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Abstract

Background

Since 2018, a dengue epidemic has been raging annually in Reunion Island, which poses

the major problem of its morbidity and mortality. However, there is no consensus in the liter-

ature on factors associated with severity of illness. The objective of this study was to identify

the factors associated with the occurrence of severe dengue (SD) according to the criteria

adopted in 2009 by the World Health Organization (WHO), during the 2019 epidemic.

Methodology/Principal findings

A total of 163 patients with RT-PCR-confirmed dengue were included in a multicenter pro-

spective cohort study in Reunion Island between January and June 2019. Of these, 37

(23%) were classified as SD, which involves presentation dominated by at least one organ

failure, and 126 (77%) classified as non-SD (of which 90 (71%) had warning signs). Confu-

sion, dehydration, and relative hypovolemia were significantly associated with SD in bivari-

ate analysis (p < 0.05). The factors associated with SD in multivariate analysis were a time

from first symptom to hospital consultation over 2 days (OR: 2.46, CI: 1.42–4.27), a history

of cardiovascular disease (OR: 2.75, 95%CI: 1.57–4.80) and being of Western European

origin (OR: 17.60, CI: 4.15–74).

Conclusions/Significance

This study confirms that SD is a frequent cause of hospitalization during dengue epidemics

in Reunion Island. It suggests that cardiovascular disease, Western European origin, and

delay in diagnosis and management are risk factors associated with SD fever, and that res-

toration of blood volume and correction of dehydration must be performed early to be

effective.
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Trial registration
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Author summary

Dengue fever is a viral disease transmitted by mosquitoes that threatens more than half of

the world’s population. This re-emerging disease predominates in tropical areas such as

Reunion Island, but is also expanding in formerly temperate regions. Some patients with

dengue may have early signs (warning signs) of life-threatening complications (dengue

hemorrhagic fever/shock syndrome) and require hospitalization, but only a minority of

patients will progress to severe dengue. Identification of patients at risk is crucial to deliver

optimal treatment without saturating intensive care units during epidemic periods. To

this end, we followed 163 hospitalized patients with dengue during the 2019 epidemic in

Reunion Island. Nearly a quarter of the patients had a severe form of the disease. The pres-

ence of cardiovascular disease, Western European origin, and delay in diagnostic and

management were the main risk factors. This observation underlines the importance of

an efficient detection of vulnerable populations and of an early management based on

rehydration to prevent the occurrence of severe dengue in Reunion Island.

Introduction

Dengue is the most common mosquito-borne arbovirosis. In 2017, its incidence was estimated

at more than 104 million people, of which 40,000 induced a death [1,2].

In 2019, in view of the re-emergence and rapid expansion of this arbovirosis, the World

Health Organization (WHO) ranked dengue among the top ten global health threats [3]. Den-

gue is caused by four viral serotypes (DENV 1–4) with significant genotypic variability [4] and

is characterized by a large clinical polymorphism with numerous signs of varying severity. In

2009, WHO proposed to distinguish between non-severe dengue, dengue with warning signs

(WS) and severe dengue (SD), the latter being marked by major plasma leakage, severe bleed-

ing and/or organ failure [5]. The case fatality can reach 20% in severe forms in the absence of

early and appropriate medical management [6].

Reunion, a French island in the Indian Ocean with a population of 860,000, has been

experiencing seasonal dengue epidemics since 2018. Nearly 70,978 confirmed cases, 2,672 hos-

pitalizations, and 75 deaths have been reported up until May 2022 [7].

This re-emergence on the island has caused saturation of the healthcare system during epi-

demic peaks, necessitating a better estimation of each individual’s risk of developing SD. The

performance of prognostic factors for SD varies according to the studies and the definitions of

organ failure used when defining SD [8]. The objective of this multicenter prospective cohort

study, conducted in the university hospitals of Reunion Island, was to identify the clinical fac-

tors associated with the development of SD in our context.

