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Abstract

Delayed plasma leakage recognition could lead to improper fluid administration resulting in

dengue shock syndrome, subsequently, multi-organ failure, and death. This prospective

observational study was conducted in Bangkok, Thailand, between March 2018 and Febru-

ary 2020 to determine predictors of plasma leakage and develop a plasma leakage predic-

tive score among dengue patients aged�15 years. Of 667 confirmed dengue patients, 318

(47.7%) developed plasma leakage, and 349 (52.3%) had no plasma leakage. Multivariate

analysis showed three independent factors associated with plasma leakage, including body

mass index�25.0 kg/m2 (odds ratio [OR] = 1.784; 95% confidence interval [CI] = 1.040–

3.057; P = 0.035), platelet count <100,000/mm3 on fever days 3 to 4 (OR = 2.151; 95% CI =

1.269–3.647; P = 0.004), and aspartate aminotransferase or alanine aminotransferase

�100 U/l on fever days 3 to 4 (OR = 2.189; 95% CI = 1.231–3.891; P = 0.008). Because

these three parameters had evidence of equality, each independent factor was weighted to

give a score of 1 with a total plasma-leak score of 3. Higher scores were associated with

increased plasma leakage occurrence, with ORs of 2.017 (95% CI = 1.052–3.869; P =

0.035) for score 1, 6.158 (95% CI = 2.914–13.015; P <0.001) for score 2, and 6.300 (95%

CI = 2.419–16.407; P <0.001) for score 3. The area under the receiver operating character-

istics curves for predicting plasma leakage was good (0.677 [95% CI = 0.616–0.739]).

Patients with a plasma-leak score�1 had high sensitivity (88.8%), and those with a plasma-

leak score of 3 had high specificity (93.4%) for plasma leakage occurrence. This simple and

easily accessible clinical score might help physicians provide early and timely appropriate

clinical dengue management in endemic areas.
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Introduction

Dengue caused by the dengue virus (DENV) and spread by Aedes aegypti mosquito is currently

a global burden, and dengue cases have increased by 8 fold over the last 10 years, with 70% of

the global burden from Asia [1]. The reports from the Bureau of Epidemiology of Thailand

from 2001–2016 showed an annual dengue incidence of 62–238 cases per 100,000 population

with indefinable trends. Approximately 60–70% of the patients were adults aged�15 years [2].

The case fatality rate decreased from 0.18 in 2001 to 0.10 in 2016, but the mortality rate was

higher in adults aged>40 years, ranging from 0.19–0.30 [2]. A previous study showed dengue

shock syndrome (DSS) as the most common cause of death in adults and children with dengue

accounted for 73%, followed by severe organ involvement (69%) and severe bleeding (30%)

[3]. Delayed plasma leakage recognition could lead to inappropriate fluid management, result-

ing in DSS and subsequent multi-organ failure and death [4–6]. In addition, a previous Brazil-

ian study reported plasma leakage and organ failure as the main indications for dengue

patients’ hospitalization, and there was an association between plasma leakage and dengue

mortality [7].

The World Health Organization (WHO) has proposed timely and appropriate clinical man-

agement, which involves dengue diagnosis and intravenous rehydration as the strategy to

reduce dengue mortality to almost zero [4]. Several studies have attempted to investigate

plasma leakage predictors among dengue patients aged�15 years. However, studies reported

on different parameters, including demographic characteristics of older age [8–11], gender

[8,11], ethnicity [11], diabetes mellitus [9,10–12], hypertension [11], delayed hospitalization

[9], secondary infection [9], clinical parameters of bleeding [8], abdominal pain [8,10], leth-

argy [8,9], or cough [8], and laboratory findings of hematocrit (HCT) rising [12–14], thrombo-

cytopenia [13,15], abnormal coagulation profile [14], raised liver enzymes [12,13], low serum

albumin (ALB) level [13,15], or thickening of the gall bladder wall [9]. Recent studies have

added several new parameters, including procalcitonin [16], lactate [16,17], chymase [18], and

cytokines [19], as plasma leakage predictors among dengue patients aged�15 years.

Some of these laboratory parameters may not be accessible in remote and resource-limited

settings, where patients at risk for plasma leakage need to be identified, using simple clinical

assessment methods and easily accessible laboratory investigations to improve healthcare utili-

zation efficiency and save patients from unnecessary expenditure, loss of productivity, morbid-

ity, and mortality associated with dengue. Furthermore, no study developed a simple clinical

score to determine plasma leakage, which might help physicians provide timely and appropri-

ate clinical management for dengue in endemic areas.

Thus, a prospective observational study was conducted at the Hospital for Tropical Diseases

in Bangkok, Thailand, between March 2018 and February 2020 to determine predictors of

plasma leakage and develop a predictive score for plasma leakage among dengue patients aged

�15 years.

