 (3–5) 4 (3–5)

Days of fever at enrollment 5 (4–6) 5 (3–6) 5 (3–6)

Chronic medical problems 8 (11.4) 169 (17.0) 177 (16.6)

Diabetes mellitus 0 66 (6.7) 66 (6.2)

Hypertension 0 54 (5.4) 54 (5.1)

Bronchial asthma 5 (7.1) 39 (3.9) 44 (4.1)

Ischemic heart disease 0 14 (1.4) 14 (1.3)

Use of medications prior to admission

Paracetamol 67 (95.7) 953 (95.9) 1020 (95.9)

Non-steroidal anti-inflammatory drugs 0 9 (0.9) 9 (0.8)

Steroids 0 9 (0.9) 9 (0.8)

Statins 0 6 (0.6) 6 (0.6)

Antibiotics 7 (10.0) 193 (19.4) 200 (18.8)

Herbal remedies 4 (5.7) 125 (12.6) 129 (12.1)

Papaya leaves1 2 (2.8) 13 (1.3) 15 (1.4)

Clinical symptoms at admission, as reported by patient

Nausea/vomiting 39 (55.7) 476 (47.9) 515 (48.4)

Rash 11 (15.7) 89 (9.0) 100 (9.4)

Arthralgia 54 (77.1) 903 (90.8) 957 (89.9)

Myalgia 52 (74.3) 866 (87.1) 918 (86.3)

Fatigue/lethargy 48 (68.6) 835 (84.0) 883 (83.0)

Bleeding 1 (1.4) 60 (6.0) 61 (5.7)

Abdominal pain 30 (42.8) 342 (34.4) 372 (35.0)

Headache 62 (88.6) 877 (88.2) 939 (88.2)

Anorexia 58 (82.8) 873 (87.8) 931 (87.5)

Cough 18 (25.7) 234 (23.5) 252 (23.7)

Sore throat 9 (12.8) 110 (11.1) 119 (11.2)

1 A traditional remedy which is believed to have possible benefits in the treatment of acute dengue.

https://doi.org/10.1371/journal.pntd.0010091.t001
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Clinical and laboratory features in patients with acute dengue

Patients with acute dengue had a median duration of fever of 4 (IQR 3–5) days at admission

and 5 days (IQR 3–6) at enrollment (Table 1). Patients commonly had arthralgia (957, 89.9%),

headache (939, 88.2%), decreased appetite (931, 87.5%), myalgia (918, 86.3%), and fatigue/leth-

argy (883, 83.0%) at admission, but some symptoms were significantly more prominent in

adults than children: arthralgia (90.8% versus 77.1%), myalgia (87.1% versus 74.3%), and

fatigue (84% versus 68.6%). Conversely, children were more likely than adults to report nau-

sea/vomiting (55.7% versus 47.9%), abdominal pain (42.8% versus 34.4%), and rash (15.7%

versus 9.0%). Median temperature at admission was 36.8˚C (IQR 36.6˚C-37.5˚C); Table 2). An

enlarged liver and tender abdomen were documented in 12 (1.1%) and 138 (13%) of patients,

respectively, on physical examination at admission. Rash was present on exam in 79 (7.4%)

patients. Similar to reported symptoms, children were more likely to have abdominal tender-

ness (24.3% versus 12.2%) and rash (15.7% versus 6.8%) on exam than adults.

At admission, median white blood cell count was 3.90 x 103 cells/μL (IQR 2.95–5.84) and

median platelet count was 82 x 106/ μL (IQR 39.5–114.5). During hospitalization, nadir white

blood cell count was 2.90 x 103 cells/μL (IQR 2.16–4.24) and nadir platelet count was 21.5 x

106/μL (IQR 8–51). A large proportion (428, 40.2%) of patients had transaminitis (AST/ALT

>120U) at admission. Nadir platelet count was significantly lower in adults than in children

(21,000 x103/uL versus 33,500 x103/uL).

Primary outcomes (WHO case classification outcomes)

The majority (56, 80%) of children and over half of adults (544, 54.7%) with acute dengue

developed DHF during hospitalization, while only 6 (8.6%) of children and 22 (2.2%) of adults

developed DSS, according to the 1997 WHO classification criteria (Table 3). Overall, 10

Table 2. Physical examination findings and laboratory results among children and adults with acute dengue in Southern Province, Sri Lanka, 2017–2018.

