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Purpose: This study aims to describe the profile of severe dengue patients admitted to Brazilian intensive
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care units (ICUs) (2012-2024), assess trends over time, describe new onset complications while in ICU,
and determine the risk factors at admission to develop complications during ICU stay.

Keywords: Methods: We performed a prospective study of dengue patients from 253 ICUs across 56 hospitals. We
Dengl{e used descriptive statistics to describe the dengue ICU population, logistic regression to identify risk fac-
Intensive care tors for complications during the ICU stay, and a machine learning framework to predict the risk of evolv-

Risk factors
Clinical management
Prediction

ing to complications. Visualizations were generated using ISARIC VERTEX.
Results: Of 11,047 admissions, 1117 admissions (10.1%) evolved to complications, including non-invasive
(437 admissions) and invasive ventilation (166), vasopressor (364), blood transfusion (353), and renal re-
placement therapy (103). Age >80 (odds ratio [OR]: 3.10, 95% confidence interval: 2.02-4.92), chronic kid-
ney disease (OR: 2.94, 2.22-3.89), liver cirrhosis (OR: 3.65, 1.82-7.04), low platelets (<50,000 cells/mm?;
OR: 2.25, 1.89-2.68), and high leukocytes (>7000 cells/mm?; OR: 2.47, 2.02-3.03) were significant risk
factors for complications. A machine learning tool for predicting complications was proposed, showing
accurate discrimination and calibration.
Conclusion: We described a large cohort of dengue patients admitted to ICUs and identified key risk
factors for severe dengue complications, such as advanced age, presence of comorbidities, higher level of
leukocytes, and lower level of platelets. The proposed prediction tool can be used for early identification
and targeted interventions to improve outcomes in dengue-endemic regions.
© 2025 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction different serotypes and multiple genotypes [1]. Dengue outbreaks
are frequent public health events affecting populations and health

Dengue is a mosquito-borne viral infection caused by the systems from numerous countries, particularly in tropical and sub-
dengue virus, transmitted primarily by Aedes aegypti, having four tropical regions [2]. Currently, the disease is endemic in more than
100 countries. The World Health Organization (WHO) reported
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lion cases and 6239 deaths in 2024, marking the highest dengue
outbreak globally [3].

Regarding severe dengue cases, the WHO reported 52,311 se-
vere cases worldwide in 2024, with Brazil accounting for 8268
of these cases [3]. Despite the expanding outbreak, comprehen-
sive studies on the clinical characteristics of severe dengue pa-
tients remain scarce. Existing literature has primarily focused on
sociodemographic factors and general symptoms rather than de-
tailed clinical profiles [4]. Few studies analyzed clinical risk fac-
tors of severe dengue; however, they used small cohort sizes
(<200 patients) to develop the analysis [5,6]. To address this gap,
this study aims to analyze the characteristics of severe dengue
patients admitted to intensive care units (ICUs) over a 13-year
period (2012-2024) within one of Brazil's largest hospital net-
works. Additionally, it seeks to identify clinical risk factors as-
sociated with complications during ICU stays. Severe dengue can
lead to critical conditions such as severe plasma leakage, hem-
orrhage, or organ failure, which may escalate rapidly during the
critical phase of illness, requiring urgent intervention to prevent
mortality [1].

The key research questions addressed in this study are: (1)
What are the demographic and clinical profiles of ICU dengue pa-
tients; (2) How has this profile changed from 2012 to 2024; (3)
How many patients develop complications during ICU stays; and
(4) What are the risk factors at ICU admission for developing com-
plications during ICU stay.

Materials and methods
Study design

This is a prospectively study considering all ICU admissions
from January 2012 to June 2024. The study was conducted
across 253 general medical-surgical ICUs within 56 hospitals
from 14 Brazilian states, all part of an integrated hospital net-
work (Rede D’Or-Sao Luiz), and according to the STROBE state-
ment [7]. The study received approval from both the local Ethics
Committee and the Brazilian National Ethics Committee (CAAE:
17079119.7.0000.5249), and the need for informed consent was
waived due to its retrospective observational design.

Participants and data collection

We extracted all anonymized data from an electronic system
designed for ICU quality improvement and benchmarking (Epimed
Monitor, Rio de Janeiro, Brazil) [8]. This database includes prospec-
tively collected structured data on all adult ICU admissions (>16
years old), providing comprehensive clinical information. It cap-
tures features collected at admission (first 24 h), such as pa-
tient demographics, ICU admission diagnoses, comorbidities, illness
severity scores, and use of organ support; and the highest or low-
est haematological values collected at first 1 h of ICU admission.
We also have complications and outcomes collected during the
complete ICU stay, such as use of devices, ICU and hospital mortal-
ity, as well as length of stay (LOS). Table S1 shows the data dictio-
nary, including a complete description of each variable comprised
in the study. The inclusion criteria were patients with confirmed
dengue infection at ICU admission (primary or secondary diagno-
sis based on laboratory confirmation). In this prospectively col-
lected database, patients are prospectively categorized by a stan-
dardized form in “main reason of ICU admission,” which reflects
the primary admission diagnosis, and for other secondary reasons
of ICU admission. We excluded admissions with undefined out-
come (42 admissions), readmissions within 30 days (32 admis-
sions), and patients with undefined sex (three admissions) (Fig-
ure S1). Since patient sex will be one of the model’s confounders,
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the exclusion of undefined sex is related to the few cases in this
category.