Methods

Ethical approval

Ethical clearance was obtained by the French National Agency for the Safety of Medicines and

Health Products (ANSM) (n˚IDRCB 2010-A00282-37) and by the committee for the
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protection of individuals (CPP Sud-Ouest and Outre-Mer III, 06/30/2010). Written and signed

informed consent of all subjects was obtained and data was anonymized. This cohort study

was reported according to the STROBE (Strengthening the reporting of observational studies

in epidemiology) guideline (S2 Table).

Study population

CARBO (Cohorte ARBOviroses) is a French multicentric prospective cohort study dedicated

to the understanding of the acute stage of arboviral infections. It was proposed by the univer-

sity hospital of Martinique and is registered on clinicaltrials.gov (NCT01099852). All patients

suspected of dengue fever who were admitted to emergency departments of the University

Hospital of Reunion from 1st of January to 30th of June 2019, were eligible. Patients were

recruited if they had a positive blood sample for DENV by RT-PCR, and onset of symptoms

�7 days (until 21 days for SD). They must have presented at least two symptoms among the

following: fever (documented or declared), headache, rash, myalgia, arthralgia, abdominal

pain or tenderness, bleedings and/or low platelets blood level below 150 G/l. Children younger

than 6 years of age need to present fever (documented or declared by the family) with or with-

out pain on an age-adapted visual analogue scale.

The Tropical Fever Core multiplex RT-PCR (Fast Track Diagnostics) was used for on-site

diagnosis. It was a conventional two step real-time RT-PCR, which could detect dengue (with-

out differentiation between serotypes), chikungunya and West Nile viruses, Leptospira spp.,

Rickettsia spp. and Salmonella spp., and Plasmodium spp., which are pathogens that could cir-

culate in the South West Indian Ocean region.

Serology was not routinely performed, but when there was a strong suspicion of dengue

fever and a negative RT-PCR result. It was not systematically double checked three weeks later

during the epidemic, or in ambulatory care, so the link between the data could not be made

with confidence. For this reason, only cases with positive RT-PCR results were included in the

study. Dengue reinfection was not systematically documented in 2019 because Reunionese

people were considered naïve to dengue at this time, and serum neutralization was rarely

performed.

Data collection and follow-up

The primary outcome was the determinants associated with severity by comparing characteris-

tics of SD patients with non-SD patients. SD was identified according to the WHO 2009 classi-

fication. However, the definitions of organ failure were those of the various learned societies

concerned (S1 Table). Sociodemographic and clinical data were collected by a clinician at each

physical exam of the patient via a standardized questionnaire at Day 0 (D0), D3, D5-7, D8-10,

D21, D45, D90, D180. Ethnicity was identified by patient self-determination, and divided into

six categories: existence of a parent or an ancestor from Sub-Saharan Africa, India, West

Europe, South-east Asia; being Native American; or from other origin(s). Biological data were

collected only in the acute phase from day 1 to day 10 of symptoms. All biological exams were

carried out in the laboratories of the University Hospital of Reunion. All collected data were

reported in a case report form and are detailed in Table 1.

Data analyses

Quantitative variables were described with means and standard deviations while categorical

variables were described as numbers and percentages.

A bivariate analysis was performed to compare clinical and laboratory features of DF

patients according to severity of illness (defined by the WHO in 2009). Gaussian variables
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Table 1. Demographic, clinical and biological data in severe dengue and non-severe dengue, in DENV positive patients. Reunion Island 2019 (N = 163).

