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Abstract

Background

Clinically significant bleeding is important for subsequent optimal case management in den-
gue patients, but most studies have focused on dengue severity as an outcome. Our study
objective was to identify differences in admission parameters between patients who devel-
oped clinically significant bleeding and those that did not. We sought to develop a model for
discriminating between these patients.

Methods

We conducted a retrospective study of 4,383 adults aged >18 years who were hospitalized
with dengue infection at Tan Tock Seng Hospital, Singapore from 2005 to 2008. Patients
were divided into those with clinically significant bleeding (n = 188), and those without (n =
4,195). Demographic, clinical, and laboratory variables on admission were compared
between groups to determine factors associated with clinically significant bleeding during
hospitalization.

Results

On admission, female gender (p<0.001); temperature >38°C (p<0.001); nausea/vomiting (p
=0.009) and abdominal pain/tenderness (p = 0.005); lower systolic blood pressure
(p<0.001); higher pulse rate (p<0.001); increased absolute neutrophil count (ANC;
p<0.001); reduced absolute lymphocyte count (ALC; p<0.001), haematocrit percentage
(p<0.001) and platelet count (p = 0.04), and increased prothrombin time (p = 0.003) were
significantly associated with clinically significant bleeding on univariate analysis. Multivari-
ate analysis showed that independent variables in the final model were female gender
(aOR 2.85; 95% Cl: 1.9—-4.33); temperature >38°C (aOR 1.81; 95% ClI: 1.27-2.61), nausea/
vomiting (aOR 1.39; 95% Cl: 0.94-2.12), ANC (aOR 1.3; 95% Cl: 1.15—1.46), ALC (aOR
0.4; 95% CI: 0.25-0.64), hematocrit percentage (aOR 0.96; 95% CI: 0.92-1.002) and
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platelet count (aOR 0.993; 95% CI: 0.988-0.998). At the cutoff of -3.919, the model
achieved an AUC of 0.758 (sensitivity:0.87, specificity: 0.38, PPV: 0.06, NPV: 0.98).

Conclusion

Clinical risk factors associated with clinically significant bleeding were identified. This model
may be useful to complement clinical judgement in triaging adult dengue patients given the
dynamic nature of acute dengue, particularly in pre-identifying those less likely to develop
clinically significant bleeding.

Introduction

Acute dengue infection is the most rapidly spreading mosquito-borne viral disease in the
world.[1] Dengue is predominantly found in urban and semi-urban areas. The last 50 years has
seen a 30-fold increase in its incidence worldwide. Once a disease that affected mainly Asia,
Africa, Latin America and the Indian sub-continent, the virus has now spread to the Middle
East, Europe, Australia and the USA.[1-7] The World Health Organization (WHO) has
reported that over 40% of the global population is at risk of dengue.[8] A 2013 published bur-
den estimate study indicated that there are 390 million infections per year, more than three
times the WHQO’s estimate.[9]

Over 70% of the worldwide population at risk for dengue lives in Southeast Asian and West-
ern Pacific countries.[1] Previously, dengue in Southeast Asia affected predominantly children,
but adults are increasingly being hospitalized with dengue.[10,11]

Dengue has a wide spectrum of clinical presentation. Patients may experience mild symp-
toms such as abdominal pain, fever or rash in a self-limiting, non-severe clinical course. A
small proportion of patients progress to severe disease, which is defined as plasma leakage lead-
ing to shock (dengue shock syndrome; DSS) and/or fluid accumulation, with or without respi-
ratory distress; severe bleeding; and/or severe organ impairment.[1] Adverse outcomes also
include gastrointestinal bleeding, renal failure, hemoconcentration and abnormalities in hemo-
stasis. Vascular leakage and shock tend to occur more frequently and be more severe in chil-
dren, while bleeding manifestations and organ involvement are more common amongst adults.
[10,12]

Regions of high dengue transmission frequently have seasonal epidemics, which can quickly
overwhelm health services. Singapore has experienced several severe dengue outbreaks during
the last decade. In 2004, there were 9,459 notified cases, with 83% of these patients being hospi-
talized.[13] In 2005, 14,209 cases were recorded, which resulted in 25 deaths. Despite continu-
ing efforts to improve dengue surveillance and a world-class vector control program, Singapore
experienced another dengue epidemic in 2013, involving 22,170 cases and seven deaths.[14]