Outcomes

The primary outcome of interest was the presence of any
complication during the ICU stay, defined as a clinically signifi-
cant event requiring ICU-level intervention and prompting a clear
change in management or resource utilization, such as: (1) the
need for organ support (e.g., invasive mechanical ventilation, non-
invasive ventilation vasopressor drugs, or renal replacement ther-
apy); (2) any blood product transfusion (e.g., red blood cells,
platelets and fresh frozen plasma); or (3) death. The secondary
outcomes were 60-day ICU and in-hospital mortality, and ICU and
in-hospital LOS.

Statistical analysis

We used descriptive statistics to describe the ICU population,
including demographics, illness severity, comorbidities, complica-
tions, laboratory tests, and outcomes. Categorical variables were
expressed as frequencies and proportions, while continuous vari-
ables were summarized as medians and interquartile ranges (IQR).
We included P-values to assess differences between groups (com-
plicated vs not complicated). The Wilcoxon rank sum test was used
for continuous variables, and the Pearson’s Chi-squared test was
employed for categorical ones. To illustrate trends over time, we
included bar and line plots showing the time series of ICU admis-
sions and outcomes across the years.

To identify risk factors for complications during the ICU stay,
we evaluated the association between patient clinical character-
istics and the primary outcome. The set of features included in
the analysis was selected by clinical relevance. Collinearity among
variables was pre-assessed using Pearson’s correlation coefficient.
Then, we used a univariable logistic regression model to estimate
the individual association between each variable and the outcome.
We selected the features to the multivariable logistic regression
based on clinical judgment and considering the P-value of the uni-
variable regression. Association was calculated by the estimated
odds ratios (ORs) and their corresponding 95% confidence intervals
(CIs).

We also developed a model to predict the risk of evolving
dengue ICU complications following a machine learning framework
[9,10]. We used stratified random sampling [11] to split 80% of the
dataset for training and 20% for testing. Stratified random sam-
pling selects a sample from a population by dividing the popu-
lation into subgroups (strata) based on shared characteristics and
then randomly selecting samples from each stratum. This ensures
that each subgroup is adequately represented in the training and
testing sample [12]. We trained and compared the logistic regres-
sion with two machine learning models (Gradient Boosting Ma-
chine and Random Forests) using the set of risk factors obtained
from the previous analysis. We used 10-fold cross-validation to
tune the models and evaluated them based on discrimination and
calibration measures. Discrimination was measured by the area un-
der the curve (AUC), and calibration was addressed by the calibra-
tion belts [13]. Variables with more than 30% missing data were
excluded from the multivariable analysis, while the remaining vari-
ables were imputed using the Multiple Imputation by Chained
Equations algorithm [14].

We performed two experiments in terms of prediction mod-
elling: (1) the first one used the same set of features from the
previous multivariable analysis; (2) the second one grouped all
comorbidities into one unique feature, called “number of co-
morbidities,” which has three categories (0; 1-2; 3+). We de-
veloped an open-source website including the risk calculator
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that could be used to generate the predictions of complica-
tions for ICU dengue patients: https://l4x2nl-igor-peres.shinyapps.
io/Dengue_Risk_Calculator/. We also included the model formula-
tion in the results in case other researchers want to apply our
model in different contexts.

Plots and figures were generated using ISARIC VERTEX [15],
a web-based application that produces tables and visualizations
to support key research questions. VERTEX is part of the IS-
ARIC Clinical Epidemiology Platform, developed to standardize and
streamline data collection and analysis in outbreak-related clini-
cal research. A public implementation of VERTEX for this study is
available at: https://projects.vertex.isaric.org/?param=Dengue_ICU.
The developed codes for VERTEX are publicly available at GitHub
(https://github.com/ISARICResearch/VERTEX).

Results

A total of 11,047 adult patients were included in the analysis.
The median age was 45 years (IQR: 32-63), and 91% were from the
emergency department (Table 1). The median SAPS-3 was 40 (36-
46), and with a median SOFA of 2 (0-3). The 60-day in-hospital
mortality was 1.4% (n = 157), and the median hospital LOS was 5
(3-7). A total of 1117 admissions (10.1%) developed complications
during ICU stay, such as non-invasive ventilation (n = 437; 4.0%),
use of vasopressor (n = 364; 3.3%), blood transfusion (n = 353;
3.2%), invasive mechanical ventilation (n = 166; 1.5%), renal re-
placement therapy (n = 103; 0.9%) and high-flow nasal cannula
(n = 23; 0.2%). Hypertension (n = 3291; 30%), diabetes (n = 1644;
15%) and cardiovascular disease (n = 913; 8.3%) were the most
prevalent comorbidities. Among the 1117 patients who developed
complications during ICU stay, 364 (33%) required vasopressors or
had shock at admission (first 24 h), while 311 (28%) required non-
invasive ventilation. Mechanical ventilation and renal replacement
therapy were less common at admission, observed in 86 (7.7%) and
60 (5.4%) patients, respectively.

