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ABSTRACT 

Objective: The aim of our study was to explore the incidence of cardiac involvement in children with 
dengue infection admitted in a tertiary care hospital and to evaluate the features of cardiac involvement 
with the severity of dengue fever.  

Methods: This was a cross-sectional study conducted from September 2014 to August 2016. A total of 130 
patients with confirmed dengue NS1 antigen or IgM antibody positivity between the ages of 1 month and 18 
years were evaluated. On the third day of admission, blood samples for cardiac markers were collected, and 
electrocardiograms (ECG) and echocardiograms were performed for each patient.  

Results: Of the 130 dengue patients in the study, 60 (46.2%) were males and 70 (53.8%) were females 
(male to female ratio, 1:1.16). Cardiac involvement was present in 60 (46.2%) children and was more prom-
inent in children with severe dengue (72.7%), followed by dengue with warning symptoms (53.8%) and den-
gue fever (28.6%). There was no significant correlation between cardiac involvement and primary/ 
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secondary dengue. Both ECG and echocardiography changes were significantly correlated with dengue 
severity, as opposed to cardiac markers. 

Conclusions: Cardiac involvement was present in children with dengue. Evaluation with ECG, echocardi-
ography, and cardiac markers such as creatine phosphokinase–myocardial band (CPK-MB) are required for 
the management of cardiac complications in children with dengue. Our study showed an association 
between cardiac involvement and the severity of dengue. Further studies should be framed, and follow-up of 
dengue patients with cardiac involvement is necessary for therapeutic management. 

KEY WORDS: Cardiac, CPK-MB, creatine phosphokinase–myocardial band, dengue, echocardiogram, 
electrocardiogram 

 

 

INTRODUCTION 

Dengue fever is a major health concern in India. 
Dengue is a mosquito-borne viral infection that 
causes significant morbidity in endemic regions, with 
96 million cases clinically reported annually.1 The 
causative agent is a dengue virus (DENV, 1–4 sero-
types), which is a highly prevalent arbovirus found 
in tropical and subtropical regions.2 The first case of 
dengue in India was reported in 1956 in Vellore, and 
the first case of dengue hemorrhagic fever was 
observed in Calcutta in 1963.3 The annual incidence 
of dengue in India has been estimated to be around 
7.5–32.5 million,4 and it is one of the leading causes 
for hospitalization and death in India.5 According to 
the World Health Organization (WHO), there has 
been an increase in reporting of dengue cases for the 
past five decades.3 Dengue infection is prevalent in a 
majority of the states in India.6 Along with an in-
crease in dengue incidence, atypical manifestations 
of dengue are on the rise, and it is likely to be under-
reported.7 

The clinical manifestations in dengue range from 
asymptomatic infection to severe viral hemorrhagic 
fever as a prelude to plasma leakage and bleeding.3,8 
However, during defervescence, plasma leakage is 
reversed and the extravasated fluid is reabsorbed, 
which is a prelude to fluid overload and reflected by 
the development of massive pleural effusion or pul-
monary edema. Thus, the resulting respiratory man-
ifestations have been the major cause of mortality in 
adults and children with severe dengue.9,10 Never-
theless, the cardinal mechanism of shock is due to 
hypovolemia, and the impaired cardiac function 
might also contribute to cardiac abnormalities. Sev-
eral clinical studies have shown the existence of car-
diac co-morbidity in dengue.11–13 Clinically, cardiac 
involvement can differ broadly, from subclinical to 
severe myocarditis which can be fatal. Myocardial 

involvement may be attributed to direct viral inva-
sion or cytokine-induced immune damage, or both. 
Nevertheless, research on cardiac manifestations of 
dengue is limited in the pediatric population.  

Reports from different studies have shown a 
16.7%–71% incidence of cardiac involvement with 
features like cardiac failure, elevated cardiac enzymes 
(e.g. troponin T, creatine phosphokinase–myocar-
dial band [CPK-MB]), abnormal electrocardiogram 
(sinus tachycardia, sinus bradycardia, T wave inver-
sions, heart block), and echocardiogram changes 
(reduced ejection fraction).14,15 The variation in 
symptoms can be attributed to the different criteria 
used for defining cardiac manifestations.  