Children <18 years (n = 70) Adults�18 years (n = 994) Overall (n = 1064)

Number (percentage) or median

(IQR)

Number (percentage) or median

(IQR)

Number (percentage) or median

(IQR)

Physical examination findings at admission

Temperature (˚C) 36.6 (36.6–37.7) 36.8 (36.6–37.5) 36.8 (36.6–37.5)

Median systolic blood pressure 106.5 (100.0–113.5) 113.0 (108.8–122.0) 112.0 (107.0–120.0)

Median diastolic blood pressure 70.0 (60.0–70.0) 74.0 (70.0–80.0) 72.0 (70.0–80.0)

Heart rate 88 (80–98) 80 (72–88) 80 (72–88)

Jaundice 0 6 (0.6) 6 (0.5)

Chest dullness 5 (7.1) 74 (7.4) 79 (7.4)

Enlarged liver 1 (1.4) 11 (1.1) 12 (1.1)

Tender abdomen 17 (24.3) 121 (12.2) 138 (13.0)

Ascites 5 (7.1) 99 (10.0) 104 (9.8)

Rash 11 (15.7) 68 (6.8) 79 (7.4)

Central nervous system abnormalities 2 (2.8) 22 (2.2) 24 (2.2)

Capillary refill�2 sec 3 (4.3) 21 (2.1) 24 (2.2)

Laboratory findings

White blood cell count at admission (x103

cells/uL)

3.63 (2.76–6.04) 3.90 (2.96–5.83) 3.90 (2.95–5.84)

Platelet count at admission (x103/uL) 93,500 (58,000–122,500) 81,000 (38,000–114,000) 82,000 (39,500–114,500)

Nadir white blood cell count (x103 cells/uL) 2.75 (2.06–4.29) 2.91 (2.18–4.23) 2.90 (2.16–4.24)

Nadir platelet count (x103/uL) 33,500 (16,250–56,750) 21,000 (8,000–50,000) 21,500 (8,000–51,000)

Transaminitis (AST or ALT >120U) at

admission1
25 (35.7) 403 (40.5) 428 (40.2)

https://doi.org/10.1371/journal.pntd.0010091.t002
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(14.3%) of children and 113 (11.4%) of adults developed severe dengue according to the 2009

WHO classification criteria. We performed a sensitivity analysis limiting analysis to patients

with platelet count <100,000 cells/ul at admission, and found a similar distribution of out-

comes: among children (n = 32), 78.1% developed DHF, 6.2% developed DSS, and 15.6%

developed severe dengue while among adults (n = 593), 61.9% developed DHF, 2.4% devel-

oped DSS, and 13.6% developed severe dengue. Primary versus secondary dengue was not

associated with the development of DHF, DSS, or severe dengue in children (Table 4), while

Table 3. Primary clinical outcomes, as defined by the 1997 and 2009 World Health Organization classification criteria for dengue, among children and adults with

acute dengue in Southern Province, Sri Lanka, 2017–2018.

No (%) in children (n = 70) No (%) in adults (n = 994) No (%) overall (n = 1064) p-value

Dengue hemorrhagic fever 56 (80.0) 544 (54.7) 600 (56.4) < .001

-Fever 70 (100) 994 (100) 1064 (100) ---

-Thrombocytopenia <100,000 cells/ul 70 (100) 994 (100) 1064 (100) ---

-Evidence of plasma leakage1 56 (80.0) 544 (54.7) 600 (56.4) < .001

-HCT rise of�20%2 54 (77.1) 275 (27.7) 329 (30.9) < .001

-Clinical or ultrasonographic evidence of plasma leakage 27 (38.6) 432 (43.5) 459 (43.1) 0.565

-Hypoproteinemia 1 (1.4) 11 (1.1) 12 (1.1) 1.000

Dengue shock syndrome3 6 (8.6) 22 (2.2) 28 (2.6) 0.005

-Pulse pressure <20 1 (1.4) 21 (2.1) 22 (2.1) 1.000

-Hypotension for age 8 (11.4) 25 (2.5) 33 (3.1) < .001

Severe dengue4 10 (14.3) 113 (11.4) 123 (11.6) 0.586

-Shock5 1 (1.4) 26 (2.6) 27 (2.5) 0.828

-Fluid accumulation with respiratory distress6 7 (10.0) 62 (6.2) 69 (6.5) 0.325

-Severe bleeding7 2 (2.8) 23 (2.3) 25 (2.3) 1.000

-Severe organ involvement8 2 (2.8) 25 (2.5) 27 (2.5) 1.000

1Evidence of plasma leakage includes both clinical and ultrasound plasma leakage.
2HCT (hematocrit) standard values were used: 36% for adult females, 40% for adult males, and 35% for children.
3Dengue shock syndrome was defined as dengue hemorrhagic fever plus either pulse pressure<20 or hypotension for age (systolic blood pressure <80 if age <5 years or

