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Clinical characteristics and serum N-terminal 
pro-brain natriuretic peptide as a diagnostic 
marker of Kawasaki disease in infants younger 
than 3 months of age
Hyun Kyung Bae, MD1, Do Kyung Lee, MD1, Jung Hyun Kwon, MD1, Hae Soon Kim, MD1, Sejung Sohn, MD1, Young Mi Hong, MD1,2

1Departments of Pediatrics, Ewha Womans University School of Medicine, 2Ewha Womans University Global Top 5 Research Program, Seoul, Korea

Purpose: The incidence of Kawasaki disease (KD) is rare in young infants (less than 3 months of age), 
who present with only a few symptoms that fulfill the clinical diagnostic criteria. The diagnosis for KD 
can therefore be delayed, leading to a high risk of cardiac complications. We examined the clinical 
characteristics and measured the serum levels of N-terminal pro-brain natriuretic peptide (NT-proBNP) 
levels of these patients for assessing its value in the early detection of KD.
Methods: We retrospectively reviewed the data of young infants diagnosed with KD from 2004 to 
2012. The control group included 20 hospitalized febrile patients. Laboratory data, including NT-
proBNP were obtained for each patient in both groups.
Results: Incomplete KD was observed in 21/24 patients (87.5%). The mean fever duration on 
admission was 1.36±1.0 days in the KD group. Common symptoms included erythema at the site of 
Bacille Calmette-Guerin inoculation (70.8%), skin rash (50.0%), changes of oropharyngeal mucosa 
(29.1%), and cervical lymphadenopathy (20.8%). The mean number of major diagnostic criteria fulfilled 
was 2.8±1.4. Five KD patients (20.8%) had only one symptom matching these criteria. The incidence 
of coronary artery complications was 12.5%. The mean serum NT-proBNP level in the acute phase, 
in the KD and control groups, were 4,159±3,714 pg/mL and 957±902 pg/mL, respectively, which 
decreased significantly in the convalescent phase.
Conclusion: Incomplete KD was observed in 87.5% patients. Serum NT- proBNP might be a valuable 
biomarker for the early detection of KD in febrile infants aged <3 months.
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Introduction

Kawasaki disease (KD) is a multisystem vasculitis that is associated with coronary 
complications. Complete KD is diagnosed by a fever lasting 5 or more days and having at 
least four of the five following symptoms: conjunctival injection, erythematous changes 
of the lips and oral cavity, nonsuppurative cervical lymphadenopathy, swelling and 
erythema of the hands and feet and polymorphous skin rash. Incomplete KD is defined as 
high fever and fewer than 4 criteria which do not fulfill the diagnostic criteria of KD with 
or without coronary artery abnormalities1).

The highest incidence rate of KD is from 6 months to 2 years of age2). The diagnosis 
of infantile KD is difficult or often delayed due to vague clinical manifestations. The 
presentation of KD is incomplete for approximately 20 % of patients3). Moreover, in 
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infants younger than 3 months of age, the incidence of KD is 
rare and only a few symptoms of clinical criteria are shown.

Many studies suggest that the serum N-terminal pro-brain 
natriuretic peptide (NT-proBNP) levels have become important 
diagnostic biomarkers of cardiovascular diseases (CVDs) in 
children4). The serum NT-proBNP levels have been reported as a 
diagnostic marker of myocardial involvement in KD4,5).

The purpose of this study was to describe clinical charac-
teristics of KD in infants within less than 3 months of age and to 
evaluate the utility of serum NT-proBNP as an early diagnostic 
marker in young infants with incomplete KD.

Materials and methods

1. Patients and materials
We performed retrospective reviews of the medical records for 

24 KD infants less than 3 months of age among all the total of 
1,253 patients who were admitted to Ewha Womans University 
Mokdong Hospital from 2004 to 2012 and were diagnosed with 
KD. We included 20 febrile age matched patients who were less 
than 3 months of age as the febrile control group in this study. 

