| observational study MediCine

Characterization of the Myocarditis during the

worst outbreak of dengue infection in China

Yingying Li*®, Zhongwei Hu®, Yuli Huang?, Jianping Li°, Wenxin Hong®, Zhihui Qin®, Yuwei Tong®, )
Jinglong Li®, Mingfang Lv°, Meiyu Li°, Xiaoke Zheng®, Jun Hu®, Jinghai Hua® Fuchun Zhang® , Ding-Li Xu®
Abstract N\
Myocarditis is a common complication of severe dengue infection. However, data about prevalence and characterization of |
myocarditis in dengue are still lacking. In 2014, the worst outbreak of dengue in the last two decades in China occurred. In this study,
we described the clinical and laboratory diagnostic features of dengue with myocarditis. Totally, 1782 diagnosed dengue patients
were admitted from August to October, 2014, all of whom were subjected to electrocardiogram, ultrasound cardiogram, and cardiac
enzyme test. About 201 cases of dengue patients were diagnosed with myocarditis and the prevalence of myocarditis in hospitalized
dengue was 11.28%. The prevalence of myocarditis in nonsevere dengue with warning signs and severe dengue [NSD(WS+)/SD]
and nonsevere dengue without warning signs [NSD(WS-)] was 46.66% and 9.72%, respectively. The NSD(WS+)/SD patients with
myocarditis presented with higher incidence of cardiac symptoms, supraventricular tachycardia (14.29% vs. 0%, P <0.001), atrial
fibrillation (25.71% vs. 10.24%, P=0.019) and heart failure compared with NSD (WS-) patients with myocarditis. About 150 cases of
dengue patients without myocarditis in the same period of time in department of Cardiology were recruited as control group. The
proportion of NSD(WS+)/SD in dengue patients with and without myocarditis was 17.41% and 2.53%, respectively. Dengue patients
with myocarditis experienced longer hospital stay than those without myocarditis (7.17 +4.64 vs. 5.98 +2.69, P=0.008). There was
no difference between patients with and without myocarditis in the proportion of symptoms, auxiliary methods abnormality,
arrhythmia, and heart failure on the discharge day. Our study demonstrates the prevalence of myocarditis in worst outbreak of
dengue in China was 11.28% and the incidence of myocarditis increased with the severity of dengue. The NSD(WS+)/SD patients
with myocarditis presented with higher incidence of cardiac complication compared with NSD (WS-) patients with myocarditis. The
prognosis of dengue patients with and without myocarditis had no significant difference even if myocarditis patients experienced
longer hospital stay.

Abbreviations: ALT = alanine transaminase, AST = aspartate transaminase, CET = cardiac enzyme test, CK-MB = creatine
kinase-MB, cTnl = cardiac troponin |, ECG = electrocardiogram, ELISA = enzyme-linked immunosorbent assay, EMB =
endomyocardial biopsy, ESC = European Society of Cardiology, IgG = immunoglobulin G, IgM = immunoglobulin M, LVEF = left
ventricular ejection fraction, NS1 = nonstructural protein 1, NSD (WS-) = nonsevere dengue without warning signs, NSD (WS+) =
nonsevere dengue with warning signs, NT-proBNP = amino-terminal probrain natriuretic peptide, RNA = ribonucleic acid, RT-PCR =
reverse transcription polymerase chain reaction, SD = severe dengue, UCG = ultrasound cardiogram, WHO = World Health
Organization.
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1. Introduction

Dengue is mainly prevalent in tropical and subtropical parts of
the world, and has spread to many geographic areas previously
unaffected.!"! Clinical manifestations of dengue fever range from
asymptomatic, or mild, flu-like symptoms to plasma leakage,
thrombocytopenia, bleeding, and/or severe shock.*! At present, it
mainly depends on the prevention of mosquito bites and the
symptomatic treatment to reduce the morbidity and mortality,
since there is neither effective antiviral treatment nor vaccine
available for dengue prevention.**!