“Expanded dengue syndrome” is a newly struc-
tured class by WHO, comprising unusual manifesta-
tions with organ involvement.16 

The aim of this study was to evaluate if cardiac 
involvement was present in children with dengue 
fever. The primary objective of the study was to 
determine the incidence of cardiac involvement in 
pediatric patients with dengue, dengue with warning 
signs, and severe dengue. The secondary objective of 
the study was to identify a correlation between the 
clinical cardiac findings and the investigations done 
in these children with dengue fever. 

MATERIALS AND METHODS 

This cross-sectional study was conducted in our ter-
tiary care center in Chennai, Tamil Nadu, from Sep-
tember 2014 until August 2016. Pediatric patients 
between the ages of 1 month and 18 years with wide 
clinical presentation of dengue infection, together 
with subsequent positive dengue NS1 antigen and/ 
or IgM MAC ELISA tests, were included in the 
study. Children with existing congenital or acquired 
heart diseases and other coexisting disease condi-
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tions were excluded from the study. With an expect-
ed 10% of cardiac involvement based on previous 
studies and with a precision of 5%, confidence 
interval of 95%, a sample size of 130 was calculated. 

Data Collection/Research Instrument 

Patients with clinically suspected dengue fever were 
administered dengue NS1 (fever lasting <1 week) or  
dengue IgM serology (fever lasting >1 week) tests. 
Patients identified with dengue NS1 or as dengue 
IgM-positive were grouped according to WHO cri-
teria3 as having dengue fever, dengue with warning 
signs, and severe dengue (Table 1).3 Patients who 
were dengue NS1/IgM-positive, but dengue IgG-
negative, were considered as primary dengue pa-
tients, while those who tested dengue NS1/IgM-
positive and dengue IgG-positive were considered 
secondary dengue patients. 

All patients were clinically examined and assessed 
for the following cardiac manifestations: brady-
arrhythmia, tachyarrhythmia, pericardial rub, pres-
ence of gallop, regurgitation (murmur grade >2/6), 
and capillary filling time (CFT). On the third day of 
admission, the following were performed: electro-
cardiogram (ECG), two-dimensional echocardiog-
raphy (ECHO), and serum glutamic oxaloacetic 
transaminase (SGOT) and creatine phosphokinase–
myocardial band (CPK-MB) tests. 

Based on reports from previous studies, cardiac 
involvement was considered present if dengue-
positive (NS1/IgM) patients exhibited any two or 
more of the following factors: elevated CPK-MB, 
abnormal ECG findings, and/or abnormal echocar-
diography findings.13–15 Those patients with features 
suggestive of cardiac involvement were placed on 
follow-up with the pediatric cardiologist.  

Table 1. WHO’s 2009 Dengue Case Classification.3. 

Severity Symptoms 

Dengue Fever Fever and two of the following: 

 Nausea, vomiting 

 Rash 

 Aches and pains 

 Leukopenia 

 Positive tourniquet test 

Dengue Fever with Warning Signs Dengue fever as defined above with any of the following: 

 Abdominal pain or tenderness 

 Persistent vomiting 

 Clinical fluid accumulation (ascites, pleural effusion) 

 Mucosal bleeding 

 Lethargy, restlessness 

 Liver enlargement >2 cm 

 Laboratory: increased hematocrit concurrent with 
rapid decrease in platelet count 

Severe Dengue Dengue fever with at least one of the following criteria: 

 Severe plasma leakage leading to shock  

 Fluid accumulation with respiratory distress 

 Severe bleeding as evaluated by clinician 

 Severe organ involvement 

o Liver Enzymes: AST or ALT ≥1000 U/L 

o Central nervous system: impaired 
consciousness 

o Failure of heart and other organs 

ALT, alanine aminotransferase; AST, aspartate aminotransferase. 
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The CPK-MB estimation was performed for all 
patients who tested positive for dengue. This was 
done by immuno-inhibition method.17 Similarly, 
SGOT estimation was performed by the indirect 
enzymatic method.18 