We analyzed trends in ICU admissions and mortality over time
(Figure 1). The number of ICU admissions with a dengue diagno-
sis was higher in 2024, corresponding to almost half of the co-
hort size, characterizing a large dengue outbreak. In contrast, we
noted a declining trend over the years when analyzing the propor-
tion of admissions with any complication and the in-hospital mor-
tality rate. The in-hospital mortality rate was significantly higher
(P < 0.001) during 2012-2021 (3%) compared to 2022-2023 (0.9%)
and 2024 (1.2%). Similarly, the proportion of patients with com-
plications decreased, dropping from 16% in 2012-2021 to 10% in
2022-2023 and further to 8.7% in 2024 (P < 0.001). The com-
plete profile of ICU patients over the years can be assessed in
Table S2.

Complications during ICU Stay

During the complete ICU stay, vasopressors or shock manage-
ment were necessary for 430 patients (38%), while non-invasive
ventilation was used in 437 patients (39%). Other complications in-
cluded transfusions (353; 32%), mechanical ventilation (166; 15%),
renal replacement therapy (103; 9.2%), and high-flow nasal can-
nula (23; 2.1%). Patients with complications had longer ICU and
hospital LOS (P < 0.001), with a median of 4 (3-7) and 7 (5-
11) days, respectively, compared to 3 (2-4) and 5 (3-6) days in
patients without complications. Mortality was significantly higher
in the former group (P < 0.001), with a 60-day ICU mortality
rate of 8.7% and a 60-day hospital mortality rate of 11%, com-
pared to 0.1% and 0.4% in patients without complications. The pa-
tients who died were older (75, 59-85), with a higher proportion
coming from the ward, floor, or step-down unit (16%), present-
ing a greater number of comorbidities, and had higher severity
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scores (SAPS-3 = 57, 51-67; SOFA = 4, 2-7; 36% of frail patients).
More than half of the patients who required mechanical ventila-
tion (58%) or vasopressor (54%) died, with these two complications
being the most impactful on mortality outcomes. The mortality
was lower in patients with non-invasive ventilation (27%), trans-
fusion (25%), renal replacement therapy (21%), and high-flow nasal
cannula (3.8%).

Patients who developed complications in the ICU showed
distinct laboratory values during the first hours of admission
compared to those without complications (Table 1). Patients
with any complications presented similar median lowest platelet
counts at admission compared to those without (median 88,000,
IQR: 52,000-139,000; vs 89,000, IQR: 37,000-151,000 cells/mm?;
P = 0.2). However, patients with complications had higher leuko-
cyte count (5100, 3200-9000; vs 3700, 2600-5800 cells/mm?; P
< 0.001) and arterial lactate levels (1.64, 1.2-2.6; vs 14, 1.1-2.0
mmol/L; P < 0.001) at admission compared to those without com-
plications. Blood pressure and creatinine showed smaller differ-
ences but consistently suggested a more severe profile among pa-
tients with complications. The lowest systolic, diastolic, and mean
arterial pressures did not show significant variations. The median
age was higher in the complication group (58 [38-74] vs 44 [32-
61]; P < 0.001), and the proportion of female sex was similar (51%
vs 52%; P = 0.5). All comorbidities were more frequent in the com-
plication group, except asthma (P = 0.4).

In Figure 2, we observe that as age and the number of comor-
bidities increase, so does the likelihood of developing at least one
complication in the ICU (Figure 2b). The proportion of patients de-
veloping complications is greater for young adults (16-19 years old)
with three or more comorbidities, and we also can note that for all
ages, the higher the number of comorbidities, the greater the pro-
portion of complications (Figure 2b). Patient sex did not appear to
be related to the absolute risk of complication (Figure 2a). Addi-
tionally, admissions from 2012 to 2023 reported a greater propor-
tion of complications than those from 2024 (Figure 2c). Figure 2d-
2f also illustrates the relationship between ICU complications and
platelet, leukocyte, and lactate levels (at first 1 h of admission),
stratified by age groups. Across all ages, lactate levels above 3
mmol/L and leukocyte counts above 7000 cells/mm? (leucocytosis)
were associated with an increased risk of progression to complica-
tions (Figure 2e and 2f). Regarding platelets, although the univari-
ate analysis of Table 1 did not reveal significant effect of platelets
count using the continuous value, when we stratify in categories,
we can note that levels below 50,000 cells/mm?* (thrombocytope-
nia) appeared to increase risk across most age groups (Figure 2d).
The same effect could be noted when analyzing the density dis-
tribution of these three laboratory variables (Figure S2). There-
fore, we could note that patients with thrombocytopenia, leuco-
cytosis, and elevated lactate at baseline (first 1 h of ICU admis-
sion) were at risk of additional or new complications during ICU
stay.