Myocarditis is an especially common cause of death in patients
with severe dengue.* =8 However, study of myocarditis in dengue
is still very lacking, and no data of large sample study are
available about the incidence of myocarditis in dengue, mainly
due to the wide variety of clinical manifestations of myocarditis
as well as the inconveniency of endomyocardial biopsy (EMB) as
a deterministic diagnostic method.””'"! There are some sporadic
case reports of myocarditis in dengue,"*1* and only 3 studies
conducted the cross-sectional or cohort study during dengue
virus infection. Unfortunately, the sample size of all the 3 studies
were very small (11, 12, and 16 cases of dengue with myocarditis,
respectively) and the prevalence of myocarditis in dengue was
reported from 9% to 15%.1"*'7) To better understand the
clinical pathogenesis and diagnostic characteristics of dengue
myocarditis, which is important for better prevention and
treatment of this disease, large sample systematic study are
urgently needed. In 2014, the worst outbreak of dengue in the last
two decades in China attacked the city and surrounding areas of
Guangzhou. Before December 13, at least 45,171 dengue patients
have been confirmed by the Health Department of Guangdong
province, 82.69% cases of which were from Guangzhou."'8! We
conducted a systematic studies on the dengue patients in
Guangzhou 8th People’s Hospital from August to October in
2014, described the clinical and laboratory diagnostic features of
dengue with myocarditis.

2. Methods

2.1. Patients

All data of this study were obtained from the admitted patients
in Guangzhou 8th People’s Hospital from August to October
2014.

According to the World Health Organization (WHO) 2009
criteria, clinically suspected dengue patients were subjected to
serum rapid test to detect the nonstructural protein 1 (NS1) and/
or immunoglobulin M (IgM)/immunoglobulin G (IgG) antibody
to determine dengue infection."®! According to the diagnostic
criteria from European Society of Cardiology (ESC, 2013),
dengue patients were subjected to electrocardiogram (ECG),
ultrasound cardiogram (UCG), and cardiac enzyme test (CET) to
make the diagnosis of myocarditis.*”! Patients with a history of
myocarditis, myocardial ischemia, myocardial infarction, heart
failure, coronary artery disease, rheumatic heart disease, cardiac
neurosis, valvular heart disease, and congenital heart disease
were excluded.”'2%! Patients with acute and chronic toxicity,
autoimmune diseases, renal failure, and pregnant women were
also excluded. The study was approved by the local research
ethics committee. All patients signed written informed consent to
participate; for those critically ill patients or pediatric patients,
informed consent was obtained from their relatives or legal
guardians.
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2.2. Study design

Dengue IgM/IgG Capture enzyme-linked immunosorbent assay
(ELISA; Daan Gene Co, Ltd. of Sun Yat-sen University, China), a
rapid detection of NS1 (ELISA kit InBios, seattle, WA) and
reverse transcription polymerase chain reaction (RT-PCR) were
used to detect dengue virus infection in clinically suspected
patients.**! Viral ribonucleic acid (RNA) was extracted from
serum samples using QIAamp Viral RNA kit (Qiagen, Inc,
Valencia, CA) according to the manufacturer’s instructions.
RT-PCR was performed using the QuantiTect Virus Kit (Qiagen,
Germantown, MA) directly from 5 nL of RNA extract.

Patients with epidemiological history and clinical manifes-
tations of dengue were diagnosed with positive specific serum
IgM antibodies and/or NS1 antigen and/or positive dengue
RT-PCR. Secondary infections were defined as the presence of
positive RT-PCR and/or positive NS1 associated with positive
IgG during the acute phase (<7 days’ disease duration) and an
IgM/IgG ratio of less than 1.2 during the convalescent phase
(>7 days’ disease duration)."%**!

According to the WHO (2009) classification, dengue can be
divided into: nonsevere dengue without warning signs [NSD
(WS-)]; nonsevere dengue with warning signs [NSD(WS+)] and
severe dengue (SD).["”! The two latter groups are more danger
and need more medical attention compared to the NSD(WS-) as a
whole group.

Auxiliary diagnosis methods, including ECG, UCG, and CET
were performed in dengue patients, no matter whether the
patients had symptoms of myocarditis. ECG was performed
immediately and UCG was performed within 3 days after
patient’s admission and was repeated on the discharge day. In
addition, ECG was repeated at any time if patients had new
emerging cardiac symptoms. CET was performed daily during
hospitalization. Amino-terminal probrain natriuretic peptide
(NT-proBNP) was determined daily by AQT90 NT-proBNP
(Radiometer, Denmark), creatine kinase-MB(CK-MB) by Arqui-
tect CK-MB Liquid and cardiac troponin I (cTnl) by Arquitect
STAT Troponin-I (Abbott Diagnostics).”’! Complaints and
symptoms were collected instantly on admission, and were
added if any changes of patient’s condition.