The febrile control group less than 3 months of age consisted 
of patients who had a body temperature greater than 38°C for at 
least 2 or 3 days. The control group was collected by screening 
the serum NT-proBNP level test, which is one of the test for the 
unknown fever. 

The classical diagnostic criteria of KD by the American Heart 
Association were established by the existence of high fever for 
more than 5 days and presence of 4 or 5 features following 5 
criteria: (1) changes in extremities; (2) polymorphous exanthema; 
(3) bilateral bulbar conjunctival injection without exudates; (4) 
changes in lips and oral cavity; (5) cervical lymphadenopathy 
(>1.5-cm diameter).

To establish the diagnosis of KD, febrile children who do 
not fulfill the diagnostic criteria but have several clinical 
characteristics compatible with those of KD were selected as 
patients with incomplete KD.

Laboratory tests such as complete blood count (CBC), platelet, 
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), total protein, albumin, NT-proBNP were compared in each 
group, respectively in acute phase.

All the patients with KD were treated with intravenous immu-
noglobulin (IVIG; 2 g/kg/day) over 10–12 hours. Laboratory 
tests were done at the acute period, 48–72 hours after IVIG 
treatment and 8 weeks afterward in patients with KD. However, 
the laboratory tests were performed in acute phase in the control 
group.

Echocardiography was performed by pediatric cardiologists 
to detect the presence of coronary artery lesions prior to IVIG 
administration. Coronary arteries were defined as abnormal if 
the internal lumen diameter was >3 mm in children younger 
than 5 years old; if the internal diameter of a segment measured 
≥1.5 times that of an adjacent segment; or if the coronary lumen 
was clearly irregular6).

The study was carried out with the approval of the ethics 
committee of Ewha Womans University Mokdong Hospital 
Institutional Review Board and written informed consents were 
obtained from the parents of all the subjects.

2. Statistical analysis
IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA) was 

used for all the statistical analysis. Clinical characteristics and 
laboratory data were analyzed statistically by independent t-test. 
A P<0.05 was considered statistically significant.

Receiver operating characteristics (ROC) curve analysis was 
done for the sensitivity and specificity of serum NT-proBNP level 
of patients with KD in acute phase.

Wilcoxon Rank Sum test and Mann-Whitney test were used 
to compare the serum NT-proBNP level of patients with KD and 
that of control. Wilcoxon signed rank test was used to compare 
the serum NT-proBNP level of the patients with KD in acute and 
subacute period.

Results      

1. Demographic and clinical data
Twenty one patients of all the 24 patients were incomplete KD. 

In our study, the incidence rate of the patients with KD younger 
than 3 months of age was 1.9% (24 of all the total of 1,253 
patients with KD). The mean age of the patients with KD was 2.1 
months and boys were outnumbered by girls (13:11). The mean 
age of the control group was 1.9 months and the male to female 
ratio of the control group was 11:10 (Table 1).

The mean duration of fever of the patients with KD before 
admission was 1.36±1.0 days. The mean duration of fever in 
the control group was 1.92±1.1 days. Sixty-two point five per-
cent of the patients with KD were diagnosed as KD after 2.5±1.2 
admission days. The total mean admission days to diagnosis 
in control group was 2.8±1.5 days. The final diagnosis of the 
control group includes sepsis, viral meningitis, urinary tract 
infection, erythema multiforme, other viral infection and 
bronchiolitis (Table 1).

The mean number of major diagnostic criteria was 2.8±1.4. 
Five patients of all the 24 patients (20.8%) had only one symp-
tom of the diagnostic criteria (Fig. 1). The most common symp-
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tom of the diagnostic criteria was erythema at the site of BCG 
inoculation (70.8%), followed by skin rash (50.0%), changes of 
oropharyngeal mucosa (29.1%) and cervical lym phadenopathy 
(20.8%) (Fig. 2).

