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ABSTRACT

Dengue is currently the fastest spreading viral vector-borne disease in the world. Dengue viruses 
(DENV) can cause asymptomatic infections while the clinical presentation may vary from mild to 
the difficult to manage severe forms of the disease. However, the acute phase of dengue begins 
with fever and non-specific symptoms that are frequently indistinguishable from the initial phase 
of other febrile illnesses (OFI). Although the WHO proposes a case definition, variability in clinical 
presentation complicates diagnosis and several countries lack resources for laboratory testing. 
Therefore, a reliable and clinically useful tool for early diagnosis is desirable. This may substantially 
decrease fatalities due to timely treatment and avoid overburdening of the health system owing to 
misdiagnosis. The purpose of this study was to identify parameters that could differentiate dengue 
from OFI at the early stage of the disease (≤72h from fever onset) and to design a decision-tree 
algorithm using clinical features and routine laboratory tests. Data was derived from a three-
year health centre-based cohort study that was established in a dengue hyperendemic city in 
Venezuela. We constructed a diagnostic algorithm using white blood cells (WBC) count, rash, mean 
corpuscular haemoglobin (MCH) levels and haemorrhagic manifestations in sequential order that 
distinguished dengue from OFI with a sensitivity of 88% and a specificity of 63%. To our knowledge, 
this is the first decision tree algorithm designed with data from the Americas. Multivariate analysis 
determined that the presence of rash, haemorrhagic manifestations and a decrease of platelet 
counts, WBC count and MCH were independently associated with dengue during the first 3 days 
of the disease. On the other hand, during days 4-7 of the disease, body temperature <39°C, the 
presence of rash, haemorrhagic manifestations and a decrease of platelet counts and WBC count 
were independently associated with dengue cases. Finally, a decrease of cholesterol and an increase 
of albumin were the two biochemical parameters independently associated with dengue at the 
early phase of the illness. The proposed diagnostic algorithm may be a useful instrument to help 
clinicians in the early identification of dengue patients and install adequate and prompt treatment.
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INTRODUCTION

Dengue fever has become the most important viral vector-borne disease of the tropical and 
subtropical areas of the world (Gubler, 2011a). The average number of dengue cases reported by 
the World Health Organization (WHO) has increased considerably in the past decades (Guzman 
et al., 2010). Dengue has also expanded to new areas, autochthonous transmission was recently 
reported in European countries including France, Croatia and Portugal (Tomasello & Schlagenhauf, 
2013).  Cartographic studies have estimated the number of dengue infections that occur annually 
to be as high as 390 million worldwide (Bhatt et al., 2013). There are four distinct serotypes of 
dengue virus (DENV 1-4) (Gould & Solomon, 2008), each of them capable of causing the clinical 
spectrum of the disease (Gibbons & Vaughn, 2002).

The majority of DENV infections are considered to be asymptomatic or inapparent (Kyle and Harris, 
2008) while symptomatic infections present with a wide range of clinical manifestations. According 
to the recent WHO classification, these vary from dengue without or with warning signs to severe 
dengue (defined as severe plasma leakage, severe bleeding or severe organ involvement) (WHO, 
2009). Death can occur when severe cases are not timely and appropriately treated (WHO, 2009). 
To date there are not antiviral treatment modalities for dengue and vaccines are still under study 
(Murray et al., 2013; Thomas & Rothman, 2015). Nevertheless, an early treatment intervention can 
reduce the case fatality from 20% to 1% or less (Guzman et al., 2010, WHO, 2009, Stepherson, 2005). 
This includes carefully monitoring the patient during the first 24-48h after the fever recedes (critical 
phase) to guard against the appearance of warning signs for severe dengue.

 At the onset of the disease, the patient presents with non-specific symptoms such as fever, 
headache, myalgia, arthralgia, retro-ocular pain, nausea, vomiting and rash. These symptoms 
can be easily confused with other febrile illnesses (OFI) such as influenza, leptospirosis, malaria, 
rickettsiosis, typhoid fever, chikungunya or zika, among others (Ellis et al., 2006; Caglioti et al., 
2013; Hasltead 1997, Musso et al., 2015, WHO, 2014). Indeed, suspected dengue patients clinically 
diagnosed during the acute phase present low concordance with laboratory-confirmed cases in 
the American countries (Martinez-Vega et al., 2006, Balmaseda et al., 2006) leading to unnecessary 
hospitalizations. In most countries, serology is the most common laboratory investigation used 
to diagnose dengue, but results are obtained after the acute stage of the disease (Schwartz, et 
al., 2000) and frequently when the patient has been already discharged. Molecular techniques are 
suitable for early DENV detection however, they are expensive and not available at primary health 
care services (Ramos et al., 2009). 

Currently, there are not accepted guidelines for the early recognition of a dengue infection 
(Ho et al., 2013). To avoid fatalities and overburdening of health centers due to misdiagnosis, it 
becomes imperative to develop an algorithm to be used by medical personnel to identify dengue 
patients early in the disease course. The purpose of this study was to ascertain parameters that 
could differentiate dengue from OFI at the early stage of the disease (≤72h from fever onset) and 
to design a decision-tree algorithm using clinical features and routine laboratory tests. Data was 
derived from a three-year health centre-based cohort study that was established in a dengue 
hyperendemic city in Venezuela. We also present multivariate analyses that identified parameters 
that discriminate dengue from OFI before and after day 3 from fever onset. 



Chapter 10

230

10

MATERIALS AND METHODS 

Study site

Maracay is the capital of Aragua state and is located in the north-central region of Venezuela. It 
is the fourth largest city of the country with approximately 1 million inhabitants and has become 
highly endemic for dengue transmission and dengue haemorrhagic fever epidemics (Barrera et 
al., 2002; Comach et al., 2009). Three public primary health centres (HCs) located in areas with a 
history of high dengue incidence (Barrera et al., 2000), availability of 24h emergency service and 
laboratory facilities were selected for the study. The HCs “Unidad de Emergencia la Candelaria” and 
the “Instituto Venezolano de los Seguros Sociales (IVSS) El Limón” are located in the north-west area 
of Maracay (Mario Briceño Iragorry municipality), while the “Ambulatorio del Norte” is situate north-
easterly (Girardot municipality). The “Hospital Central de Maracay” is a tertiary level hospital where 
patients with severe manifestations of dengue were referred for hospitalization. This hospital 
covers the whole of Maracay city’s population.

Study design

A health centre-based prospective observational cohort study was established in Maracay, Aragua 
state, Venezuela, to identify clinical and laboratory parameters to differentiate dengue from OFI at 
an early phase of the disease. 

Data collection

Our study was conducted between October 2010 and December 2013. Patients of all ages, 
presenting at the HCs within a maximum of 72 hours after fever onset with clinical signs and 
symptoms suggesting a dengue infection (WHO, 2009) or without any signs of a localised infection 
were identified by trained medical doctors and study nurses. The patient was physically evaluated 
by the treating physician together with the study nurse and enrolled in the study after signing 
an informed consent/assent form. A blood sample was taken on presentation to perform dengue 
diagnosis by Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) (Lanciotti et al., 1992). 
The patient was asked to return daily for medical monitoring and evaluation until he/she was 
afebrile for 48 hours, and again at 21-30 days after fever onset for a follow-up visit. Blood samples 
to perform total blood count and blood biochemistry were obtained at presentation and at 24h, 
48h and 72h during the febrile phase, 48h post-febrile and at 21-30 days (convalescent sample). If 
the patient was hospitalised by the treating physician, study medical personnel obtained two extra 
blood samples on alternate days and continued the monitoring until discharge. A modified IgM 
antibody-capture enzyme-linked immunosorbent assay (MAC-ELISA) (Camacho et al., 2003) was 
performed on blood samples taken on the second to fourth day of the visit to the HC and during 
the convalescence visit.