The ability to identify patients at high risk of progression to severe bleeding who are likely
to benefit from close observation and early intervention with supportive therapy is becoming
increasingly important.[15] However, most studies were carried out to identify risk factors for
progression focus on general dengue severity [10,12,16-21] or risk factors associated with
death.[22-25] Fewer studies were carried out to determine risk factors for any bleeding [26-
30]; these studies generally had relatively small patient populations, and the clinical and case
definitions varied widely. Even fewer studies were conducted to determine risk factors for
severe or clinically significant bleeding.[26,28]
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In a study of the clinical characteristics of 6,989 adult patients who were treated for dengue
between 2005 and 2008 at a Singapore tertiary hospital, 1,035 (14.8%) had severe dengue (SD)
according to WHO 2009 criteria [1]; of these, 40% had severe bleeding.[11] A few cohort studies
showed high prevalence of severe bleeding in dengue mortality. A local multi-center study
showed elevated risk of death in severe dengue patients.[24] A Taiwanese study showed that mas-
sive gastrointestinal bleeding accounted for 40% of dengue hemorrhagic fatalities [25] while a
Brazilian study showed 45% of those with gastrointestinal bleeding progressed to death.[31] The
aim of this study was to identify simple clinical and laboratory variables that are associated with
clinically significant bleeding (CSB) in adult patients who are admitted to hospital with dengue.

Methods
Ethics Statement

The study was approved by the National Healthcare Group Domain Specific Review Board
(DSRB/E/2008/00567) with a waiver of informed consent for the collection of anonymized
data.

Study Design and Population

This was a retrospective cohort study of all adult patients who were admitted to the Communi-
cable Disease Center at Tan Tock Seng Hospital in Singapore between 1 January 2005 and 31
December 2008 with acute dengue infection. Patients were hospitalized if they were suspected
of dengue hemorraghic fever (DHF) or fulfilled the admission criteria as published in another
study.[32] Patients were referred to intensive care unit if they had compensated shock (systolic
blood pressure > 90 mmHg but narrow pulse pressure < 20 mmHg) and those with hypoten-
sion (systolic blood pressure < 90 mmHg). A standardized dengue care path was used to man-
age patients. On admission, we collected demographic data and information on patients’ past
history of fever. Detailed data on clinical signs and/or symptoms, examination findings, micro-
biological and laboratory parameters were collected daily from hospital admission to discharge.
The care path also provided clear criterion for intravenous fluids and blood products. Treat-
ment decision on platelet transfusion was made by individual doctors. Patients without clinical
bleeding were often given preventive platelet transfusion if their platelet count was below
20,000. If a patient had clinical bleeding, even though it may not be persistent or severe, often
our doctors would administer platelet transfusion. Hospital electronic medical records were
used to extract laboratory, microbiological, radiological, treatment and outcome data. Data
extraction was performed by medically trained research assistants. More detailed description of
the cohort has been described previously.[11] Each patient was assigned a Charlson co-mor-
bidity score if they have any pre-existing illness.[33]

Clinical fluid accumulation was defined as presence of lung dullness or shifiting dullness or
pleural effusion or ascites. DHF and DSS were classified as per WHO 1997 definitions.[34]

Dengue patients who were eligible for this study were hospitalized adults aged 18 years or
older who either met WHO 1997 or 2009 probable dengue criteria together with positive acute
dengue serology (Dengue Duo IgM & IgG Rapid Strip, Panbio Diagnostic, Queensland, Austra-
lia),or had a positive RT-PCR result for dengue. Patients who had experienced any bleeding
prior to or on the day of admission were excluded from the study.