Variables N Non-severe dengue (%)

n = 126

Severe dengue (%)

n = 37

P-value

Demographic data

Male 70 49 (39) 21 (57) 0.055a

Female 93 77 (61) 16 (43)

Mean age (years), mean [StD] 163 51.0 [20.7] 53.1[22.4] 0.596d

<18 years 6 (5) 3 (8) 0.464a

18–65 years 81 (64) 20 (54)

>65 years 39 (31) 14 (38)

BMI (kg/m2), mean [StD] 145 25.7 [5.0] 25.8 [6.0] 0.926c

BMI>30 21 (17) 5 (14) 0.640a

Ethnic group

Africa 163 4 (3) 0 0.575b

India 163 18 (14) 3 (8) 0.412b

Asia 163 9 (7) 4 (11) 0.494b

Europe 163 1 (1) 6 (16) 0.001b

America 163 1 (1) 0 1.000b

Others 163 54 (43) 16 (43) 1.000a

Healthcare circuit

Delay from symptom to c(days), mean [StD] 155 2.6 [2.3] 3.8 [3.2] 0.010d

Hospitalization 163 91 (72) 32 (87) 0.063a

Length of stay (days), mean [StD] 121 4.9 [2.6] 7.1 [4.5] 0.013d

Intensive Care Unit 19 (15) 15 (41) 0.002a

Medicine (Short/Medium stay unit) 80 (64) 28 (76) 0.235a

Medical history and treatments 163

Hypertension 40 (32) 15 (41) 0.340a

Diabetes 27 (21) 11 (30) 0.314a

Dyslipidemia 10 (8) 6 (16) 0.204b

Cardiovascular disease 53 (42) 23 (62) 0.031a

Chronic kidney disease 14 (11) 0 0.041b

Dialysis 4 (3) 0 0.575b

Cirrhosis 0 0 -

Peptic ulcer 5 (4) 0 0.590b

Preventive anticoagulant 1 (1) 1 (3) 0.406b

Curative anticoagulant 8 (6) 2 (5) 1.000b

Antiplatelet agent 15 (12) 5 (14) 0.781b

Clinical signs in the acute phase

Temperature (˚C), mean [StD] 144 36.6 [0.8] 36.6 [0.8] 0.690d

Heart rate (bpm), mean [StD] 143 77 [21.0] 82 [18.0] 0.179d

Mean blood pressure (mmHg), mean [StD] 147 87 [16.0] 83 [16.0] 0.203c

Skin recoloration time >3 seconds 163 6 (5) 4 (11) 0.237b

Oliguria 163 2 (2) 1 (3) 0.543b

Coinfection 163 12 (10) 7 (19) 0.146b

Thrombocytopenia <150 G/L 52 (41) 19 (51) 0.278a

Faintness 163 17 (14) 10 (27) 0.063a

Confusion 163 12 (10) 12 (32) 0.001a

Warning signs 163

Warning signs (WS) 90 (71) 30 (81) 0.229a

(Continued)
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Table 1. (Continued)

Variables N Non-severe dengue (%)

n = 126

Severe dengue (%)