Materials and methods

Ethical considerations

The study was approved by the Ethics Committee of the Faculty of Tropical Medicine, Mahi-

dol University in Bangkok, Thailand (TMEC 17–084). This study followed the Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE) statement [20] and the

Standards for the Reporting of Diagnostic (STARD) accuracy [21]. All potential participants

who visited the outpatient department (OPD) or inpatient department (IPD) for the manage-

ment of dengue were invited to participate in the study. Before participation, voluntary written

PLOS ONE Predictors for plasma leakage in dengue patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0255358 July 29, 2021 2 / 21

Funding: This study was supported by the Faculty

of Tropical Medicine, Mahidol University in

Bangkok, Thailand. The funding organizations had

no role in the study design, data collection, data

analysis, decision to publish or writing of the

manuscript.

Competing interests: The authors declare that they

have no competing interests.

https://doi.org/10.1371/journal.pone.0255358


informed consent was obtained from all patients or the patient’s guardians if they were 15–18

years old.

Study design and population

This was a prospective observational study conducted at the Hospital for Tropical Diseases,

Faculty of Tropical Medicine, Mahidol University in Bangkok, Thailand, between March 2018

and February 2020. Patients who visited OPD or IPD for dengue management and met the

study criteria were included. The inclusion criteria were aged�15 years, being clinical dengue

patients, defined as acute fever <7 days and having�2 of the symptoms, including headache,

retro-orbital pain, myalgia, arthralgia or bone pain, rash, bleeding, leukopenia defined as white

blood cell count (WBC)�5.0 ×103 cells/mm3, thrombocytopenia defined as platelet (PLT)

count�150 ×103/mm3 or HCT rising�5% with positive DENV NS1 and/or anti-DENV IgM.

The real-time reverse transcriptase-polymerase chain reaction (rRT-PCR) or micro-neutrali-

zation test was used to confirm dengue in all potential patients enrolled for this study. Patients

who were not followed-up and those with poor blood specimen quality or errors in the pre-

analytical process were excluded from the study.

The baseline characteristics data, comorbid conditions, symptoms, signs, and laboratory

investigations were collected at the start of management. Then, follow-up information data

were collected daily from patients treated at both OPD and IPD. At a 2-week follow-up

appointment, blood samples were collected for complete blood counts and DENV infection

confirmation. All data were recorded in a pre-designed case record form. All patients were

managed by their attending physicians according to the standard guidelines for dengue man-

agement [5,6]. Tests were performed to obtain data on routine monitoring parameters, includ-

ing the day of fever, clinical condition, vital signs, and complete blood count, during the follow

up of the patients. Other tests, for data on additional laboratory parameters including liver

enzymes, serum ALB, and chest radiography, were performed according to the attending phy-

sicians’ instructions, as per the clinical condition of the patients. Urine output was recorded

for patients treated at the IPD. Plasma leakage was summarized at discharge date and defined

as a rise in HCT�20%, clinical fluid accumulation by detecting pleural effusion or ascites

using physical examination or chest radiography, and/or hypoproteinemia determined by

serum ALB�3.5 g/dl or decrease�0.5 g/dl below baseline [5].

Real-time reverse-transcriptase polymerase chain reaction (rRT-PCR)

DENV RNA was detected from patient serum on the first day of presentation using a two-step

PCR method, as described by Lanciotti et al. [22], and modified using the methods of Reynes

et al. [23]. PureLink1 Viral RNA/DNA Mini Kit (Invitrogen™, Grand Island, NY, USA) was

used to detect Dengue RNA from acute serum samples according to the manufacturer’s

instructions.

Micro-neutralization test

Serum samples collected at presentation to hospital and two weeks after the first presentation

were assayed for serotype-specific DENV using the micro-neutralization test described by

Vorndam et al. [24], with the slightly modified protocol of Putnak et al. [25]. The micro-neu-

tralization test based on the principle of the plaque reduction neutralization test was used to

measure all four serotype-specific anti-DENV neutralizing antibodies. Serum samples were

tested in triplicate and serially diluted by 2-fold from 1:20 to 1:5120 in a 96-well microplate.

Each microplate had controls, including media only (negative control), virus control, and sera

of known specific DENV serotypes (positive controls). The virus control with viral foci counts
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in the range of 50–60 foci per well and media only control with no foci were included. Com-

pared to the virus control, sera of known DENV serotypes showing at least 50% viral replica-

tion inhibition was required (25–30 foci per well). The DENV neutralization titer was defined

as the reciprocal of the serum dilution, demonstrating 50% inhibition of DENV replication

compared with the DENV control. A positive serotype-specific anti-DENV test was defined as

a 4-fold rise in neutralizing antibody titer in paired samples for DENV serotypes 1 to 4.