Electrocardiography was performed on all 
dengue-positive patients. Smaller size ECG leads 
were used in patients less than 2 years of age. 
Cardiac involvement was determined from the ECGs 
based on the presence of any of the following 
features: ST-segment elevation in ≥2 contiguous 
leads (>1 mm in limb leads, and >2 mm in chest 
leads), T wave inversions in V5 and V6, widespread 
ST-segment depressions (sustained horizontal ST-
segment depression for 0.08 seconds or longer), and 
pericardial involvement such as a low-voltage QRS 
complex (QRS <5 mm in limb leads and <10 mm in 
the chest leads), ST-elevation with concavity up-
wards (>1 mm in limb leads, and >2 mm in chest 
leads), or T wave inversion in V5 and V6.19 

Echocardiography was performed on all dengue-
positive patients using a Vivid 7 machine (Wipro GE 
Healthcare Pvt Ltd, Bangalore, Karnataka, India; 
date of manufacture 2007). Cardiac manifestations 
included left ventricular dysfunction (left ventricular 
ejection fraction <55%), left ventricular cavity 
enlargement (according to body size/weight), right 
ventricular dysfunction (pulmonary artery systolic 
pressure estimated using tricuspid regurgitation, 
right ventricular systolic function visual inspection), 
segmental wall motion abnormalities (hypokinetic, 
akinetic, or dyskinetic regions), and pericardial 
findings such as pericardial effusion (mild, <100 
mL; moderate, 100–500 mL).20  

Ethical Approval 

This study was approved by the Institutional Ethics 
Research Committee of Sri Ramachandra Institute 

of Higher Education and Research (Deemed to be 
University) Ref: CSP-MED/14/SEP/18/153. The 
purpose of the study was explained, and written 
informed consent was obtained from caretakers or 
parents of the children; in addition, assent was 
taken in children more than 12 years of age. 

Statistical Analysis 

The data were entered in Microsoft Excel and then 
transferred to SPSS software (version 17.0) for 
further statistical analysis. The results were repre-
sented as categorical data, and chi-square test was 
used. We reported statistically significant P values 
(P0.05) and their 95% confidence intervals. 

RESULTS 

Among the total 130 dengue patients, most of the 
patients were 5–9 years of age (n=26, 43.3%) (Table 
2). There were 60 (46.2%) males and 70 (53.8%) 
females present, with a higher proportion of females 
in this study. 

The final study group comprised 56 (43%) pa-
tients with dengue fever, 52 (40%) with dengue with 
warning signs, and 22 (17%) with severe dengue 
(Figure 1). In the latter two groups, the majority of 
patients were 5–9 years of age. Referring to Table 3, 
the highest percentage of cardiac manifestations was 
noted in the severe dengue group (n=16, 72.7%), 
followed by the dengue with warning signs group 
(n=28, 53.8%). 

There was a significant association (P=0.005) 
between the length of hospital stay and dengue 
patients with cardiac involvement as compared to 
dengue patients without cardiac involvement (Table 
4). Length of hospitalization was higher in dengue 
patients with cardiac involvement (Table 4). 

Table 2. Cardiac Involvement by Age Group in the Study Group (n=130). 

Age Group (Number) 
With Cardiac 
Involvement 

Percent P Value 

Overall (n=130) 60 46.2% 

0.077 

<1 year (n=20) 6 30%  

1–4 years (n=26) 12 46.2% 

5–9 years (n=41) 26 63.4% 

10–14 years (n=29) 11 37.9% 

15–18 years (n=14) 5 35.7% 
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Table 3. Cardiac Involvement in Dengue Patients. 

Category (n) 
With Cardiac Involvement 

n (%) 
Without Cardiac Involvement 

n (%) 

Dengue fever (56) 16 (28.6) 40 (71.4) 

Dengue with warning signs (52) 28 (53.8) 24 (46.2) 

Severe dengue (22) 16 (72.7) 6 (27.3) 

Total (130) 60 (46.2) 70 (53.8) 

 

Table 4. Duration of Hospital Stay and Cardiac Involvement. 

