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ABSTRACT

Objective: To identify the febrile characteristics and clinical
presentations associated with fatality in hospitalized adult patients
with dengue virus (DENV) infections.

Methods: A total of 289 adult hospitalized patients with laboratory-
confirmed DENYV infections were examined, of which 22 were fatal
and 267 were non-fatal. A comparison of the clinical and laboratory
characteristics was retrospectively conducted of the deceased and
surviving individuals. Multivariate logistic regression and receiver
operating characteristic curve analysis were performed to identify
predictors of fatality.

Results: Fatal patients exhibited significantly more comorbidities,
particularly renal and cardiac comorbidities, and they were, in
general, older than control individuals (P<0.000 1). The results of
logistic regression analysis showed that febrile duration of less than
four days before arriving in the Emergency Department (OR=5.34;
95% CI: 1.39-20.6), episode of hypotension in the Emergency
Department (OR=6.95; 95% CI: 2.40-20.1), and comorbidity with
congestive heart failure (OR=11.26; 95% CI: 2.31-54.79) were
all significantly associated with inpatient fatality due to DENV
infection. The ROC curve analysis indicated that the final prognostic
model yielded an area under the curve of 0.87 (95% CI: 0.79-0.97)
for fatality.

Conclusions: The aforementioned clinical findings may help
clinicians predict fatality among adult inpatients with DENV

infection.

KEYWORDS: Dengue; Hospitalized patient; Adult; Fatality;

Febrile duration; Hypotension

1. Introduction

The substantial increase in global dengue fever (DF) cases in
recent decades has made it the most rapidly spreading arthropod-
borne viral disease worldwide[1]. The World Health Organization
(WHO) estimated that approximately 50 million dengue virus
(DENV) infections occur annually, with 2.5 billion people living
in dengue-endemic countries. Most DF cases have been reported
from tropical and sub-tropical countries across Asia, Africa, and
Americall]. In Tainan City, southern Taiwan, DENV infection
was once sporadic, and in the decade preceding 2015, only a few
hundred cases were reported annually, and most of these were
imported from southeastern Asian countries. In 2015, however,
Taiwan experienced the worst DENV outbreak in recent 10 years,
with a high DF death rate (5.15%) and 43 784 notified cases, of
which 22 777 (5§2%) occurred in Tainan[2]. This outbreak, caused by
DENV?2, was the most severe epidemic in Tainan’s history.

Clinically, DENV infection ranges from asymptomatic, mild DF
to dengue shock syndrome (DSS), a potentially fatal complication
with a fatality rate ranging from <1% to 10%]3-5]. According to
the latest WHO classification, DENV infections are classified into
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severe dengue and non-severe dengue, with the former potentially
associated with lethal complications caused by plasma leakage,
fluid accumulation, severe bleeding, respiratory distress, or organ
impairment.

The clinical phases of DENV infection can be broadly classified
into three stages: febrility, defervescence, and recovery. The majority
of patients with DENV infection normally recover after 2-5 days
of acute febrile illness. However, in a small proportion of patients,
the acute febrile stage may be followed by thrombocytopenia,
plasma leakage, and major hemorrhage, indicating severe dengue
during defervescence. Defervescence is thus considered as a critical
phase. Therefore, the stage of the disease during which a patient
is diagnosed is critical in determining the accuracy with which
physicians can predict the possibility of progression to severe dengue
and death.

With careful treatment, the fatality rate of DSS can be reduced to
<0.2%I6]. Therefore, early identification of risk factors associated
with disease progression from mild to severe dengue and death
is essential in determining subsequent management. Previous
studies have reported various risk factors associated with fatality
in patients with DENV infection[7-11]. Significant risk factors
associated with fatality reported were profound thrombocytopenia
and leucocytosis|7], tachycardia on admission[12], hematemesis and
melena[13], and absence of myalgia and leukocytosis[8]. A Brazilian
study reported that patients exhibiting gastrointestinal bleeding,
ascites, pericardial pleural effusion, hepatomegaly, hypotension,
and shock, were at a higher risk of progression to death(14]. Another
study in India showed that APACHE II scores alone could predict
fatality among dengue patients admitted to the intensive care unit[15].
However, few studies have investigated the association between
risk factors for fatality and febrile duration before arrival at the
Emergency Department.