Sample size calculation

A previous report showed a plasma leakage incidence of 36.4% dengue patients in Bangkok,

Thailand [26]. Thus, a sample size of 640 patients was needed for this study, using an incidence

rate of 36.4% for plasma leakage with an error allowance of 3.5% and estimating 15% loss to

follow-up and inadequate leftover samples.

Statistical analysis

All data were analyzed using SPSS software (version 18.0; SPSS Inc., Chicago, IL). Kolmogo-

rov-Smirnov test was used to analyze for normal distribution of numerical variables. Variables

with non-normal distribution were summarized as medians and interquartile ranges (IQRs)

and compared using Mann-Whitney U tests. Categorical variables were expressed as frequen-

cies and percentages and analyzed using chi-square or Fisher’s exact tests. A univariate logistic

regression analysis was performed with each potential factor included as an independent vari-

able and the presence or absence of plasma leakage as the dependent variable. Patients’ charac-

teristics, clinical and laboratory findings associated with plasma leakage development were

categorized. The categorical parameters that were early, clinically significant, and not subjec-

tive were evaluated.

Any variable with a P�0.2 was considered potentially significant and was further analyzed

in a stepwise multivariate logistic regression analysis using a backward selection method for

determining significant independent factors. The optimal cut-off values of the factors for the

prediction of plasma leakage were determined using the area under the receiver operating

characteristics (AUROC) curves. Prognostic parameters were evaluated using 2×2 tables, and

95% confidence intervals (CIs) were calculated to determine sensitivity, specificity, positive

predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LR+), and

negative likelihood ratio (LR–). The optimal cut-off values were then combined in a single

“score,” as described by Gibot et al., 2012 [27]. As per the score, one point was attributed to

each independent factor’s presence. The score was classified as 0 (absence of all independent

factors), 1 (presence of one independent factor), 2 (presence of two independent factors), or 3

(presence of three independent factors). The score was then further tested by multivariate

logistic regression analysis for predictive value in plasma leakage. All tests of significance were

two-sided, with a P <0.05 indicating statistical significance.

Results

Study population

A total of 750 suspected dengue patients visited the hospital during the study period. Of 750

suspected dengue patients, 83 were excluded due to lack of leftover DENV infection samples

for a confirmation test (29 patients), transfer to other hospital or loss to follow-up (18

patients), no comorbid conditions documentation (15 patients), negative DENV infection

confirmatory results, using rRT-PCR and micro-neutralization test (12 patients), and lack of

baseline laboratory parameters (9 patients). Therefore, 667 patients with confirmed DENV
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infection were recruited in this study; 318 (47.7%) developed plasma leakage, whereas 349

(52.3%) had no plasma leakage (Fig 1). Only one (0.15%) patient expired due to DSS, severe

bleeding, and multi-organ failure during this study; of 318 patients with plasma leakage, 14

(4.4%) patients developed DSS.

Comparison of patients’ characteristics, dengue serotypes, clinical and

laboratory findings between dengue patients with and without plasma

leakage

Most patients’ characteristics were similar (Table 1), except for a significantly higher propor-

tion of males among patients with plasma leakage than those without plasma leakage

(P = 0.010). Similarly, patients with plasma leakage had significantly higher body mass index

(BMI) (P = 0.009). Referral patients were found more among patients with plasma leakage

than those without, which was significant (P = 0.006). However, dengue serotypes among

patients with plasma leakage and those without were similar (P = 0.076).

A significantly higher proportion of patients with plasma leakage were admitted in compar-

ison to those without plasma leakage (P <0.001). In addition, a significant delay in hospitaliza-

tion (P<0.001) and longer hospitalization duration (P <0.001) were more frequently

observed among plasma leakage patients than those without plasma leakage (Table 1). Clinical

symptoms and signs of patients were similar in both groups on days 1 to 2 of fever onset

(Table 2). However, symptoms and signs of vomiting (P = 0.012), bleeding (P = 0.030), and

hepatomegaly (P = 0.006) were observed significantly more frequently among patients with

plasma leakage than those without plasma leakage on days 3 to 4 of fever onset (Table 2).

Abdominal pain (P = 0.024), vomiting (P = 0.035), bleeding (P<0.001), and hepatomegaly (P

<0.001) on days 5 to 6 of fever onset was observed in a significantly higher proportion of

plasma leakage patients than patients without plasma leakage (Table 2). However, on days 7 to

Fig 1. Flow diagram showing the enrollment of study patients. DENV, dengue virus; IPD, inpatient department;

OPD, outpatient department.

https://doi.org/10.1371/journal.pone.0255358.g001
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8 of fever onset, retro-orbital pain was observed in a significantly lower percentage of plasma

leakage patients (P = 0.032) while cough (P = 0.015), abdominal pain (P <0.001), bleeding

(P<0.001), and hepatomegaly (P <0.001) were significantly higher (Table 2).

