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Warning sign as a predictor of dengue infection severity in children
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ABSTRACT

Background: Dengue has emerged as a global public health problem, about 500,000 affected patients of 50–100 million cases 
will develop severe dengue infection. Therefore, early identification of severe dengue infection symptoms can save a patient’s life. 
The 2009 WHO dengue infection classification proposed seven warning signs to identify the risk of severe dengue. This study was 
conducted to predict the severity of dengue infection based on the number of warning signs.

Methods: This was a diagnostic study conducted with a retrospective analytic observation of patients admitted to Adam Malik 
hospital with a diagnosis of dengue infection from January 2014–May 2016. The association between warning signs and severe 
dengue infection was analyzed using logistic regression. We also analyzed the sensitivity, specificity, positive predictive value and 
negative predictive value.

Results: Of 140 patients who fulfilled the research criteria were collected from the medical records. The patients were classified 
as severe dengue (n=28) and nonsevere dengue (n =112). The warning signs that were associated with severe dengue were 
persistent vomiting (p<0.05, OR 31.9, 95%CI), fluid accumulation (p<0.05, OR 22.4, 95%CI), mucosal bleeding (p<0.05, OR 9.1, 
95%CI), lethargy (p<0.05, OR 43.1, 95%CI). After analyzing the diagnostic tests, the combination of three or more warning signs 
showed that sensitivity of 92.9%, specificity of 78.6%, positive predictive value of 52%, negative predictive value of 97.7% was 
found to be associated with a severe dengue infection.

Conclusion: The combination of three or more warning signs showed a high sensitivity and specificity for predicting a severe 
dengue infection.
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 Dengue infection has emerged as a 
worldwide public health problem. It has been 
estimated that of 50–100 million patients with 
dengue infection, and approximately 500,000 
patients would develop severe dengue infection 
requiring hospital treatment. Dengue infection 
frequently affects children, causing death in 2.5% 
of them.1 It has been reported that of 65,725 
patients with dengue hemorrhagic fever (DHF), 
and 597 had died in Indonesia in the year 2011.2 
In North Sumatera, the number of patients with 
dengue was 4367, with an incidence rate of 33 
per 100,000 population in 2012.3

 Several diagnostic examinations are 
available for diagnosing dengue infection; however, 
predicting the outcome of the infection remains 
a challenge for clinicians. Early identification 
of several symptoms that can predict severe 
dengue (SD) infection can save patients’ life 
through early treatment of the disease and more 
intensive monitoring.4 In 2009, the World Health 
Organization (WHO) revised the classification of 
dengue infection and proposed seven warning 
signs that can be used to identify whether the 
infection is at risk of SD infection.5,6 The warning 
signs indicating a potentially SD infection consist 
of abdominal pain, persistent vomiting, clinical 
fluid accumulation, mucosal bleeding, lethargy, 
hepatomegaly, and increased hematocrit with a 
decreased platelet count.4,7,8 These warning signs 
were found to have practical value in the next case 
management of dengue infection.4

 Several studies conducted in Indonesia, 
especially in children, have determined the factors, 
signs, and predictors responsible for causing 
SD.9,10 However, those were not diagnostic studies 
and thus did not assess the seven warning signs 
that were suggested by the 2009 WHO guidelines 
as the dependent variable to identify patients at 
risk of SD. This study was conducted to predict the 
severity of dengue infection in children according 
to the number of warning signs.

METHODS

Study design and sample
 A diagnostic study was developed by 
collecting secondary data from the medical records 
of patients who were diagnosed with dengue 
infection based on International Classification of 

Diseases (ICD) 10 from January 2014 to May 2016 
at H. Adam Malik General Hospital. The inclusion 
criteria were as follows: children aged <18 years 
who were diagnosed with either dengue fever, 
DHF, or dengue shock syndrome; serological 
confirmation of IgG and IgM anti-dengue and/
or NS1 antibody; and a complete medical record. 
Patients with hematologic disease or malignancy 
and treatment history of consuming drugs that 
suppress bone marrow were excluded. The 
minimal sample size sufficient for statistical 
analysis was 140 children, with an alpha value 
of 5% (0.05) and a power of 95% (0.95%). This 
study was approved by Health Research Ethical 
Committe Faculty of Medicine Universitas 
Sumatera Utara/H Adam Malik General Hospital 
with number 254/KOMET/USU/2016.