12 lead ECG was considered abnormal with any of the
following: sinus arrest, atrioventricular block, or bundle branch
block, intraventricular conduction delay (widened QRS complex,
which is the combination of the Q wave, R wave and S wave and
represents ventricular depolarization), atrial fibrillation, supra-
ventricular tachycardia, frequent premature beats ventricular
tachycardia or fibrillation and asystole, ST/T wave change (ST
elevation or non-ST elevation, T wave inversion), reduced R wave
height, abnormal Q waves, and low voltage.!2%->¢=2"]

Functional and structural abnormalities on UCG were defined
as following: ventricular dilatation, increased wall thickness,
regional wall motion or global systolic or diastolic function
abnormality, pericardial effusion, endocavitary thrombi, left
ventricular ejection fraction (LVEF) less than 55%, valvular
regurgitation and valvular vegetation.*”!

Cardiac enzyme was considered to be elevated and abnormal if
CK-MB more than 25U/L and/or ¢Tnl more than 0.02ng/mL
and/or NT-proBNP more than 450 ng/L (age < 50 years), 900 ng/
L (age 50-75 years), and 1800ng/L (age > 75 years).

According to the diagnostic criteria from ESC (2013),
myocarditis was diagnosed if 1 or more clinical presentation
and 1 or more auxiliary diagnosis method; 2 or more auxiliary
diagnosis method should be met if the patient is asymptomat-
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ic.2% Clinical presentation includes chest pain, dyspnea at rest or

exercise, palpitation, syncope, cardiac shock, and sudden cardiac
death 13!

2.3. Statistical analysis

Analyses were carried out using IBM SPSS 19.0.1 for Windows
(IBM, NY). Qualitative variables are defined by number of cases
and percentage. Quantitative variables are expressed as means
and standard deviation. In quantitative non-Gaussian variables,
median, and interquartile range (P25-P75) was used instead of
mean. Comparisons of means were done using unpaired
Student’s #-test for variables with Gaussian distribution.
Comparison of categorical variables was made using Chi-square
test. A P value of less than 0.05 was considered to be significant in
all analyses.

3. Results

3.1. Classification of diagnosis and patients composition

We totally found out 449 cases of ECG abnormality, 247 cases of
CET abnormality, 139 cases of UCG abnormality from 1782
admitted dengue patients. Combined with clinical manifesta-
tions, 201 cases of dengue were diagnosed with myocarditis. The
prevalence of myocarditis in hospitalized dengue patients was
11.28% in our study. The diagnostic-type distribution of all 201
dengue patients with myocarditis is shown in the Venn diagram
(Fig. 1A).

In all 201 cases of dengue patients with myocarditis, ECG
abnormal, CET abnormal and UCG abnormal were 153, 83, and
130 cases, respectively. Among these 3 auxiliary diagnosis
methods, ECG was most sensitive, which covered about 76.12%
(153 in 201 patients) dengue cases diagnosed with myocarditis.

The proportion of NSD(WS+)/SD in dengue myocarditis
patients with UCG, ECG, and CET abnormal was 14.46% (12 in
83 patients), 17.65% (27 in 153 patients), and 16.15% (21 in
130 patients), respectively (Fig. 1A). The percentages of patients
with symptoms of myocarditis using different combinations of
auxiliary diagnostic including ECG, UCG, and CET were shown
in Fig. 1B. Among them, we found that the percentages in patients
with positive results of CET were higher than others, which can
reach to the highest percentage (23.89%) in the patients with
CET abnormal without considering the results of ECG or UCG.

3.2. Manifestation in dengue patients with myocarditis

All the 201 cases of dengue patients with myocarditis were
admitted in department of Cardiology and totally 150 dengue
patients without myocarditis in the same period of time were
hospitalized in department of Cardiology, all of whom were
recruited as control. Characteristics of dengue patients with and
without myocarditis are shown in Table 1. There were no
significant differences in age, sex, common clinical symptoms,
and secondary dengue infection between these two groups. We
found shock in patients of dengue with myocarditis was increased
significantly (6.97% vs. 0.67%, P=0.004). However, there were
no significant differences in the prevalence of bleeding, convul-
sion, coma, and aphasia (Table 1).

