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Scoring Model to Predict Dengue
Infection in the Early Phase of
lliness in Primary Health Care

Centre

Abstract

To design a new scoring model to diagnose dengue in the
early phase of illness that could be used in primary health care facilities.

Cohort design with consecutive sampling of eighty
four participants with one/more clinical features similar to dengue illness
within 72 hours after onset of fever. Rapid tests of IgM and NS-1 antigen,
and RT-PCR were used to confirm dengue infection. Dengue scoring
model with sensitivity and specificity for each value was developed using
multivariate logistic regression analysis. Performance of the model was
assessed using the ROC curve, and the validity was compared to 1997, 2009
and 2011 WHO dengue classification. Presumptive scoring model used days
of fever, presence of myalgia, tourniquet test, total WBC count, monocyte
count, and platelet count variables, while probable scoring model used
monocytes count and NS-1 antigen for laboratory variables. Patients were
most likely to have presumptive dengue illness if they had a total score
of > 14 with sensitivity, specificity and likelihood ratio positive of 79.7%,
60.0%, and 1.99 respectively. Patients with a total score of > 7 diagnosed as
probable dengue with sensitivity, specificity and likelihood ratio positive of
79.7%, 68.0% and 2.48 respectively.

The scoring models could predict dengue illness better than
1997 and 2011 WHO classification. It was easy to implement so that it
could help clinicians determine the diagnosis of patients with acute febrile
illness.

Dengue; Scoring model; Diagnosis; Early phase of illness

Introduction

Dengue illness is a re-emerging mosquito-borne viral disease,
caused by one of the four dengue virus serotypes (DENV-1, DENV-
2, DENV-3, and DENV-4) of the Flavivirus genus, Flaviviridae family
and transmitted by Aedes aegypty [1]. It is estimated that there
are approximately 50-200 million dengue cases, 500,000 severe
dengue cases, and over 20,000 dengue related deaths annually
worldwide [2]. Mapping of global dengue incidence published
in April 2013 suggested that there were 390 million dengue
infections annually worldwide [3]. The World Health Organization
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(WHO) reported that 75% of the global dengue disease burden
originated from the Western Pacific and South East Asia regions
[4,5]. In these regions there were 353,907 dengue cases and
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1,073 deaths in 2010. In American region, there were 1.6 million
dengue cases, 49,000 of them were severe dengue in 2010 [5].
Dengue illness is one of the major public health problems in
Indonesia, and currently the leading cause of hospital admissions
and deaths among children [2,3]. In 2009 there were 158,912
dengue cases, and the annual dengue incidence in 2013 was
35-40/100,000 person-year [6]. The number of dengue illness
has increased among the patients aged 15 years and above [7].
Multiple virus serotypes are circulating, but severe illness is
predominantly associated to DENV-3 [8-10].

The clinical spectrums of dengue illness are ranging from
undifferentiated fever, self-limiting dengue fever (DF) to more
severe, life threatening forms of the illness termed dengue
hemorrhagic fever (DHF) and dengue shock syndrome (DSS),
which are characterized by plasma leakage as a result of
increased vascular fragility and permeability [4]. In the early
phase, this illness often shows similar clinical features of other
febrile illnesses, such as headache, myalgia, arthralgia, and rash
[7-14]. The main characteristics of DHF such as retro-orbital pain,
petechiae or other clinical signs of bleeding, and plasma leakage
are not seen in the early phase of illness in many patients. They
typically appear after the third or fourth day of fever [15,16].
Definitive early dengue diagnosis is difficult and requires
laboratory tests based on viral or antigen detection, such as real
time polymerase chain reaction (RT-PCR), and virus isolation
[4,17-19]. However, these examinations are not sufficiently
rapid, costly and only available in research laboratories. Many
dengue endemic areas in Indonesia lack the necessary laboratory
infrastructures or supports to perform these examinations.
Commercial non-structural-1 (NS-1) antigen detection kits
are widely available nowadays and used for diagnosis of acute
dengue infection [15,20,21]. However these assays are still
under evaluation for diagnosis accuracy and cost-effectiveness in
multiple settings [4].

Efficient and accurate dengue diagnosis in the early phase of
illness is very important in clinical settings to reduce case fatality
rate [22,23]. The 2009 WHO classification system, which divide
dengueillness into several levels of severity (dengue with/without
warning signs and severe dengue) is more sensitive to recognize
severe dengue and designed to monitor illness progression for
clinical management and epidemiological surveillance [15,23,24].
Thus, many of dengue cases in the early phase individually do not
meet all of the criteria outlined by this classification system [25].