systolic blood pressure <90 if age�5 years).
4Severe dengue was defined as fever plus shock, fluid accumulation with respiratory distress, severe bleeding, or severe organ involvement.
5Shock was defined as pulse pressure< 20 or the use of vasopressors.
6Fluid accumulation with respiratory distress was defined as clinical or ultrasound evidence of pleural effusions as well as either hypoxia (oxygen saturation <90%) or

tachypnea (respiratory rate >20 for patients >5 years of age and respiratory rate >40 for children� 5 years of age.
7Severe bleeding was defined as need for blood transfusions or clinical evidence of severe bleeding such as melaena or haematemesis.
8 Severe organ involvement was defined as AST/ALT�1000 IU/L, Glasgow coma score�14, cardiac involvement with arrhythmias or heart failure, or acute renal

failure requiring dialysis

https://doi.org/10.1371/journal.pntd.0010091.t003

Table 4. Primary clinical outcomes among children and adults with primary versus secondary dengue, Southern Province, Sri Lanka, 2017–2018.

Primary dengue Secondary dengue Overall p-value

Children Number (%), n = 28 Number (%), n = 41 Number (%), n = 69

Dengue hemorrhagic fever 22 (78.6) 34 (82.9) 56 (81.2) 0.888

Dengue shock syndrome 1 (3.6) 5 (12.2) 6 (8.7) 0.416

Severe dengue 2 (7.1) 8 (19.5) 10 (14.5) 0.278

Adults Number (%), n = 273 Number (%), n = 717 Number (%), n = 990

Dengue hemorrhagic fever 106 (38.8) 436 (60.8) 542 (54.7) <0.001

Dengue shock syndrome 5 (1.8) 17 (2.4) 22 (2.2) 0.784

Severe dengue 34 (12.4) 78 (10.9) 112 (11.3) 0.557

https://doi.org/10.1371/journal.pntd.0010091.t004
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DHF was more common in secondary dengue versus primary dengue in adults (60.8% versus

38.8%, p< .001).

Secondary outcomes

Plasma leakage in acute dengue. During hospitalization, 197 (18.5%) of patients devel-

oped clinical signs of fluid leakage, defined as pleural effusions (194, 18.2%) or ascites (29,

2.7%) on physical examination. Median day of illness during which patients showed clinical

signs of pleural effusion or ascites were both 6 days (IQR 5–7). Ultrasonography to detect

plasma leakage was performed on 428 (40.2%) patients at least once during hospitalization.

Overall, 120 (11.3%) patients with acute dengue developed significant plasma leakage in the

form of pleural effusions (105, 9.9%) or ascites (32, 3.0%), as detected by ultrasound. Median

onset day of both pleural effusions and ascites was day 6 of illness (IQR 5–7 for both). Less

clinically significant signs of plasma leakage were also noted by ultrasound: 110 (10.3%) with

pericholecystic fluid detected at day 6 (IQR 5–7 days), 244 (22.9%) with fluid in Morrison’s

pouch detected at day 6 (IQR 5–7 days), and 42 (3.9%) with pelvic fluid detected at day 6 (IQR

5–7 days).

Treatments received and hospitalization outcomes. All patients received normal saline

infusions during admission, in accordance with the Sri Lanka national guidelines for dengue

management.(10) Few patients (62, 5.8%) received colloids, blood transfusions (18, 1.7%),

platelet transfusions (5, 0.5%), or fresh frozen plasma (4, 0.4%; Table 5). One-fifth of patients

received tranexamic acid while <1% received treatment with vasopressors or steroids. A total

of 17 (1.6%) patients were transferred to the intensive care unit for management. Median

duration of hospitalization was 4 (IQR 3–5) days and 2 (0.2%) patients died during hospitaliza-

tion, with one dying from multi-organ failure and the other dying from rapid plasma leakage

and shock.