Data collection procedure
 Data were collected from the medical 
records included age, sex, nutritional status, 
clinical symptoms, including body temperature 
(axillary), duration of fever, headache, joint 
pain, retro-orbital pain, skin redness, petechiae, 
shortness of breath, abdominal pain, nausea, 
vomiting, persistent vomiting, edema, ascites, 
mucosal bleeding, severe bleeding, awareness, liver 
enlargement, signs of shock, positive tourniquet 
test, blood pressure, hematocrit, platelet count, 
leukocyte count, aspartate aminotransferase 
(AST) or alanine aminotransferase (ALT) > 1000 
IU/l level, impaired organs such as heart and 
kidneys, and results of chest X-ray and abdominal 
ultrasound. Subjects were grouped into SD and 
nonsevere dengue (NSD) based on the 2009 
WHO classification. Severe dengue infection 
symptoms were severe plasma leakage (shock, 
fluid accumulation with respiratory distress), 
severe bleeding, and severe organ disorders such 
liver (ALT and AST ≥1000 IU/l), CNS (impaired 
consciousness), heart, and other organs.

Warning signs
 The following definitions were used 
for each of the warning signs. Abdominal pain 
was defined as abdominal tenderness and 
continuous pain (not intermittent), diffuse on 
some occasions. Persistent vomiting was defined 
as more than three episodes of vomiting in 12 
h. Fluid accumulation was defined based on a 
pleural effusion and clinically diagnosed ascites, 
confirmed by an imaging study (ultrasound for 
ascites, gallbladder wall thickening, and pleural 
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effusion, and/or X-ray for pleural effusion).  
Mucosal bleeding was defined as bleeding gums or 
conjunctiva; epistaxis; vaginal bleeding; bleeding 
from the digestive, respiratory, or urinary system 
(kidneys). Mucosal bleeding was defined as 
that from the respiratory, vaginal, digestive, 
conjunctival, and the urinary tract. Lethargy was 
evaluated as an alteration of consciousness with 
a Glasgow score of <15 or a Blantyre score of <5. 
Hepatomegaly was defined based on the liver edge 
palpation (done by a clinician) of >2 cm below 
the costal margin. Increased hematocrit was 
defined as concurrent with a rapid decrease in 
platelet count together with a decrease of 10,000 
platelets/mm3 in 24 h with respect to previous 
measurement or concurrent with a platelet count 
of 100,000 cells/mm3.8

Statistical analysis
 The data were entered, processed, and 
analyzed using SPSS version 17.0. The analysis 
involved calculation of sensitivity, specificity, 
positive predictive value, and negative predictive 
value of warning signs to detect SD and NSD. Logistic 
regression and receiver operating characteristic 
(ROC) curve were used to assess sensitivity and 
specificity. Chi-square test or Fisher’s exact test 
was used to compare the differences between the 
two groups, as appropriate.

RESULTS

 The data of 199 medical records of 
patients diagnosed with dengue infection from 
January 2014 to May 2016 met the ICD 10 criteria 
(A90-dengue fever, A91-DHF A91, A910-dengue 
with shock). After selection, 140 samples were 
found to fulfill both the inclusion and exclusion 
criteria. Of these samples, there were 28 (20%) 
with SD infection as shown in table 1.

 As shown in Table 2, the warning signs, 
including persistent vomiting, clinical fluid 
accumulation, mucosal bleeding, lethargy, and 
hepatomegaly, were significantly associated with 
SD according to the bivariate analysis. In the 
multivariate analysis, persistent vomiting, clinical 
fluid accumulation, mucosal bleeding, and lethargy 
were found to be significantly associated with SD.