Because of limited resources of sophisticated laboratory facilities
in Indonesia, we tried to develop a dengue scoring model using
initial clinical features and simple hematology test. This scoring
model could distinguish dengue from non-dengue illness,
especially from other flavivirus, Japanese B encephalitis, and
Chikungunya in the first 72 hours of illness.

Materials and Methods

A prospective analytical observational study was conducted
from July 2011 to March 2012 on adult patients in five primary
healthcare facilities and one private hospital in Tangerang,
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Indonesia. This study had been approved by Ethical Review Board
of Faculty of Public Health, University of Indonesia. Enrolment of
study participants is conditional on appropriate informed consent
administered by principal investigator. All biological materials
collected were anonymized after completion of demographic
and clinical data collection. Adult patients (age 15-60 year-old)
with fever within 72 hours of data collection were eligible to
participate. Patients with immunologic/haematologic disorder,
severe lung/heart/liver illness, rhinitis/cough, and clinically
obvious alternative diagnoses were excluded. Clinical data such
as headache, nausea/vomiting/abdominal pain, retro-orbital
pain, myalgia, arthralgia, skin rash, spontaneous bleeding, and
positive tourniquet test were obtained from eligible participants.
All eligible patients were screened with NS-1 antigen detection.
The diagnosis of dengue illness was based on the presence of
fever with two or more symptoms and signs with one or more
laboratory criteria on haematology examinations. Patients with
positive RT-PCR and/or NS-1 antigen detection results following
either positive or negative of immunoglobulin M (IgM) anti-
dengue antibody results were confirmed as dengue.

Laboratory methods

A complete haematological count was performed on 5 cc
anticoagulated whole blood collected on the 1%t visit by an
automated haemocytometer (Sysmex®, Japan). NS-1 antigen,
IgM and immunoglobulin G (IgG) anti-dengue antibodies were
examined using commercially available Dengue Duo (Standard
Diagnostic Inc®, Korea) according to manufacturer’s instruction.
For RT-PCR, the ribonucleic acids (RNAs) were extracted from
acute sera using QlAamp Viral RNA mini kit (Qiagen®, Germany)
according to the manufacturer’s protocol. Detection of dengue
viral RNA serotypes with RT-PCR was carried out using Lanciotti’s
method [26,27].

Data analysis

The data were analysed using STATA version 11.00. Chi-Square
and t test were used for categorical variables and continuous
variables, respectively. A multivariate logistic regression analysis
was used to develop the dengue scoring model. Sensitivity
and specificity for each value of the scoring model for dengue
diagnosis were determined. Performance of the dengue scoring
model was assessed using the ROC curve. Validity of scoring
model was evaluated based on sensitivity, specificity, negative
and positive predictive value, likelihood ratio compared to 1997,
2009 and 2011 WHO dengue classification, using NS-1 antigen
detection and/or positive RT-PCR results as gold standard [4,
28,29].

Results

Patient characteristics

Eighty four patients of acute onset febrile illness were included
in this study. One patient was excluded due to mixed infection
with Plasmodium vivax. The demographic characteristics, initial
clinical features, and simple laboratory results were shown in
Table 1. There was no significant difference between male and
female. Nausea/vomiting/abdominal pain and headache were

This article is available from: www.acmicrob.com
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the most common reasons of patients with acute febrile illness
went to healthcare facilities.

The mean hematocrit level was 39.49 + 5.53%, indicating that there
were no plasma leakages in early phase of iliness (Table 1). Increased
monocytes count showed infection process in the early phase of
dengue illness. This result was appropriate with monocytes’ role
in the immune system. Monocytes are one of the major target
cells of dengue virus infection. In the early phase of illness, the
mean platelet count was 157,895+82,803 /uL and total white
blood cell (WBC) count was 6,141 + 3,834/uL.

Risk factors of dengue illness

The bivariate association of independent variables and dengue
illness was shown in Table 2. All variables with p value <0.25 were
considered for multivariate analysis. Clinical symptoms and signs
of dengue illness was also considered in determining dengue
illness risk factors in the multivariate analysis [13,18,30,31].
This study exclude haemoglobin and segment neutrophil in the
analysis because of co-linearition and strong correlation with
hematocrit level (r=0.90).

The NS-1 and IgG-1gM variables were added in the bivariate and
multivariate analysis to develop the scoring model of probable
dengue diagnosis. A Roctab analysis was used to determine the
cut-off point of any numeric variables, such as days of fever,
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total WBC, monocytes, segment neutrophil, lymphocytes, and
platelet count (Table 3).