On presentation, demographic, epidemiological, and clinical data were documented in a structured 
follow-up questionnaire. Demographic data included: the date of birth, sex, address of household 
and place of study or job. Epidemiological data included the history of past dengue infections, 
hospitalisation due to dengue disease and recent travel history. The presence of diseases and/
or treatment that could influence dengue evolution such as diabetes, hypertension, asthma, 
hepatitis, lupus, sickle cell anaemia or neoplasia (Figueiredo et al., 2010; Yakoob et al., 2009; 
Parkash et al.,2010; Moesker et al., 2013) was recorded. Recall bias related to the recollection of 



 Decision Tree Algorithm that Differentiates Dengue from OFI

231

10

past dengue infections was probably small as the awareness on dengue in the population is high. 
Information on clinical findings, laboratory tests, complementary tests and received treatment 
were documented daily in the follow-up questionnaire. Laboratory data included daily full blood 
counts and blood biochemistry: urea, creatinine, triglycerides, cholesterol, hepatic transaminases, 
pancreatic amylase, total proteins, albumin, globulins, total and fractionated bilirubin, alkaline 
phosphatase, lactate dehydrogenase (LDH) and creatine kinase (CK). Blood coagulation indicators 
(prothrombin and thrombin time) and other tests were performed when indicated by the treating 
physician.

Definitions  

Patients with dengue were defined as those with a positive single anti-dengue IgM or anti-
dengue IgM seroconversion and/or a positive RT-PCR test. Patients that fulfilled the inclusion 
criteria but who did not have a laboratory positive test for dengue were defined as OFI. The days 
of the disease were defined as follows: day 0 (<12h); day 1 (12-24h); day 2 (24-48h); and day 3 
(48-72h) after fever onset. The early phase of the disease comprised days 0 to 3. Age was divided 
in two groups: children (patients aged up to 14 years old) and adults (patients over 14 years of 
age). Haemorrhagic manifestations were defined as the presence of at least one of the following 
indicators: a positive tourniquet test, petechiae, epistaxis, gingivorrhagia, melena, bloody stools, 
haematuria, menorrhagia and/or haematemesis. A positive tourniquet test was defined as the 
presence of ≥ 10 petechiae within a diameter of 2 cm after inflating a blood pressure cuff to the midway pressure between the 

systolic and diastolic blood pressure for 3 min (Halsey et al., 2013).

Statistical analysis 

The outcome variable was defined as a laboratory confirmed dengue infection. Two separate 
analysis were performed, one for parameters differentiating dengue vs. OFI at the early stage of 
the illness (≤72h from fever onset) and one comprising days 4-7, or the late disease stage. Data was 
checked for consistency and analysed anonymously. The proportions of clinical signs and symptoms 
per day of illness were analysed using a chi-square test or Fisher’s exact test when applicable. For 
normally distributed quantitative data, means were compared using Student’s t-test, otherwise the 
Mann-Whitney U test was applied. Cut-off point values were calculated according to the means 
in normally distributed quantitative data and on data distribution for non-normally distributed 
data. Cut-off point values reported in the literature were also used. The slopes of continuous 
variables that were normally distributed were estimated for each participant by lineal regression 
analysis. These slopes were calculated at the early and late stages of the disease separately. Slopes 
of variables that equalled zero meant that there was no change in time for that particular variable. 
Data from the first three days of the disease and from 4 to 7 days were collapsed and analysed 
separately. Multivariate logistic regression analysis was used to identify parameters that were 
independently associated with a confirmed dengue infection. All variables found to approach 
significance (p ≤ 0.2) after adjusting for age group, considered as the main confounder, were fitted 
in a logistic regression model. Effect modification was analysed and resulting models compared 
by likelihood ratio test. Final multivariate models included the factors remaining significant (p ≤ 
0.05) after adjusting for all other factors in the model, and the factors which substantially changed 
the OR (>10%) of other variables. Data was analysed using SPSS (SPSS Inc., version 20.0, Chicago, 
Illinois) and STATA (version 11, College Station, TX) software. 

Decision tree algorithm: Parameters independently associated with dengue infection in the final 
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multivariate analysis at the early stage of the disease were used for the decision tree algorithm 
construction. Only cases without missing values were used in the analysis. Based on logistic 
regression models, variables with highest OR and smallest P-values were used for node decision. 
In case of high standard errors and confidence intervals due to small numbers in a branch of the 
tree, Fisher’s exact test was used for node decision. Nodes became end nodes if there were no 
significant variables left or cells with zero patients in the cross tabulation were present. Significance 
was determined at the 5% level.

Ethic statement

The study was approved by the Ethics Review Committee of the Biomedical Research Institute, 
Carabobo University (Aval Bioetico #CBIIB(UC)-014), Maracay, Venezuela, the Ethics, Bioethics 
and Biodiversity Committee (CEBioBio) of the National Foundation for Science, Technology and 
Innovation (FONACIT) of the Ministry of Science, Technology and Innovation, Caracas, Venezuela; 
and by the Regional Health authorities of Aragua State (CORPOSALUD Aragua). The study was 
conducted according to the principles expressed in the Declaration of Helsinki (WMA). All adult 
subjects provided written informed consent, and a parent or guardian of any child participant 
provided written informed consent on their behalf. Children between 8 and 17 years old provided 
written informed assent. All data was analysed anonymously.

RESULTS

General description of the study population.  

Between October 2010 and December 2013, 275 patients met the inclusion criteria and accepted to 
participate in the study. Data from 21 patients was excluded from the analysis as patients were lost 
to follow up. The mean age of the 254 participants included in the analysis was 19.2 years old (range 
11 months-74 years old). Within the total population, 111 (43.7%) were children (≤14 years old) and 
145 (57.1%) were male. Based on the diagnosis criteria described above (see materials and methods, 
section definitions), 112 (44.1%) patients were defined as having an acute dengue infection while 
142 were classified as presenting with an OFI at the moment of recruitment. According to the 1997 
World Health Organization (WHO) criteria (WHO, 1997), 101 (90.2%) participants were classified 
as presenting with dengue fever (DF) and 8 (7.3%) with dengue haemorrhagic fever (DHF), while 
68 (63%) patients were categorised as dengue without warning signs, 34 (31.5%) as dengue with 
warning signs and 6 (5.6%) as severe dengue according to the 2009 WHO criteria (WHO, 2009). The 
four dengue virus serotypes circulated during the study period with a predominance of DENV-
3 (33.0%) followed by DENV-1 (29.5%), DENV-2 (20.5%) and finally DENV-4 (17.0%). The serotype 
most frequently associated with severe cases was DENV-2: 5 out of 6 (83.3%) severe cases carried 
this serotype. DENV-1 was present in 21 out of 55 (38.2%) patients diagnosed with dengue without 
warning signs while DENV-3 was detected in 12 out of 27 (44.4%) cases of dengue with warning 
signs. 

General characteristics of patients with dengue and OFI. 

Approximately 71% of the patients were recruited between the second or third day after fever 
onset. Patients infected with dengue were younger than those with OFI (median age 14.5 years vs 
18.6 years old respectively; P=0.032) however, no gender differences were found. There was also no 
difference in the proportion of enrolled children and adults comparing dengue vs OFI. 
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Figure 1.- Daily frequencies of relevant signs and symptoms in dengue and OFI patients The scale 
of the Y-axis varies per sign/symptom accordingly. The days of the disease were defined as follows: day 
0 (<12h); day 1 (12-24h); day 2 (24-48h); day 3 (48-72h) and day 4 (72-96h) after fever onset. The number 
of individuals presenting the relevant sign/symptom by OFI and dengue is indicated in the figure under 
each day. The daily total sample size for all was: day 0, n=50; day 1, n=138; day 2, n=218; day 3, n=195; day 
4, n=130; day 5, n=82; day 6, n=55; day 7, n=30. *Chi-square test. **Fisher’s exact test.

Daily evolution of relevant clinical and haematological parameters in patients with dengue and 
OFI. 