Clinically significant bleeding (CSB) was defined as any of the following events as evaluated
by the clinician: hematemesis, melena, fresh rectal bleeding, menorrhagia, hemoptysis, macro-
scopic hematuria, intracranial bleeding or a clinical drop in hemoglobin that required whole
blood or packed red cell transfusion. These were chosen as they represent clinically significant
events to a physician that require closer monitoring and/or further evaluation.
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Statistical Analyses

All variables except the outcomes were evaluated on the day of admission. Variables with less
than 10% missing data were imputed with their group medians, or otherwise excluded. Data
were randomly split into training (80%) and validation sets (20%). Univariate analysis was
performed using the Mann-Whitney test for continuous variables, and the Chi-squared and
Fisher’s tests for categorical variables. Variables that had a p-value <0.2 on univariate analy-
sis, or which were considered to be clinically relevant (e.g., age) were subsequently analyzed
with multivariate logistic regression to determine independently associated risk factors for
CSB in adults. Stepwise regression using Akaike Information Criteria and manual backward
elimination methods were carried out for model selection. Sensitivity was the primary mea-
sure of performance and was used to choose the final model. Age, gender, illness day on
admission and year of admission were added into the model due to potential confounding.
The Hosmer-Lemeshow goodness-of-fit test was conducted to ensure that the model fitted
the data appropriately. In order to achieve the best discriminatory performance, 0.9 was
being used as the minimum sensitivity for the cutoff. All tests were conducted at the 5% level
of significance

These analyses were carried out using R software version 3.0.2.[35]

Results

From 2005 to 2008, 4,383 adults hospitalized for dengue were dengue PCR-positive (n = 1494)
or met the WHO criteria for probable dengue with a positive dengue serology (n = 2889). Of
these, 188 patients (4.3%) experienced clinically significant bleeding after hospitalization. The
breakdown was as follows: menorrhagia (44.7% of patients), hemoptysis (17%), hematemesis
(11.2%), macroscopic hematuria (9%), fresh rectal bleeding (9%), melena (8.5%), and decrease
in hemoglobin requiring transfusion (5.6%). None of the patients had intracranial bleeding.
The proportion of dengue patients who had CSB during each year of the study period ranged
from 3.4% in 2005 to 7.4% in 2007. A comparison of demographic features, co-morbidities,
symptoms on admission and clinical outcomes among patients with and without CSB are
shown in Table 1. Notably, in the cohort, 941 (21.5%) patients had dengue hemorrhagic fever,
158 (3.6%) had dengue shock syndrome, 15 (0.3%) were admitted to intensive care, and 1 died
from dengue shock syndrome.

There were no statistically significant differences between the groups in terms of co-morbid-
ities. The most commonly reported symptoms on admission were nausea and vomiting, myal-
gia, anorexia and fever in both groups. Univariate analysis (p<0.05) showed that the following
demographic features, clinical symptoms and laboratory results were significantly different on
admission among patients who developed CSB compared with those who did not: female gen-
der (p<0.001), temperature >38°C (p<0.001); nausea/vomiting (p = 0.009); abdominal pain
or tenderness (p = 0.005), systolic blood pressure less than 90 mmHg (p<0.01), lower systolic
blood pressure (p<0.001), higher pulse rate (p<0.001), decreased absolute lymphocyte count
(ALC) (p<0.001), reduced hematocrit percentage (p<0.001), reduced platelet count (p = 0.04),
and, increased prothrombin time (PT; p = 0.003) (Table 1).

Multivariate analysis showed that the following factors were independently associated with
CSB in adults with dengue: female gender, temperature >38°C, increased ANC, decreased
ALC and platelet count (Table 2). According to this analysis, women were 2.85 times as likely
as men to develop CSB (95% CI: 1.9-4.33).

For each 0.5-unit increase in baseline ANC, the odds of CSB increased by 1.14 fold (aOR
1.14; 95% CI: 1.07-1.21), and for each 10-unit decrease in baseline platelet count, the odds of
CSB increased by 1.07 fold (aOR 1.07; 95% CI: 1.02-1.13).
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Table 1. Demographic and clinical characteristics and outcomes among adult dengue patients with and without CSB.