 Although only four of five variables 
showed statistical significance, we included all five 

Characteristics
NSD

(n = 112) 
(%)

SD
(n = 28 ) 

(%)

Age range (years)
      0–5 22 (19.6) 14 (50)
      6–10 35 (31.2) 7 (25)
      11–15 35 (31.2) 6 (21.4)
      16–18 20 (17.8) 1 (3.5)
Sex
      Male 63 (56.2) 11 (39.2)
      Female 49 (43.7) 17 (60.7)
Nutritional status
      Obesity 12 (10.7) 4 (14.2)
      Overweight 12 (10.7) 1 (3.5)
      Normoweight 58 (51.7) 20 (71.4)
      Moderate malnutrition 29 (25.8) 3 (10.7)
      Severe malnutrition 1 (0.8) 0 (0)
Temperature on admission
      Hyperpyrexia (T > 40°C) 25 (22.3) 4 (14.2)
      Febrile (T > 38°C) 11 (9.8) 4 (14.2)
      Normal 76 (67.8) 16 (51.1)
      Hypothermia (T < 36.5°C) 0 (0) 4 (14.2)
Duration of fever in days
      ≤3 25 (22.3) 1 (3.6)
      4–5 73 (65.1) 18 (64.3)
      6–7 14 (12.5) 9 (32.1)
Discharged
      Transferred outpatient 105 (93.7) 20 (71.4)

      Discharge against medical 
      advice 7 (6.2) 1 (3,5)

      In-hospital mortality 0 (0) 7 (25)

Table 1. Characteristics of subjects

in the analysis to assess whether the combination 
of these variables performed well in diagnosing 
SD. Table 3 shows that the combination of the 
three, four, and five warning signs resulted in the 
diagnostic probabilities of SD infection of 32.1%, 
64.3%, and 92.8%, respectively.

 The ROC curve depicted in figure 1 
shows the area under the curve (AUC) of three 
warning signs that performed well in detecting 
SD infection. The sensitivity of AUC was 92.9%, 
with a specificity of 78.6%, a positive predictive 
value of 52%, a negative predictive value of 

NSD=nonsevere dengue; SD=severe dengue
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97.7%, a positive likelihood ratio of 4.31, and a 
negative likelihood ratio of 0.09 in three or more 
warning signs.

DISCUSSION

 Warning sign is an early indication for 
identifying the risk of SD, and starting early 
intravenous fluid replacement can lead to a better 
prognosis.10 Abdominal pain is the most frequent 
symptom of warning sign in dengue infection, and 
consistent with the present study which showed 
that 68 patients (59.5%) had complaints of 
abdominal pain. Vomiting was the most frequent 
clinical symptom. This is a popular symptom that 
can be easily recognized and monitored even by the 
patients. When the vomiting signs were compared 
between the groups with or without dengue and 
with or without warning signs (D/DWS) versus 
those with SD, the severe dengue group had a 
significantly higher prevalence of vomiting signs and 
also a higher median number of vomiting episodes.11 

Table 2. Bivariate and multivariate analyses of warning signs with the severity of dengue infection

*Chi-square test; †Fisher’s exact test; NSD=nonsevere dengue; SD=severe dengue

Warning sign
Bivariate analysis Multivariate analysis

NSD
(n = 112)

SD
(n = 28) p OR 95% CI p

Abdominal pain 55 55 0.8* - - -
Persistent vomiting 15 15 <0.001* 31.9 4.5 - 225.9 0.01
Fluid accumulation 20 20 <0.001* 22.8 3.9 - 130.9 0.01
Mucosal bleeding 37 37 <0.001* 9.1 1.6 - 48.9 0.01
Lethargy 4 4 <0.001† 43.1 5.5 - 336.9 0.01
Hepatomegaly 9 9 <0.001* 7.1 0.1- 4.3 0.7
Increased hematocrit with decrease platelet count 30 30 0.35 * - - -