In this study, we retrospectively compared the clinical and
laboratory characteristics of hospitalized adults with DENV infection
to determine possible association with fatality and identify clinical

and laboratory predictors for fatality.

2. Materials and methods

2.1. Data collection

We reviewed the medical records of hospitalized adult patients
(aged >20 years) with laboratory-confirmed DENYV infection
between July 1, 2015 and December 31, 2015 at National Cheng
Kung University Hospital in southern Taiwan, along with the
data extracted from the hospital database. DENV infections were
considered confirmed when at least one of the following criteria
was met: (1) DENV-specific nonstructural glycoprotein-1 (NS1)
antigen (SD BIOLINE Dengue Duo Dengue NS1 Ag+Ab Combo,

Standard Diagnostics Inc., Republic of Korea) was detected in acute-
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phase serum; (2) DENV-specific reverse transcription-polymerase
chain reaction (RT-PCR) (LightMix Kit Dengue Virus EC, TIB
MOLBIOL GmbH, Berlin, Germany) was positive; or (3) enzyme-
linked immunosorbent assay was positive for a specific DENV
immunoglobulin M antibody (SD BIOLINE Dengue Duo Dengue
NS1 Ag+Ab Combo, Standard Diagnostics Inc., Republic of Korea)

in acute-phase[16.17].

2.2. Ethical approval

This study was approved by the ethics committee/institutional
review board of the National Cheng Kung University Hospital (IRB
number: A-ER-104-243).

2.3. Disease severity classification

Disease severity was defined according to the 2009 WHO
guidelines, and was categorized into severe dengue, dengue with
warning signs and dengue without warning signs. Warning signs
included severe abdominal pain, persistent vomiting, rapid breathing,
bleeding gums, fatigue, restlessness and blood in vomit. Severe
dengue cases were defined as patients with shock (systolic blood
pressure <90 mmHg), fluid accumulation with respiratory distress,
severe plasma leakage (hematocrit elevation >20%), severe bleeding,
or organ impairment[18].

A manual search was conducted and data were mainly retrieved
from the hospital’s electronic medical records. The data collected
included demographic characteristics, laboratory test results,
radiography/ultrasound examination results, the presence or absence
of signs and symptoms, and reported morbidity at the time of
Emergency Department admission. The time from the onset of fever
to arrival in the Emergency Department (febrile duration before
arriving in the Emergency Department) of each patient was also
recorded. Fever was defined as a tympanic temperature >38.3 C.
From chest radiography and ultrasonography scans, clinical fluid
accumulation was defined as detection of pleural effusion or ascites.
Leukocytosis was defined as a peripheral white blood cell (WBC)
count of >10 000 cells/uL[19]. Acute kidney injury (AKI) was defined
as an absolute increase in serum creatinine of =0.3 mg/dL or a
=50% increase in serum creatinine within 48 hours[20]. Episodes of
hypotension in the Emergency Department was defined as SBP <90

mmHg in the Emergency Department.

2.4. Data analysts

To identify early predictors of fatality due to DENV infection,
clinical records from the time of arrival in the Emergency
Department were analyzed. The demographic, clinical, and
laboratory characteristics of hospitalized adult patients with or
without fatality due to DENV infection were compared. Chi-square

or Fisher’s exact tests and Wilcoxon rank sum tests were used to
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determine statistical significance for categorical and continuous
variables, respectively. Differences with P<0.05 were considered
significant. Multivariable logistic regression was performed using
significant variables (P<0.05) from the univariate logistic regression
to identify independent predictors of fatality. Firth’s penalized-
likelihood logistic regression was used to alleviate the small
numbers of case diagnoses[21]. The interaction between hypotension
and febrile duration before arriving in the Emergency Department
was also determined, where febrile duration before arriving in
the Emergency Department was treated as a binary variable
(fever duration <4 days or =4 days). All statistical analyses were
performed using the SAS 9.4 statistical software package (SAS
Institute, Cary, NC).