n = 37

P-value

Number of WS, mean [StD] 1.1 [1.1] 1.5 [1.0] 0.090d

Abdominal pain 55 (44) 14 (38) 0.528a

Persistent vomiting 15 (12) 7 (19) 0.281b

Clinical fluid accumulation 1 (1) 0 1.000b

Mucosal bleed 35 (28) 14 (38) 0.248a

Lethargy, restlessness 5 (4) 6 (16) 0.018b

Liver enlargement > 2cm 2 (2) 1 (3) 0.541b

High hematocrit with low platelet count 14 (11) 9 (24) 0.054a

Severity

SOFA Score, mean [StD] 26 4.4 [2.1] 4.3 [3.0] 0.981d

Shock 163 0 14 (38) <0.001b

Respiratory failure 163 0 6 (16) <0.001b

Severe bleeding 163 0 14 (38) <0.001b

Liver failure 163 0 6 (16) <0.001b

Kidney failure 163 0 9 (24) <0.001b

Heart failure 163 0 0 -

Neurologic failure 163 0 2 (5) 0.050b

Disseminated intravascular coagulation 163 0 0 -

Death 163 0 1 (3) 0.050b

Dehydration† 163 73 (58) 30 (81) 0.009a

Hypovolemia‡ 163 2 (2) 5 (14) 0.007b

Biology

Dengue virus reinfection 163 8 (6) 1 (3) 0.685b

Sodium (mmol/L), mean [StD] 136 136.8 [4.3] 136.1 [4.8] 0.454d

Haemoglobin (g/dL), mean [StD] 138 14.1 [9.1] 13.7 [2.7] 0.763d

Hematocrit (%), mean [StD] 138 38.9 [4.9] 39.9 [7.4] 0.497d

Leukocyte (G/L), mean [StD] 138 5.6 [3.3] 6.6 [4.8] 0.222d

Neutrophils (G/L), mean [StD] 133 4.1 [3.1] 4.8 [4.7] 0.337d

Lymphocyte (G/L), mean [StD] 133 1.3 [4.1] 1.0 [0.7] 0.683d

Platelets (G/L), mean [StD] 137 158 [81] 173 [153] 0.586d

Prothrombin Time (%),mean [StD] 53 92 [22] 82 [33] 0.199d

ACT ratio, mean [StD] 52 1.17 [0.22] 1.44 [0.83] 0.228d

Fibrinogen (g/L), mean [StD] 47 3.9 [1.0] 4.0 [1.5] 0.677d

Albumin (g/L), mean [StD] 8 44.0 [3.0] 44.5 [2.1] 0.848d

Protein (g/L), mean [StD] 118 73.8 [6.7] 72.9 [8.5] 0.568c

Creatinine (μmol/L), mean [StD] 135 108 [106] 97 [57] 0.550d

Urea (mmol/L), mean [StD] 135 5.9 [4.0] 6.2 [6.0] 0.683d

AST (UI/L), mean [StD] 131 73 [91] 368 [746] 0.036d

ALT (UI/L), mean [StD] 131 50 [64] 265 [650] 0.076d

Total bilirubin (μmol/L), mean [StD] 102 10.5 [13.7] 9.9 [9.2] 0.837d

Conjugated bilirubin (μmol/L), mean [StD] 92 5.1 [10.9] 5.4 [7.9] 0.916d

Lipase (UI/L), mean [StD] 97 51 [49] 43 [27] 0.435d

C-Reactive Protein (mg/mL), mean [StD] 129 22 [38] 22 [25] 0.940d

Lactate (mmol/L), mean [StD] 5 3.00 2.9 [1.4] 0.977d

Troponin (ng/mL), mean [StD] 8 0.019 [0.040] 0.046 [0.051] 0.123d

(Continued)
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were compared using the Student’s t-test, while non parametric continuous variables were

compared using the Wilcoxon Mann Whitney test. The normality of the distributions was

checked by the Shapiro-Wilk test, and the homogeneity of variances by the Levene test. Cate-

gorical variables were compared using Chi-square test or the Fisher’s exact test, as appropriate.

A multivariate logistic regression was performed to identify factors associated with SD. Var-

iables with a p-value <0.2 in bivariate analysis were entered into a multivariate model. In the

case of collinearity, detected by using the variance inflation factor (VIF), the most relevant var-

iable was retained in the model. A backward stepwise automated procedure was used to select

factors associated with p-value <0.05 in the final model. Adjusted odds ratios (OR) and their

95% confidence intervals (95%CI) were derived from the regression coefficients. Data were

analyzed using SPSS software (IBM SPSS 23.0, IBM Corp. Armonk, NY, USA). All tests were

two-tailed and the significance level was set at 0.05.

Results

Characteristics of the study population

In total, of 172 eligible patients who consented to participate, 163 were included in the study

(Fig 1). The average age was 52 years old, and there were more women (57%) than men. Indian

origin was the most represented (13%). Cardiovascular comorbidities were the most reported

medical background (46%), followed by hypertension (34%), diabetes mellitus (23%), and obe-

sity (16%) (Table 1). The most common serotype identified in 2019 was DENV-2.

The incidence of clinical and biological signs and their chronology are detailed in Fig 2.