Variables CSB (n =188) No CSB (n = 4,195) P-value
Demographics
Age (years) 36 (20-60) 34 (18-60) 0.28"
Gender: Female 108 (57.4) 1,351 (32.2) <0.001%
Ethnicity
Chinese 121 (64.3) 2,906 (69.3) 0.19
Eurasian 0(0) 2(0.1) NA
Indian 18 (9.6) 478 (11.4) NA
Malay 16 (8.5) 294 (7) NA
Others 33 (17.6) 33 (12.2) NA
Year of admission®
2005 94 (3.4) 2,694 (96.6) <0.001%
2006 22 (6.7) 307 (93.3) NA
2007 52 (7.4) 649 (92.6) NA
2008 20 (3.5) 545 (96.5) NA
Co-morbidities
Diabetes mellitus 10 (5.3) 146 (3.4) 0.22
Hypertension 18 (9.5) 354 (8.4) 0.6
Liver disease 2 (1.06) 30 (0.7) 0.65
Renal disease 2 (1.06) 25 (0.6) 0.32
Charlson’s co-morbidity score >3 1(0.5) 12 (0.29) 0.43
Symptoms on admission
Temperature > 38°C 117 (62.2) 1,687 (40.2) <0.001%
lliness duration on first visit (days) 5(3-7) 5(3-7) 0.001%
Myalgia 131 (69.7) 2,853 (68) 0.63
Arthralgia 17 (9) 451 (10.8) 0.45
Headache 90 (47.8) 2,003 (47.7) 0.97
Back pain 18 (9.5) 360 (8.6) 0.6
Chest pain 5 (2.6) 83 (2) 0.42
Eye pain 2 (1.06) 97 (2.3) 0.44
Anorexia 113 (60.1) 2,489 (59.3) 0.83
Rash 63 (33.5) 1,688 (40.2) 0.06"
Nausea/vomiting 149 (79.3) 2,985 (70.5) 0.009"
Abdominal pain or tenderness 65 (34.5) 1,068 (25.4) 0.005%
Clinical fluid accumulation 2(1) 27 (0.3) 0.36
Narrow pulse pressure 3(1.5) 21 (0.5) 0.08"
Systolic blood pressure < 90 mm Hg 19 (10.1) 217 (5.1) <0.001%
Systolic blood pressure (mm Hg) 103 (82—129) 105 (89-130) <0.0017
Pulse rate (beats per minute) 94 (34-115) 89 (67-122) <0.001%
White cell count (x10%/mL) 2.6 (1.3-6.2) 2.7 (1.3-6.5) 0.21
Absolute neutrophil count (ANC; x10%/mL) 1.48 (0.49-4.34) 1.4 (0.54-3.62) 0.08"
Absolute lymphocyte count (ALC; x10%/mL) 0.5 (0.23-1.42) 0.66 (0.26—2) <0.001"
Hematocrit (%) 42.6 (34.4-51.0) 44.5 (36.8-51.2) <0.001"
Creatinine (umol/L) 76 (49-127) 78 (51-112) 0.06"
Aspartate transaminase (U/L) 113 (37-785) 113 (835-502) 0.18"
Alanine aminotransferase (U/L) 66 (20-591) 69 (20-350) 0.53
Platelets (x10%/mL) 57 (18-131) 63 (18-126) 0.047
Prothrombin time (seconds) 13.4 (12.1-16.9) 13.1 (11.9-15.1) 0.003
(Continued)
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Table 1. (Continued)

Variables

Partial thromboplastin time (seconds)
Clinical Outcomes

Dengue hemorrhagic fever

Dengue shock syndrome

Platelet transfusion

Blood transfusion

Hospital length of stay (days)
Intensive care unit admission

Death

CSB (n = 188) No CSB (n = 4,195) P-value
33.7 (43-66.9) 41.2 (31.6-56.3) 0.06
112 (59.5) 829 (19.7) <0.001
33 (17.5) 125 (3.0) <0.001
58 (9.6) 130 (3.4) <0.001
18 (9) 1(0.02) <0.001
5 (3-10) 4 (2-7) <0.001
8 (4.2) 7 (0.17) <0.001
3(1.6) 1 (0.02) <0.001

Categorical variables are shown as the number and percentage of patients. For continuous variables, the median, 5™ and 95™ percentile is shown.
°Percentages calculated over each year of admission

TIncluded in the multivariate analysis

doi:10.1371/journal.pone.0148579.t001

The stepwise model was deemed superior than the model using manual backward elimina-
tion with a higher sensitivity, specificity and model fit. The area under the curve (AUC) of the
stepwise model was 0.758, and the Hosmer-Lemeshow goodness-of-fit showed the model fitted
the data observed (p = 0.91).