3. Results

A total of 519 hospitalized patients with laboratory-confirmed
DENYV infection were identified during the six-month study period.
Of these, 230 patients with no fever or unknown febrile duration.
Thus, the analysis was conducted on 289 (55.60%) hospitalized
patients with laboratory-confirmed DENV infection, of which 22
were fatal and 267 were non-fatal. We compared demographic,
clinical and laboratory variables between 289 included patients and

230 excluded patients. The results showed that most variables were

not significantly different (Supplementary Table 1).

The mean age of the 22 fatal cases was (77.4+8.04) years (range,
57-91 years; Table 1), and 45.45% of these patients were male. Upon
arriving in the Emergency Department, 9 (40.91%) of these fatality
patients were identified as having a DENV infection with mucosal
bleeding, and severe dengue was identified in the other 13 (59.09%).
The most common comorbidities were hypertension (72.73%),
diabetes (40.91%), and chronic kidney disease (40.91%). Fourteen
(63.64%) patients were diagnosed with acute kidney injury (AKI)
according to the Kidney Disease: Improving Global Outcomes
criterial22], and 12 (54.55%) required ventilator support during the
Emergency Department admission.

Compared with non-fatal patients, fatal patients exhibited a shorter
febrile duration before arriving in the Emergency Department. No
significant difference was observed in the sex distribution between
non-fatal and fatal patients. Fatal patients had a higher rate of
AKI, as well as a higher initial WBC count than non-fatal patients.
Thrombocytopenia (Platelet count<100 000 cells/uL) and elevated
serum transaminase levels (>40 unit per liter of serum) were
common laboratory findings in both groups (Table 1).

In the univariate logistic model, older age, febrile duration before
arriving in the Emergency Department (<4 days), presence of AKI
upon arriving in the Emergency Department, presence of episodes of
hypotension in the Emergency Department, WBC >10 000 cells/uL,

and comorbidities of congestive heart failure and chronic kidney

Table 1. Demographic, clinical and laboratory variables of dengue patients with fatality and without fatality.

Variables Without fatality (n=267) With fatality (n=22) P value
Age (years)" 72 (57-78) 76 (73-85) <0.001
Male 142 (53.18) 10 (45.45) 0.634
Febrile duration before arriving in the ED* 3(2-5) 2 (1-3) 0.001
Acute kidney injury 83 (31.09) 14 (63.64) 0.004
Hepatitis 168 (62.92) 16 (72.73) 0.491
Episode of hypotension in the ED 46 (17.23) 13 (59.09) <0.001
Severe dengue in the ED 20 (7.49) 13 (59.09) <0.001
Mechanical ventilation 2 (0.75) 12 (54.55) <0.001
Warning signs
Mucosal bleeding 100 (37.45) 9 (40.91) 0.926
Clinical fluid accumulation 61 (22.85) 5(22.73) 1.000
Laboratory features
WBC (cells/uL)* 4200 (2 900-6 000) 7 750 (5 400-9 000) 0.011
WBC>10 000 cells/uL 15 (5.62) 4 (18.18) 0.046
Platelet (cells/uL)"* 53 000 (18000-119 000) 35500 (11 000-81 000) 0.050
Platelet<100 000 cells/uL 178 (66.67) 16 (81.82) 0.220
ALT (U/L)* 50 (18-94) 77 (130-44) 0.183
ALT>100 U/L 50 (22.96) 878.5 (53.134) 0.301
Comorbid condition
Hypertension 140 (52.43) 16 (72.73) 0.107
Diabetes 71 (26.59) 9 (40.91) 0.232
Dementia 5(1.87) 0 (0.00) 1.000
Ischemic heart disease 38 (14.23) 4 (18.18) 0.540
Cerebral vascular disease 21(7.87) 4 (18.18) 0.109
Congestive heart failure 6(2.25) 4 (18.18) 0.004
Chronic kidney disease 34 (12.73) 9 (40.91) 0.002
Malignancy 36 (13.48) 4 (18.18) 0.522

*Data are expressed as median range. Categorical variables are shown as the number and percentage of patients. Continuous variables are shown as the

median and interquartile range. ED: Emergency Department; WBC: white cell count; ALT: alanine aminotransferase.
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Table 2. Analysis of demographic, clinical and laboratory variables associated with fatality in dengue patients by logistic regression.