We also analyzed the characteristics of these admissions, which
appears to be in the higher risk group. Compared to the overall
population, the patients who presented platelets lower than 50,000
cells/mm? had greater proportion of new complications (13.6%) and
similar age composition (45, 33-61) and slightly higher severity
scores (SAPS-3 = 45, 42-50; SOFA = 3, 3-4; 5.6% of frail patients).
The most prevalent complication was the blood transfusion (8.8%),
followed by vasopressor use or shock (3.2%), non-invasive ventila-
tion (2.6%), mechanical ventilation (1.4%), renal replacement ther-
apy (0.9%), and high-flow nasal cannula (<0.1%). The ICU mortality
rate (1.1%) and ICU LOS (3, 2-4) for this subgroup of thrombocy-
topenia patients were similar to the general population (1.0% and
3[2, 4], respectively).

Regarding the patients who presented leukocyte counts above
7000 cells/mm?, they presented greater risk of becoming compli-
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Table 1
Profile of ICU dengue admissions.
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Feature Overall Any complication during ICU stay
N = 11,047
No Yes P-value
N = 9930 (89.9%) N = 1117
(10.1%)
Demographics
Age, years 45 (32, 63) 44 (32, 61) 58 (38, 74) <0.001
Sex (female) 5743 (52%) 5173 (52%) 570 (51%) 0.5
Comorbidities
Hypertension 3291 (30%) 2805 (28%) 486 (44%) <0.001
Diabetes 1644 (15%) 1375 (14%) 269 (24%) <0.001
Cardiovascular disease 913 (8.3%) 740 (7.5%) 173 (15%) <0.001
Malignancy 458 (4.1%) 357 (3.6%) 101 (9.0%) <0.001
Cerebrovascular disease 375 (3.4%) 280 (2.8%) 95 (8.5%) <0.001
Asthma 306 (2.8%) 271 (2.7%) 35 (3.1%) 0.4
Chronic kidney disease 281 (2.5%) 183 (1.8%) 98 (8.8%) <0.001
Congestive heart failure 198 (1.8%) 158 (1.6%) 40 (3.6%) <0.001
Immunosuppression 256 (2.3%) 197 (2.0%) 59 (5.3%) <0.001
Obesity 247 (2.2%) 197 (2.0%) 50 (4.5%) <0.001
Active smoker 227 (2.1%) 186 (1.9%) 41 (3.7%) <0.001
Liver cirrhosis 45 (0.4%) 30 (0.3%) 15 (1.3%) <0.001
Admission
Admission source name <0.001
Emergency room 10,014 (91%) 9108 (92%) 906 (81%)
Ward/floor/step down unit 674 (6.1%) 534 (5.4%) 140 (13%)
Other 355 (3.2%) 285 (2.9%) 70 (6.3%)
Modified frailty index (MFI) <0.001
Non-frail (MFI = 0) 6274 (57%) 5818 (59%) 456 (41%)
Pre-frail (MFI = 1-2) 3888 (35%) 3444 (35%) 444 (40%)
Frail (MFI > 3) 885 (8.0%) 668 (6.7%) 217 (19%)
Saps-3, points 40 (36, 46) 40 (35, 45) 47 (41, 56) <0.001
Sofa, points 2 (0, 3) 2 (0, 3) 3(1,5) <0.001
Period <0.001
2012-2021 1682 (15%) 1418 (14%) 264 (24%)
2022-2023 2372 (21%) 2124 (21%) 248 (22%)
2024 6993 (63%) 6388 (64%) 605 (54%)
Laboratory evaluation at first
admission hour
Lowest platelets count (cells/mm?) 88,000 (51,000, 88,000 (52,000, 89,000 (37,000, 0.2
140,000) 139,000) 151,000)
Highest leukocyte count 3800 (2600, 3700 (2600, 5800) 5100 (3200, <0.001
(cells/mm?) 6100) 9000)
Highest arterial lactate (mmol/L) 1.40 (1.10, 1.40 (1.10, 2.00) 1.64 (1.20, <0.001
2.00) 2.60)
Bun 11 (8, 15) 11 (7, 15) 15 (10, 24) <0.001
Highest creatinine 0.80 (0.64, 0.80 (0.64, 1.00) 0.90 (0.70, <0.001
1.01) 1.25)
Lowest systolic blood pressure 120 (108, 132) 120 (108, 131) 120 (107, 135) 0.07
Lowest diastolic blood pressure 71 (63, 80) 71 (63, 80) 71 (61, 80) 0.12
Lowest mean arterial pressure 88 (79, 96) 87 (79, 96) 88 (77, 98) 0.7
Lowest PaO2FiO2 143 (67, 310) 138 (62, 310) 157 (100, 292) 0.003
Lowest Glasgow coma scale 15 (15, 15) 15 (15, 15) 15 (15, 15) <0.001
Highest heart rate 75 (66, 85) 75 (66, 85) 78 (68, 89) <0.001
Highest respiratory rate 18 (16, 20) 18 (16, 20) 18 (16, 20) <0.001
Highest bilirubin 0.50 (0.31, 0.50 (0.31, 0.70) 0.52 (0.34, <0.001
0.70) 0.80)
Highest temperature 36.2 (36.0, 36.2 (36.0, 36.6) 36.2 (36.0, 0.7
36.6) 36.7)
Complications at admission
Vasopressors 364 (3.3%) 0 (0%) 364 (33%)
Noninvasive ventilation 311 (2.8%) 0 (0%) 311 (28%)
Mechanical ventilation 86 (0.8%) 0 (0%) 86 (7.7%)
Renal replacement therapy 60 (0.5%) 0 (0%) 60 (5.4%)
Complications during ICU stay
Noninvasive ventilation 437 (4.0%) 0 (0%) 437 (39%)
Vasopressors 430 (3.9%) 0 (0%) 430 (38%)
Transfusion 353 (3.2%) 0 (0%) 353 (32%)
Mechanical ventilation 166 (1.5%) 0 (0%) 166 (15%)
Renal replacement therapy 103 (0.9%) 0 (0%) 103 (9.2%)
High-flow nasal cannula 23 (0.2%) 0 (0%) 23 (2.1%)
Outcomes
ICU LOS, days 3(2,4) 3(2,4) 4(3,7) <0.001
Hospital LOS, days 5(3,7) 5(3,6) 7 (5, 11) <0.001
60-day ICU mortality 109 (1.0%) 12 (0.1%) 97 (8.7%) <0.001
60-day hospital mortality 157 (1.4%) 37 (0.4%) 120 (11%) <0.001
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a) ICU Dengue admissions
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Number of Admissions
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b) 60-day in-hospital mortality rate
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c¢) Proportion of ICU admissions with any complication
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Year