The clinical signs most frequently recorded in the acute phase were fever (93%), asthenia

(94%), anorexia (83%), headache (59%), musculoskeletal signs with myalgia (69%), arthralgia

(59%) and spinal pain (50%). Thrombocytopenia was present in 44% of patients. The earliest

clinical signs of dengue were, in chronological order: vomiting (median 2 days), lipothymia

(median 2.5 days), fever (median 3 days), and diarrhea (median 3 days). The maximum dura-

tion of symptoms was 150 days for asthenia and 167 days for arthralgia (Fig 2).

Of the 163 patients included, 37 (23%) were classed as severe of whom 24 (65%) at the time

of recruitment, 14 (38%) with shock, 14 (38%) with severe hemorrhage, 23 (62%) with severe

organ failure dominated by kidney failure (n = 9) and 1 (3%) which resulted in death. Hospi-

talization was required in 91 (72%) non-severe cases versus 32 (87%) severe cases (p = 0.063).

Coinfections were not associated with severity (p = 0.146) and out of 19 (12%) co-infected

patients, 9 urinary tract infections, 5 bacteremias, 4 pulmonary infections, 3 gastroenteritis

Table 1. (Continued)

Variables N Non-severe dengue (%)

n = 126

Severe dengue (%)

n = 37

P-value

Brain Natriuretic Peptide (pg/mL), mean [StD] 5 512 4330 [2909] 0.297d

BMI: body mass index, WS: warning signs, HCT: hematocrit, SOFA: Sequential Organ Failure Assessment, DENV: dengue-virus, ACT: activated clotting time, AST:

aspartate-amino-transferase, ALT: alanine-amino-transferase, StD: standard deviation

†Rehydration (oral or intravenous)

‡ Fluid resuscitation

P-values were calculated using
a Chi-square test
b Fisher exact test
c Student t test
d Wilcoxon Mann Whitney test

https://doi.org/10.1371/journal.pntd.0011260.t001
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and 1 skin infection were reported. They were present at admission in 15 (79%) patients. In

bivariate analysis, the main factors associated with SD were: Western European origin

(p = 0.001), a history of cardiovascular disease (p = 0.031), confusion (p = 0.001), dehydration

defined as the need for oral or intravenous rehydration (p = 0.009), relative hypovolemia

defined as the need for at least one vascular filling (p = 0.007), an increase in aspartate-amino-

transferase (ASAT) level (p = 0.036) and the delay from symptom to consultation (p = 0.010)

Fig 1. Study population, CARBO cohort study, Reunion Island 2019. Legend: DENV: dengue virus, RT-PCR: reverse transcriptase polymerase

chain reaction, D: day.

https://doi.org/10.1371/journal.pntd.0011260.g001
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(Table 1). The mean length of stay was longer in cases of SD than in cases of non-SD

(p = 0.013).

Multivariate analysis identified an increased risk of SD in patients with a time from first

symptom to consultation over 2 days (OR: 2.46, CI: 1.42–4.27), a history of cardiovascular dis-

ease (OR: 2.75, 95%CI: 1.57–4.80), being of Western European origin (OR: 17.60, CI: 4.15–74)

(Table 2).

Discussion

The prevalence of SD was 23% in this study. The warning signs had a low discriminatory value

as their proportion was similar between the two groups. There was a co-circulation of two

Fig 2. Incidence and timing (time to illness onset and duration) of dengue manifestations, in patients with positive Dengue virus

RT-PCR. CARBO cohort, Reunion Island 2019. Legend: Grey: first quartile, orange: median, yellow: third quartile.

https://doi.org/10.1371/journal.pntd.0011260.g002

Table 2. Factors associated with severity of dengue in adults with positive RT-PCR at disease onset. Multivariate

analysis using logistic regression. CARBO cohort study, Réunion Island 2019 (N = 163).