The frequencies of relevant general signs and symptoms, haemorrhagic manifestations and 
selected haematological parameters in dengue and OFI patients from fever onset until day 7 of the 
illness are presented in Figures 1, 2 and 3 respectively. In general, during the whole 7 day period, a 
higher proportion of patients with dengue compared to those with OFI presented bodily pain, rash, 
nausea and vomiting (Figure 1). The same pattern was found for the presence of petechiae, positive 
tourniquet test and haemorrhagic manifestations, while sore throat was more predominant in 
OFI patients (Figure 2). The levels of platelet counts, white blood cells (WBC) counts and mean 
corpuscular haemoglobin (MCH) were lower in patients with dengue alongside a mild increase of 
haematocrit levels, mainly after day 5 (Figure 3). More than 50% of all patients referred bodily pain 
during the first 4 days of the disease, however a higher proportion of dengue patients (89.3%) than 
OFI (78.7%; P=0.025) ever presented this symptom during the whole 7-day period. The presence of 
rash in dengue patients increased steeply reaching a plateau on day 3 with significant differences 
between days 2-6, while those with OFI showed a low frequency (<20%). Finally, the presence of 
nausea was higher in dengue patients than OFI from day 2 while less than 25% of patients presented 
vomiting on a daily basis (Figure 1).
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Around 15-30% of dengue patients had haemorrhagic manifestations during the 7-day period. 
Haemorrhagic manifestations and, within them petechiae and a positive tourniquet test, were more 
frequent in dengue patients from the first or second day of the disease, but were not present in OFI 
patients after day 4. On the other hand, sore throat was significantly more frequent in patients with 
OFI especially on days 1-3 and on day 5 (P<0.05; Figure 2).  

Figure 2.- Daily frequencies of relevant haemorrhagic manifestations and sore throat in dengue 
and OFI patients. The scale of the Y-axis varies per sign/symptom accordingly. The days of the disease 
were defined as follows: day 0 (<12h); day 1 (12-24h); day 2 (24-48h); day 3 (48-72h) and day 4 (72-96h) 
after fever onset. The number of individuals presenting haemorrhagic manifestation and sore throat by 
OFI and dengue is indicated in the figure under each day. The daily total sample size for petechiae and 
sore throat was: day 0, n=50; day 1, n=138; day 2, n=218; day 3, n=195; day 4, n=130; day 5, n=82; day 6, 
n=55; day 7, n=30. The daily total sample size for haemorrhagic manifestation and positive tourniquet 
was: day 0, n=4; day 1, n=61; day 2=141; day 3=177; day 4, n=124; day 5, n=75; day 6, n=50; day 7, n=27. 
*chi-square test. **Fisher’s exact test.  

In general, a decrease in platelet count, WBC count and MCH levels with a concomitant increase of 
haematocrit levels were observed in patients with dengue (Figure 3). During the first 3 days of the 
disease, the overall mean platelet count of dengue patients (166 x 103 platelet/uL) was significantly 
lower and the 7-day daily levels decreased steeply over time (slope -1.47) in comparison with 
patients with OFI (mean=192 x 103 platelet/uL, P=0.002) where there was little change (slope 
-0.35; P=0.051). WBC decreased in both dengue and OFI patients however, dengue patients had 
significantly lower median WBC counts on days 2-4 of the illness as well as during the first 3 days 
of the disease taken as a whole (dengue= 3.60 x 103 cells/uL vs OFI= 4.88 x 103 cell/uL, P<0.001). 
Although no major changes in haematocrit levels seemed to occur until day 4 of evolution, 
a significant difference was found on days 5 and 6, along with differences in the slopes of this 
haematological parameter between patients with dengue (0.07) and OFI (-0.72) during the first 72 
hours (P=0.027). The mean MCH levels in patients with dengue (27.6 pg) were significantly lower 
than OFI (28.5 pg) during days 0-3 (P=0.015) with a significant difference on days 2 and 3 (Figure 3). 
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Figure 3.- Daily values of selected haematological parameters in dengue and OFI patients. 
The days of the disease were defined as follows: day 0 (<12h); day 1 (12-24h); day 2 (24-48h); day 3 
(48-72h) and day 4 (72-96h) after fever onset. The number of patients with dengue or OFI is placed 
daily under the days of the disease. Shaded boxes represent dengue, while empty boxes represent 
OFI. Middle line, median; upper and lower boundary of the box, 25-75% interquartile range (IQR); 
whiskers, range of value that are outside of the IQR but are close enough not to be considered 
outliers (≤1.5*IQR); empty circles, outliers (◦1.5*IQR); black circles extreme outliers. WBC = with 
blood cells; MCH= mean corpuscular haemoglobin. *P-value ≤0.05.

Biochemical parameters

The arithmetic and geometric means of the biochemical parameters observed during the first 
3 days of the disease in patients with dengue or OFI are presented in Figure 4. Dengue patients 
presented lower cholesterol (geometric mean 108.4 mg/dl) and globulin (mean 2.6 mg/dl) values 
than OFI patients (139.53 mg/dl and 2.97 mg/dl; P=0.002 and P=0.046, respectively). On the other 
hand, albumin (mean 4.01 mg/dl) and creatin kinase (mean 124.7 u/L) values were higher in patients 
with dengue than in those with OFI (3.61 mg/dl and 81.5 u/L; P=0.003 and P=0.012, respectively). 
Cholesterol and albumin were the only two parameters independently associated with dengue in 
multivariate analysis of biochemical variables. Patients with cholesterol levels <140 mg/dl were 8.1 
times more likely to have dengue than OFI (P=0.007) while those with albumin levels >3.6 mg/dl 
were 12.0 times more prone to have dengue than OFI (P=0.001). The association of cholesterol and 
albumin with dengue was independent of age, sex, WBC count (◦4000 cells/uL) or platelets (◦150 x 
103 platelet/uL) (data not shown).
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Figure 4.- Biochemical parameters in patients with dengue and other febrile illnesses at the 
early stage of the disease (≤ 72h after fever onset). **Geometric means. * P≤0.05. AST= aspartate 
aminotransferase , ALT= alanine aminotransferase, LDH= Lactate dehydrogenase. Right axis is used 
for creatinine, total bilirubin, direct bilirubin and indirect bilirubin. 

Clinical and haematological parameters that differentiate dengue from OFI at the early stage 
of the disease. 

A univariate analysis showing the proportions and odds ratios (ORs) adjusted by age group of 
clinical and haematological parameters in patients with dengue and OFI at the early stage of 
the disease (≤72h) are presented in Table 1 and 2. A temperature ≥ 39°C, rash, chills, petechiae, a 
positive tourniquet test and haemorrhagic manifestations were the clinical parameters significantly 
associated with dengue infection during the early stage of the illness. Conversely, presenting a sore 
throat was significantly associated with OFI (Table 1). Platelet count (◦150 x 103 platelet/uL), WBC 
count (◦4000 cells/uL), MCH (<29 pg) and an increase of haematocrit and haemoglobin levels were 
the haematological parameters associated with dengue at the early stage of the disease (Table 
2). Rash (OR=5.4) and haemorrhagic manifestations (OR=3.5) were the two strongest parameters 
associated with dengue. 
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Table 1. Clinical manifestations that differentiate dengue versus OFI at the early stage of the 
disease (n=254)

Total OFI Dengue OR* CI95 P-value

(n=142) (n=112)

N n (%) n (%)