Regarding vital signs and cumulative fluid balance (Tables 3 and 4), body temperature and

mean arterial pressure (MAP) were similar between the two groups on days 1 to 2 of fever

onset. Body temperature on days 3 to 5 and day 7 of fever onset were significantly higher

among patients with plasma leakage than those without plasma leakage with P<0.05. When

stratified by combined day of fever, body temperature (Fig 2A) between days 1 to 8 of fever

onset remained significant (P<0.05). MAP on day 4 and days 6 to 8 of fever onset and cumu-

lative fluid balance on days 5 to 8 of fever onset were significantly higher among patients with

plasma leakage than those without plasma leakage with P<0.05 (Tables 3 and 4).

Regarding laboratory findings (Tables 3 and 4), all laboratory findings including WBC,

absolute lymphocyte count (ALC), HCT rise, PLT count, aspartate aminotransferase (AST),

alanine aminotransferase (ALT), and serum ALB were similar on day 1 of fever onset. How-

ever, patients with plasma leakage had significantly higher WBC levels on days 6 to 8 of fever

onset and higher ALC on days 5 to 6 of fever onset than those without plasma leakage

Table 1. Patients’ characteristics, dengue serotypes, and outcomes of plasma leakage status (n = 667).

Characteristic Total (n = 667) With plasma leakage (n = 318) Without plasma leakage (n = 349) P-value

Fever onset (days)a 4.0 (3.0–5.0) 4.0 (3.0–5.0) 4.0 (3.0–5.0) 0.058

Age (years)a 26 (20–37) 27 (21–38) 25 (20–37) 0.091

Maleb 348 (52.2) 183 (57.5) 165 (47.3) 0.010

BMI (kg/m2)a,c 23.0 (20.0–26.4) 23.2 (20.5–27.0) 22.7 (19.7–25.6) 0.009

Residence in Bangkokb 470 (70.5) 219 (68.9) 251 (71.9) 0.437

Referral patientsb 308 (46.2) 165 (51.9) 143 (41.0) 0.006

Previous history of dengueb 108 (16.2) 53 (16.7) 55 (15.8) 0.832

Comorbid conditionb 175 (26.2) 90 (28.3) 85 (24.4) 0.285

Hypertensionb 34 (5.1) 20 (6.3) 14 (4.0) 0.246

Thalassemia or G6PD deficiencyb 33 (4.9) 20 (6.3) 13 (3.7) 0.178

Hyperlipidemiab 29 (4.3) 14 (4.4) 15 (4.3) 1.000

Diabetes mellitusb 12 (1.8) 6 (1.9) 6 (1.7) 1.000

Peptic ulcer diseaseb 11 (1.6) 5 (1.6) 6 (1.7) 1.000

HBV or HCV infectionb 7 (1.0) 3 (0.9) 4 (1.1) 1.000

HIV infectionb 5 (0.7) 2 (0.6) 3 (0.9) 1.000

Asthmab 5 (0.7) 2 (0.6) 3 (0.9) 1.000

Confirmation test for dengueb

Serotype 1 247 (37.0) 121 (38.1) 126 (36.1) 0.076

Serotype 2 283 (42.4) 145 (45.6) 138 (39.5)

Serotype 3 44 (6.6) 16 (5.0) 28 (8.0)

Serotype 4 93 (13.9) 36 (11.3) 57 (16.3)

Hospitalizationb 553 (82.9) 304 (95.6) 249 (71.3) <0.001

Delay in hospitalizationb 399 (59.8) 225 (70.8) 174 (49.9) <0.001

Duration of hospitalizationa,d (days) 3.5 (2.4–4.6) 3.8 (2.8–4.8) 2.9 (2.0–3.9) <0.001

BMI, body mass index; G6PD, glucose-6-phosphate dehydrogenase; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus.
aData presented as median (interquartile range).
bData presented as number (percentage).
cBody mass index was measured in 640 patients, of which 304 patients had plasma leakage, and 336 patients had no plasma leakage.
dIn a total of 553 hospitalized patients, plasma leakage was observed in 204 patients, and plasma leakage did not occur in 249.

https://doi.org/10.1371/journal.pone.0255358.t001
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(P<0.05). HCT rise (Tables 3 and 4) between days 3 to 7 was significantly higher among

patients with plasma leakage (P <0.05). When stratified by combined day of fever, HCT rise

(Fig 2B) between days 3 to 8 of fever onset was also significantly higher among patients with

plasma leakage (P<0.05). However, PLT count (Tables 3 and 4) between days 3 to 8 of fever