2. Laboratory data
In the laboratory data, the CRP level in the KD group was 

significantly higher compared with the control group (7.9±5.2 
mg/dL vs. 2.4±2.6 mg/dL) (Table 2). 

The serum NT-pro BNP level in KD patients was significantly 
higher than that in the control group. The mean level of 
serum NT-proBNP in patients with KD in the acute phase was 
4,159±3,714 pg/mL, but that in the control group was 957±902 

pg/mL (P<0.05).
The area under the curve (AUC) of the serum NT-proBNP levels 

of patients with KD in the acute phase was 0.900 (P<0.0001). 
And the criterion values on the ROC curve are like this: At 1,749 
pg/mL, there was a sensitivity of 84% and a specificity of 100%; 
at 1,488 pg/mL, there was a sensitivity of 84% and a specificity 
of 95%; at 1,395 pg/mL, there was a sensitivity of 84% and 
a specificity of 90%; at 1,300 pg/mL, there was a sensitivity 
of 88% and a specificity of 85%; at 1,264 pg/mL, there was a 
sensitivity of 88% and a specificity of 80% (Fig. 3). 

The serum NT-proBNP level decreased significantly in the 
subacute phase of KD (232±173 pg/mL, P<0.05) (Fig. 4).

3. Echocardiographic findings
Left coronary artery (LCA) was significantly dilated in the 

KD group compared with the control group. There were no 
significant differences in ejection fraction between the two 
groups. The incidence of coronary artery complication in the KD 
group was 12.5% (Table 3).

And the abnormal echocardiographic findings of myocardial 
involvement including mitral regurgitation (MR) and tricuspid 
regurgitation (TR) were noted. 

Discussion

KD is diagnosed primarily in young infants usually at the age 
of 6 months to 2 years7). Incomplete KD should be considered in 
all children with unexplained fever for more than 5 days, asso-
ciated with two or three of the principal clinical features of KD. 

Table 1. Demographic and disease characteristic data obtained from 
patients with Kawasaki disease and control group patients

Characteristic Patients with KD 
(n=24)

Control group 
(n=21)

Mean age (mo) 2.1 1.9

Sex (male:female) 13:11 11:10

Fever duration before admission (day), 
  mean±SD

1.36±1.0 1.92±1.1

Total admission days to diagnosis, mean±SD 2.5±1.2 2.8±1.5

Final diagnosis

     Incomplete KD 21 -

     Complete KD  3 -

Sepsis - 7

Viral meningitis - 5

Urinary tract infection - 3

Erythema multiforme - 2

Other viral infection - 2

Bronchiolitis - 2

Fig. 1. The mean number of major diagnostic criteria fulfilled by 21 
of the 24 patients enrolled in this study (87.5%), who had incomplete 
Kawasaki disease. The mean number of major diagnostic criteria fulfilled 
was 2.8±1.4. Five patients (20.8%) presented with only one symptom 
fulfilling the diagnostic criteria.
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Table 2. Laboratory data obtained from patients in the Kawasaki disease 
and control groups 

Blood marker KD group in acute phase 
(n=24)

Control group 
(n=21) P value†

Hb (g/dL) 9.8±1.1 10.5±1.7 0.140

Hct (%) 28.5±3.2 30.4±5.0 0.120

WBC 13,794±7,307 13,996±6,223 0.921

Platelet (×103/mm3) 366.9±94.8 379.6±108.7 0.674

ESR (mm/hr) 18.8±15.6* 9.0±10.7 0.025

CRP (mg/dL) 7.9±5.2* 2.4±2.6 <0.050

AST (IU/L) 64.3±72.1 54.2±40.3 0.572

ALT (IU/L) 49.4±63.7 39.2±32.2 0.509

Albumin (g/dL) 3.8±0.4 3.9±0.3 0.311

NT-proBNP (pg/mL) 4159±3714* 957±902 <0.050

Values are presented as mean±standard deviation.
Hb, hemoglobin; Hct, hematocrit; WBC, whole blood count; ESR, erythrocyte 
sedimentation rate; CRP, C-reactive protein; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; NT-proBNP, N-terminal pro-brain natriuretic 
peptide
*P<0.05 significantly different from control group. †Between control and acute 
phase.
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Echocardiography should be considered in any infants aged 6 
months with fever of 7 days, laboratory evidence of systemic 
inflammation and no other explanation for the febrile illness1).