Temperature (≥39°C) 240 87 (66.9) 89 (80.9) 2.1 1.2-3.9 0.014

Paleness 248 51 (37.5) 46 (41.1) 1.2 0.7-2.0 0.501

Anorexia 248 91 (66.9) 83 (74.1) 1.4 0.8-2.5 0.219

Rash 248 26 (19.1) 63 (56.2) 5.4 3.1-9.6 <0.001

Nausea 248 75 (55.1) 74 (66.1) 1.6 0.9-2.7 0.075

Headache 248 123 (90.4) 102 (91.1) 1.1 0.5-2.7 0.793

Retroocular pain 248 105 (77.2) 83 (74.1) 0.9 0.5-1.6 0.697

Bodily pain 248 106 (77.9) 95 (84.8) 1.8 0.9-3.5 0.100

Myalgia/Arthralgia 248 96 (70.6) 84 (75.0) 1.4 0.8-2.5 0.261

Chills 248 115 (84.6) 105 (93.8) 2.7 1.1-6.7 0.027

Petechiae 248 5 (3.7) 14 (12.5) 3.7 1.3-10.6 0.016

Gingivorrhagia 248 6 (4.4) 7 (6.2) 1.5 0.5-4.6 0.476

Epistaxis 248 2 (1.5) 5 (4.5) 3.0 0.6-16.0 0.191

Positive  Tourniquet 225 4 (3.3) 11 (10.8) 3.9 1.2-12.9 0.024

test

Haemorrhagic 229 15 (12.2) 34 (32.1) 3.5 1.8-7.0 <0.001

manifestations

Abdominal Pain 248 29 (21.3) 23 (20.5) 0.9 0.5-1.7 0.804

Hepatomegaly 248 2 (1.5) 1 (0.9) 0.6 0.1-6.3 0.642

Vomiting 248 42 (30.9) 46 (41.1) 1.5 0.9-2.6 0.116

Diarrhoea 248 29 (21.3) 18 (16.1) 0.7 0.4-1.4 0.299

Sore throat 248 56 (41.2) 31 (27.7) 0.6 0.3-0.9 0.033

Cough 248 50 (36.8) 36 (32.1) 0.8 0.5-1.3 0.385
Early stage of the disease was defined as ≤ 72h after fever onset. The symptoms refer to “presence of the symptom”. OFI= 
Other febrile illnesses; Haemorrhagic manifestations= presence of at least one of the following: positive tourniquet 
test, petechiae, epistaxis, gingivorrhagia, melena, bloody stools, haematuria, menorrhagia and/or haematemesis. 
Hepatomegaly was determined through physical examination and/or ultrasound. *OR adjusted by age group.

Among the haemorrhagic manifestations, patients with petechiae or with a positive tourniquet 
test were respectively 3.7 and 3.9 times more prone to have dengue than OFI (P=0.016; P=0.024) 
while those with a sore throat were 40% less likely (P=0.033). Patients with platelet counts ◦150 x 
103 platelet/uL were 2.8 times (P=0.001) and those with WBC counts ◦4000 cells/uL were 5.1 times 
more likely to have dengue than OFI (P◦0.001). A value equal to zero in the slopes of haematocrit, 
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haemoglobin and erythrocyte count means no change in the levels during the first 72 hours. 
Frequently, an increase of haematocrit and haemoglobin levels is an indication of plasma leakage 
(Kalayanarooj et al., 1997). A rise in haematocrit and haemoglobin levels increased the probability 
to have dengue by 2.6 and 2.9 times, respectively. Likewise, patients with MCH levels ◦29 pg as well 
as a mean corpuscular volume <85 fL were more than twice likely to have dengue than OFI. 

Table 2. Haematological parameters that differentiate dengue versus OFI at the early stage of the disease 
(n=254)

Total OFI Dengue OR* CI95 P-value

(n=142) (n=112)

N N (%) N (%)

Platelet count 212 24 (22.2) 45 (43.3) 2.8 1.5-5.2 0.001

(<150 x 103 platelets /uL)

Leukocyte 212 30 (27.8) 69 (66.3) 5.1 2.8-9.2 <0.001

(<4000 cells/uL)

Lymphocyte (>43%) 210 34 32.1 43 41.3 1.5 0.8-2.6 0.187

Haematocrit slope (>0) 145 21 (31.8) 44 (55.7) 2.6 1.3-5.2 0.007

Haemoglobin slope (>0) 141 19 (29.7) 44 (57.1) 2.9 1.4-5.9 0.003

Erythrocyte slope (>0) 90 14 (36.8) 28 (53.8) 1.8 0.8-4.4 0.169

MCH (<29 pg) 182 53 (55.2) 65 (75.6) 2.7 1.3-5.3 0.005

MCV (<85 fL) 178 18 (19.4) 27 (31.8) 2.0 0.9-4.2 0.060

MCHC (˂31 gr/dL) 200 84 (83.2) 88 (88.9) 1.7 0.7-3.8 0.220
Early stage of the disease was defined as ≤ 72h after fever onset. OFI= other febrile illnesses; MCH= mean corpuscular 
haemoglobin; MCV= mean corpuscular volume, MCHC= mean corpuscular haemoglobin concentration. Lymphocyte 
was measured as a proportion of the total leukocyte count. The slopes of haematocrit, haemoglobin and erythrocyte 
were calculated as a change in levels over the first 3 days of the illness. Slopes equal to 0 mean no changes of values. 
*OR adjusted by age group.

Clinical and haematological parameters that differentiate dengue from OFI during days 4-7 of 
the disease.  

Similar clinical parameters were found positively associated with dengue during this later 
phase of the evolution, with some showing a stronger association. Petechiae and haemorrhagic 
manifestations were 9 and 7 times (respectively) more likely to be presented by dengue patients 
than OFI. Contrary to the findings at the early stage, patients with temperatures ≥ 39 °C were 60% 
less likely to have dengue and those presenting cough were 50% more likely to have an OFI (Table 
3). Lower platelet and WBC counts were also strongly related with dengue at this later period (Table 
4). The smaller sample size of patients with OFI after day 4 possibly diminished the power of analysis 
in the case of the haematocrit, haemoglobin and erythrocyte slopes comparisons.
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Table 3.- Clinical manifestations that differentiate dengue versus OFI during 4-7 days of the 
disease  (n=166)

Total OFI Dengue OR* CI95 P-value

(n=63) (n=103)

n n (%) N (%)

Temperature (≥39°C) 154 10 (18.2) 7 (7.1) 0.4 0.1-0.9 0.048

Paleness 154 16 (29.1) 26 (26.3) 1.0 0.4-2.0 0.893

Anorexia 154 23 (41.8) 46 (46.5) 1.3 0.6-2.5 0.508

Rash 154 13 (23.6) 54 (54.5) 3.8 1.8-7.9 <0.001

Nausea 154 14 (25.5) 38 (38.4) 2.0 0.9-4.1 0.074

Headache 154 21 (38.2) 38 (38.4) 1.1 0.5-2.2 0.785

Retroocular pain 154 16 (29.1) 29 (29.3) 1.1 0.5-2.4 0.749

Bodily pain 154 25 (45.5) 47 (47.5) 1.2 0.6-2.4 0.609

Myalgia/Arthralgia 154 19 (34.5) 34 (34.3) 1.1 0.5-2.2 0.862

Chills 154 21 (38.2) 40 (40.4) 1.2 0.6-2.3 0.673

Petechiae 154 1 (1.8) 14 (14.1) 8.9 1.1-69.8 0.037

Gingivorrhagia 154 0 (0.0) 12 (12.1) - - -

Epistaxis 154 1 (1.8) 4 (4.0) 2.3 0.3-21.5 0.457

Positive Tourniquet 146 1 (2.0) 11 (11.6) 6.9 0.9-55.6 0.069

Test

Haemorrhagic 149 3 (5.8) 28 (28.9) 7.0 2.0-24.3 0.002

Manifestations

Abdominal Pain 154 8 (14.5) 14 (14.1) 1.0 0.4-2.5 0.936

Hepatomegaly 154 1 (1.8) 11 (11.1) 6.7 0.8-53.2 0.074

Vomiting 154 6 (10.9) 15 (15.2) 1.4 0.5-3.9 0.505

Diarrhoea 154 5 (9.1) 14 (14.1) 1.6 0.6-4.8 0.376

Sore throat 154 12 (21.8) 19 (19.2) 0.9 0.4-2.0 0.769

Cough 154 23 (41.8) 26 (26.3) 0.5 0.2-0.9 0.043
The symptoms refer to “presence of the symptom”. OFI= other febrile illnesses; Haemorrhagic manifestations= 
presence of at least one of the following: positive tourniquet test, petechiae, epistaxis, gingivorrhagia, melena, 
bloody stools, haematuria, menorrhagia and/or haematemesis. Hepatomegaly was determined through physical 
examination and/or ultrasound. *OR adjusted by age group.
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Table 4.- Haematological parameters that differentiate dengue versus OFI during 4-7 days of 
the disease  (n=166)