Fig 2. Changes in body temperature, hematocrit rise, and platelet count among confirmed dengue patients by

combined day of fever onset. (a) The higest body temperature (˚C) by combined day of fever onset among patients

with and without plasma leakage. (b). The higest hematocrit rise (%) by combined day of fever onset among patients

with and without plasma leakage. (c). The lowest platelet count (×103/mm3) by combined day of fever onset among

patients with and without plasma leakage. HCT, hematocrit; PL, plasma leakage; PLT, platelets; Temp, temperature.

https://doi.org/10.1371/journal.pone.0255358.g002
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onset was significantly lower among patients with plasma leakage (P <0.001). When stratified

by combined day of fever, PLT count (Fig 2C) between days 3 to 8 of fever was also signifi-

cantly lower among plasma leakage patients (P<0.001). The levels of the liver enzymes,

including AST and ALT (Tables 3 and 4) between days 2 to 8 of fever onset, when stratified by

combined day of fever (Fig 3A and 3B) between days 1 to 8, were significantly higher among

patients with plasma leakage than those without plasma leakage (P<0.05). Conversely, serum

ALB levels (Tables 3 and 4) between days 4 to 8 of fever onset, when stratified by combined

day of fever (Fig 3C) between days 3 to 8 were significantly lower among patients with plasma

leakage than those without plasma leakage (P<0.05). However, serum ALB levels (Table 3) on

day 2 of fever onset, when stratified by combined day of fever (Fig 3C) on days 1 to 2, were sig-

nificantly higher among patients with plasma leakage than those without plasma leakage

(P = 0.008 and P = 0.020, respectively).

Univariate and multivariate analysis to predict the development of plasma

leakage

Patients’ characteristics, clinical and laboratory findings associated with development of

plasma leakage were then categorized (Table 5) and evaluated using univariate logistic regres-

sion analysis. The following factors were found to be associated with the development of

plasma leakage including patients’ characteristics (male gender, BMI�25.0 kg/m2, and delay

in hospitalization); the symptoms and signs on fever days 3 to 4 (vomiting, bleeding, hepato-

megaly, and body temperature >38.5˚C); the symptoms and signs on fever days 5 to 6

(abdominal pain); and the laboratory findings on days 3 to 4 of fever onset (HCT rise�10%,

PLT count<100,000/mm3, and AST or ALT�100 U/l) (Table 6).

The independent factors associated with plasma leakage identified by stepwise multiple

logistic regression analysis were BMI�25.0 kg/m2 (odds ratio [OR] = 1.784; 95% CI = 1.040–

3.057; P = 0.035), PLT count <100,000/mm3 on days 3 to 4 of fever onset (OR = 2.151; 95%

CI = 1.269–3.647; P = 0.004), and AST or ALT�100 U/l on days 3 to 4 of fever onset

(OR = 2.189; 95% CI = 1.231–3.891; P = 0.008) (Table 6).

Plasma-leak score for predicting plasma leakage

Three factors, including BMI�25.0 kg/m2, PLT count<100,000/mm3, and AST or ALT�100

U/l were used to develop a score for predicting plasma leakage called a plasma-leak score.

Because these three parameters had evidence of equality, each of the three independent factors

were weighted to give a score of 1 with a total score of 3. A combined score was then evaluated

using a logistic regression model to forecast the capacity for predicting the occurrence of

plasma leakage. Higher scores were associated with increased occurrence of plasma leakage,

with ORs of 2.017 (95% CI = 1.052–3.869; P = 0.035), 6.158 (95% CI = 2.914–13.015; P

<0.001) and 6.300 (95% CI = 2.419–16.407; P<0.001) for a combined score of 1, 2, and 3,

respectively (Table 7). The AUROC for predicting plasma leakage was 0.677 (95% CI = 0.616–

0.739) (Fig 4).

Prognostic values of plasma-leak score for identifying plasma leakage

The prognostic values of the plasma-leak score for identifying plasma leakage are summarized

in Table 8. The sensitivity was 88.8% (95% CI = 83.2–93.0%) for a score�1. The specificities

increased to 77.7% (95% CI = 69.2–84.8%) and 93.4% (95% CI = 87.4–97.1%) for a score of�2

and 3, respectively. Similarly, the PPVs increased to 77.5% (95% CI = 70.6–83.2%) and 77.8%

(95% CI = 62.3–88.1%) for a score of�2 and 3, respectively.
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Fig 3. Changes in aspartate aminotransferase, alanine aminotransferase, and serum albumin levels among

confirmed dengue patients by combined day of fever onset. (a) The highest level of AST (U/l) by combined day of

fever onset among patients with and without plasma leakage. (b) The highest level of ALT (U/l) by combined day of

fever onset among patients with and without plasma leakage. (c) The lowest level of serum ALB (g/dl) by combined

day of fever onset among patients with and without plasma leakage. ALB, albumin; ALT, alanine aminotransferase;

AST, aspartate aminotransferase; PL, plasma leakage.

https://doi.org/10.1371/journal.pone.0255358.g003
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Discussion

This prospective observational study was conducted at the Hospital for Tropical Diseases in

Bangkok, Thailand, among dengue patients aged�15 years between March 2018 and February

2020 to determine predictors and a predictive score for plasma leakage. The median age of 26

years in the patients is similar to that of a previous report with a mean age of 30 years in adults

Table 5. Categorical data of patients’ characteristics, clinical, and laboratory findings included in logistic regres-

sion analysis.