We found 75 cases of NSD(WS+)/SD and 1707 cases of NSD
(WS-) in all the 1782 dengue patients, with 35 cases of
myocarditis in the former and 166 cases of myocarditis in the
latter. The prevalence of myocarditis in NSD(WS+)/SD and NSD
(WS-) was 46.66% and 9.72%, respectively. The proportion of
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Figure 1. Classification of diagnosis and patients composition. (A) Three egg-
shaped area in the Venn diagram represent the patients with indicated
abnormal in different clinical or laboratory tests: the ECG abnormal is on the
upper left, the UCG abnormal is on the upper right, and the CET abnormal is on
the lower middle. The solid areas with different colors represent the different
group of dengue patients with myocarditis, whereas the open crescent areas
represent the dengue patients without any cardiac symptom but one single
abnormal diagnostic criteria. The number of dengue with warning signs and
severe dengue (out braces) or the number of all dengue (in braces) have been
indicated on the diagram. (B) The proportion (shown as percentage) of dengue
patients with cardiac symptom in different population of dengue patients with
diversified positive results of the myocarditis diagnostic method as ECG, UCG,
and CET. For example, CET means all dengue patients with CET abnormal with
or without ECG/UCG abnormal. CET+UCG means all dengue patients with
both CET and UCG abnormal with or without ECG abnormal.

NSD(WS+)/SD in dengue patients with myocarditis is 17.41%
and 2.53% in those without myocarditis, indicating the
prevalence of warning signs or severe dengue was significantly
higher in dengue patients with than those without myocarditis
(Table 1).

We also observed significantly higher aspartate transaminase
(AST) and AST/alanine transaminase (ALT) in the group with
myocarditis compared with patients without myocarditis
(399.71+1064.56 vs. 163.12+122.31, P=0.002; 1.95+1.10
vs. 1.64+£0.95, P=0.005). Dengue patients with myocarditis had
lower hemoglobin (115.29+22.77 vs. 127.61+14.95; P <0.01),
and hematocrit (39.01+5.61 vs. 41.20+8.23; P<0.01) as well
as higher levels of systolic blood pressure (115.98+18.01 vs.
109.43+14.30; P<0.01) and creatinine (103.05+67.65 vs.
84.44+25.12; P<0.0001) than those without myocarditis.

3.3. Clinical outcomes and prognosis in dengue patients
with and without myocarditis
Dengue patients with myocarditis experienced longer hospital

stay than patients without myocarditis (7.17 +4.64 vs. 5.98 +
2.69, P=0.008). However, there were no differences in the
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Comparison between patients with and without myocarditis.

Medicine

Overview of dengue patients with and without myocarditis on
admission and discharge day.

Dengue
Dengue with without Dengue with Dengue without
myocarditis myocarditis myocarditis myocarditis
(N=201) (N=150) P N=201 N=150 P

Age, y 62.53+20.92 58.98+156.33 0.067 Length of hospital stay, d 717+4.64 5.98+2.69 0.008
Male 118(58.71) 85(58.00) 0.702 Nonspecific symptoms, number (percent)

Clinical classification Admission day 201 (100) 150 (100)

NSD (WS-) 166 (82.59) 147 (98.00)  <0.001 Discharge day 23 (11.44) 16 (7.96) 0.819
NSD (WS+)/SD 35 (17.41) 3 (2.00) <0.001 Cardiac symptoms, number (percent)

Primary infection 154 (76.62) 114 (76.00) 0.893 Admission day 83 (41.29) 14 (9.33) <0.001
Secondary infection 47 (23.38) 36 (24.00) 0.893 Discharge day 3 (1.49) 1(6.67) 0.457

Clinical symptom ECG abnormal, number (percent)

Fever 201 (100) 150 (100) Admission day 153 (76.12) 20 (13.33) <0.001
Extreme fatigue 1 (45.27) 7 (44.66) 0.910 Discharge day 21 (10.45) 12 (8.00) 0.437
Rash 66 (32.84) (37 33) 0.381 UCG abnormal, number (percent)

Headache 2 (45.77) 0 (46.66) 0.868 Admission day 83 (41.29) 6 (17.33) <0.001
Myalgia 124 (61.69) (60 67) 0.845 Discharge day 36 (17.91) 19 (12.67) 0.181
Arthralgia 4 (6.97) 3(8.67) 0.554 CET abnormal, number (percent)

Vomiting 63 (31.34) (36 00) 0.360 Admission day 130 (64.68) (46.67) <0.001
Abdominal pain 43 (21.39) 9 (26.00) 0.313 Discharge day 4 (1.99) 0 (0) 0.106
Diarrhea 26 (12.94) (11 33) 0.651 Arrhythmia, number (percent)