Univariate regression

Multivariate regression

Variables OR (95% CI) P value OR (95% CI) P value
Age (years) 2.57 (1.52-4.38) <0.001 1.89 (1.05-3.44) 0.035
Male (vs. women) 0.73 (0.31-1.76) 0.487 -

Febrile duration before arriving in the ED (<4 days vs. =4 days) 7.01 (1.61-30.58) 0.009 5.34 (1.39-20.6) 0.015
Acute kidney injury (yes vs. no) 3.88 (1.57-9.60) 0.003 1.23(0.41-3.72) 0.711
Hepatitis (yes vs. no) 1.57 (0.60-4.15) 0.361 -

Episode of hypotension in the ED (yes vs. no) 6.94 (2.80-17.19) <0.001 6.95 (2.40-20.1) <0.00
Mucosal bleeding (yes vs. no) 1.16 (0.48-2.80) 0.748 -

Clinical fluid accumulation (yes vs. no) 0.99 (0.35-2.80) 0.990 -

WBC (>10 000 cells/uL »s.< 10 000 cells/uL) 3.73 (1.12-12.42) 0.032 2.84 (0.71-11.36) 0.140
Platelet (<100 000 cells/uL vs.=100 000 cells/uL) 2.25(0.74-6.85) 0.153 -

ALT (>100 U/L »5s.<100 U/L) 1.81(0.73-4.52) 0.201 -

Hypertension (yes vs. no) 2.41(0.92-6.37) 0.074 -

Diabetes (yes vs. no) 1.91 (0.78-4.66) 0.155 -

Ischemic heart disease (yes vs. no) 1.34 (0.43-4.17) 0.614 -

Cerebral vascular disease (yes vs. no) 2.60 (0.81-8.40) 0.109 -

Congestive heart failure (yes vs. no) 9.67 (2.50-37.38) 0.001 11.26 (2.31-54.79) 0.003
Chronic kidney disease (yes vs. no) 4.74 (1.89-11.94) 0.001 2.05 (0.64-6.55) 0.227
Malignancy (yes vs. no) 1.43 (0.46-4.45) 0.541 -

Age as ordinal variables: 0-65, 65-75, 75-85, =85; OR: odds ratio; CI: confidence interval; ED: Emergency Department; WBC: white cell count; ALT:
alanine aminotransferase.

Table 3. Odds ratios of the development of fatality in dengue patients by the presence of hypotension episode and febrile duration before arriving in the ED

<4 days.

Patients without hypotension Patients without hypotension Patients with hypotension Patients with hypotension
Mortality episode and more fever days episode and less fever days episode and more fever days episode and less fever days

(n=86) (n=144) (n=26) (n=33)

Yes [n (%)] 1(1.16) 8 (5.56) 1(3.85) 12 (36.36)
No [n (%)] 85 (98.84) 136 (94.44) 25 (96.15) 21 (63.64)
Crude OR (95% CI) 1 3.55 (0.61-20.76) 3.35 (0.33-34.63) 33.14 (5.64-194.8)°
Adjusted OR" (95% CI) 1 3.62 (0.60-21.91) 4.55 (0.42-48.94) 26.66 (4.11-172.8)"

“adjustment for age and congestive heart failure. OR: odds ratio; CI: confidence interval; ED: Emergency Department. "P=0.000 1; *P=0.000 6.