Characteristics Total With plasma leakage Without plasma leakage P-value

Patients’ characteristics
Gender (%) n = 667 n = 318 n = 349

Male 348 (52.2) 183 (57.5) 165 (47.3) 0.010

Female 319 (47.8) 135 (42.5) 184 (52.7)

BMI (%) n = 640 n = 304 n = 336

�25.0 kg/m2 211 (33.0) 114 (37.5) 97 (28.9) 0.025

<25.0 kg/m2 429 (67.0) 190 (62.5) 239 (71.1)

Delay in hospitalization (%) n = 667 n = 318 n = 349

Yes 399 (59.8) 225 (70.8) 174 (49.9) <0.001

No 268 (40.2) 93 (29.2) 175 (50.1)

Symptoms and signs on fever days 3 to 4
Vomiting (%) n = 453 n = 231 n = 222

Yes 119 (26.3) 73 (31.6) 46 (20.7) 0.012

No 334 (73.7) 158 (68.4) 176 (79.3)

Bleeding (%) n = 453 n = 231 n = 222

Yes 98 (21.6) 60 (26.0) 38 (17.1) 0.030

No 355 (78.4) 171 (74.0) 184 (82.9)

Hepatomegaly (%) n = 453 n = 231 n = 222

Yes 19 (4.2) 16 (6.9) 3 (1.4) 0.006

No 434 (95.8) 215 (93.1) 219 (98.6)

Temp (%) n = 452 n = 231 n = 221

>38.5˚C 201 (44.5) 117 (50.6) 84 (38.0) 0.009

�38.5˚C 251 (55.5) 114 (49.4) 137 (62.0)

Symptoms and signs on fever days 5 to 6
Abdominal pain (%) n = 624 n = 312 n = 312

Yes 222 (35.6) 125 (40.1) 97 (31.1) 0.024

No 402 (64.4) 187 (59.9) 215 (68.9)

Laboratory findings on fever days 3 to 4
HCT rise (%) n = 451 n = 230 n = 221

�10% 181 (40.1) 116 (50.4) 65 (29.4) <0.001

<10% 270 (59.9) 114 (49.6) 156 (70.6)

PLT count (%) n = 451 n = 230 n = 221

<100,000/mm3 252 (55.9) 163 (70.9) 89 (40.3) <0.001

�100,000/mm3 199 (44.1) 67 (29.1) 132 (59.7)

AST or ALT (%) n = 337 n = 198 n = 139

�100 U/l 75 (22.3) 60 (30.3) 15 (10.8) <0.001

<100 U/l 262 (77.7) 138 (69.7) 124 (89.2)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HCT, hematocrit; PLT,

platelets; Temp, temperature.

https://doi.org/10.1371/journal.pone.0255358.t005
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Table 6. Univariate and multivariate logistic regression to determine independent risk factors associated with

plasma leakage among dengue patients.

Characteristics Univariate logistic regression analysis Multivariate logistic regression analysis

n OR (95% CI) P-value n OR (95% CI) P-value

Gender 667

Male 1.512 (1.113–2.053) 0.008

Female Reference

BMI 640 293

� 25.0 kg/m2 1.478 (1.062–2.058) 0.021 1.784 (1.040–3.057) 0.035

< 25.0 kg/m2 Reference Reference

Delay in hospitalization 667

Yes 2.433 (1.767–3.351) <0.001

No Reference

Vomiting 453

Yes 1.768 (1.153–2.709) 0.009

No Reference

Bleeding 453

Yes 1.699 (1.076–2.682) 0.023

No Reference

Hepatomegaly 453 293

Yes 5.433 (1.561–13.912) 0.008 4.042 (0.857–19.055) 0.078

No Reference Reference

Abdominal pain 453

Yes 1.482 (1.065–2.060) 0.019

No Reference

Temp 452

>38.5˚C 1.674 (1.151–2.434) 0.007

�38.5˚C Reference

HCT rise 451

�10% 2.442 (1.657–3.600) <0.001

<10% Reference

PLT count 451 293

<100,000/mm3 3.608 (2.440–5.337) <0.001 2.151 (1.269–3.647) 0.004

�100,000/mm3 Reference Reference

AST or ALT 337 293

�100 U/l 3.202 (1.921–5.339) <0.001 2.189 (1.231–3.891) 0.008

<100 U/l Reference Reference

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval;

HCT, hematocrit; OR, odds ratio; PLT, platelets; Temp, temperature.

https://doi.org/10.1371/journal.pone.0255358.t006

Table 7. Multivariate logistic regression of a combined plasma-leak score for predicting plasma leakage.