Total OFI Dengue OR* CI95 P-value

(n=63) (n=103)

n N (%) n (%)

Platelet count 133 10 (22.2) 56 (63.6) 6.8 2.9-15.9 <0.001

(<150 x 103 platelets /uL)

Leukocyte 133 13 (28.9) 62 (70.5) 5.9 2.7-13.0 <0.001

(<4000 cells/uL)

Lymphocyte (>43%) 132 24 (54.5) 53 (60.2) 1.3 0.6-2.7 0.528

Haematocrit slope (>0) 73 6 (46.2) 22 (36.7) 0.7 0.2-2.3 0.547

Haemoglobin slope (>0) 63 5 (45.5) 23 (44.2) 0.9 0.2-3.4 0.879

Erythrocyte slope (>0) 54 3 (60.0) 19 (38.8) 0.4 0.1-2.7 0.357

MCH (<29 pg) 108 25 (75.8) 57 (76.0) 1.0 0.4-2.8 0.930

MCV (<85 fL) 109 11 (32.4) 24 (32.0) 1.0 0.4-2.4 0.992

MCHC (˂31 gr/dL) 131 31 (70.5) 66 (75.9) 1.3 0.6-3.0 0.504
OFI= other febrile illnesses; MCH= mean corpuscular haemoglobin; MCV= mean corpuscular volume, MCHC= mean 
corpuscular haemoglobin concentration. Lymphocyte was measured as a proportion of the total leukocyte count. The 
slopes of haematocrit, haemoglobin and erythrocyte were calculated as a change in levels over days 4-7 of the illness. 
Slopes equal to 0 mean no changes of values. *OR adjusted by age group.

Final multivariate analysis. 

The final multivariate models of clinical-haematological parameters independently associated with 
dengue during the early stage of the disease and during days 4-7 are presented in Table 5. The 
presence of rash, haemorrhagic manifestations, platelet count <150 x 103 platelets/uL, WBC count 
<4000 cells/uL and MCH levels <29 pg were predictive variables for dengue infection (Table 5; part 
A). Those patients with rash, haemorrhagic manifestations, platelet count ◦150 x 103 platelet/uL, 
WBC count <4000 cells/uL and a temperature < 39°C between 4-7 days of the disease were more 
likely to have dengue (Table 5; part B).
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Table 5.- Multivariate logistic regression models of clinical-haematological parameters that 
differentiate dengue from OFI

Part A.- Final model at the early stage of the disease (n=169)

OR CI95 P-value

Rash 3.40 1.55-7.42 0.002

Haemorrhagic manifestations 3.47 1.33-9.06 0.011

Platelet count (<150 platelets x 103/uL) 2.48 1.12-5.49 0.026

Leukocyte count (<4000 cells/uL) 4.71 2.23-9.94 <0.001

MCH (<29 pg) 2.61 1.16-5.89 0.021

Part B.- Final model during 4-7 days of the disease (n=122)

Temperature (≥39°C) 0.15 0.04-0.61 0.008

Rash 3.71 1.27-10.81 0.017

Haemorrhagic manifestations 6.64 1.27-34.58 0.025

Platelet count (<150 platelets x 103/uL) 5.15 1.58-16.80 0.007

Leukocyte count (<4000 cells/uL) 3.91 1.33-11.44 0.013
Early stage of the disease was defined as ≤ 72h after fever onset. Haemorrhagic manifestations= presence of at least one of the following: positive 

tourniquet test, petechiae, epistaxis, gingivorrhagia, melena, bloody stools, haematuria, menorrhagia and/or haematemesis.

Decision-tree algorithm for dengue during the early stage of the illness. 

Rash, haemorrhagic manifestations, WBC count and MCH levels were the predictive variables used 
for the decision tree algorithm construction (Figure 5) based on the multivariate model described 
above (Table 5A). Even though a platelet count ◦150 x 103 platelet/uL was positively associated 
with dengue in the multivariate analysis, this parameter was excluded from the decision tree 
algorithm as its contribution did not modify the results. The decision tree algorithm had an overall 
sensitivity of 88% and a specificity of 63%. Out of 169 patients included in the analysis, 83 (49.1%) 
were dengue positive. The two parameters that best predicted dengue diagnosis were WBC and 
MCH (node 2b, right). Out of 65 patients with a WBC count ◦4000 cells/uL and MCH ◦29 pg, 50 
(77%) were correctly diagnosed with dengue. Conversely, 44 (84.6%) out of 52 patients with a WBC 
count ≥ 4000 cells/uL, without rash or haemorrhagic manifestations were properly diagnosed with 
OFI (node 3a left). Other predicting algorithms involved lower number of patients: 44% (11/25) of 
patients with a WBC count ≥ 4000 cells/uL and with rash were correctly diagnosed with dengue 
(node 2a, right) while 83.4% (10/12) of patients with a WBC count ◦4000 cells/uL, MCH ≥29 pg, 
without rash or haemorrhagic manifestations were diagnosed with OFI (node 4a, left).  
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Figure 5.- Decision-tree algorithm for prediction of dengue during the first 3 days of the disease. 
The decision tree algorithm was performed on the 169 patients that remained in the multivariate logistic 
regression model (Table 4). The number and percentage of patients with other febrile illnesses (OFI) and 
dengue is presented in each box. Each node is represented by an alphanumeric denomination within 
circles. MCH= mean corpuscular haemoglobin.   

DISCUSSION

Between October 2010 and December 2013, a health centre-based prospective observational 
cohort study was performed in Maracay, Venezuela. The aim of this study was to design a decision-
tree algorithm that, at an early stage, could distinguish dengue from OFI using clinical and 
accessible haematological tests. We constructed a diagnostic algorithm using WBC count, rash, 
MCH levels and haemorrhagic manifestations in sequential order that predicted dengue from OFI 
with a sensitivity of 88% and specificity of 63%. Multivariate analysis determined that the presence 
of rash, haemorrhagic manifestations and the decrease of platelet count, WBC count and MCH were 
positively and independently associated with dengue during the first 3 days of the disease. On 
the other hand, during days 4-7, body temperature <39°C, the presence of rash, haemorrhagic 
manifestations and the decrease of platelet and WBC counts were positively and independently 
associated with dengue cases. Finally, an increase of cholesterol and a decrease of albumin levels 
were the two biochemical parameters independently associated with dengue infection during the 
first 3 days of the disease.

To our knowledge, this is the first decision-tree algorithm designed with data from the Americas that 
differentiates dengue from OFI during the acute phase of the illness. The majority of the published 
algorithms were designed to discriminate dengue from severe dengue (Brasier et al., 2012; Potts 
et al., 2010). One study using a decision tree that differentiated dengue from OFI has, so far, been 
performed in Asia (Tanner et al., 2008). In this study, platelet count (cut-off point 193 platelet/uL), 
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WBC count (cut-off point 6000 cells/uL), lymphocytes, temperature, haematocrit and neutrophils 
were used to identify probable dengue, likely dengue, likely no dengue and probable no dengue 
(Tanner et al., 2008). Our decision tree algorithm used a lower cut-off point for WBC count (4000 
cells/uL) and a new laboratory parameter, MCH (cut-off point 29 pg) along with only two clinical 
predictors, rash and haemorrhagic manifestations. WBC count was the main discriminatory factor 
between dengue and OFI and occupied the first node of the decision-tree. Indeed, the majority of 
dengue patients presented a WBC count ◦4000 cells/uL from the second day of the disease (Figure 
3). The other two strong parameters that enabled the differentiation of dengue from OFI were rash 
and MCH. Although platelet counts were independently associated with dengue in our multivariate 
analysis, this parameter did not rank amongst the most discriminatory predictors when used in 
the decision tree algorithm. The reason may be that platelet counts ◦150 x 103 platelet/uL were 
mainly observed after the third or fourth day of the disease in dengue patients. Our results were in 
accordance with other studies where the drop in WBC counts occurred before thrombocytopenia in 
dengue patients (Binh et al., 2009; Deparis et al., 1998). Thrombocytopenia is useful in the differential 
diagnosis at the later stage of dengue illness (Low et al., 2011). Rash and WBC count (ranging from 
5000 to 3600 cells/uL) have been consistently reported as predictors in the diagnosis of dengue 
(Daumas et al., 2013; Diaz et al., 2006; Biswas et al., 2012). Mild haemorrhagic manifestations, as 
demonstrated by a positive tourniquet test and petechiae, have also been associated with dengue 
at the early stage of the illness (Kalayanarooj et al., 1997; Biswas et al., 2012; Diaz et al., 2006).