Discussion

In this large, prospective cohort of patients hospitalized with acute dengue in the Southern

Province of Sri Lanka, one-half progressed to develop clinical signs of plasma leakage and

DHF. Notably, among patients in our study who progressed to DHF, only a small number

Table 5. Secondary outcomes during hospitalization among children and adults with acute dengue in Southern Province, Sri Lanka, 2017–2018.

Children <18 years (n = 70) Adults�18 years (n = 994) Overall (n = 1064)

Number (percentage) or median (IQR) Number (percentage) or median (IQR) Number (percentage) or median (IQR)

Crystalloid bolus use 23 (32.8) 425 (42.8) 448 (42.1)

Colloid use 3 (4.3) 59 (5.9) 62 (5.8)

Blood transfusion 1 (1.4) 17 (1.7) 18 (1.7)

Platelet transfusion 0 5 (0.5) 5 (0.5)

Fresh frozen plasma transfusion 0 4 (0.4) 4 (0.4)

Tranexamic use 8 (11.4) 201 (20.2) 209 (19.6)

Steroid use 2 (2.8) 4 (0.4) 6 (0.6)

Vasopressor use 0 5 (0.5) 5 (0.5)

Acute renal failure requiring dialysis 0 4 (0.4) 4 (0.4)

Intensive care unit transfer 1 (1.4) 16 (1.6) 17 (1.6)

Hospitalization duration (days) 4 (3–5) 4 (3–5) 4 (3–5)

Death 0 2 (0.2) 2 (0.2)

1AST is aspartate transaminase and ALT is alanine transaminase.

https://doi.org/10.1371/journal.pntd.0010091.t005
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developed DSS or severe dengue, likely reflecting prompt management by clinicians in accor-

dance with national guidelines. Further, few patients received ICU care, blood transfusions, or

platelet transfusions. Despite all patients in our study meeting criteria for hospital admission

as per the national guidelines in Sri Lanka, our results suggest that a substantial proportion of

patients may not require intensive management in the inpatient setting. Identifying robust

predictors of dengue severity and developing an algorithm for safely triaging patients to ambu-

latory versus intensive inpatient management may thus be of great benefit to the country and

other dengue-endemic areas worldwide, where the public healthcare system can become over-

whelmed during peak dengue season.

Surprisingly, few prospective studies have been conducted with the explicit purpose of

quantifying clinical outcomes in patients with acute dengue in high-burden settings. Most data

regarding clinical outcomes have been gathered from retrospective cohorts, which are subject

to limitations in terms of data quality and breadth. In our study, we found differences in the

proportion of children versus adults who developed severe outcomes: 80% of children versus

54.5% of adults developed DHF, with more plasma leakage in children versus adults, and chil-

dren were also more likely to develop DSS and severe dengue. Other cohorts of dengue in the

recent past have reported variable proportions progressing to DSS, severe dengue, or mortality,

and some have explored differences between children and adults. A large multi-year, retro-

spective study evaluating over 17,000 Saudi Arabian patients with acute dengue reported a

lower proportion of children versus adults developing severe dengue (1.2% versus 2.4%,

respectively), as well as lower mortality rates in children versus adults with severe dengue

(8.9% versus 10.7%, respectively).[15] Overall mortality in the cohort was 0.14%. In another

cross-sectional, retrospective cohort in Brazil of over 5000 individuals, 7.6% of adults versus

3.5% of children developed severe dengue.[16] However, in a prospective study in Nicaragua

of over 3,000 patients, the authors found that children were more likely to develop severe dis-

ease than adults.[17] Plasma leakage was detected in 40% of infants, 30% of children, and 15%

of adults, and clinical shock was detected in 40% of infants, 35% of children, and 12% of adults.

Finally, in a five-year prospective cohort study including 496 children in Jakarta Indonesia,

32% were classified as DHF, 31% were classified as DSS, and a significant proportion (28%) of

patients with dengue fever patients progressed to DHF or DSS, but there were no deaths.[18]

The significant differences in tendency for plasma leakage and the likelihood of developing

DHF and DSS, based on age, suggest the need for developing separate triaging algorithms for

children and adults. It is important to note that a significant proportion of hospitalized

patients never progressed to DHF, and identifying predictors to triage this group of patients

will be important for limiting hospital admissions.