Based on the final model, we created a probability equation with the patients’ relevant clini-
cal data on admission:

Log odds (CSB) = —0.04 — (1.05 X male gender) + (0.59 x temperature
> 38°C) + (0.3 x presence of nausea or vomiting) + (0.27 x ANC) + (0.9 x ALC)
— (0.04 x hematocrit percentage) — (0.007 * platelet count)

Patients with log odds greater than -3.919 were classified as having a high risk of developing
CSB. Using this cutoff of -3.919 from the training data set, the sensitivity for the validation data
set was 0.87 and the specificity was 0.38. The positive predictive value (PPV) was 0.06 but the
negative predictive value (NPV) was 0.98.

Menorrhagia typically occurs in women of reproductive age, so it was suspected that this
could explain the association of female gender with CSB. To test this hypothesis, patients with
menorrhagia were excluded from a separate analysis. No female patient had a history abnormal
menstrual bleeding. As expected, age and gender were excluded in the model without

Table 2. Multivariate analysis of clinical factors on admission that were predictive of CSB according
to the final model (N = 4383).

Variables Adjusted OR' (95% ClI)
Female* 2.85 (1.9-4.33)
Temperature > 38°C* 1.81 (1.27-2.61)
Nausea/vomiting 1.39 (0.94-2.12)
ANC per 1 unit (x10%/mL)* 1.3 (1.15-1.46)
ALC per 1 unit (x10%/mL)* 0.4 (0.25-0.64)
Hematocrit per 1 unit (%) 0.96 (0.92-1.002)
Platelet per 1 unit (x10%/mL)* 0.993 (0.988-0.998)

TAdjusted for age, iliness day at presentation and admission year
*Significant at 5% level

doi:10.1371/journal.pone.0148579.t002
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Table 3. Secondary multivariate analysis (excluding menorrhagia) of clinical variables predictive of
CSB in (n = 4299) adult dengue patients.

Predictors aORf (95% Cl)
Temperature > 38°C* 1.95 (1.2-3.2)
ANC per 1 unit (x10%/mL)* 1.18 (1.04-1.32)
ALC per 1 unit (x10%/mL)* 0.3 (0.15-0.57)
Platelet count per 1 unit (x10%/mL) 0.995 (0.988-1.001)
AST per 1 unit (U/L)* 1.001 (1.000-1.002)

TAdjusted for age, gender, illness day at presentation and admission year
*Significant at 5% level

doi:10.1371/journal.pone.0148579.t003

menorrhagia (Table 3), but the OR for temperature >38°C, baseline ANC, ALC and platelet
count remained significant through the model selection process, indicating that these variables
were important risk factors for CSB in adult dengue patients, with or without menorrhagia.
The model used for this secondary analysis showed an approximately similar discriminatory
performance to the model that included menorrhagia (AUC, 0.737; sensitivity, 0.92; specificity,
0.35), which supported the findings that temperature >38°C, baseline ANC, ALC and platelet
count were associated with CSB. Aspartate aminotransferase (AST) emerged as a significant
predictor after this secondary analysis, even though it was not associated with CSB in the final
multivariate analysis (Table 2); however, the adjusted OR for AST was low (1.001; 95%
CI:1.000-1.002).

Females are known to have lower hematocrit values than males. We performed another set
of sensitivity analysis stratified by gender. As shown in Table 4, we found that factors associated
with clinically significant bleeding were slightly different between male and females. Variables
included in the model with males only were temperature > 38°C, systolic blood pressure,
hematocrit, ANC, ALC, platelet count, abdominal pain, nausea/vomiting,. For females, variables
included were temperature > 38°C, white cell count, ALC, platelet count and abdominal pain.

Discussion

The annual proportion of adult dengue patients admitted to our hospital during the study
period who developed CSB ranged from 3.4% to 7.4%. Knowledge of risk factors of CSB in

Table 4. Multivariate analysis of clinical variables predictive of CSB in adult dengue patients (stratified by gender).