Our study shows that the combination of MCH <29 pg and WBC counts <4000 cells/uL predicted 
77% of dengue cases correctly. Patients with a decrease of MCH levels over the first 72 hours were 
2.7 times more likely to be infected with dengue (Table 2). The role of MCH as predictor of dengue 
has not been described before. A possible explanation to this finding is the relation of increased IL-6 
values with lower MCH levels. Increased levels of IL-6 in dengue patients stimulate the production 
of the hormone hepcidin (Fuqua et al., 2012; Cullis, 2011; Nemeth, 2008). This hormone inhibits 
the release of iron into the plasma from macrophages and duodenum enterocytes (Nemeth et al., 
2004). Iron deficiency may decrease MCH levels as well as the mean corpuscular volume (MCV) 
(NIH). Both MCH and MCV were decreased in our dengue patients (Table 2). High levels of IL-6 have 
been mainly associated with dengue haemorrhagic fever (Rachman & Rinaldi, 2006; Chaturvedi 
et al., 1999). However, significantly higher IL-6 levels were found in patients with dengue fever 
compared to OFI from the second day of the illness by Pinto et al. in Brazil (Pinto et al., 1999). 

Although our first goal was to differentiate patients with dengue from OFI at the early stage of the 
illness, we also present clinical and haematological determinants associated with dengue on days 
4-7 of the disease. The variation during the illness evolution of clinical-haematological parameters 
has previously been reported (Deparis et al., 1998; Biswas et al., 2012). This variation makes dengue 
diagnosis challenging. Body temperature <39°C, the presence of rash, haemorrhagic manifestations 
and a decrease of platelet count  (◦150 x 103 platelet/uL ) and WBC count (◦4000 cells/uL) were 
positively and independently associated with dengue cases during days 4-7 of the illness. Although 
the presence of these parameters has been frequently associated with dengue in other studies 
(Deparis et al., 1998; Biswas et al., 2012; Yoon et al., 2013, Diaz et al., 2006) they have not been 
reported as a result of a multivariate analysis that differentiates dengue from OFI after day 4 of the 
disease. 

Few studies have compared biochemical parameters between dengue and OFI patients (Chadwick 
et al., 2006; Villar-Centeno et al., 2008; Kalayanarooj et al., 1997).  Increased levels of hepatic 
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transaminases, amylase, creatine kinase, bilirubin and globulins (Potts et al., 2010; Chhina et al., 
2008; Kalayanarooj et al., 1997; Ray et al., 1999; Villar-Centeno et al, 2008; Uddin et al., 2008; Roy 
et al., 2013) and decreased cholesterol, triglyceride and albumin levels have been associated with 
severe dengue (van Gorp et al., 2002; Chhina et al., 2008; Roy et al, 2013). In our study, a significant 
decrease of cholesterol and globulin levels and an increase in albumin and creatine kinase levels 
were found in patients with dengue compared to those with OFI. Cholesterol and albumin were 
the biochemical parameters significantly and independently associated with dengue during the 
first 3 days of the illness. Inconsistent associations and/or patterns have been reported for albumin 
levels. In concordance with our results, Chadwick et al. (Chadwick et al., 2006) reported an increase 
of albumin levels in dengue patients compared to OFI while others have reported a decrease 
(Villar-Centeno et al., 2008; Kalayanarooj et al., 1997). A non-significant decrease of cholesterol and 
creatine kinase levels in dengue patients compared with OFI were reported in a study in Colombia 
(Villar-Centeno et al., 2008). Differences in globulin levels have not been previously described.   

A strength of the study was the patients’ compliance with the clinical and laboratory study protocol 
since most patients (92%) completed monitoring up to the convalescent visit (21-30 days post fever 
onset). This allowed the comparison of the daily evolution of clinical-haematological parameters 
between dengue and OFI patients. It was possible to design a decision-tree algorithm to diagnose 
dengue patients during the first 3 days of the disease and to identify determinants associated 
with dengue from day 4 of the illness. The majority of the patients were recruited on day 2 or 3 
after fever onset. A limitation of the study was that patients with OFI tended to stop follow-up 
after day 4, therefore the statistical power to compare the slopes of haematological parameters 
was probably too small to obtain significant results. Secondly, the small sample size of patients 
with biochemical parameters limited their inclusion in the final multivariate model and had to be 
analysed separately. Recall bias was probably minimal as there is a high awareness about dengue in 
the general population. Finally, a number of patients with dengue severe disease presented to the 
HCs after 72 hours of fever onset and was therefore not enrolled in the study.

CONCLUSION

We propose a decision tree algorithm that differentiates dengue from OFI at the early stage of 
the disease using clinical and reliable haematological parameters. In this decision tree, WBC count, 
rash, MCH levels and haemorrhagic manifestations in sequential order distinguished dengue from 
OFI with a sensitivity of 88% and specificity of 63%. With the identification of patients at the early 
stage of the disease fatalities due to misdiagnosis as well as overburdening of health centres can be 
avoided. We recommend the validation of the decision tree algorithm in a bigger and independent 
population.

ACKNOWLEDGEMENTS 

The authors are indebted with the patients and health personnel of our study primary health 
centers: Unidad de Emergencia la Candelaria, the Instituto Venezolano de los Seguros Sociales 
(IVSS) El Limón , the Ambulatorio del Norte, and the main tertiary Hospital Central de Maracay. We 
express our gratitude to the late Prof. Francisco Triana, ex-Director of BIOMED-UC, to Dr. Guillermo 
Comach and to all members of this institute for their support, in special to the members of the 
Laboratory for dengue and other viral diseases. Our thanks go to Dr. Matilde Jimenez, Lic. Maritza 
Cabello de Quintana and other staff at the Laboratorio Regional de Diagnóstico e Investigación del 
Dengue y otras Enfermedades Virales (LARDIDEV) for epidemiological information on dengue in 



 Decision Tree Algorithm that Differentiates Dengue from OFI

245

10

Aragua State and the performance of the IgM serology. We also thank Dr. Angel Melchor Director 
of the Regional Ministry of Health (CORPOSALUD-ARAGUA); Dr. José Pauletti for his invaluable 
technical and logistical support. Masja Schmidt for improving the manuscript. We finally would like 
to thank all nurses and technicians that participated in the study.

Listing of financial support: This study received financial support from Shell de Venezuela, 
Venezolanas de Iluminacion IVISA, Ferretería Hermanos Fridegotto, PC Actual Valencia, in 
accordance with the Organic Law of Science, Technology and Innovation (LOCTI), certification No 
DGCAFIDCTI/204-214-10, and approved by the Coordinación de Aplicación de Fondos e Incentivos 
para el Desarrollo de Planes de Ciencia, Tecnología e Innovación; and through the Fondo Nacional 
de Ciencia y Tecnología e Innovación (FONACIT) Project number 2011000303 contract number 
201100129, Venezuelan Ministry of Science, Technology and Innovation, Venezuela. The project 
was also partly financed by the Vollmer Foundation of Venezuela and the Department of Medical 
Microbiology, Molecular Virology Section, University of Groningen, University Medical Center 
Groningen, Groningen, The Netherlands. The funders had no role in study design, data collection 
and analysis, decision to publish, or preparation of the manuscript. 