Jaundice 9 (9.45) 8 (12.00) 0.442 Admission day 113 (56.22) 5(3.33) <0.001
Liver enlargement >2 cm 3 (1.49) 4 (2.66) 0.343 Discharge day 7 (3.48) 3 (2.00) 0.409
Bleeding 10 (4.98) 2 (1.33) 0.055 Heart failure, number (percent)

Convulsion 5 (2.49) 0(0) 0.060 Admission day 51 (25.37) 0(0) <0.001
Coma 4 (1.99) 0(0) 0.106 Discharge day 0(0) 0 (0) 1
Aphasia 2 (0.99) 0(0) 0.327 - ) ) -

Shock 14 (6.97) 1(0.67) 0.004 Nonspemflc symptoms: feverl, extreme fatlgue‘, ragh, headachg, myalgia, and arthralgia.

Ranid diagnosis Cardiac symptoms:. chest pain, dyspnea, palp|tat|op, amaurosis, and syvncopeA
P g. " ECG = electrocardiogram, UCG = ultrasound cardiogram, CET = cardiac enzyme test.

NS1 antigen positive 133 (66.17) 97 (64.67) 0.770
IgM antibody positive 21 (60.20) 104 (69.33) 0.078
IgG antibody positive 47 (23.38) 6 (24.00) 0.990
RT-PCR positive 81 (40.30) 58 (38.67) 0.757

Auxiliary diagnosis, mean +SD enced more discomfort in NSD(WS+)/SD than NSD(WS-)
Systolic blood pressure, mmHg  115.98+18.01  109.43+14.30  <0.01 (Table 3). However, the differences of myocardial enzymology,
Heart rate, beat/min 77151790 80.17£11.46 0.072 ECG, and ultrasonic imaging characteristics between these two
Pulse pressure, mmHg 41.01+16.32 3417+11.56  <0.01 e Lo

> groups were not statistically significant.

Blood examination, mean +SD . . . .
Hemoglobin, g/ 1150042077 1276141495 <001 Ventr}cular arrhythmias, suprav?ntrlcular arrhythmlas,. and
Hematocrit, % 39.01 4561 41204823 <001 conduction blockade were found in both groups of patients.
White blood cell count, x 10%/L 3.98+2.01 3.64+1.44 0.079 Supraventricular tachycardia (0% vs. 14.29% P <0.001) and
Platelet count, x 10%/L 48.38 +36.01 56.03 + 40.24 0.062  atrial fibrillation (10.24% vs. 25.71%, P=0.019) were more
Creatinine, mmol/L 103.05+67.65  84.44+25.12 0.000 common in the NSD(WS+)/SD group than that in NSD(WS-)
AST, UL 399.71+£1064.54 163.12+£12231  0.002  group. There were no significant differences for other types of
ALT, UL 141 36115862 1182()i 105.45 0.122 arrhythmia between the two group&

AST/ALT 1.95+1.10 1.64+0.95 0.005 Most indexes associated with cardiac failure were increased in

ALT = alanine transaminase, AST = aspartate transaminase, IgG = immunoglobulin G,
immunoglobulin M, NS1 = nonstructural protein 1, NSD (WS-) = nonsevere dengue without warning
signs, NSD (WS+) = nonsevere dengue with warning signs, RT-PCR = reverse transcription
polymerase chain reaction, SD = severe dengue.

proportion of symptoms, auxiliary diagnosis methods abnor-
mality, arrhythmia, and heart failure on the discharge day
(Table 2).

3.4. Difference between NSD(WS+)/SD and NSD(WS-) in
dengue patients with myocarditis

Clinical symptoms, myocardial enzymology, ECG, and ultrason-
ic imaging characteristics of the 35 NSD(WS+)/SD and 166 NSD
(WS~—) patients with myocarditis are shown in Table 3.

The NSD(WS+)/SD patients presented with higher incidence of
clinical symptoms, including chest pain, dyspnea, palpitation,
amaurosis, and syncope, which suggested the patients experi-

myocarditis patients with NSD(WS+)/SD compared with NSD
(WS-). For an example, gallop rhythm was 4 (11.43%, P<
0.001) cases in NSD(WS+)/SD versus 0 cases in NSD(WS-).
However, LVEF, left ventricular end diastolic dimension, NT-
proBNP were not significant different in the 2 groups (Table 3).