Figure 1. (a) Admissions and in-hospital mortality rate of ICU dengue patients over time; (b) 60-day in-hospital mortality rate; and (c) proportion of admission with any
complication.
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between complications and (a) sex, (b) comorbidities, (c) year, (d) platelets level, (e) leukocyte level, and (f) lactate level, stratified by age groups.
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Table 2
Univariable regression and Multivariable logistic regression to analyze the influence of risk factors of dengue complica-
tion.
Feature Univariable regression Multivariable regression
OR (95% CI) P-value OR (95% CI) P-value
Sex (ref. M) 0.500
M
F 0.96 (0.85, 1.08) 0.500
Age <0.001 <0.001
16-19 (ref.)
20-39 1.55 (1.06, 2.36) 0.031 1.43 (0.97, 2.19) 0.082
40-49 1.53 (1.03, 2.36) 0.045 1.31 (0.87, 2.03) 0.200
50-59 1.94 (1.29, 3.00) 0.002 1.56 (1.03, 2.43) 0.044
60-69 2.85(1.91, 4.39) <0.001 2.07 (1.36, 3.24) 0.001
70-79 3.45 (2.32, 5.31) <0.001 2.17 (1.42, 3.43) <0.001
80+ 5.59 (3.77, 8.61) <0.001 3.10 (2.02, 4.92) <0.001
Arterial hypertension 1.96 (1.72, 2.22) <0.001 1.07 (0.91, 1.27) 0.400
Diabetes 1.97 (1.70, 2.29) <0.001 1.19 (1.00, 1.42) 0.047
Cardiovascular disease 2.28 (1.90, 2.71) <0.001 1.43 (1.14, 1.78) 0.002
Malignancy 2.67 (2.11, 3.34) <0.001 1.66 (1.26, 2.18) <0.001
Cerebrovascular disease 3.20 (2.51, 4.06) <0.001 1.91 (1.46, 2.49) <0.001
Asthma 1.15 (0.79, 1.63) 0.400
Chronic kidney disease 5.12 (3.96, 6.58) <0.001 2.94 (2.22, 3.89) <0.001
Congestive heart failure 2.30 (1.59, 3.23) <0.001 0.72 (0.47, 1.10) 0.140
Immunosuppression 2.76 (2.03, 3.69) <0.001 1.44 (1.00, 2.05) 0.043
Obesity 2.32 (1.67, 3.15) <0.001 2.22 (1.55, 3.08) <0.001
Tobacco consumption 2.00 (1.40, 2.79) <0.001 1.55 (1.06, 2.21) 0.020
Liver cirrhosis 4.49 (2.35, 8.24) <0.001 3.65 (1.82, 7.04) <0.001
Platelets class <0.001 <0.001
50-100 cells/mm? (ref.)
>150,000 cells/mm? 1.76 (1.47, 2.10) <0.001 1.46 (1.21, 1.76) <0.001
100,000-150,000 cells/mm? 1.33 (1.10, 1.60) 0.003 1.46 (1.21, 1.76) <0.001
<50,000 cells/mm? 2.12 (1.79, 2.51) <0.001 2.25 (1.89, 2.68) <0.001
Leukocyte class <0.001 <0.001
<2500 cells/mm? (ref.)
2500-5000 cells/mm? 1.41 (1.16, 1.71) <0.001 1.10 (0.90, 1.35) 0.400
5000-7000 cells/mm?* 2.05 (1.63, 2.58) <0.001 1.62 (1.28, 2.05) <0.001
>7000 cells/mm? 3.43 (2.82, 4.18) <0.001 2.47 (2.02, 3.03) <0.001