REFERENCES

- Balmaseda A, Hammond S, Pérez L, Tellez Y, Saboria S, Mercado J, et al. 2006. Serotype-specific differences 
in clinical manifestations of dengue. Am J Trop Med Hyg 74: 449–456.

- Barrera R, Delgado N, Jimenez M, Valero S, 2002. Eco-epidemiological factors associated with hyperendemic 
dengue haemorrhagic fever in Maracay city, Venezuela. Dengue Bull 26: 84-94. 

- Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. 2013. The global distribution and 
burden of dengue. Nature. 496: 504-507.

- Binh PT, Matheus S, Huong VT, Deparis X, Marechal V, 2009. Early clinical and biological features of severe 
clinical manifestations of dengue in Vietnamese adults. J Clin Virol. 45(4): 276–280.

- Brasier AR, Garcia J, Wiktorowicz JE, Spratt HM, Comach G, Sierra G,  et al. 2012. A three-component 
biomarker panel for prediction of dengue hemorrhagic fever. Am J Trop Med Hyg. 86(2): 341–348.

- Biswas HH, Ortega O, Gordon A, Standish K, Balmaseda A, Kuan G, et al. 2012. Early clinical features of 
dengue virus infection in Nicaraguan children: a longitudinal analysis. PLoS Negl Trop Dis 6: e1562. doi: 
10.1371/journal.pntd.0001562.

- Caglioti C, Lalle E, Castilletti C, Carletti F, Capobianchi MR, Bordi L, 2013. Chikungunya virus infection: an 
overview. New Microbiologica 36: 211-227.

- Camacho DE, Álvarez M, Rodríguez-Henríquez F, Quintana M, Soler M, Chiarello A, et al. 2003. Laboratory 
diagnosis of dengue virus infections in Aragua State, Venezuela: October 1997-December 1998. Investi 
Clín 44: 91-103.

- Chadwick D, Arch B, Wilder-Smith A, Paton N, 2006. Distinguishing dengue fever from other infections on 
the basis of simple clinical and laboratory features: application of logistic regression analysis. J Clin Virol. 
35: 147–153. 



Chapter 10

246

10

- Chanama S, Anantapreecha S, An A, Sa-gnasang A, Kurane I, Sawanpanyalert P, 2004. Analysis of specific 
IgM responses in secondary dengue virus infections: levels and positive rates in comparison with primary 
infections. J Clin Virol. 13: 185-189.

- Chaturvedi UC, Elbishbishi EA, Agarwal R, Raghupathy R, Nagar R, Tandon R, et al., 1999. Sequential 
production of cytokines by dengue virus-infected human peripheral blood leukocyte cultures. J Med Virol. 
59(3): 335-40.

- Chhina RS, Goyal O, Chhina DK, Goyal P, Kumar R, Puri S, 2008. Liver function tests in patients with dengue 
viral infection. Dengue Bull. 32: 110–7.

- Comach G, Blair PJ, Sierra G, Guzman D, Soler M, de Quintana MC, Bracho-Labadie M, Camacho D, Russell KL, 
Olson JG, Kochel TJ, 2009. Dengue virus infections in a cohort of schoolchildren from Maracay, Venezuela: A 
2-year prospective study. Vector Borne Zoonotic Dis 9: 87-92.

- Cullis JO, 2011. Diagnosis and management of anaemia of chronic disease: current status. Br J Haematol. 
154(3): 289-300.

- Daumas RP, Passos SR, Oliveira RV, Nogueira RM, Georg I, Marzochi KBF, et al., 2013. Clinical and laboratory 
features that discriminate dengue from other febrile illnesses: a diagnostic accuracy study in Rio de Janeiro, 
Brazil. BMC Infect Dis 8: 13–77. 

- Deparis X, Murgue B, Roche C, Cassar O, Chungue E, 1998. Changing clinical and biological manifestations 
of dengue during the dengue-2 epidemic in French Polynesia in 1996/97–description and analysis in a 
prospective study. Trop Med Int Health. 3: 859–865.

- Diaz FA, Martinez RA, Villar LA,  2006. Clinical criteria to diagnose dengue in its

- early stages. Biomedica: revista del Instituto Nacional de Salud, 26: 22–30.

- Ellis RD, Fukuda MM, McDaniel P, Welch K, Nisalak A, Murray CK, et al. 2006. Causes of fever in adults on the 
Thai-Myanmar border. Am J Trop Med Hyg. 74: 108-113.

- Figueiredo MAA, Rodrigues LC, Barreto ML, Lima JWO, Costa MCN, Morato V, et al., 2010. Allergies and 
Diabetes as Risk Factors for Dengue Hemorrhagic Fever: Results of a Case Control Study. PLoS Negl Trop Dis 
4(6): e699. doi:10.1371/journal.pntd.0000699.

- Fuqua BK, Vulpe CD, Anderson GJ, 2012. Intestinal iron absorption. J Trace Elem Med Biol. 26(2-3): 115-119. 

- Gibbons RV, Vaughn DW, 2002. Dengue: an escalating problem. BMJ. 324(7353): 1563-1566.

- Gould EA, Solomon T, 2008. Pathogenic flaviviruses. Lancet 371: 500–509.

- Gubler DJ, 1989. Aedes aegypti and Aedes aegypti-borne disease control in the 1990s: top down or bottom 
up. Charles Franklin Craig Lecture. Am J Trop Med Hyg. 40(6): 571–578.

- Gubler DJ, 1996. Serologic diagnosis of dengue/dengue haemorrhagic fever. Dengue Bul  20: 20–23.

- Gubler DJ, 1998. Dengue and Dengue Hemorrhagic Fever. Clin Microbiol Rev. 11(3): 480-496.



 Decision Tree Algorithm that Differentiates Dengue from OFI

247

10

- Gubler DJ, 2011a. Dengue, Urbanization and Globalization: The Unholy Trinity of the 21(st) Century. Trop 
Med Health. 39(Suppl 4): 3–11.

- Guha-Sapir D, Schimmer B. Dengue fever: new paradigms for a changing epidemiology. Emerg Themes 
Epidemiol 2005 Mar 2;2(1):1. 

- Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, Gubler DJ, et al. 2010. Dengue: a continuing global 
threat. Nature Rev Microbiol. 6: S7–S16. doi: 10.1038/nrmicro2460.

- Guzman MG, KourÍ G, 2002. Dengue: an update. Lancet Infect Dis. 2: 33–42.

- Halsey ES, Williams M, Laguna-Torres VA, Vilcarromero S, Ocaña V, Kochel TJ, Marks MA, 2014. Occurrence 
and correlates of symptom persistence following acute dengue fever in Peru. Am J Trop Med Hyg. 90(3): 
449-56. 

- Halsey ES, Vilcarromero S, Forshey BM, Rocha C, Bazan I, Stoddard ST, et al. 2013. Performance of 
the tourniquet test for diagnosing dengue in Peru. Am J Trop Med Hyg. 89(1): 99-104. doi: 10.4269/
ajtmh.13-0103.

- Halstead SB, 1997. Epidemiology of dengue and dengue hemorrhagic fever. In: Gubler DJ, Kuno G, eds. 
Dengue and dengue hemorrhagic fever. Wallingford, Oxon, UK. pp. 23–44.

- Ho TS, Wang SM, Lin YS, Liu CC, 2013. Clinical and laboratory predictive markers for acute dengue infection. 
J Biomed Sci 20:75 doi:10.1186/1423-0127-20-75

- Instituto Nacional de Meteorologia (INAMEH). Available at: http://www.inameh.gob.ve/pestadistico.php. 
Accessed June 2012. 

- Kalayanarooj S, Vaughn DW, Nimmannitya S, Green S, Suntayakorn S, Kunentrasai N, et al., 1997. Early 
clinical and laboratory indicators of acute dengue illness. J Infect Dis. 176: 313–21.