Hospital Stay 
Duration 

Patients with Cardiac 
Involvement, n (%) 

Patients without Cardiac 
Involvement, n (%) 

P Value* 

0-4 days 2 (4.8) 39 (95.2) 

0.005 
4-8 days 45 (62.5) 27 (37.5) 

8-13 days 13 (76.4) 4 (23.6) 

Total n (%) 60 (46.2) 70 (53.8) 

* P value determined using chi-square test. 

 

 

Figure 1. Flowchart for Identification of Children with Dengue Infection in This Study. 
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No significant difference was noted between the 
primary and secondary dengue patients with cardiac 
involvement (P=0.337) (Table 5).  

Among the 130 dengue patients in this study, 62 

(47.7%) had ECG changes, the majority of which 

belonged to the dengue with warning signs group. A 

significant correlation was noted between the ECG 
findings and the severity of dengue (P=0.022) 

(Table 6). These findings included sinus bradycardia 

n=11 (17%), of which 6 patients (11.5%) had dengue 

fever with warning signs. Forty-four (70%) children 

had T wave inversions (V5, V6), 22 (42.3%) of whom 

belonged  to the  dengue with warning signs group.  

One patient with severe dengue and one with den-

gue with warning signs had pathological Q waves and 

a narrow QRS complex, respectively. ST-elevation/ 

depression was observed in 5 (8%) participants, of 

whom 3 (5.4%) had dengue fever. 

Of the 130 dengue patients, 27 had abnormal 

echocardiography findings, including pericardial 

effusion (n=23, 85%) followed by left ventricular 

ejection fraction <55% (n=4, 15%). On analysis, 

echocardiography findings for cardiac involvement 

were significantly associated with the severity of 

dengue (P<0.0001).  

Table 5. Incidence of Cardiac Involvement in Primary and Secondary Dengue. 

Dengue 
Type/Severity 

Primary Dengue Secondary Dengue  

With Cardiac 
Involvement 

n 

Without 
Cardiac 

Involvement 

n 

Total 

n 

With 
Cardiac 

Involvement 

n 

Without 
Cardiac 

Involvement 

n 

Total 

n 

Dengue fever 9 31 40 7 9 16 

Dengue with 
warning signs 

15 17 32 13 7 20 

Severe dengue 13 4 17 3 2 5 

Total n (%) 37 (41.5) 52 (58.4) 89 23 (56.1) 18 (43.9) 41 

 
 

Table 6. Correlation between Cardiac Findings and Dengue Severity. 

Cardiac Findings 
Dengue Fever 

 (n=56) 

Dengue with 
Warning Signs 

(n=52) 

Severe Dengue 
 (n=22) 

Total 
 (n=130) 

P Value* 

ECG     

0.022 ECG changes 19 (33.9) 31 (59.6) 12 (54.5) 62 (47.7) 

Normal ECG 37 (66.1) 21 (40.4) 10 (45.5) 68 (52.3) 

Echocardiogram     

<0.0001 LVEF <55% 1 (1.8) 2 (3.8) 1 (4.5) 4 (3.1) 

Pericardial effusion 6 (10.7) 7 (13.5) 10 (45.5) 23 (17.7) 

CPK-MB     

0.138 Elevated 36 (64.3) 42 (80.8) 17 (77.3) 95 (73) 

Normal 20 (35.7) 10 (19.2) 5 (22.7) 35 (27) 

* Test applied: chi-square test. 

CPK-MB, creatine phosphokinase–myocardial band; ECG, electrocardiogram; LVEF, left ventricular 

ejection fraction. 
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Levels of CPK-MB were elevated in 95 (73%) pa-
tients. However, there was no significant correlation 
(P=0.138) between the CPK-MB levels and severity 
of dengue in our study, as shown in Table 6. Among 
the 95 patients with high CPK-MB levels, 47 (49.4%) 
had abnormal ECG findings and 21 (22.1%) had 
echocardiography changes (not shown in tables). 