The incidence rate of patients with KD younger than 3 months 
of age was 1.7% in Japan7) and 2.2% in Korea8). The incidence 
rate was similar with our data. In our study, the incidence of 
patients with KD was 1.9% (24/1,253).

Lee et al.8) reported that there was no significant difference 
in the incidence rate of coronary artery dilatation (19.9% vs. 
18.7%) and coronary artery aneurysms (3.4% vs. 2.6%) between 
patients with KD younger than 3 months of age and the group of 
older than 3 months of age .

It is difficult to diagnose incomplete KD, since the diagnosis of 
KD depends on the clinical manifestations. KD under 3 months 
of age is uncommon and is more likely to be incomplete KD7). 
The fewer clinical manifestations in infants may result from a 
weak vasculitis phenomenon caused by their immature immune 
response, and neutralization of superantigen by maternal anti-
body transferred through the placenta and the cross-reaction to 
antibody produced by frequent active immunity9).

In this study, 21 of all the 24 patients younger than 3 months 
of age were incomplete KD. The mean number of major diag-
nostic criteria was 2.8±1.4. Five patients (20.8%) had only one 
symptom of the diagnostic criteria. The incidence of coronary 
artery complication in the KD group was 12.5%. The presence 
of coronary artery abnormalities may be the definite sign to 
diagnose the incomplete KD10). Therefore, diagnosis in the young 
infant group is likely to be delayed and the risk of cardiac 
complications can be higher than that of the older age group9). 
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Fig. 3.  Serum NT-proBNP levels measured in KD patients in the acute 
phase (ROC curve). A ROC curve was used to display the level of serum 
NT-proBNP, measured in KD patients in the acute phase. The AUC was 
0.900 (P<0.0001). Level A: 1,749 pg/mL with a sensitivity of 84% and a 
specificity of 100%. Level B: 1,488 pg/mL with a sensitivity of 84% and 
a specificity of 95%. Level C: 1,395 pg/mL with a sensitivity of 84% and 
a specificity of 90%. Level D: 1,300 pg/mL with a sensitivity of 88% and 
a specificity of 85%. Level E: 1,264 pg/mL with a sensitivity of 88% and 
a specificity of 80%. ROC, receiver operating characteristic; AUC, area 
under the curve; KD, Kawasaki disease; NT-proBNP, N-terminal pro-brain 
natriuretic peptide.
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Fig. 2. Percentage of patients with specific symptoms that fulfilled the diagnostic criteria for Kawasaki 
disease (KD). The most common symptoms presented by KD patients were erythema at the site of 
Bacille Calmette-Guerin (BCG) inoculation (70.8%) and skin rash (50.0%).
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Takahashi et al.11) found a higher prevalence of coronary artery 
abnormalities in children younger than 3 months of age (39%) 
compared with that of children of 1 year age (13%). Rosenfeld 
et al.12) reported a higher incidence of giant coronary artery 
aneurysms in infants younger than 6 months of age (37%) 
than that in the group of the older age (5%). The most common 
coronary artery involvements are dilatation and aneurysm as 
shown in previous studies. In addition to the coronary artery 
involvement, the younger age group also had a higher incidence 
of TR and MR, which may suggest the myocardial involvement. 
Moreover, left ventricular myocardial dysfunction has recently 
been reported in KD as a complication during the acute phase of 

KD and demonstrated by Doppler and tissue Doppler profiles of 
E/E' ratio13).