- Kampen H, Kronefeld M, Zielke D, Werner D, 2013. Further specimens of the Asian tiger mosquito Aedes 
albopictus (Diptera, Culicidae) trapped in southwest Germany. Parasitol Res. 112(2): 905-907. 

- Kyle JL, Harris E, 2008. Global persistence and spread of dengue. Annu Rev Microbiol. 62: 71-92.

- Lanciotti RS, Calisher CH, Gubler DJ, Chang GJ, Vorndam AV, 1992. Rapid detection and typing of dengue 
viruses from clinical samples by using reverse transcriptase-polymerase chain reaction. J Clin Microbiol 30: 
545-551.

- Martinez-Vega RA, Diaz-Quijano FA, Villar-Centeno LA, 2006. Low concordance between early clinical 
suspicion of dengue and its serological confirmation. Rev Med Chil 134: 1153-1160.

- Moesker FM, Muskiet FD, Koeijers JJ, Fraaij PLA, Gerstenbluth I, van Gorp ECM, et al. 2013. Fatal Dengue in 
Patients with Sickle Cell Disease or Sickle Cell Anemia in Curacao: Two Case Reports. PLoS Negl Trop Dis 
7(8): e2203. doi:10.1371/journal.pntd.0002203. 

- Nemeth E, 2008. Iron regulation and erythropoiesis. Curr Opin Hematol. 15: 169-175.



Chapter 10

248

10

- Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A, Ward DM, et al., 2004. Hepcidin regulates cellular 
iron efflux by binding to ferroportin and inducing its internalization. Science. 306: 2090–2093.

- National Institute of Health (NIH). Anemia. Available at: http://www.nhlbi.nih.gov/health/health-topics/
topics/anemia/ Accessed 07/2014.

- Musso D, Cao-Lormeau VM, Gubler DJ, 2015. Zika virus: Following the path of dengue and chikungunya? 
Lancet 386(9990):243-244. doi: 10.1016/S0140-6736(15)61273-9.

- Parkash O, Almas A, Jafri SW, Hamid S, Akhtar J, Alishah H, 2010. Severity of acute hepatitis and its outcome 
in patients with dengue fever in a tertiary care hospital Karachi, Pakistan (South Asia) BMC Gastroenterology 
10: 43 doi:10.1186/1471-230X-10-43. Available at:  http://www.biomedcentral.com/content/pdf/1471-
230x-10-43.pdf. Accessed on September 2013

- Pinto LM, Oliveira SA, Braga EL, Nogueira RM, Kubelka CF, 1999. Increased pro-inflammatory cytokines 
(Tnf-alpha and Il-6) and antiinflammatory compounds (Stnfrp55 and Stnfrp75) in Brazilian patients during 
exanthematic dengue fever. Mem Inst Oswaldo Cruz. 94(3): 387-94.

- Potts JA, Thomas SJ, Srikiatkhachorn A, Supradish PO, Li W, Nisalak A, 2010. Classification of dengue illness 
based on readily available laboratory data. Am J Trop Med Hyg. 83: 781–788.

- Rachman A, Rinaldi I, 2006. Coagulopathy in dengue infection and the role of interleukin-6. Acta Med 
Indones. 38: 105–108.

- Ramos MM, Tomashek KM, Arguello DF, Luxemburger C, Quinones L, Lang J, et al. 2009. Early clinical 
features of dengue infection in Puerto Rico. Trans R Soc Trop Med Hyg. 10: 878-884. doi: 10.1016/j.
trstmh.2008.11.009.

- Ray G, Kumar V, Kapoor AK, Dutta AK, Batra S, 1999. Status of antioxidants and other biochemical 
abnormalities in children with dengue fever. J Trop Pediatr 45: 4–7.

- Rigau-Perez JG, Clark GG, Gubler DJ, Reiter P, Sanders EJ, Vorndam AV, et al. 1998. Dengue and dengue 
haemorrhagic fever. Lancet. 352: 971-977.

- Roy A, Sarkar D, Chakraborty S, Chaudhuri J, Ghosh P, Chakraborty S, 2013. Profile of hepatic involvement 
by dengue virus in dengue infected children. N Am J Med Sci 5: 480–510. 

- Schwartz E, Mileguir F, Grossman Z, Mendelson E, 2000. Evaluation of ELISA-based sero-diagnosis of 
dengue fever in travelers. J Clin Virol, 19:169-173

- Scott TW, Takken W, 2012. Feeding strategies of anthropophilic mosquitoes result in increased risk of 
pathogen transmission. Trends parasitol. 28: 114–121.

- Stephenson JR, 2005. The problem with dengue. Trans R Soc Trop Med Hyg 99 (9): 643–646. 

- Tanner L, Schreiber M, Low JGH, Ong A, Tolfvenstam T, Lai YL, et al. 2008. Decision Tree Algorithms Predict 
the Diagnosis and Outcome of Dengue Fever in the Early Phase of Illness. PLoS Negl Trop Dis 2(3): e196. 
doi: 10.1371/journal.pntd.0000196 



 Decision Tree Algorithm that Differentiates Dengue from OFI

249

10

- Thomas SJ, Rothman AL. 2015. Trials and tribulations on the path to 
developing a dengue vaccine. Vaccine. Jun 27. pii: S0264-410X(15)00779-3.  
doi: 10.1016/j.vaccine.2015.05.095

- Tomasello D, Schlagenhauf P, 2013. Chikungunya and dengue autochthonous cases in Europe, 2007-2012. 
Travel Med Infect Dis. 11(5): 274-284. doi: 10.1016/j.tmaid.2013.07.006. 

- Uddin K, Musa A, Haque W, Sarker R, Ahmed A, 2008. A Follow Up on Biochemical Parameters in Dengue 
Patients Attending BIRDEM Hospital. Ibrahim Med. Coll. J. 2(1): 25-27

- van Gorp EC, Suharti C, Mairuhu AT, Dolmans WM, van Der Ven J, Demacker PNM, et al. (2002) Changes in 
the plasma lipid profile as a potential predictor of clinical outcome in dengue hemorrhagic fever. Clin Infect 
Dis 34: 1150–1153

- Villar-Centeno LA, Diaz-Quijano FA, Martinez-Vega RA, 2008. Biochemical alterations as markers of dengue 
hemorrhagic fever. Am J Trop Med Hyg 78: 370–374

- Westaway EG, Blok J, 1997. Taxonomy and evolutionary relationships of flaviviruses, p. 147–173. In Gubler 
DJ, Kuno G. (ed.), Dengue and dengue hemorrhagic fever. CAB International, London, United Kingdom.

- WMA. Declaration of Helsinki - Ethical principles for medical research involving human subjects. Available 
at: http://www.wma.net/en/30publications/10policies/b3/. Accessed April 2013. 

World Health Organization (WHO), 2012. Global Strategy for Dengue Prevention and Control, 2012–2020. 
Geneva: WHO. Available at: http://apps.who.int/iris/bitstream/10665/75303/1/9789241504034_eng.
pdf?ua=1 Accessed Jun 2014

- World Health Organization (WHO), 2009. Dengue, Guidelines for Diagnosis, Treatment and Control. New 
ed. World Health Organization, Geneva.

- World Health Organization. Dengue control. Available at http://www.who.int/denguecontrol/arbo-viral/
other_arboviral_chikungunya/en/ Accessed March 2014

- Yakoob J, Jafri W, Siddiqui S, Riaz M, 2009. Dengue fever with hepatitis E and hepatitis A infection. J Pak Med 
Assoc 59(3): 176-177. Available at: http://ecommons.aku.edu/pakistan_fhs_mc_med_gastroenterol/17. 
Accessed on September 2013

- Yoon IK, Srikiatkhachorn A, Hermann L, Buddhari D, Scott TW, Jarman RG, et al. 2013. Characteristics of mild 
dengue virus infection in Thai children. Am J Trop Med Hyg. 89(6): 1081-7.




	Chapter 10