In our dengue cohort, overall mortality was 0.2%, with the two deaths seen only among the

994 adult patients. One patient died from multi-organ failure and one patient died from rapid

fluid leakage and shock. Bedside ultrasound to detect plasma leakage was performed and docu-

mented as part of routine care in 40% of the cohort. Clinical evidence of plasma leakage was

detected only in 18% of the cohort, but ultrasound improved detection of plasma leakage to

43%, with subsequent increased categorization of patients to DHF. Early detection of fluid

leakage by bedside ultrasound and appropriate fluid management according to the guidelines

issued by the Sri Lanka Ministry of Health is likely to have made a significant improvement in

dengue mortality in recent years, as also seen in other countries.

Worldwide, researchers have attempted to identify predictors of DHF and severe dengue to

develop criteria to triage patients for safe outpatient care. A prospective cohort study carried

out in Singapore with 499 cases of confirmed dengue suggested that ambulatory care with

monitoring, even in the presence of warning signs, was safe.[14] In this study, the use of

admission criteria plus clinical judgement significantly reduced hospital admission compared
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to the use of warning signs alone as hospital admission criteria. The outcomes of patients with

warning signs who were managed as outpatients were similar to those who were managed as

inpatients. Several retrospective and prospective studies have reported the value of specific

clinical and early laboratory parameters to identify patients at risk of progressing to severe

dengue.[19–24] Among the clinical predictors, many studies report age, presence of comor-

bidities, nutritional status, and the presence of specific clinical features on admission as predic-

tive of DHF or severe dengue.[19–24] In addition, simple laboratory parameters also have

been shown to be predictive of severe disease.[19,21,24] More recently, sophisticated biomark-

ers such as chymase and predictive gene sets have also been shown to identify patients who

may progress to developing severe dengue.[25,26] Identifying such predictors of dengue sever-

ity and developing separate algorithms for adults and children for triaging patients to ambula-

tory versus inpatient management should be the future goal to optimize utilization of the

healthcare systems in dengue-endemic countries.

Some limitations must be noted. Given resources available, we were not able to obtain con-

valescent specimens from patients and may have missed some cases of laboratory-confirmed

acute dengue. In addition, since patients were enrolled anytime within 7 days of admission,

patients with primary dengue may have started to develop IgG antibodies by enrollment and

may have been misclassified as having secondary dengue. However, our findings from a 2012–

2013 cohort study in the same region which included comprehensive testing of both acute and

convalescent sera indicated that 63.1% of patients had secondary dengue.[27] This proportion

would be expected to increase over time give the increased circulation of dengue in Sri Lanka

in recent years, thus the 71.2% seen in the current study is within expected estimates. For

enrollment, we chose to limit our analyses patients who developed thrombocytopenia to

reduce variability compared to subjective clinical signs, and to increase generalizability to

other settings, since thrombocytopenia is a common admission criterion and a component of

the DHF definition. Including other patients would only be expected to decrease the propor-

tion who develop severe disease and who require inpatient management. Ultrasound was only

performed and documented for 40% of patients with acute dengue. It is possible that ultra-

sound was performed on other patients and not documented, leading to a potential under-esti-

mation of severity in our cohort. However, it is likely that documentation was more frequently

omitted in patients who had clinically insignificant plasma leakage as opposed to patients who

had severe plasma leakage. Finally, we enrolled patients who developed thrombocytopenia at

any time during the first 7 days of admission. It is possible that early, inpatient clinical man-

agement may have decreased severe outcomes in these patients who may have otherwise pro-

gressed to more severe disease in an outpatient setting. However, our secondary analysis

limited to patients who were thrombocytopenic on admission showed similar proportions

who developed DHF, DSS, and severe dengue.

In conclusion, in this large, prospective cohort of patients hospitalized with acute dengue

and the potential to develop severe disease, only one half progressed to DHF and only a very

small number developed DSS or severe dengue. Our findings suggest potential for triaging

patients with acute dengue to ambulatory care versus in-hospital management. Identifying

predictors of severe disease and developing separate triaging algorithms for children and

adults should be our future goal to optimize utilization of healthcare systems in dengue-

endemic countries.

Acknowledgments

We would like to acknowledge the research assistants and laboratory personnel who helped

implement this study.

PLOS NEGLECTED TROPICAL DISEASES Clinical outcomes in children and adults hospitalized with acute dengue

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010091 December 28, 2021 11 / 13

https://doi.org/10.1371/journal.pntd.0010091


Author Contributions

Conceptualization: Champica K. Bodinayake, Ajith DeS Nagahawatte, Vasantha Devasiri,

Truls Østbye, Christopher W. Woods, L Gayani Tillekeratne.