Variables Adjusted Odds Ratio (95%CI) P-value

Time elapsed between illness onset and presentation to hospital > 2 days 2.46 (1.42–4.27) 0.036

West European origin 17.60 (4.15–74) 0.011

Cardiovascular disease 2.75 (1.57–4.80) 0.021

95%CI: 95% confidence interval

https://doi.org/10.1371/journal.pntd.0011260.t002
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serotypes, dominated by DENV-2 [9]. This result is similar to that of a study carried out in

French Guyana which identified 16% of SD during an epidemic mixing the same two serotypes

[10]. Serotype 2 is the most virulent strain according to the literature [11]. The co-circulation

of several serotypes in Reunion Island raises the threat of more serious future epidemics linked

to the ADE (antibody-dependent enhancement) phenomenon observed during secondary

infections [12].

A history of cardiovascular disease was associated with SD according to a recent meta-anal-

ysis, which reported that hypertension and diabetes were predictive factors for SD [13]. These

comorbidities lead to dysfunction of the capillary endothelium, with increased vascular perme-

ability and the occurrence of hypovolemic shock responsible for SD. Moreover, the co-exis-

tence of these comorbidities also favors organ decompensation [14,15]. The population of

Reunion Island is particularly exposed to cardiovascular risk factors, which are potentially

linked to genetic factors [16–18].

Our work suggests that Western European origin is also a risk factor for progression to SD.

These results are similar to those of a study conducted in the Cuban population. In that study,

the authors suggested that polymorphism in genes associated with the immune response may

be responsible for the increased susceptibility of European ethnicity to ADE [19]. Risk factors

associated with SD, such as cardiovascular disease and Western European origin, raise con-

cerns that the recent spread of dengue to these new areas may increase the incidence of SD

and its lethality [20,21].

Dehydration defined as the need for oral or intravenous rehydration was associated with

SD. Rehydration is the main treatment for dengue with warning signs to prevent progression

to a severe form. It may cause confusion or lipothymia, which are two warning signs present in

one third of SD cases in our study. These elements suggest that dehydration plays a predomi-

nant role in the critical phase, just as it can cause complications in other arboviroses [22–24].

A late consultation, which delays intravenous rehydration, could also explain the increased

risk of SD.

Indeed, delay in diagnosis and management was also associated with SD. Severe bleedings

were the only severity component to be significantly associated with a consultation time

greater than 2 days after onset. Although the date of illness onset is declarative, this is consis-

tent with the literature which reports that delay in diagnosis is associated with severity includ-

ing severe bleedings, complications, and mortality of dengue [6,25–27].

No patient with chronic kidney disease presented with SD. The difficulty in applying the

KDIGO definition could be the cause. Indeed, urine quantification was not routinely mea-

sured in conventional hospitalization, baseline creatinine was not always available, and isolated

increase in blood creatinine was insufficient because of already high levels in patients with

chronic kidney disease. We used Stage 3 of the KDIGO classification to define acute kidney

failure. By choosing a severe and restrictive definition of kidney failure to target severe cases in

an inpatient cohort, cases of moderate acute kidney failure were not selected. With a less

restrictive definition, eighteen patients had acute kidney failure according to KDIGO Stage 2,

including 3 patients with chronic kidney disease.

The strengths of this study were (i) the early inclusion and prospective follow-up of

patients, (ii) systematic clinical examination by a clinical investigator at admission and up to

day 10, and (iii) use of the definitions of each learned society to estimate organ failure. There

were, however, limitations within this study: (i) it was a cohort not derived from a consecutive

series, or randomly sampled among patients, (ii) the cohort represented 19% of patients who

consulted the hospital with PCR-confirmed dengue in 2019 in Reunion Island according to

epidemiological data [7] (these results were related to a time-consuming inclusion of patients

in an epidemic context and a large number of patient refusals), (iii) the use of a uniform
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definition of SD for all age groups could lack reproducibility in the pediatric population, espe-

cially for the shock criterion and the biological variables of liver and kidney failure, and (iv)

the viral serotype of dengue patients could not be identified in all patients during the epidemic.

A serum library was established, which will allow for future studies.