Score n Odds ratio (95% CI) P-value

0 56 1.00 (Reference) N/A

1 123 2.017 (1.052–3.869) 0.035

2 84 6.158 (2.914–13.015) <0.001

3 36 6.300 (2.419–16.407) <0.001

CI, confidence interval; N/A, not applicable.

https://doi.org/10.1371/journal.pone.0255358.t007
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affected by dengue [28]. The median time of the first visit to the hospital was 4 days of fever

onset, similar to previous studies [8,16,26]. Differences in age and comorbid diseases were not

observed between the two groups. However, previous studies have reported that diabetes,

hypertension, cardiac disorders, and asthma patients were at increased risk for severe manifes-

tations of dengue [9–12,29]. In our study, most clinical and laboratory findings were signifi-

cantly different between plasma leakage patients and those without plasma leakage starting on

Fig 4. Receiver operating characteristic curve of the plasma-leak score for predicting plasma leakage among

dengue patients.

https://doi.org/10.1371/journal.pone.0255358.g004

Table 8. Prognostic values of the plasma-leak score for predicting plasma leakage.

Total

score

With plasma

leakage

(n = 178)

Without

plasma leakage

(n = 121)

Sensitivity

(95% CI)

Specificity

(95% CI)

PPV

(95% CI)

NPV

(95% CI)

LR+

(95%

CI)

LR-

(95%

CI)

�1 158 85 88.8 (83.2–

93.0)

29.8 (21.8–

38.7)

65.0

(62.1–

67.9)

64.3

(52.3–

74.7)

1.3

(1.1–

1.4)

0.4

(0.2–

0.6)

�2 93 27 52.2 (44.6–

59.8)

77.7 (69.2–

84.8)

77.5

(70.6–

83.2)

52.5

(48.0–

57.0)

2.3

(1.6–

3.4)

0.6

(0.5–

0.7)

3 28 8 15.7 (10.7–

21.9)

93.4 (87.4–

97.1)

77.8

(62.3–

88.1)

43.0

(41.0–

44.9)

2.4

(1.1–

5.0)

0.9

(0.8–

1.0)

CI, confidence interval; LR+, likelihood ratio positive; LR-, likelihood ratio negative; NPV, negative predictive value;

PPV, positive predictive value.

https://doi.org/10.1371/journal.pone.0255358.t008
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days 3 to 4 of fever onset. Bleeding was the most common condition associated with plasma

leakage observed on days 5 to 8 of fever onset in this study.

Plasma leakage and bleeding are the hallmark of dengue hemorrhagic fever (DHF) and are

associated with death from dengue [5,7]. This might be due to the linkage on the disease’s

pathogenesis via cytokine storm and antibodies response on the vascular endothelial cells and

the hemostatic abnormalities after DENV infection [30,31]. Our study also showed that MAP

and fluid balance were significantly higher among patients with plasma leakage. This might be

because patients with plasma leakage received more fluid replacement than those without

plasma leakage [5]. Currently, plasma leakage is the main pathophysiological hallmark of DHF

[28]. According to the modified WHO/SEARO 2011 criteria, plasma leakage is the major crite-

ria for distinguishing DHF from dengue fever (DF), without the necessity of bleeding [5,6].

Early recognition of plasma leakage can lead to appropriate fluid administration and then pre-

vent the development of DSS, which is the most common cause of death from dengue [3–7].

However, most previous studies regarding plasma leakage predictors have varied results due to

differences in study design, participant composition, and case definition of severe manifesta-

tions of dengue [8–19].

This study identified three independent factors associated with plasma leakage. They were

BMI�25.0 kg/m2, PLT count <100,000/mm3 on days 3 to 4 of fever onset, and AST or ALT

�100 U/l on days 3 to 4 of fever onset. As per systematic review and meta-analysis, most stud-

ies on the association of BMI and dengue severity were conducted in children. They showed

that obese children had a higher risk for developing DHF or severe dengue compared to non-

obese children; this is due to the stronger immune response in obese children than undernour-

ished or normal weighted children [32,33]. A retrospective study from Malaysia showed that

adult dengue patients with BMI�27.5 kg/m2 were at risk for elevated ALT, creatinine level,

raised HCT, the occurrence of chills and rigors, high body temperature, and high systolic

blood pressure [34].