Data curation: Tianchen Sheng.

Formal analysis: Tianchen Sheng.

Funding acquisition: Champica K. Bodinayake, Ajith DeS Nagahawatte, L Gayani

Tillekeratne.

Project administration: Madureka Premamali, Harshanie A. Ubeysekera, Ruvini MP

Kurukulasooriya.

Supervision: Champica K. Bodinayake, Ajith DeS Nagahawatte, Vasantha Devasiri, Niroshana

J. Dahanayake, Gaya B. Wijayaratne, Nayani P. Weerasinghe, Bradly P. Nicholson, Aruna

D. de Silva, L Gayani Tillekeratne.

Writing – original draft: Champica K. Bodinayake, Ajith DeS Nagahawatte.

Writing – review & editing: Champica K. Bodinayake, Ajith DeS Nagahawatte, Vasantha

Devasiri, Niroshana J. Dahanayake, Gaya B. Wijayaratne, Nayani P. Weerasinghe, Madur-

eka Premamali, Tianchen Sheng, Bradly P. Nicholson, Harshanie A. Ubeysekera, Ruvini

MP Kurukulasooriya, Aruna D. de Silva, Truls Østbye, Christopher W. Woods, L Gayani

Tillekeratne.

References
1. Guzman MG, Harris E. Dengue. Lancet. 2015; 385(9966):453–65. https://doi.org/10.1016/S0140-6736

(14)60572-9 PMID: 25230594

2. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. The global distribution and

burden of dengue. Nature. 2013; 496(7446):504–7. https://doi.org/10.1038/nature12060 PMID:

23563266

3. Shepard DS, Undurraga EA, Halasa YA, Stanaway JD. The global economic burden of dengue: a sys-

tematic analysis. The Lancet Infectious Diseases. 2016; 16(8):935–41. https://doi.org/10.1016/S1473-

3099(16)00146-8 PMID: 27091092

4. World Health Organization. Dengue guidelines for diagnosis, treatment, prevention and control.

Geneva; 2009.

5. World Health Organization. Dengue haemorrhagic fever: Diagnosis, treatment, prevention and control.

Geneva; 1997.

6. Sri Lanka Ministry of Health. Annual Health Bulletin. 2018.

7. Wartel TA, Prayitno A, Hadinegoro SR, Capeding MR, Thisyakorn U, Tran NH, et al. Three Decades of

Dengue Surveillance in Five Highly Endemic South East Asian Countries. Asia Pac J Public Health.

2017; 29(1):7–16. https://doi.org/10.1177/1010539516675701 PMID: 28198645

8. Rathnayake D, Clarke M, Jayasooriya L. Hospital surge capacity: The importance of better hospital pre-

planning to cope with patient surge during dengue epidemics- A systematic review. International Journal

of Healthcare Management. 2021; 14(3):723–30.

9. Sirisena PD, Noordeen F. Evolution of dengue in Sri Lanka-changes in the virus, vector, and climate.

International Journal of Infectious Diseases: IJID: official publication of the International Society for

Infectious Diseases. 2014; 19:6–12.

10. Sri Lanka Ministry of Health. Guidelines on Management of Dengue Fever and Dengue Haemorrhagic

Fever in Adults. 2012.

11. Nguyen MT, Ho TN, Nguyen VV, Nguyen TH, Ha MT, Ta VT, et al. An Evidence-Based Algorithm for

Early Prognosis of Severe Dengue in the Outpatient Setting. Clinical Infectious Diseases: an official

publication of the Infectious Diseases Society of America. 2017; 64(5):656–63.