Number of 
warning signs

NSD 
(n=112) (%)

SD 
(n=28) (%)

0 19 (16.9) 0 (0)
1 42 (37.5) 0 (0)
2 27 (24.1) 2 (7.1)
3 22 (19.6) 9 (32.1)
4 2 (1.7) 9 (32.1)
5 0 (0) 8 (28.6)

Table 3. The number of warning signs for diagnosing the se-
verity of dengue infection

Vuong et al11 reported that persistent vomiting is 
as an early sign for the detection of SD infection. It 
showed that the frequency of vomiting signs was 
significantly higher among patients in the SD group 
(92%, 11/12) than among patients in the D/DWS 
group (49%, 33/67), and the median number of 
vomiting episodes per day was also significantly 
higher in the SD group (2.5, range: 2–3) than in the 
D/DWS group (0, range: 0–2). Furthermore, the 
study found that persistent vomiting was associated 
with the development of SD in 54% of the patients 
(OR 12.0), and the number of two or more vomiting 
episodes per day while predicting SD among the 
D/DWS group of patients showed good sensitivity 
(92%) and specificity (52%).11

 
 Shock with or without respiratory 
distress has been reported to be the most frequent 

Figure 1. ROC curve for three warning signs for detecting se-
vere dengue infection
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complication in patients with SD that was caused 
by a clinical fluid accumulation.9 In the present 
study, clinical fluid accumulation was found in 20 
patients with NSD infection and 21 patients with 
SD infection. Similarly, Jayaratne et al5 reported 
that fluid accumulation was associated with SD 
(OR 2.94) and was found in 21 cases of NSD and 
11 cases of SD infection.

 Mucosal bleeding is a manifestation that 
is found in patients with mild to SD infection and 
potentially severe infection.12 Leo et al6 showed 
that mucosal bleeding was commonly found in 
patients with dengue infection (75.9% of cases), 
with a sensitivity of 98% for the detection of 
SD. Meanwhile, in the present study, although 
it found fewer cases of mucosal bleeding 
(42.14%, 59/140), there was still a significant 
association between mucosal bleeding and SD 
(OR 9.1). Therefore, these results indicated that 
the presence of mucosal bleeding is a sign for 
detecting SD infection, which is consistent with 
the 2009 WHO criteria.

 In the present study, hepatomegaly 
was found to be associated with the incidence 
of SD infection. Nevertheless, after the logistic 
regression analysis, this association was 
diminished. However, Ledika et al9 reported that 
hepatomegaly was significantly associated with 
the incidence of SD (OR 21.72, 95% CI 7.73–
61.01). Hepatomegaly occurs in dengue infection 
due to the direct involvement of the dengue virus 
in the liver. Pothapregada et al13 also reported a 
significant association of hepatomegaly with SD 
infection (OR 4.3) and shock (81%). It showed 
that hepatomegaly is a risk factor for shock in 
children, as well as for SD virus infection.13

 Rigau-Perez et al14 reported that there is a 
high incidence (17%) of impaired consciousness 
during dengue infection. Impaired consciousness 
is associated with high mortality and impaired 
organ disorders.15 This study showed that lethargy 
is a warning sign that primarily contributed to the 
incidence of SD (OR 43.1). Woon et al16 in Malaysia 
also reported that lethargy is a warning sign often 
occurring in children with SD (62.5%, p=0.014). 
This finding is in accordance to the fact that 
lethargy is a well-established warning sign that 
contributes to the risk of SD infection and dengue 
deaths, as reported in Singapore that shock was 
the commonest cause of death, followed by organ 

impairment (71.4% with acute renal impairment, 
57.1% with impaired consciousness, and 53.6% 
with severe hepatitis).14