Elevated SGOT levels were found in 54.7% of 
dengue patients with cardiac involvement and were 
statistically significant (P=0.025). Also, CFT pro-
longation was present in 5 (100%) participants with 
cardiac involvement, while none were reported in 
participants without cardiac involvement in our 
study. Thus, CFT prolongation was significantly 
correlated with cardiac involvement (P=0.014).  

DISCUSSION 

Cardiac manifestations in patients with dengue fever 
include cardiac failure, ECG changes, 2D ECHO 
changes, and elevated cardiac enzymes.15,21 There is 
a paucity of data on cardiac involvement in dengue 
infection; however, there is an increasing trend of 
cardiac involvement in dengue patients being re-
ported. The clinical severity of dengue varies with 
age. Younger children with dengue hemorrhagic 
fever elicit more severe clinical outcomes and a 
higher fatality rate compared to adults.8,22,23 In this 
study, a higher proportion of children affected with 
dengue were in the 5–9 years age group, similar to 
the observations of Salgado and others.24,25 

There have been reports that the increased rest-
ing diastolic calcium ion levels present in the myo-
cardium precipitated by dengue can be attributed to 
the arrhythmia and diminished left ventricular 
function noted in these patients.24 In our study, the 
overall cardiac involvement among dengue patients 
in the pediatric population was 46.2%, predomi-
nantly in the severe dengue group, similar to the 
study conducted by Siddappa et al.26 The most com-
mon features suggestive of cardiac involvement 
noted in our study were T wave depression and peri-
cardial effusion. Severity of dengue was also directly 
proportional to the length of hospitalization. Similar 
findings have been reported by Mishra et al.27 

Severe cardiac manifestations have been reported 
in secondary dengue infections.28 In our study, car-
diac involvement was higher in secondary compared 
with primary dengue cases, but no statistical signi-
ficance was noted.  

We also found elevated CPK-MB levels in the 
majority of dengue patients. The level of CPK-MB is 
an independent marker of myocardial damage in 
children with dengue infection.13 A similar study by 
Salgado et al. reported that myocarditis was signifi-
cantly correlated with dengue severity.24 However, 
our study found no statistically significant correla-
tion between CPK-MB and dengue severity.  

Abnormalities in ECG tend to occur during any 
phase of dengue illness, and reports suggest that 
30%–44% of dengue patients require hospitaliza-
tion.29 In this present study, the abnormal ECG 
findings in dengue patients with cardiac involve-
ment were T wave inversions, sinus bradycardia, ST-
elevation/depression, pathological Q waves, and 
changes to the QRS complex.15,21 A higher propor-
tion of T wave depression was observed in our study. 
However, Siddappa et al. reported a higher inci-
dence of sinus tachycardia, while T wave inversions 
were seen in a small number of patients, which was 
comparatively lower when compared to our study.26 
These abnormalities are benign, and such ECG ab-
normalities may be the only sign of cardiac involve-
ment with normal biomarker levels and echocardio-
gram. Arrhythmias have been seen in severely ill 
dengue patients, and these patients are more likely 
to develop hypotension than those having a normal 
ECG. Electrolyte and calcium changes, altered auto-
nomic tone, or subclinical myocarditis are the pos-
sible mechanisms for ECG abnormalities in dengue 
fever.30 In our study, children with abnormal ECG 
findings were monitored until discharge. They were 
managed conservatively and did not require any 
active intervention. 

Abnormal echocardiography findings were more 
prevalent among severe dengue patients in our 
study. These findings are consistent with earlier 
studies showing that cardiac functional abnormali-
ties in echocardiography are significantly associated 
with disease severity.28,31 In a study performed by 
Satarasinghe et al., echocardiograph abnormalities 
were present in 24% of patients, with none having 
clinical features of overt myocarditis.32 Increased 
cytokine production causes increased vascular per-
meability and abnormal leakage of plasma, leading 
to pericardial effusion. The possible mechanism for 
reduced left ventricular ejection fraction was 
immune-mediated and direct viral invasion of car-
diac muscle cells in myocarditis.33 Another finding 
in our study was left ventricular ejection fraction 
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<55%. But there was no significant correlation be-
tween elevated CPK-MB levels and echocardiog-
raphy findings. In contrast, reports from Salgado et 
al. revealed a significant association of CPK-MB 
elevation with myocarditis.24 In our study, peri-
cardial effusion resolved as the patients recovered, 
and pericardiocentesis was not required. One patient 
had an extended intensive care unit stay and re-
quired inotropic support. The rest of the children 
with pericardial effusion were monitored and man-
aged conservatively (including intravascular volume 
replacement with judicious care to avoid fluid over-
load and administration of inotropes and diuretics 
when necessary).  