cated (18.4%) and presented similar age composition (45, 32-65)
and severity scores (SAPS-3 = 42, 37-49; SOFA = 2, 0-3; 11% of frail
patients). The most prevalent complication was non-invasive ven-
tilation (8.0%) followed by vasopressor use or shock (7.9%), blood
transfusion (5.2%), mechanical ventilation (4.6%), renal replacement
therapy (2.7%), and high-flow nasal cannula (0.5%). The ICU mor-
tality rate (2.9%) for this subgroup of leucocytosis patients were
higher compared to the general population (1.0%); however, the
ICU LOS presented similar statistics (3, 2-5).

Risk factors of ICU complications during ICU stay

Table 2 shows the univariable and multivariable logistic regres-
sion to investigate the relationship between demographic, clinical,
and laboratory variables and the risk of developing complications
in the ICU. The features included in the model did not present
notable collinearity (Figure S3). We observed in the univariable
model that older age (80+, OR: 5.59, 95% CI: 3.77-8.61; P < 0.001);
the presence of chronic kidney disease (OR: 5.12, 3.96-6.58; P <
0.001), liver cirrhosis (OR: 4.49, 2.35-8.24; P < 0.001), cerebrovas-
cular disease (OR: 3.20, 2.51-4.06; P < 0.001), obesity (OR: 2.32,
1.67-3.15; P < 0.001) and immunosuppression (OR: 2.76, 2.03-3.69;
P < 0.001) were independently associated with complications. Ad-
ditionally, low platelet counts (<50,000 cells/mm?) (OR: 2.12, 1.79-
2.51; P < 0.001), and high leukocyte counts (>7000 cells/mm?, OR:
3.43, 2.82-4.18; P < 0.001) were independently associated with the
primary outcome.

Multivariable logistic regression presents adjusted results by
potential confounders. Age remained significantly related to the
risk of complications, with older patients (80+) showing a progres-

sively higher OR (3.10, 2.02-4.92; P < 0.001), compared to the ref-
erence group (16-19 years). The following comorbidities were sig-
nificant associated with risk of complications: liver cirrhosis (OR:
3.65, 1.82-7.04; P < 0.001), chronic kidney disease (OR: 2.94, 2.22-
3.89; P < 0.001), obesity (OR: 2.22, 1.55-3.08; P < 0.001), cere-
brovascular disease (OR: 1.91, 1.46-2.49; P < 0.001), malignancy
(OR: 1.66, 1.26-2.18; P < 0.001), tobacco consumption (OR: 1.55,
1.06-2.21; P = 0.02), cardiovascular disease (OR: 1.43, 1.14-1.78;
P = 0.002), diabetes (OR: 1.19, 1.00-1.42; P = 0.047), and immuno-
suppression (OR: 1.44. 1.00-2.05; P = 0.043). Among laboratory
variables, lower platelet counts (<50,000 cells/mm?) and elevated
leukocyte counts (>7000 cells/mm?) significantly (P < 0.001) in-
creased the odds of complications, with ORs of 2.25 (1.89-2.68)
and 2.47 (2.02-3.03), respectively. Figure 3 summarizes the multi-
variable logistic results. The findings highlight age, specific comor-
bidities, and laboratory abnormalities as key predictors of dengue
complications.

Prediction model for ICU complications during ICU stay

The prediction model using experiment (1) achieved the fol-
lowing results when applied to the testing dataset: Random
Forests (AUC = 0.719); GBM (AUC = 0.724); logistic regression
(AUC = 0.718); and considering experiment (2): Random Forests
(0.711); GBM (0.713); logistic regression (0.711). The models pre-
sented accurate calibration, as can be seen in Figures S4 and S5.
To simplify the application process for intensivists, since discrimi-
nation and calibration had a small difference between models and
between experiments, we propose a simpler model to predict the
risk to evolve to dengue complications using Equation (1) of the
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(Intercept) A
Age 16-19 (ref)
Age 20-39
Age 40-49
Age 50-59
Age 60-69
Age 70-79
Age 80+
Arterial Hypertension
Diabetes
Cardiovascular Disease
Malignancy
Cerebrovascular Disease
Chronic Kidney Disease
Congestive Heart Failure
Immunosuppression
Obesity
Tobacco Consumption
Liver Cirrhosis
Platelets 50,000-100,000 cells/mm? (ref)
Platelets >150,000 cells/mm?®
Platelets 100,000-150,000 cells/mm?
Platelets <50,000 cells/mm?
Leukocyte <2,500 cells/mm? (ref)
Leukocyte 2,500-5,000 cells/mm?
Leukocyte 5,000-7,000 cells/mm?
Leukocyte >7,000 cells/mm?
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Figure 3. Forest plot for the multivariable logistic regression to analyze the influence of risk factors into dengue complication.