Using Roctab analysis method, prediction of presumptive and
probable dengueillness were obtained with total score >14 and
> 7, respectively. With these total score, presumptive model
had sensitivity and specificity of 79.7% and 60% respectively
(Figure 1), and probable model had sensitivity and specificity
of 79.7% and 68% respectively (Figure 2). The presumptive and
probable models showed good performace as area under the
curve (AUC) were 0.81 and 0.86 respectively (Figures 1 and 2).
These results showed the dengue scoring model was a good
predictor for dengue illness.

For the final step, the dengue diagnosis scoring model, the 1997,
2009 and 2011 WHO classification were used on all study samples.
NS-1 antigen detection and/or RT-PCR positive results was used
as a gold standard to assess the validity of the dengue diagnosis
scoring model. Compared to the gold standard examination, the
2009 WHO classification and probable model had sensitivity
of 89.7% and 74.1% respectively, and specificity of 64% and
64% respectively. These results were higher than other dengue
diagnostic tests results. Also the likelihood positive and negative
ratio of these two tests were higher than other tests (2.60 and
6.21 for 2009 WHO classification, 2.20 and 2.50 for probable
model). The results of this step are summarized in Tables 4 and 5.

Table 1 Demographic characteristics, initial clinical features and simple laboratory results of the patients”.

Demographic information

Female

Initial clinical features

39 (46)

Nausea/vomiting/abdominal pain 73 (87)

Myalgia 59 (70)

Headache 70 (83)

Spontaneous bleeding

Epistacsis 2(2)

Hematemesis-melena 1(1)

Hemoglobin (g/dL) 13.4+1.9 13.3 -16.2 (male); 12 — 15.8 (female)

Total WBC count (/uL)

6,141 + 3,834 3,540 - 9,060

Band neutrophils count (%) 1+£1 0-5

Lymphocytes count (%) 28+ 14 20-50

*Data presented as n (%) or mean * standard deviation.
WBC = white blood cell; *total confirmed cases/total reported cases; ®Source:Harrison’s manual of medicine, ed.17, 2009

w
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Table 2 Clinical dan hematological characteristics of the presumtive and probable dengue models.

OR (95% Cl)
1.08 (0.26 ; 4.51)

p value
0.90

OR (95% Cl)
6.28 (0.91; 43.33)

Day of fever 0.06

Positive torniquet test 1.30 (0.24 ; 6.93) 0.75 0.28 (0.00 ; 10.41) 0.49

Retro-orbita pain 2.07 (0.53; 8.02) 0.29 2.28 (0.19; 26.13) 0.50

Arthralgia 0.87 (0.33 ; 2.24) 0.77 2.37(0.32; 47.14) 0.39

Hemoglobin (g/dL) 0.99 (0.99 ; 1.00) 0.96 0.98 (0.95 ; 1.01) 0.34

Total WBC count (/mm3) 0.09 (0.02 ; 0.30) 0.00 2.76 (033 ; 22.56) 0.34

Band neutrophil count (%) 1.40 (0.94 ; 2.08) 0.09 0.98 (0.92 ; 1.05) 0.71

Lymphocyte count (%) 0.00 (3.03 ; 2.20) 0.07 0.79 (1.27 ; 4.93) 0.97

Anti dengue IgM 0.40 (0.03 ; 5.03) 0.48

NS-1 antigen

67.18 (4.09 ; 1102.97)

0.00

"Presumptive model is a model consisting of significant clinical and hematological variables for dengue diagnosis; "Probable model is a model
consisting of significant clinical, hematological, and serology laboratory variables for dengue diagnosis.

OR = 0dd ratio; 95% Cl = 95% confidence interval; p value of bivariate analysis

IgM = immunoglobulin M; I1gG = immunoglobulin G; NS-1 = nonstructural-1

Table 3 Cut-off point of numeric variables related to the incidence of dengue illness.

Day of fever 2 0.11 2.25(0.69; 7.07) 96,67 0

Total WBC count
(/mm?)