Male Female
Predictors aOR? (95% CI) aORt (95% Cl)
Temperature > 38°C 1.68 (1.2-2.4)* 2.2 (1.3-3.6)*
ALC per 1 unit (x10%/mL) 0.45 (0.27-0.70)* 0.36 (0.18-0.72)*
Platelet count per 1 unit (x10%/mL) 0.992 (0.987-0.997)* 0.993 (0.985-0.999)*
Abdominal pain 1.35 (0.93-1.94) 1.66 (1.04-2.64)*
Nausea/vomiting 1.6 (1.04-2.5)* - -
Systolic blood pressure 0.985 (0.972-0.999)* - -
ANC per 1 unit (x10%mL) 1.23 (1.06-1.4)* - -
Hematocrit per 1 unit (%) 0.916 (0.883-0.949)* = =
White cell count (x10%/mL) - - 1.2 (0.99-1.43)

TAdjusted for age, illness day at presentation and admission year;
*Significant at 5% level

doi:10.1371/journal.pone.0148579.1004
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adult dengue patients can assist with preparedness, improve patient management, and facilitate
the appropriate use of limited resources.

This large retrospective study in adult patients hospitalized with dengue over a 4-year
period showed that female gender, temperature >38°C, nausea/vomiting, increased ANC, and
lowered ALC, hematocrit percentage and platelet counts were associated with CSB by multivar-
iate analysis. Although nausea/vomiting and hematocrit percentage were not statistically signif-
icant with odds ratios crossing 1, they were still clinically important. Of the 188 adult dengue
patients who had CSB, 44.5% had menorrhagia, which may explain the increased effects of
female gender on multivariate analysis. Once patients with menorrhagia were excluded from
the analysis, temperature >38°C, increased ANC and reduced ALC and platelet count
remained as significant variables of CSB. AST appeared statistically significant in the secondary
multivariate analysis which excluded menorrhagia, but the OR was very small. The fact that it
was not revealed by the final multivariate analysis suggested a weak association in our patient
population, particularly as the OR was small and the patient numbers were reduced. Another
possible explanation is that AST was a risk factor of CSB in adult dengue patients without
menorrhagia.

We also found that clinically significant bleeding in males and females was associated with
different risk factors. There were, however, some variables that remained significant in both
males and females, namely abdominal pain, platelet count, ALC and temperature>38°C. The
latter three variables were significant in all four multivariable models.

Our findings are in agreement with those from several other studies. In a study of early pre-
dictors of clinically significant bleeding amongst 277 patients with dengue aged >15 years,
multivariate analysis showed female gender (OR, 14.52; 95% CI: 0.16-0.56, p<0.001), absolute
lymphocyte count >550/ul (OR 5.78; 95% CI: 1.17-4.99, p = 0.02) and severe thrombocytope-
nia (OR 4.72; 95% CI: 0.13-0.9, p = 0.03) to be independently related to clinically significant
bleeding.[26] A case-control study of 59 dengue patients aged >17 years with or without bleed-
ing showed that thrombocytopenia (OR 200; 95%CI: 22-1000; p = 0.0003), monocytosis (OR
13.5;95% CI: 3,0-48,6; P < 0.0001) and elevated D-dimer (OR 14.9; 95% CI: 2.4-90;

p = 0.0032) were the parameters most strongly associated with bleeding complications; ROC
analysis showed that platelets < 67,000/mm? (P < 0.0001, 94% sensitivity and 93% specificity)
and monocytes > 715/mm” (P < 0.0001, 84% sensitivity and 82% specificity) predicted dengue
patients with bleeding.[29] In a large prospective cohort study of 643 patients aged 5 years or
older who had acute febrile syndrome including dengue, the factors predictive of spontaneous
non-cutaneous bleeding were age between 12 and 45 years (RR 2.22, 95% CI: 1.25-3.94), rash
(RR 1.665 95% CI: 1.25-2.2), vomiting (RR 1.46; 95% CI: 1.16-1.83), temperature >38°C (RR
2.63; 95% CI: 1.6-4.33), leukocyte count <4,500/pL (RR 1.87;95% CI: 1.19-2.96), and platelet
count <90,000/uL (RR 1.8; 95% CI: 1.1-2.94).[27] In a study of 132 children with or without
spontaneous skin or mucosal bleeds, predictive factors for spontaneous bleeding derived from
logistic regression analysis were platelet counts <50x10°/L, ALT more than 3 times the normal
value, a biphasic pattern of fever, and abdominal pain.[30]