12. Tanner L, Schreiber M, Low JG, Ong A, Tolfvenstam T, Lai YL, et al. Decision tree algorithms predict

the diagnosis and outcome of dengue fever in the early phase of illness. PLoS Neglected Tropical Dis-

eases. 2008; 2(3):e196. https://doi.org/10.1371/journal.pntd.0000196 PMID: 18335069

PLOS NEGLECTED TROPICAL DISEASES Clinical outcomes in children and adults hospitalized with acute dengue

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010091 December 28, 2021 12 / 13

https://doi.org/10.1016/S0140-6736%2814%2960572-9
https://doi.org/10.1016/S0140-6736%2814%2960572-9
http://www.ncbi.nlm.nih.gov/pubmed/25230594
https://doi.org/10.1038/nature12060
http://www.ncbi.nlm.nih.gov/pubmed/23563266
https://doi.org/10.1016/S1473-3099%2816%2900146-8
https://doi.org/10.1016/S1473-3099%2816%2900146-8
http://www.ncbi.nlm.nih.gov/pubmed/27091092
https://doi.org/10.1177/1010539516675701
http://www.ncbi.nlm.nih.gov/pubmed/28198645
https://doi.org/10.1371/journal.pntd.0000196
http://www.ncbi.nlm.nih.gov/pubmed/18335069
https://doi.org/10.1371/journal.pntd.0010091


13. Phakhounthong K, Chaovalit P, Jittamala P, Blacksell SD, Carter MJ, Turner P, et al. Predicting the

severity of dengue fever in children on admission based on clinical features and laboratory indicators:

application of classification tree analysis. BMC Pediatrics. 2018; 18(1):109. https://doi.org/10.1186/

s12887-018-1078-y PMID: 29534694

14. Tamibmaniam J, Hussin N, Cheah WK, Ng KS, Muninathan P. Proposal of a Clinical Decision Tree

Algorithm Using Factors Associated with Severe Dengue Infection. PloS One. 2016; 11(8):e0161696.

https://doi.org/10.1371/journal.pone.0161696 PMID: 27551776

15. Hegazi MA, Bakarman MA, Alahmadi TS, Butt NS, Alqahtani AM, Aljedaani BS, et al. Risk Factors and

Predictors of Severe Dengue in Saudi Population in Jeddah, Western Saudi Arabia: A Retrospective

Study. The American Journal of Tropical Medicine and Hygiene. 2020; 102(3):613–21. https://doi.org/

10.4269/ajtmh.19-0650 PMID: 31933467

16. Souza LJ, Pessanha LB, Mansur LC, Souza LA, Ribeiro MB, Silveira Mdo V, et al. Comparison of clini-

cal and laboratory characteristics between children and adults with dengue. The Brazilian Journal of

Infectious Diseases: an official publication of the Brazilian Society of Infectious Diseases. 2013; 17

(1):27–31. https://doi.org/10.1016/j.bjid.2012.08.020 PMID: 23318285

17. Hammond SN, Balmaseda A, Perez L, Tellez Y, Saborio SI, Mercado JC, et al. Differences in dengue

severity in infants, children, and adults in a 3-year hospital-based study in Nicaragua. The American

Journal of Tropical Medicine and Hygiene. 2005; 73(6):1063–70. PMID: 16354813

18. Karyanti MR, Uiterwaal C, Hadinegoro SR, Jansen MAC, Heesterbeek J, Hoes AW, et al. Clinical

Course and Management of Dengue in Children Admitted to Hospital: A 5 Years Prospective Cohort

Study in Jakarta, Indonesia. The Pediatric Infectious Disease Journal. 2019; 38(12):e314–e9. https://

doi.org/10.1097/INF.0000000000002479 PMID: 31738330

19. Sreenivasan P, Geetha S, Sasikala K. Development of a Prognostic Prediction Model to Determine

Severe Dengue in Children. Indian Journal of Pediatrics. 2018; 85(6):433–9. https://doi.org/10.1007/

s12098-017-2591-y PMID: 29344875

20. Rojas EM, Herrera VM, Miranda MC, Rojas DP, Gomez AM, Pallares C, et al. Clinical Indicators of

Fatal Dengue in Two Endemic Areas of Colombia: A Hospital-Based Case-Control Study. The Ameri-

can Journal of Tropical Medicine and Hygiene. 2019; 100(2):411–9. https://doi.org/10.4269/ajtmh.17-

0323 PMID: 30652671

21. Ferreira RAX, Kubelka CF, Velarde LGC, Matos JPS, Ferreira LC, Reid MM, et al. Predictive factors of

dengue severity in hospitalized children and adolescents in Rio de Janeiro, Brazil. Revista da Socie-

dade Brasileira de Medicina Tropical. 2018; 51(6):753–60. https://doi.org/10.1590/0037-8682-0036-

2018 PMID: 30517528

22. Ooi EE, Goh KT, Chee Wang DN. Effect of increasing age on the trend of dengue and dengue hemor-

rhagic fever in Singapore. International Journal of Infectious Diseases: IJID: official publication of the

International Society for Infectious Diseases. 2003; 7(3):231–2.