logistic regression model of experiment (2).

lOglt(ﬁ) = —3.35461 + Ageciass20-39 x 0.31409 + Ageigss40-49

% 0.19208 + Ageqigss50-59 x 0.30071 + Ageiasseo-60
x 0.51040 + Age jass70-79 x 0.55154 + Age jass-s0

x 0.97917 + Platelets jqss100—150 x 0.04042

+ Plateletsqss50-100 X (—0.29755) + Platelets ss-50
x 0.44430 + Leukocyte 4552 55 x 0.05018

+ Leukocyte jgsss 070 x 0.52003 + Leukocyte jqss-7.0
x 0.88603 + N omorbiditiesi—2 < 0.53722

+ Neomorbiditiess X 1.23915 (1)

Discussion

Our study provides a comprehensive analysis of the clinical and
demographic profiles of dengue patients admitted to Brazilian ICUs
between 2012 and 2024, identifying key risk factors for complica-
tions. With a sample size of over 11,000 patients, this represents
one of the largest datasets on dengue in critically ill populations.

We identified several significant risk factors for complications
in ICU dengue patients, including advanced age, associated co-
morbidities (chronic kidney disease, liver cirrhosis, obesity, cere-
brovascular disease, malignancy, tobacco consumption, cardiovas-
cular disease, diabetes, and immunosuppression), and laboratory
markers (low platelet levels and elevated leukocyte levels). These
findings are consistent with those of Copaja-Corzo et al. [5] and
Carras et al. [6]. Copaja-Corzo et al. [5] identified cardiovascu-
lar disease, elevated liver enzymes, and hypofibrinogenemia as
key predictors of severe dengue. Comorbidities such as liver cir-
rhosis are commonly associated with elevated liver enzymes lev-
els. Additionally, comorbidities such as liver cirrhosis, chronic kid-
ney disease, and immunosuppression are usually related to hy-
pofibrinogenemia. Carras et al. [6] highlighted the history of car-
diovascular disease, the delayed hospital presentation (time from
first symptom to hospital consultation over 2 days), and being
of Western European origin as significant predictors for severe
dengue.

Our findings on the predictive value of low platelet counts
and high leukocyte levels align with those of Thach et al. [16]

and Moallemi et al. [17], literature reviews who emphasized the
importance of haematological markers, including platelet counts
and liver enzymes, in dengue prognosis. However, our study goes
further by integrating these biomarkers into a machine learning
model to predict complications, achieving an AUC of 0.71. This ap-
proach provides a more dynamic and actionable tool for clinicians,
particularly in resource-limited settings where early identification
of high-risk patients is crucial.

The reviews of Chagas et al. [18] and Diaz-Quijano [19] also
identified advanced age, comorbidities (such as diabetes and car-
diovascular disease), and organ dysfunction (particularly liver and
kidney dysfunction) as significant predictors of mortality and
bleeding complications, respectively. These findings are consistent
with our results, where low platelet levels and elevated liver en-
zymes were associated with complications. While Diaz-Quijano
[19] specifically focused on bleeding complications, our study
aligns with their findings on the importance of platelet counts in
predicting severe outcomes. Parand et al. [4] systematic reviewed
and meta-analyzed risk factors associated with severe dengue in
Latin America and indicated that secondary dengue infection, fe-
male sex, white race, and specific signs and symptoms were signif-
icant predictors of severe dengue outcomes. However, the review
identified a lack of studies focusing on clinical characteristics re-
lated to severe dengue.

Interestingly, our findings on risk factors for severe dengue
complications share similarities with those of Kallas et al. [20] in
their study on predictors of mortality in patients with yellow fever.
Both studies identified advanced age, liver dysfunction, and renal
failure as significant predictors of poor outcomes. However, Kallas
et al. [20] also emphasized the role of coagulopathy and elevated
bilirubin levels, which were not as prominently featured in our
study. This difference may reflect the distinct pathophysiological
mechanisms of dengue and yellow fever, with yellow fever being
more likely to cause severe hepatic injury and coagulopathy.