0.00

4,300 0.61 (0.77 ; 0.42) 50.00 12 0,56 4,16

Band neutrophil
count (%)

1 0.04 2.83(0.89;9.93) 50,91 72 1,81 0,68

P'ate'ﬁfn:f)“”t V" 150,600 0.03 2.85 (0.98 ; 8.56) 38,33 36

Sen = sensitivity, Spe = specificity, LR (+) = likelihood ratio positive; LR (-) = likelihood ratio negative
WBC = white blood cells

0,59 1,71

fever or dengue without warning sign. Although an increased
hematocrit level of 20% or more is the primary predictor to
distinguish dengue fever with dengue haemorrhagic fever, this

Discussion

The clinical features of early phase of dengue illness such as

headache, nausea/vomiting/abdominal pain were also found
in non-dengue illness. These clinical features were also found
in the previous study in 2004 and in a study by Daumas et al.
[9,32] on the other hand, a study by Basuki et al. [24] showed
that only 22-23% of the study participants had those complaints.
Our study did not perform an ultrasound exam that could detect
the presence of ascites or gall bladder edema as the cause of
most gastrointestinal symptoms. Positive torniquet test was only
detected in a few samples, and spontaneous bleeding was found
only in 14 samples (Table 1) because the data were taken at the
early phase of illness and most of dengue diagnosis was dengue

1N

variable could not be entered into the scoring model because
plasma leakage commonly occurs on 4 to 7t day of fever. Plasma
leakage was proved by the presence of pleural effusion on chest
x-ray and ultrasound, or hypoalbuminemia that were not done
in this study [33,34]. Also there were many factors that affected
hematocrit value such as fluid therapy, bleeding, anemia, etc.

This newly developed dengue scoring model used clinical
symptoms and signs, and simple laboratory results that could be
done in almost all primary health cares in Indonesia. Monocytosis
(monocytes count above 9%) has become important predictor of
immune response in the early phase of dengue illness. This result

This article is available from: www.acmicrob.com
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was also in line with other study by Khan et al. and Chan et al.
[35,36].

There were different variables between presumptive and
probable models because NS-1 dengue antigen test is a specific
predictor for dengue illness. The high value of likelihood positive
ratio abled the model to make a diagnosis with certainty and
reduce false positives, making it a good tool in diagnosing dengue
illness (p = 0.00). This model also had good validity compared
to the 1997 and 2011 WHO classification. Dengue diagnosis
scoring model was developed as a screening tool for the early
phase of dengue illness, but not to rule of the illness. Unlike the
WHO classification, the newly developed scoring model could
detect dengue illness without increased hematocrit level, which
is not always easy to obtain in primary care. The limitations of
this study were sample collection was limited in adult patients
who came to the health care facilities in a dengue endemic areas
in our country. Validity and performance of the model would
differ when applied to different populations. Clinicians should
be cautious in applying the results of this study in daily practice.
Further study involving samples from different settings is needed
to generate representative data. The precision of the model in
this study led to the lower reliability of the research results. It is
possible that there was selection bias that potentially limits the
ability to generalize it to dengue patients. The internal validity of
the scoring model also considered clinical symptoms and signs
which were related to the natural history of dengue illness.

In conclusion, this scoring model was able to distinguish dengue
and non-dengue illness to the extent probable dengue. This
scoring model was easy to implement, that it could help clinicians
to determine the diagnosis of patients with acute febrile iliness in
the early phase and its appropriate treatment strategies.
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Table 4 Scoring model of dengue diagnosis in the early phase of iliness.

Predictors Criteria OR (95% Cl) P Scoren Predictors Criteria OR (95% Cl) P scoren
value value
>2 8 >2 4
Day of fever 3.75(0.81; 15.70) 0.09 Day of fever 6.48 (1.06 ; 39.42) 0.04
Myal 0.28 (0.05; 1.33 0.11 Myal 0.27 (0.04; 1.63 0.15
yalgia o ( ) v yalgia o ( ) 5

>9 10 >9
Monocyte (%) <9 5.0091.52;16.47) 0.00 Monocyte (%) 1.97 (0.49; 6.50) 0.37

1.38(0.38;4.93) 0.61

Platelet (/ < 150 600
mm?) > 150,600

ATotal score for presumptive model: > 14; and probable model: > 7
OR = 0dd ratio; 95% ClI = 95% confidence interval; p value of ROC analysis
WBC = white blood cell; NS-1 = non structural 1

Table 5 Comparison of diagnostic value of the dengue diagnosis scoring model and WHO classification to NS-1 and RT-PCR.

Sen (%) Spe (%) PPV NPV LR (+) LR (-)

Presumptive model 70,7 52 77,4 43,3 1,47 1,77
1997 WHO classification 56,9 48 71,7 32,4 1,09 1,11
2009 WHO classification 89,7 64 85,2 72,7 2,60 6,21

*Detection of NS-1 dengue antigen and/or the presence of dengue virus using RT-PCR method; Sen = sensitivity, Spe = specificity, PPV = positive
predictive value, NPV = negative predictive value, LR (+) = likelihood ratio positive; LR (-) = likelihood ratio negative

o
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