 This study showed that increase in 
hematocrit concurrent with a rapid decrease 
in platelet count was not associated with SD 
infection. Similarly, Carrasco et al17 reported that 
increase in hematocrit concurrent with a rapid 
decrease in platelet count was not significantly 
associated with SD (2%, 2/96 cases, p=0.42). 
Concurrent increase in hematocrit and a rapid 
decrease in platelet count are significant in 
predicting severe hemorrhage and severe 
plasma leakage. Good predictors of DHF were 
not necessarily good predictors of SD infection. 
Carlos et al18 found that increase in hematocrit 
and low platelet count were significant in the 
DHF group (p<0.001), but these factors were not 
significant predictors of SD infection. Jayaratne 
et al5 reported that a platelet count of <20,000 
was significantly associated (p=0.001) with 
SD infection (OR 1.632 to 455.2). The time the 
platelet counts dropped to <20,000 cells/mm3 
that in those critical phase can be life threatening 
or even death. However, platelet counts alone did 
not appear to have a good discriminatory value in 
predicting the severity of dengue infection.

 There were 28/114 (20%) cases of SD 
infection in this study. This was relatively similar 
to a previous study in Bandung (24.6%),9 but 
slightly higher than that reported in Surabaya 
(15.9%).10 The difference in the severity of dengue 
infection might be influenced by several factors, 
including host and viral factors. The interactions 
among viral, host, and epidemiological risk factors 
are the determinants of the occurrence of DHF 
epidemics. Viral factor implies strain virulence, 
serotype, while host factors include race, age, 
sex, nutritional status, secondary infection, and 
host response. Epidemiological risk factors 
include the number of susceptible individuals, 
high vector density, broad viral circulation, and 
hyperendemicity.19

 In the present study, the logistic regression 
analysis showed that the presence of five warning 
signs was significantly associated with SD 
infection (p<0.05), including persistent vomiting, 
clinical fluid accumulation, mucosal bleeding, 
lethargy, and hepatomegaly. However, after the 
multivariate analysis, only persistent vomiting, 
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clinical fluid accumulation, mucosal bleeding, 
and lethargy were significantly associated with 
SD infection. Andrade et al20 in Brazil reported 
that mucosal bleeding, persistent vomiting, and 
severe abdominal pain were associated with 
SD infection. Alexander et al21 reported that 
abdominal pain, mucosal bleeding, and decreased 
platelet count were significantly associated with 
SD infection.

 The 2009 WHO dengue classification 
showed a sensitivity of 92.1% and a specificity of 
78.5% to detect SD infection.8 This study showed 
that the cutoff point of the number of warning 
signs for detecting SD infection was three or more 
warning signs, with a sensitivity of 92.9% and a 
specificity of 78.6%. Win et al22 also reported that 
the presence of three or more warning signs is 
associated with SD infection. Similarly, Thein et 
al4 reported that the presence of three or four 
warning signs has a high specificity (95%–98%) 
in detecting SD infection. Jayaratne et al5 found 
that the presence of five or more warning signs 
was significantly associated with SD infection 
(OR 5.14), whereas the presence of two or less 
warning signs significantly reduced the risk of SD 
(OR 0.45). This difference is due to the category 
increase in the hematocrit concurrent with a 
rapid decrease in platelet count, wherein two 
categories were used in the study of Jayaratne et 
al.5

 The limitation of this study is that secondary 
data collected from the medical records were 
used as a source of information, which are often 
incomplete and inaccurate. Several studies have 
reported different results because several factors 
affecting SD were not analyzed in this study, such as 
virulence, assessment of warning signs according to 
febrile duration at admission to hospital, and others. 
However, this study had a sufficient sample size for 
the distribution of patients with SD infection similar 
to some regions in Indonesia and can be a reference 
for further research.

 This study developed an easily 
implementable predictive tool based on the 
presence of three or more warning signs. This 
tool can be used to identify SD infection at 
admission, thereby facilitating the initiation 
of early intervention and frequent monitoring, 
which could help in saving the patient’s life and 
reducing complications and the risk of death.

 In conclusion, three or more early 
warning signs in patients with dengue can help in 
the identification of severe infection at admission 
with high sensitivity, which may help save 
patients’ life and avoid complications.
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