The possible pathophysiological mechanisms for developing plasma leakage in obese patients

with dengue might be due to endothelial dysfunction caused by the chronic release of pro-

inflammatory cytokines from elevated leptin levels and production of reactive oxygen species

(ROS). These would precipitate endothelial damage in addition to cytokine storm after DENV

infection. Moreover, downregulation of AMP-protein kinase in obese patients could lead to

lipid accumulation in the endoplasmic reticulum, facilitating viral replication [31,34,35].

We found significantly higher serum ALB levels among patients with plasma leakage than

those without plasma leakage on days 1 to 2 of fever onset. This might be due to the well-nour-

ished status of plasma leakage patients, which might build up a stronger immune response.

However, serum ALB levels of patients with plasma leakage decreased on days 3 to 8 of fever

onset and was significantly lower than those without plasma leakage. These might be due to

the leakage of serum ALB into the extravascular compartment from a cytokine-mediated

increase in vascular permeability by endothelial glycocalyx damage, which is the primary path-

ogenesis of plasma leakage [5,30,31]. In 2021, a systematic review and meta-analysis identify-

ing risk predictors of progression to severe disease, defined as severe dengue or DHF during

the febrile phase of dengue, was published. The authors showed that all included studies in the

analysis consistently reported that patients who progressed to DHF had lower serum ALB lev-

els than those who did not progress to DHF [36].

On days 3 to 4 of fever onset, PLT count<100,000/mm3 was a predictor for plasma leakage

similar to a multicenter retrospective study in Thailand [15]. Plasma leakage and thrombocy-

topenia has a link with the pathogenesis of the disease via cytokine storm and cross-reactive

immunoglobulin M type of antibodies after DENV infection, which is the potential mecha-

nism of vascular pathology and PLT destruction [31,37,38].
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In addition, AST or ALT�100 U/l on days 3 to 4 of fever onset was also a predictor for

plasma leakage. Similarly, previous reports showed that elevated transaminases were an inde-

pendent factor associated with severe manifestations of dengue [12,13]. Hepatocytes and Kupf-

fer cells in the liver are important targets of DENV, which results in direct damage of liver cells

by apoptosis and release of pro-inflammatory cytokines, which also results in endothelial dam-

age [39,40]. In our study, the dosage of acetaminophen recommended by the National Thai

guidelines, which relies on the US Food and Drug Administration suggestion for the reduction

of fever, was used. The maximum daily dose of acetaminophen for an adult is 3000 mg with a

recommended dosage of 500 mg every 6 hours. In 2021, a systematic review and meta-analysis

identifying risk predictors of progression to severe disease, defined as severe dengue or DHF

during the febrile phase of dengue, showed that all included studies in the analysis consistently

reported that higher levels of AST or ALT were associated with progression to severe disease

[36]. Thus, it is suggested that the elevation of AST or ALT in our study accounted for the asso-

ciation with DENV infection rather than with acetaminophen-induced hepatoxicity.

Till date, few studies developed a predictive score for dengue severity in adults, including

the dengue score for predicting pleural effusion and/or ascites [13] and the clinical risk score

for prediction of severe dengue [41]. In our study, a plasma-leak score was developed for iden-

tifying plasma leakage using a score as 1 for each parameter, including BMI�25.0 kg/m2, PLT

count<100,000/mm3 on fever days 3 to 4, and AST or ALT�100 U/l on fever days 3 to 4. The

plasma-leak score had a good discriminative ability with AUROC of 0.677. The sensitivity for

the occurrence of plasma leakage was 88.8% for a score�1. The specificity for the occurrence

of plasma leakage rose to 77.7% score�2, and as high as 93.4% for 3. The PPV was also

increased to 77.5% for a score�2 and 77.8% for 3. These predictors are simple routine param-

eters for the early identification of patients who are at risk for plasma leakage, and the plasma-

leak score could help with risk stratification of dengue. The risk stratification could help physi-

cians to provide close observation as well as early and appropriate management, to prevent the

progression to DSS. Ultimately, these measures would help in reducing the hospital cost, cost

to the patients, and healthcare personnel workload.

However, this study’s limitations were that the study was conducted in a single-center,

which is the referral center for tropical diseases in Bangkok, Thailand, and the plasma-leak

score’s external validity needs to be evaluated.

Conclusions

Dengue patients with BMI�25.0 kg/m2 or who presented with PLT count<100,000/mm3, or

AST or ALT�100 U/L on days 3 to 4 of fever onset are at risk for the occurrence of plasma

leakage. Patients with a plasma-leak score�1 had high sensitivity (88.8%) for the development

of plasma leakage, and those with a plasma-leak score of 3 had high specificity (93.4%) for

plasma leakage. This simple and easily accessible clinical score might help physicians provide

close observation with early and appropriate clinical management of dengue even in resource-

limited settings.
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