// Figure 1. Receiver-operating characteristic
1.00
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disease were significantly associated with in-hospital fatality. In
the multivariate analysis, older age [OR=1.89; 95% CI: 1.05-3.44],
febrile duration before arriving in the Emergency Department of
<4 days (OR=5.34; 95% CI: 1.39-20.6), episodes of hypotension
during Emergency Department admission (OR=6.95; 95% CI: 2.40-
20.10), comorbidity with congestive heart failure (OR=11.26; 95%
CI: 2.31-54.79) were independent predictive factors for in-hospital
fatality after adjusting for age, febrile duration before arriving in
the Emergency Department, AKI upon arriving in the Emergency
Department, episodes of hypotension in the Emergency Department,
WBC >1 000, and comorbidity with congestive heart failure and
chronic kidney disease (Table 2). Patients with a febrile duration
before arriving in the Emergency Department of <4 days had a
significantly higher risk of fatality if they also had an episode of
hypotension in the Emergency Department (adjusted OR=26.66;
95% CI: 4.11-172.80; Table 3) .

The area under the ROC curve (AUC) for age was 0.71 (95% ClI:
0.61-0.82) and for febrile duration before arriving in the Emergency
Department of <4 days was 0.66 (95% CI: 0.59-0.70) (Figure 1). For
episodes of hypotension in the Emergency Department, the AUC
was 0.71 (95% CI: 0.60-0.82), and for comorbidity with congestive
heart failure it was 0.58 (95% CI: 0.50-0.66). The mean AUC was
0.87 (95% CI: 0.79-0.97).

4. Discussion

To the best of our knowledge, this is the first study to investigate
the association between febrile duration before arriving in the
Emergency Department and fatality in patients with DENV infection.
Moreover, this is one of the few studies that has both reported the
association between fatality due to DENV infection and clinical
variables at Emergency Department admission, and identified febrile
duration before arriving in the Emergency Department, episodes of
hypotension in the Emergency Department, and comorbidity with
congestive heart failure as independent predictive factors for in-
hospital fatality.

Early identification of a high risk of fatality due to DENV infection
based on initial signs and symptoms is a major clinical challenge
that requires laboratory support and detailed clinical monitoring of
vital signs. A recent study in Taiwan showed that organ failure and
activated partial thromboplastin time prolongation may be prognostic
factors for identifying critically ill adults with DENV infection[23].
In our study, the acute kidney injury was found to be 33.56% in the
overall patient and 63.64% patient with fatality. Multifactorial causes
may lead to acute kidney injury in patient with DENV infection[24,
25]. Shock with kidney hypoperfusion due to plasma leakage in
severe dengue may provoke AKI in patient with DENV infection,
especially in elderly host[24]. Besides, hepatic failure is also one
of organ failure in patients with DENV infection. However, in our

current study, ALT was not useful in predicting fatal outcomes. This
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reflects the inability of liver enzyme to discriminate severe dengue
cases reported in several study from Singapore and Taiwan(8,26].

A previous study showed shock to be the most common cause
of death, followed by organ impairment, including AKI, severe
hepatitis, and impaired consciousness[27]. A case control study from
Brazil found that patients with hypotension and shock are at a greater
risk of progression to death[14]. A Puerto Rican study suggested
that the presentation with shock should alert clinicians of the risk of
severe dengue[28]. In the present study, an episode of hypotension
in the Emergency Department was also a significant risk factor for
fatality due to DENV infection.

A few scoring systems have been developed to identify adult
patients with worse predicted outcomes, such as DSS and severe
dengue. The simple clinical risk score for the early prediction of
severe dengue in adult patients described by Lee et al. suggests that
an age of =65 years, the presence of minor gastrointestinal bleeding,
a platelet count of =100X 10’ cells/L, and leukocytosis (WBC
>10X 10’ cells/L) are independent risk factors that can distinguish
severe dengue from non- severe dengue for models of dengue illness
with a duration 4 days[19]. These studies defined severe dengue
according to the 2009 WHO criteria. However, not all severe dengue
cases progressed to death, and not all non- severe dengue cases
survived. Indeed, in the present study, 40% of severe dengue cases
survived and 7.5% of non- severe dengue cases eventually died.
Therefore, the establishment of a simple yet precise scoring system
for DENV infection is crucial.