This first prospective study conducted during a dengue epidemic in Reunion Island allowed

us to describe the risk factors specific to the Reunionese population and the evolution of the

disease among patients who attended the hospital. Our study highlights the poor performance

of warning signs in predicting SD, as well as the variability of the criteria for admission to

intensive care depending on the clinician. Besides a history of cardiovascular disease and

Western European origin that were associated with SD in our setting, the time to diagnosis

and management of dengue is crucial, and rehydration appears to play a central role in pre-

venting progression to SD.

Our results will be used in other large-scale studies during future dengue epidemics in

Reunion Island, which will allow the identification of predictive factors in the evolution

towards a more severe form of the disease, as well as the drafting of referral protocols to spe-

cialized services adapted to the profile of the patient.
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23. Harris E, Pérez L, Phares CR, Pérez Mde L, Idiaquez W, Rocha J, Cuadra R, Hernandez E, Campos

LA, Gonzales A, Amador JJ, Balmaseda A. Fluid intake and decreased risk for hospitalization for den-

gue fever, Nicaragua. Emerg Infect Dis. 2003 Aug; 9(8):1003–6. https://doi.org/10.3201/eid0908.

020456 PMID: 12967502

24. Bertolotti A, Thioune M, Abel S, Belrose G, Calmont I, Césaire R, et al. Prevalence of chronic chikungu-

nya and associated risks factors in the French West Indies (La Martinique): A prospective cohort study.

PLoS Negl Trop Dis. 2020; 14: e0007327. https://doi.org/10.1371/journal.pntd.0007327 PMID:

32163420

25. Mallhi TH, Khan AH, Adnan AS, Sarriff A, Khan YH, Jummaat F. Clinico-laboratory spectrum of dengue

viral infection and risk factors associated with dengue hemorrhagic fever: a retrospective study. BMC

Infect Dis. 2015 Sep 30; 15:399. https://doi.org/10.1186/s12879-015-1141-3 PMID: 26423145

26. Chowell G, Diaz-Duenas P, Chowell D, et al. Clinical diagnosis delays and epidemiology of dengue

fever during the 2002 outbreak in Colima, Mexico. Dengue Bull. 2007; 31:26–35

27. Nguyen Thi KT, Nguyen Ngoc AT, Khau MT, Nguyen TT, Luong CQ. Epidemiology analysis of deaths

associated with dengue hemorrhagic fever in Southern Viet Nam in 1999–2000. Dengue Bull. 2001;

25:28–32

PLOS NEGLECTED TROPICAL DISEASES Risk factors of severe dengue in Reunion Island

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011260 April 17, 2023 12 / 12

https://doi.org/10.1080/08037051.2016.1182854
http://www.ncbi.nlm.nih.gov/pubmed/27195533
https://doi.org/10.1161/CIRCGEN.121.003489
https://doi.org/10.1161/CIRCGEN.121.003489
http://www.ncbi.nlm.nih.gov/pubmed/35133173
https://doi.org/10.1007/s00705-006-0869-x
http://www.ncbi.nlm.nih.gov/pubmed/17106622
https://doi.org/10.1586/14787210.2015.982094
http://www.ncbi.nlm.nih.gov/pubmed/25399556
https://doi.org/10.1038/s41569-021-00607-3
https://doi.org/10.1038/s41569-021-00607-3
http://www.ncbi.nlm.nih.gov/pubmed/34497402
https://doi.org/10.1371/journal.pone.0183544
https://doi.org/10.1371/journal.pone.0183544
http://www.ncbi.nlm.nih.gov/pubmed/28977019
https://doi.org/10.3201/eid0908.020456
https://doi.org/10.3201/eid0908.020456
http://www.ncbi.nlm.nih.gov/pubmed/12967502
https://doi.org/10.1371/journal.pntd.0007327
http://www.ncbi.nlm.nih.gov/pubmed/32163420
https://doi.org/10.1186/s12879-015-1141-3
http://www.ncbi.nlm.nih.gov/pubmed/26423145
https://doi.org/10.1371/journal.pntd.0011260