There were 2 mortal cases in the 1782 patients, who were all
the NSD(WS+)/SD dengue patients. One of them was a case of
sudden death with unclear reason (his relatives refused an
autopsy). Another one died from severe heart failure, combined
with sinus bradycardia, sinus arrest, and paroxysmal supraven-
tricular tachycardia.

4. Discussion

Dengue virus, which is a newly discovered pathogen of viral
myocarditis, belongs to the Flaviviridae family, and Dengue is the
most rapidly spreading mosquito-borne viral disease in the
world.B So far very few studies have reported that dengue virus
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Table 3
Comparison between NSD (WS+)/SD and NSD(WS-) in dengue
patients with myocarditis.

Myocarditis NSD (WS-) NSD (WS+)/SD
diagnosis N=166 N=35 P
Clinical symptom
Chest pain 11 (6.62) 6 (17.14) 0.052
Dyspnea 3(1.81) 8 (22.86) <0.001
Palpitation 29 (17.47) 21 (60.00) <0.001
Amaurosis 5(3.01) 16 (45.71) <0.001
Syncope 0(0) 1(2.86) 0174
Shock 0(0) 14 (40.00) <0.001
(Aborted) SCD 0(0) 2 (6.71) 0.030
Electrocardiogram
Pathological Q waves 1 (0.60) 0(0) 0.826
Poor R wave progression 5(3.01) 1 (2.86) 0.720
Widened QRS complex 1 (0.60) 0(0) 0.826
ST-T abnormality 47 (28.31) 12 (34.29) 0.481
QRS low voltage 21 (12.65) 4 (11.43) 0.551
Ventricular premature beats 8 (4.82) 2 (5.71) 0.546
Ventricular tachycardia 0(0) 0(0) 1
Ventricular fibrillation 0(0) 0(0) 1
Supraventricular tachycardia 0 (0) 5 (14.29) <0.001
Atrial premature beats 12 (7.23) 4 (11.43) 0.295
Atrial fibrillation 17 (10.24) 9 (25.71) 0.019
| degree AVB 2 (1.20) 0(0) 0.681
Il degree AVB 2 (1.20) 1 (2.86) 0.438
Il degree AVB 1 (0.60) 1 (2.86) 0.319
intraventricular block 15 (9.04) 4 (11.43) 0.429
Myocardial enzymology
Troponin | elevation 12 (7.23) 1(2.86) 0.302
CK-MB elevation 42 (25.30) 12 (34.29) 0.276
NT-proBNP elevation 67 (40.36) 14 (40.00) 0.968
Heart failure
Respiration rate, times/min 18.14+2.03 22.77+4.34 <0.001
cardiac shock 0(0) 7 (20.00) <0.001
LVEF, % 60.82 +5.41 60.57 +4.97 0.803
LVEDd 44,22 +4.59 44.97 +5.62 0.401
Gallop rhythm 0(0) 4 (11.43) <0.001
Rales of bilateral lung 3(1.81) 10 (28.57) <0.001
Pa0,, mmHg 90.16+4.27 85.91+5.99 <0.001
Pulmonary congestion 1 (0.60) 6 (17.14) <0.001
QRS duration, ms 110.25+£9.73 111.34+8.27 0.538
CK-MB, U/L 24.91+17.99 64.81+119.57 0.102
NT-proBNP, ng/L 992.51+2239.32 1998.14+4176.81 0.175

NSD (WS-) = nonsevere dengue without warning signs, NSD (WS+) = nonsevere dengue with
warning signs, SD = severe dengue, SCD = sudden cardiac death, AVB = atrioventricular block, CK-
MB = creatine kinase-MB, NT-proBNP = amino-terminal probrain natriuretic peptide, LVEF = left
ventricular ejection fraction, LVEDd = left ventricular end diastolic dimension, Pa0, = artery pressure
of oxygen.

directly acted on myocardiocytes, probably due to the lower
tropism of dengue virus on myocardium.?!