Elevation of the hepatic marker enzyme, SGOT, 
was observed and significantly correlated to dengue 
children with cardiac involvement, similar to several 
previously published studies.27,34 Kularatne et al. 
have reported three cases of dengue where there was 
multi-organ involvement, with one case presenting 
in shock.35 

A significant proportion of dengue patients have 
cardiac involvement. Evaluation for cardiac involve-
ment in pediatric patients with dengue fever should 
be performed via ECG, ECHO, CPK-MB, and other 
similar tests, and would help in the early identifica-
tion of myocarditis and interventions to prevent 
further complications. 

LIMITATIONS 

There are a few limitations related to this study. Our 
study was done in a tertiary care center, hence the 
prevalence of cardiac manifestations we obtained in 
children with dengue fever cannot be generalized to 
the entire population. Furthermore, this study in-
cluded only hospitalized children and did not include 
children with dengue treated via the outpatient ser-
vices. In addition, there was insufficient follow-up of 
children with cardiac involvement: all 60 children 
with cardiac involvement recovered well and were 
discharged. Of the patients with cardiac involve-
ment, only 10 were followed, as others were not will-
ing to undergo a repeat evaluation. All 10 patients 
had normal cardiac evaluation and echocardiogra-
phy findings 1–3 months after their hospitalization. 
This, however, was beyond the scope of this study. 

CONCLUSION 

We conclude that a significant proportion of dengue 
patients present with cardiac manifestations; how-

ever, most findings are subclinical and do not re-
quire further clinical interventions. The predomin-
ance of cardiac involvement in dengue patients 
among children suggests that cardiac screening in 
all patients with dengue infection, with ECG, echo-
cardiogram, and CPK-MB tests, contributes to effec-
tive treatment of myocarditis. This study reports an 
association of cardiac involvement with the severity 
of dengue infection in children. Additional large 
multicenter studies are recommended to further 
study the acute and long-term impact of dengue 
infection on the cardiovascular system. 

REFERENCES 

1. Bhatt S, Gething PW, Brady OJ, et al. The global 

distribution and burden of dengue. Nature 2013;496: 

504–7. CrossRef 

2. Mustafa MS, Rasotgi V, Jain S, Gupta V. Discovery of 

fifth serotype of dengue virus (denv-5): a new public 

health dilemma in dengue control. Med J Armed 
Forces India 2015:71:67–70. CrossRef  

3. World Health Organization. Dengue. Guidelines For 

Diagnosis, Treatment, Prevention and Control. 2009. 
Available at: https://www.who.int/tdr/publications/ 

documents/dengue-diagnosis.pdf (accessed Novem-

ber 10, 2020).  

4. Gupta N, Srivastava S, Jain A, Chaturvedi UC. 

Dengue in India. Indian J Med Res 2012;136:373–90. 

5. Gupta E, Ballani N. Current perspectives on the 
spread of dengue in India. Infect Drug Resist 2014;7: 

337–42. CrossRef  

6. Wilder-Smith A, Rupali P. Estimating the dengue 
burden in India. Lancet Glob Health 2019;7:e988–9. 

CrossRef  

7. Gulati S, Maheshwari A. Atypical manifestations of 
dengue. Trop Med Int Health 2007;12:1087–95. 

CrossRef  

8. Rigau-Pérez JG, Clark GG, Gubler DJ, Reiter P, Sand-

ers EJ, Vorndam AV. Dengue and dengue haemor-

rhagic fever. Lancet 1998;352:971–7. CrossRef  

9. Amâncio FF, Heringer TP, De Oliveira CDCHB, et al. 

Clinical profiles and factors associated with death in 

adults with dengue admitted to intensive care units, 
Minas Gerais, Brazil. PLoS One 2015;10:e0129046. 