Factors other than those identified in our study, namely abdominal pain, hepatomegaly,
pleural effusion and elevated liver enzymes [7,36], were associated with bleeding in other stud-
ies[7,28,36-38], but were not conclusively significant in ours. However, there were inconsisten-
cies in the literature as to whether elevated liver transaminases were associated with dengue
severity and with bleeding. A previous study in dengue patients at our center between 2006 and
2008 showed that, although aminotransferase levels did increase in conjunction with dengue
severity, AST or ALT values did not discriminate between DF and DHF or non-severe and
severe dengue.[39] AST and ALT levels were elevated in patients with DHF compared with
those with DF in another South American study of patients aged >5 years, but they were not
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independent predictors of severity.[40] A prospective cohort study of 203 DF patients in South
America showed that AST levels were higher in patients with DHF than those without, but that
AST was not an independent predictor of disease severity in patients with DF.[40] However, a
meta-analysis has shown a strong association between elevated AST and ALT and dengue
shock syndrome (DSS).[18] Elevated AST/ALT levels were associated with clinically significant
bleeding after univariate analysis in the Thai study mentioned above, but not after multivariate
analysis.[26] A prospective study on Vietnamese adults identified vomiting >3 times a day,
lymphopenia, thrombocytopenia and elevated liver enzymes to be associated with plasma leak-
age, while elevated alanine aminotransferase with internal bleeding.[16] A retrospective study
of Singaporean adults showed that clinical bleeding, lymphopenia, elevated serum urea and
low serum protein to be associated with dengue hemorrhagic fever.[13]

Although our model managed to predict 86% of actual cases correctly, our cutoff also mis-
classified many non-CSB patients. The PPV reduces as the prevalence falls. The prevalence of
CSB in our cohort was approximately 4%, which made achieving a high PPV difficult since the
chance of developing CSB was low to begin with.[41] The high NPV of 0.98 however may be
useful for ruling out patients without CSB on admission. For example, a female patient admit-
ted without nausea, fever and average ANC, ALC, hematocrit and platelet based on our cohort
in Table 1 has a 9% chance of developing CSB.

Our retrospective study has some limitations. Firstly, it involved patients admitted at a sin-
gle center. However, it included a range of ethnic groups that are fairly representative of the
population of Southeast Asia. Secondly, we used laboratory values taken only on the day of
admission, and dengue is a dynamic disease that can change from hour to hour. Dengue
patients also tended to be admitted to our center at a later stage of disease [median day 5
(range, days 3-7) of illness in both groups] because it is a tertiary hospital, hence our findings
may not be applicable in the earlier phase of dengue. However, given that most abnormal labo-
ratory values observed over the course of dengue illness are seen during days 3-6 or even days
7-10 after the onset of illness [7,36,38,42], it is likely that, even though we only obtained mea-
surement of these variables on the day of admission, the day of illness on which they were
assessed would generally have been close to, the peak or nadir of abnormality. Thirdly, external
validity may be limited as our adult cohort cannot be generalized to children. Further valida-
tion from other adult populations is needed as we could only split our data into one validation
set. Lastly, the definition of menorrhagia in this paper was patient reported and classified by
the doctor if patient had excessive amount of clots and number of pads than usual. It is difficult
to measure the volume of menstrual bleeding clinically. There may be possible response bias
but we felt that this was pragmatic for our circumstance. In addition, performing sensitivity
analysis without menorrhagia reduced the number of cases substantially.

The strengths of our study are that it involved a large patient population that was admitted
to our center over a relatively long period of time, during which the number of annual cases
varied widely following multiple outbreaks, and the predominant serotype changed from den-
gue DENV1 to DENV2 in 2007.[43]

In summary, we have identified several relevant clinical and laboratory markers that are
associated with CSB in adult patients admitted to hospital for dengue which are particularly
useful for ruling out patients with CSB. Healthcare personnel can view patients as safe from
CSB when one or more of the following risk factors are absent: female gender, temperature
>38°C, nausea/vomiting, increased neutrophil count, and decreased lymphocyte count, hemat-
ocrit and platelet counts. These findings, complemented with clinical judgement in reviewing
new daily clinical and laboratory data given the dynamic nature of dengue disease progression,
may provide an indication of patients that are safe not to admit to the hospital.
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