Clinically, patients with DENV infection are often hospitalized
for close monitoring due to a lack of simple and reliable clinical
tools for predicting the risk of fatality. This large cohort of adult
patients hospitalized for DENV infection included 22 fatal cases.
Clinical data upon Emergency Department admission were
analyzed, and because DENV infection is a dynamic disease that
can result in various clinical manifestations, the febrile duration
before arriving in the Emergency Department was also taken into
consideration. We identified four significant independent predictors
of fatality: old age, febrile duration before arriving in the Emergency
Department, episode of hypotension in the Emergency Department,
and comorbidity with congestive heart failure. By rounding the
regression coefficients into integers, we developed a simple
mortality-risk model for hospitalized patients with DENV infection,
which was highly predictive for the risk of fatality (AUC=0.870).

There have been many previous reports from Singapore regarding
adult DENV fatalities[12.27,29.30]. Our study included many fatal
cases, who had a median age of 76 years. The median age of the fatal
cases in our study was higher than reported previously, indicating a
possible shift of severe disease toward the elderly population. Aging
is also generally associated with atypical symptoms and higher rates
of illness and fatality due to increased susceptibility to infections,
which may be related to many factors, such as environmental
conditions, presence of comorbidities, and physiological or

immunological changes.
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During the course of DENV infection, some patient’s acute febrile
stage may be followed by a plasma leakage, thrombocytopenia, or
major hemorrhage, indicating the severe form of dengue hemorrhagic
fever or DSS. Therefore, febrile duration before arriving in the
Emergency Department should be considered as an important factor
for predicting the outcomes of DENV infection. In addition, fever
is an easily recognizable indicator of illness onset, so the reliability
of this variable should be relatively high. Previously, Thein et al.
reported leukocytosis and the absence of myalgia upon admission
as independent predictors of fatality[8]. Furthermore, a cross-
sectional study in Pakistan found that an SGPT >300 mg/dL,
bleeding, an altered mental status and shock at presentation were all
significantly associated with mortality in patients with dengue virus
infection[9]. In 2017, a study in Taiwan showed elderly, hypotension,
hemoptysis and DM were independent mortality predictors and
developed dengue fever mortality score[31]. However, these studies
did not consider febrile duration before arriving in the Emergency
Department. A study in Taiwan in 2018 developed risk scoring
models and emphasizing factors associated with death <7 days
after illness onset. Another study in North India in 2017 found
presentation to the hospital (=5 days after disease onset) was an
independent predictor of dengue severity[32]. However, the illness
onset and disease onset were not clearly defined in this study. We
think that defining illness onset as fever onset is easier{33].

A study from Brazil reported gastrointestinal bleeding was
associated with higher risk of death[14]. Another study from Mexico
reported risk factors associated with fatality were hematemesis and
melena[13]. However, a matched case-control study in Singapore
reported fatal cases had similar hemorrhagic manifestations as
controls[8]. In our study, hemorrhagic manifestations were also not
useful in predicting fatal outcomes. This is consistent with another
study in Taiwan in 2008[34].

Our study has two principal strengths. First, it presents the first
prediction model for mortality from DENV infection that considers
febrile duration before arriving in the Emergency Department.
Second, all DENV infections were confirmed by RT-PCR or
NS1 detection. In contrast, most previous reports on fatal DENV
infections rely on serology only. There are also a few limitations
to our study. First, it was conducted at a single medical center, so
the patients included may reflect a bias toward more serious cases.
Second, the lack of a standardized protocol for the management
of DENV infection may have affected the clinical outcomes of the
patients included in this retrospective analysis. Third, information
regarding primary versus secondary DENV infections were not
complete. In our study, IgG data of 46 subjects were not examined.
After analyzing 243 subjects remained, we found that secondary
infection of the patients did not affect the mortality of recent
dengue virus infection (P=0.76). This result was not consistent with
the previous finding, which reported secondary dengue infection
and virulence of the circulating dengue strain were risk factors

for development of dengue shock syndrome[35]. It may be due to
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incomplete data and this may have a bearing on illness severity.

In summary, our data reveal differences in febrile characteristics,
clinical manifestations, and comorbidities between fatal and non-
fatal adult patients due to DENV infection. Our simple mortality-
prediction model can assist clinicians to identify DENV infection
patients with a higher risk of fatality. Further validation of the model

is needed before it is used in routine practice.
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