According to our results, the prevalence of myocarditis in
hospitalized dengue patients is 11.28 % with the ESC myocarditis
criteria, which is consistent with previous reports
(9%-15%).1'31917] However, our sample size was significantly
larger than previous studies and was more representative. The
prevalence of myocarditis in NSD(WS+)/SD was 46.67%, much
more higher than that in whole dengue patients, which suggests that
the incidence of myocarditis is associated with the severity of
dengue. Furthermore, our data showed that the proportion of NSD
(WS+)/SD in myocarditis (17.41%) was significantly higher than in
whole worldwide dengue without considering myocarditis
(1.31%-7.49%).1" These data suggest that the severity of dengue
infection was increased when companied with myocarditis.

www.md-journal.com

4.1. Clinical diagnosis of dengue patients with myocarditis

EMB is the gold standard method for diagnosis of myocarditis, but
it is difficult to popularize. Currently, the internationally accepted
criteria is the combination of other indicators as an alternative of
EMB. According to the ESC’s new criteria,’*°! we combined the
symptoms, electrocardiography, cardiac enzymology, and cardiac
imaging methods for the diagnosis of dengue patients with
myocarditis. Taking economic cost and operational simplicity into
account, we chose UCG as the imaging diagnosis method of
myocarditis, rather than cardiovascular magnetic resonance.

Most dengue patients with myocarditis were ECG-positive,
which suggested that the suspected patients should be subjected
to ECG examination firstly due to its high sensitivity. Further-
more, it is obviously elaborated that the patients with positive
result of CET were more likely to have the symptoms of
myocarditis (Fig. 1B), suggesting the importance of CET in
diagnosis of dengue with myocarditis.

We found higher prevalence of NSD(WS+)/SD in dengue
patients with myocarditis than those without myocarditis, and
the former group included more shock patients and experienced
longer hospital stay. Fortunately, under the early detection,
intensive care, and treatment, the prognosis of dengue patients
with myocarditis was similar with those without myocarditis.

4.2. Cardiac arrhythmia and heart failure

Dengue complicated with myocarditis has different diagnostic
and laboratory performance ranging from mild increase of
cardiac markers to death. Cardiac arrhythmia and heart failure
were common in severe dengue and the targeted therapy is critical
for recovery.>>3% However, there are few detailed data about
the incidence of cardiac arrhythmia and heart failure in dengue
infection in previous studies.!***¢! Carlos found 6 cases of acute
heart failure, 5 cases of LVEF depression, and 3 cases of wall
motion abnormalities in 12 cases of dengue patients with elevated
cardiac biomarker.!'”!

In this study, different parameters have been adopted for
determining cardiac arrhythmia and heart failure in the dengue
patients with myocarditis. Diverse types of arrhythmia were found
in the patients; however, neither any type of arrhythmia, nor any
change of ECG were significantly different between the NSD(WS
+)/SD and NSD(WS-) groups, except for supraventricular
tachycardia and atrial fibrillation. It could be deduced that severe
dengue are more likely to be complicated with tachyarrhythmia.
We also found that several indexes of heart failure were
significantly higher in NSD(WS+)/SD than NSD(WS-) patients,
including respiratory rate, rales of bilateral lung, gallop rhythm,
and pulmonary congestion in chest X-ray, which suggested that
myocardial damages resulted from dengue infection were signifi-
cantly increased with the aggravation of dengue fever disease.

4.3. Limitations

In the present study, it is inevitable that some of the
methodological limitations exist. First, the age composition is
not balanced, for example, older people are more in all groups. In
addition, some social risk factors, such as being single or living far
from the hospital, are important for dengue management.
Missing of these data may affect the diagnosis of dengue type and
the correlation analysis between dengue and myocarditis.
Second, it was impossible to completely exclude coinfections,
such as enteroviruses in our study. Third, some patients with past
history of cardiac disease (such as continuous or repeated cardiac
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arrhythmias resulted from other reasons than myocarditis) may
be included in the present study, so some of the clinical evidence
of dengue fever (such as palpitation, premature beats, etc.) would
lead to the diagnosis of myocarditis according to the new ESC
criteria. Fourth, we did not classify the serotypes distribution in
dengue myocarditis. So far, we could not determine whether
susceptibility to myocarditis is related to some specific serotype
predominance. Finally, there were too few outpatients with mild
symptoms included in the study, but that should not be a problem
of our study as those patients with severe symptoms are the ones
need more medical care.

5. Conclusion

In conclusion, this study demonstrates the clinical and diagnostic
characteristics of dengue associated myocarditis and it correla-
tion with dengue severity. Clinical manifestations of dengue
myocarditis primarily are arrhythmias and heart failure, which
can often lead to some serious consequences, such as shock and
death. In order to reduce the complications in clinical practice, we
need to pay more attention on the importance of the diagnosis of
dengue with myocarditis.
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