Our analysis of trends over time revealed a significant increase
in dengue admissions in 2024, coinciding with a global surge in
cases reported by the WHO [3]. Despite this increase, we observed
a decline in complication and mortality rates, which may reflect
improvements in ICU management and early intervention strate-
gies. This finding contrasts with Copaja-Corzo et al. [5], who re-
ported higher mortality rates in their cohort (8.6%), possibly due
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to differences in healthcare infrastructure, resource availability, and
the severity of dengue strains between Brazil and Peru. Other stud-
ies have also analyzed temporal trends in dengue mortality. Shep-
ard et al. [21] conducted a comprehensive analysis of dengue mor-
tality trends across multiple countries, highlighting significant re-
gional variations in mortality rates. They found that while some
regions experienced declining mortality due to improved health-
care access and public health interventions, others saw stable or
increasing mortality rates, particularly in areas with limited re-
sources. Similarly, Limkittikul et al. [22] analyzed dengue mortal-
ity trends in Thailand over a 20-year period, reporting a gradual
decline in mortality rates due to better disease management and
public health measures. However, they noted periodic spikes in
mortality during severe outbreaks.

Our machine learning model, which predicts complications in-
cluding few features and with an AUC of 0.71, represents a signifi-
cant advancement in dengue risk stratification. Several other stud-
ies have also explored the use of machine learning in dengue prog-
nosis. Most of them analyzed the prediction of severe dengue for
hospitalized patients or the risk of ICU admission. Caicedo-Torres
et al. [23] demonstrated the utility of machine learning in identi-
fying early markers of dengue severity for hospitalized paediatric
patients, developing a model to predict the risk of ICU admission,
while Huang et al. [24] highlighted the importance of combining
demographic and laboratory data for accurate risk prediction of
severe dengue in hospitalized patients (using WHO 2009 classifica-
tion). Madewell et al. [25] had the same objective and used clinical
and environmental data to predict severe dengue for hospitalized
patients, while Sarma et al. [26] explored various machine learning
algorithms for dengue prediction for hospitalized patients, show-
casing the versatility of these approaches. Our study aligns with
the broader trend of using advanced machine learning techniques
to improve dengue risk stratification; however, our focus regards to
ICU patients. The severe dengue literature lacks in studies analyz-
ing critical ill patients. The identification of key risk factors, such
as advanced age, chronic comorbidities, and abnormal laboratory
markers, and the use of our proposed model integrated into clinical
decision-support systems, which predicts complications with rea-
sonable accuracy, can be used for early identification of high-risk
patients in ICUs. This is particularly relevant in dengue-endemic
regions, where timely intervention can significantly reduce mortal-
ity and ICU resource utilization.

One of the strengths of our study is the large, nationally repre-
sentative dataset, which provides granular insights into the crit-
ical care context of dengue management. Our machine learning
model shows promise, although further validation in external co-
horts is needed to ensure its generalizability. We have the follow-
ing limitations: (1) we analyzed a cohort of private ICU patients,
which may have different presentation and risk factors than more
general populations of dengue patients. However, we showed data
from a large network of hospitals with adequate resource avail-
ability; and (2) our definition focuses on objective, clinically sig-
nificant events—namely, the need for organ support, blood trans-
fusions, and death—which capture complications relevant to ICU-
level care. These outcomes partially overlap with the WHO defini-
tion of severe dengue [1], which is widely used for triage and early
severity stratification in dengue. However, its direct application in
the ICU setting is limited, as it was not specifically designed to re-
flect the clinical course and outcomes of critically ill patients. We
believe that clinical interventions (e.g., transfusion) provide a more
actionable and meaningful marker of disease severity than labora-
tory thresholds alone. We acknowledge that this approach may re-
duce external generalizability. At the same time, we believe it pro-
vides a useful framework for characterizing clinical severity in ICU
patients and could serve as a foundation for future studies aiming
to validate ICU-specific severity definitions in dengue.
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Future research should focus on validating our predictive model
in diverse settings and exploring the impact of targeted interven-
tions on patient outcomes, such as the ICU datasets of ISARIC hubs
in Colombia and Pakistan. Additionally, studies should investigate
the role of emerging biomarkers and genetic factors in dengue
prognosis, which could further refine risk stratification and treat-
ment strategies. Moreover, future studies should also evaluate the
impact of new dengue vaccines approved to be used (e.g., QDenga
in Brazil) in the incidence, death and in-hospital mortality.

Conclusion

We described a large cohort of dengue patients admitted to
ICUs and identified key risk factors for severe dengue complica-
tions, such as advanced age, presence of comorbidities, elevated
level of leukocytes, and low platelets levels. The proposed predic-
tion tool can be used for early identification and targeted inter-
ventions to improve outcomes in dengue-endemic regions. By inte-
grating clinical and laboratory data into predictive models, we pro-
vide a foundation for more effective and personalized care strate-
gies, which are urgently needed in the face of increasing dengue
burden worldwide. As dengue continues to pose a major pub-
lic health challenge, particularly in endemic regions, the insights
from this study can inform both clinical practice and public health
strategies to mitigate its impact.
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