CrossRef 

10. Laoprasopwattana K, Chaimongkol W, Pruekprasert 
P, Geater A. Acute respiratory failure and active 

bleeding are the important fatality predictive factors 

for severe dengue viral infection. PLoS One 2014;9: 
e114499. CrossRef 

https://doi.org/10.1038/nature12060
https://doi.org/10.1016/j.mjafi.2014.09.011
https://www.who.int/tdr/publications/documents/dengue-diagnosis.pdf
https://www.who.int/tdr/publications/documents/dengue-diagnosis.pdf
https://doi.org/10.2147/idr.s55376
https://doi.org/10.1016/s2214-109x(19)30249-9
https://doi.org/10.1111/j.1365-3156.2007.01891.x
https://doi.org/10.1016/s0140-6736(97)12483-7
https://doi.org/10.1371/journal.pone.0129046
https://doi.org/10.1371/journal.pone.0114499


 

Cardiac Manifestations in Dengue Fever 
 

 

Rambam Maimonides Medical Journal 9 April 2021  Volume 12  Issue 2  e0014 
 

11. Marques N, Gan VC, Leo YS. Dengue myocarditis in 

Singapore: two case reports. Infection 2013;41:709–
14. CrossRef  

12. Miranda CH, Borges MDC, Schmidt A, et al. A case 
presentation of a fatal dengue myocarditis showing 

evidence for dengue virus-induced lesion. Eur Hear J 

Acute Cardiovasc Care 2013;2:127–30. CrossRef 

13. Salgado DM, Eltit JM, Mansfield K, et al. Heart and 

skeletal muscle are targets of dengue virus infection. 

Pediatr Infect Dis J 2010;29:238–42. CrossRef  

14. Gupta VK, Gadpayle AK. Subclinical cardiac involve-

ment in dengue haemorrhagic fever. Indian Academy 
of Clinical Medicine 2010;11:107–11. 

15. Yadav DK, Choudhary S, Gupta PK, et al. The Tei 

index and asymptomatic myocarditis in children with 

severe dengue. Pediatr Cardiol 2013;34:1307–13. 

CrossRef  

16. World Health Organization. Comprehensive Guide-

lines for Prevention and Control of Dengue and Den-
gue Haemorrhagic Fever. Revised and expanded edi-

tion. New Delhi, India; WHO Regional Office for 

South-East Asia; 2011. Available at: https://apps. 
who.int/iris/bitstream/handle/10665/204894/B4751

.pdf?sequence=1&isAllowed=y (accessed November 

12, 2020).  

17. Delahunty TJ, Foreback CC. Automated creatine 

kinase-MB estimation by immuno-inhibition: a 

clinical evaluation. Clin Chem 1980;26:568–72. 

18. Huang X-J, Choi Y-K, Im H-S, Yarimaga O, Yoon E, 

Kim H-S. Aspartate aminotransferase (AST/GOT) 

and alanine aminotransferase (ALT/GPT) detection 
techniques. Sensors (Basel) 2006;6:756–82.  

19. Engorn B, Flerlage J. The Harriet Lane Handbook. 

20th ed. Philadelphia, PA, USA: Saunders; 2015. 

20. Jung HO. Pericardial effusion and pericardiocentesis: 

role of echocardiography. Korean Circ J 2012;42: 

725–34. CrossRef  

21. Kabra SK, Juneja R, Madhulika, et al. Myocardial 

dysfunction in children with dengue haemorrhagic 
fever. Natl Med J India 1998;11:59–61. 

22. Guzmán MG, Kouri G, Bravo J, Valdes L, Vazquez S, 

Halstead SB. Effect of age on outcome of secondary 

dengue 2 infections. Int J Infect Dis 2002;6:118–24. 
CrossRef  

23. Hammond SN, Balmaseda A, Pérez L, et al. Differ-
ences in dengue severity in infants, children, and 

adults in a 3-year hospital-based study in Nicaragua. 