No et al.14) reported that infants younger than 12 months of age 
had significantly higher coronary artery z scores which means 
coronary artery abnormalities. Moreover, they demonstrated 
decreased diastolic function of the left ventricle such as lower 
mitral inflow E/A level and a higher mitral annular E/E' level in 
infants than the group of older than 12 months of age.

The American Heart Association/American Academy of 
Pediatrics guidelines for KD recommend that IVIG treatment 
should be done by the tenth day of fever15). So, it is critical to 
predict and diagnose infantile KD with fewer clinical mani-
festations.

In recent studies, the serum NT-proBNP levels might be a 
useful marker for early diagnosis of KD in febrile infants and 
may be a better marker of myocardial involvement in KD. The 
NT-proBNP is released from the heart in response to pressure and 
volume overload. The NT-proBNP elevation is also associated 
with cytokine reactions. In the acute phase of KD, tumor necrosis 
factor-α and interleukin-1β are elevated, and induce secretion 
of NT-proBNP from the myocardium16). These cytokines are 
frequently associated with myocarditis and secretion of the 
BNP. So, the BNP elevation can be caused by inflammation or 
ischemia of the myocardium in the acute phase of KD17). The 
serum BNP and NT-proBNP level in patients with KD during 
the acute phase of KD were higher than those in patients with 
the other febrile disease4). It has been reported that the patients 
with incomplete diagnostic criteria for KD were less likely to 
exhibit elevated levels of BNP but had elevated levels of NT-
proBNP4). In our study, the serum NT-proBNP level in patients 
with incomplete KD younger than 3 months of age in the acute 
phase had high sensitivity and specificity (P<0.0001) to diagnose 
KD. Furthermore, there was no significant relation between the 
number of symptom of KD and the level of NT-proBNP in this 
study. And the level of NT-proBNP of patients with abnormal 
echocardiographic findings has no significant difference 
compared with that of patients with normal echocardiographic 
finding.

There are controversies whether the serum NT-proBNP levels 
are stable or in decline in the period beyond the neonatal pe-
riod18-22). A statistically significant decline is reported beyond the 
neonatal period. Kim et al.23) reported that there is no significant 
difference of the serum NT-proBNP level between children 
younger than 6 months of age and children 6 months to 4 years 
of age.

The limitation of this study is the very small number of pa-
tients younger than 3 months of age among all the KD patients 
and controls. And the method of selecting controls by screening 
the NT-proBNP test and the duration of fever also has limitations. 
And the control group did not have echocardiographic results 

Fig. 4.  Serum NT-proBNP levels in the control group, and in KD patients 
measured in the acute and subacute phase. Serum NT-proBNP levels 
in KD patients, measured in the acute phase, was 4,159±3,714 pg/
mL. Serum NT-proBNP levels was 957±902 pg/mL in the control group 
(significantly lower, P <0.05). Serum NT-proBNP levels decreased 
significantly in the subacute phase of KD (232±173 pg/mL, P<0.05). KD, 
Kawasaki disease; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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Table 3. Echocardiographic findings in patients in the Kawasaki disease 
and control groups 

Parameter KD group Control group

MR 2 –

MR with TR 1 –

LCA dilatation with MR 2 –

RCA dilatation 1 –

RCA diameter (mm)  1.4±0.1   1.4±0.2

LCA diameter (mm)    2.5±0.9*   1.7±0.1

EF (%) 69.9±3.5 65.0±0.4

KD, Kawasaki disease; MR, mitral regurgitation; TR, tricuspid regurgitation; 
LCA, left coronary artery; RCA, right coronary artery; EF, ejection fraction.
*P<0.05 significantly different from control group.
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and follow up laboratory test. 
In conclusion, 21 of all the patients with KD younger than 3 

months of age were incomplete KD patients. Serum NT-proBNP 
level might be a valuable biological marker for early diagnosis of 
the young infants with KD.
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