23. Jain S, Mittal A, Sharma SK, Upadhyay AD, Pandey RM, Sinha S, et al. Predictors of Dengue-Related

Mortality and Disease Severity in a Tertiary Care Center in North India. Open Forum Infectious Dis-

eases. 2017; 4(2):ofx056. https://doi.org/10.1093/ofid/ofx056 PMID: 28491893

24. Pinto RC, Castro DB, Albuquerque BC, Sampaio Vde S, Passos RA, Costa CF, et al. Mortality Predic-

tors in Patients with Severe Dengue in the State of Amazonas, Brazil. PloS One. 2016; 11(8):

e0161884. https://doi.org/10.1371/journal.pone.0161884 PMID: 27564084

25. Robinson M, Sweeney TE, Barouch-Bentov R, Sahoo MK, Kalesinskas L, Vallania F, et al. A 20-Gene

Set Predictive of Progression to Severe Dengue. Cell Rep. 2019; 26(5):1104–11.e4. https://doi.org/10.

1016/j.celrep.2019.01.033 PMID: 30699342

26. Tissera H, Rathore APS, Leong WY, Pike BL, Warkentien TE, Farouk FS, et al. Chymase Level Is a

Predictive Biomarker of Dengue Hemorrhagic Fever in Pediatric and Adult Patients. The Journal of

Infectious Diseases. 2017; 216(9):1112–21. https://doi.org/10.1093/infdis/jix447 PMID: 28968807

27. Bodinayake CK, Tillekeratne LG, Nagahawatte A, Devasiri V, Kodikara Arachichi W, Strouse JJ, et al.

Emergence of Epidemic Dengue-1 Virus in the Southern Province of Sri Lanka. PLoS Neglected Tropi-

cal Diseases. 2016; 10(10):e0004995. https://doi.org/10.1371/journal.pntd.0004995 PMID: 27711206

PLOS NEGLECTED TROPICAL DISEASES Clinical outcomes in children and adults hospitalized with acute dengue

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010091 December 28, 2021 13 / 13

https://doi.org/10.1186/s12887-018-1078-y
https://doi.org/10.1186/s12887-018-1078-y
http://www.ncbi.nlm.nih.gov/pubmed/29534694
https://doi.org/10.1371/journal.pone.0161696
http://www.ncbi.nlm.nih.gov/pubmed/27551776
https://doi.org/10.4269/ajtmh.19-0650
https://doi.org/10.4269/ajtmh.19-0650
http://www.ncbi.nlm.nih.gov/pubmed/31933467
https://doi.org/10.1016/j.bjid.2012.08.020
http://www.ncbi.nlm.nih.gov/pubmed/23318285
http://www.ncbi.nlm.nih.gov/pubmed/16354813
https://doi.org/10.1097/INF.0000000000002479
https://doi.org/10.1097/INF.0000000000002479
http://www.ncbi.nlm.nih.gov/pubmed/31738330
https://doi.org/10.1007/s12098-017-2591-y
https://doi.org/10.1007/s12098-017-2591-y
http://www.ncbi.nlm.nih.gov/pubmed/29344875
https://doi.org/10.4269/ajtmh.17-0323
https://doi.org/10.4269/ajtmh.17-0323
http://www.ncbi.nlm.nih.gov/pubmed/30652671
https://doi.org/10.1590/0037-8682-0036-2018
https://doi.org/10.1590/0037-8682-0036-2018
http://www.ncbi.nlm.nih.gov/pubmed/30517528
https://doi.org/10.1093/ofid/ofx056
http://www.ncbi.nlm.nih.gov/pubmed/28491893
https://doi.org/10.1371/journal.pone.0161884
http://www.ncbi.nlm.nih.gov/pubmed/27564084
https://doi.org/10.1016/j.celrep.2019.01.033
https://doi.org/10.1016/j.celrep.2019.01.033
http://www.ncbi.nlm.nih.gov/pubmed/30699342
https://doi.org/10.1093/infdis/jix447
http://www.ncbi.nlm.nih.gov/pubmed/28968807
https://doi.org/10.1371/journal.pntd.0004995
http://www.ncbi.nlm.nih.gov/pubmed/27711206
https://doi.org/10.1371/journal.pntd.0010091