Am J Trop Med Hyg 2005;73:1063–70.  

24. Salgado DM, Panqueba CA, Castro D, Vega MR, 

Rodríguez JA. Myocarditis in children affected by 
dengue hemorrhagic fever in a teaching hospital in 

Colombia. Rev Salud Publica (Bogota) 2009;11:591–

600. CrossRef  

25. Iskandar B, Daud D, Dwi Bahagia Febriani ADB. The 

levels of troponin T in patients with dengue hemor-
rhagic fever. Am J Clin Exp Med 2015;3:149–53. 

CrossRef  

26. Siddappa FD, Koushik H, Ratageri VH, Wari PK. 
Cardiac manifestations of dengue fever in children. 

Pediatr Oncall J 2017;14:82–4. CrossRef  

27. Mishra S, Ramanathan R, Agarwalla SK. Clinical 

profile of dengue fever in children: a study from 

Southern Odisha, India. Scientifica (Cairo) 
2016;2016:6391594. CrossRef  

28. Kirawittaya T, Yoon IK, Wichit S, et al. Evaluation of 
cardiac involvement in children with dengue by serial 

echocardiographic studies. PLoS Negl Trop Dis 

2015;9:e0003943. CrossRef  

29. Yacoub S, Griffiths A, Hong Chau TT, et al. Cardiac 

function in Vietnamese patients with different den-
gue severity grades. Crit Care Med 2012;40:477–83. 

CrossRef  

30. Yacoub S, Wertheim H, Simmons CP, Screaton G, 
Wills B. Cardiovascular manifestations of the 

emerging dengue pandemic. Nat Rev Cardiol 

2014;11:335–45. CrossRef  

31. Khongphatthanayothin A, Lertsapcharoen P, Supa-

chokchaiwattana P, et al. Myocardial depression in 
dengue hemorrhagic fever: prevalence and clinical 

description. Pediatr Crit Care Med 2007;8:524–9. 

CrossRef 

32. Satarasinghe R, Arulnithy K, Amerasena NL, 

Bulugahapithiya U, Sahayam DV. Asymptomatic 
myocardial involvement in acute dengue virus 

infection in a cohort of adult Sri Lankan admitted to a 

tertiary referral centre. Br J Cardiol 2007;14:171–3. 

33. Papalkar P, Sarode R, Acharya S, Kumar S. Cardiac 

manifestations in dengue. Indian J Med Specialties 
2019;10:30–4. 

34. Sahana KS, Sujatha R. Clinical profile of dengue 

among children according to revised WHO classifica-
tion: analysis of a 2012 outbreak from Southern 

India. Indian J Pediatr 2015;82:109–13. CrossRef  

35. Kularatne SAM, Pathirage MMK, Gunasena S. A case 

series of dengue fever with altered consciousness and 

electroencephalogram changes in Sri Lanka. Trans R 
Soc Trop Med Hyg 2008;102:1053–4. CrossRef  

https://doi.org/10.1007/s15010-012-0392-9
https://doi.org/10.1177/2048872613475889
https://doi.org/10.1097/inf.0b013e3181bc3c5b
https://doi.org/10.1007/s00246-013-0639-y
https://apps.who.int/iris/bitstream/handle/10665/204894/B4751.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/204894/B4751.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/204894/B4751.pdf?sequence=1&isAllowed=y
https://doi.org/10.4070%2Fkcj.2012.42.11.725
https://doi.org/10.1016/s1201-9712(02)90072-x
https://doi.org/10.1590/s0124-00642009000400010
https://doi.org/10.11648/j.ajcem.20150304.14
https://doi.org/10.7199/ped.oncall.2017.55
https://doi.org/10.1155/2016/6391594
https://doi.org/10.1371/journal.pntd.0003943
https://doi.org/10.1097/ccm.0b013e318232d966
https://doi.org/10.1038/nrcardio.2014.40
https://doi.org/10.1097/01.pcc.0000288672.77782.d4
https://doi.org/10.1007/s12098-014-1523-3
https://doi.org/10.1016/j.trstmh.2008.06.001

