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Abstract The diagnosis of acute Kawasaki disease (KD)

is based on characteristic clinical signs and not on a spe-

cific diagnostic test. The authors performed a comprehen-

sive evaluation of acute-phase reactants in KD to determine

which of the acute-phase reactants would most accurately

distinguish KD from other febrile illnesses. Blood was

collected from 218 cases of febrile children with KD (64

cases); bacterial pneumonia (74 cases); hand, foot, and

mouth disease (31 cases); and upper respiratory tract

infection (49 cases) in acute-stage illness before any ther-

apy. The demographics, body temperature, and laboratory

markers including white blood cell count, red blood cell

count, and levels of hemoglobin, platelets, C-reactive

protein, haptoglobin, apolipoprotein A-I, and apolipopro-

tein B were evaluated. Using post hoc analysis, the platelet

count (103/ll) and haptoglobin/apolipoprotein A-I ratio

were significantly higher for the KD patients (404.64 ±

161.68, P = 0.004; 4.74 ± 2.73, P \ 0.001) than for the

other groups including patients with pneumonia (272.76 ±

115.07, 2.03 ± 1.88); hand, foot, and mouth disease

(274 ± 105.9, 2.24 ± 1.19); and upper respiratory tract

infection (282.06 ± 107.72, 1.4 ± 0.98). The best cutoff

value of the haptoglobin/apolipoprotein A-I ratio obtained

from receiver operating characteristics (ROC) curves for

KD was 2 (area under the ROC curve, 0.88; 95% confi-

dence interval, 0.801–0.955), with a sensitivity of 89.7%

and a specificity of 85.6% for detecting KD. Our data

indicate that the serum haptoglobin/apolipoprotein A-I

ratio could be a useful supplemental laboratory marker for

the acute phase of KD.

Keywords Acute-phase reactants � Apolipoprotein A-I �
Apolipoprotein B � Haptoglobin � Haptoglobin/

apolipoprotein A-I ratio � Kawasaki disease

The etiology of Kawasaki disease (KD) currently is not

known, and the diagnosis of typical KD is made by clinical

features, as first described by Dr. Tomisaku Kawasaki [6],

and diagnostic criteria have been established for clinical

use [8]. Currently, no specific diagnostic test is available

for diagnosing KD.

Most cases of KD are typical and meet the diagnostic

criteria, but some cases are atypical or incomplete [20],
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which not only can make the diagnosis challenging but also

can cause a delay in the diagnosis. Supplemental diagnostic

guidelines were added by the American Heart Association

[16] to aid in the diagnosis of incomplete or atypical KD.

Because both typical and atypical KD need early diagnosis

and early therapy with intravenous immunoglobulin for the

prevention of coronary artery aneurysms [16], a need

remains for early and easy diagnosis.

Marked polyclonal immune activation and a significant

inflammatory response in KD results from an increase in

the acute-phase reactants [4, 10]. In most cases of KD,

blood, urine, and spinal fluid cultures remain negative, and

acute-phase reactants serve as the supplemental laboratory

tests [16].

For this study, we evaluated various acute-phase reactants

including C-reactive protein (CRP), platelets, haptoglobin

(Hp), apolipoprotein A-I (apoA-I), and apolipoprotein B

(apoB) in the acute phase of KD and compared them with

levels in other childhood febrile illnesses including bacterial

illness (pneumonia), viral illness (hand, foot, and mouth

disease), and mixed infection (upper respiratory infection).

Findings have shown that Hp binds apoA-I and inhibits the

apoA-I-dependent activity of the enzyme (lecithin choles-

terol acyltransferase), thus impairing the high-density lipo-

protein (HDL) function [5, 17].

We also evaluated the profile of the haptoglobin/apoli-

poprotein A-I ratio (HAR) in this study. We aimed to

determine which of the acute-phase reactants would most

accurately distinguish KD from other febrile illnesses in

children.

Materials and Methods

Study Population

The study was approved by the institutional review board

of Kaohsiung Medical University Hospital. All the patients

in the pediatric department of Kaohsiung Medical Uni-

versity Hospital were evaluated. This prospective study

from 1 January 2002 to 31 December 2008 enrolled 218

pediatric cases including 64 cases of KD; 74 cases of

bacterial pneumonia; 31 cases of hand, foot, and mouth

disease (HFMD); and 49 cases of upper respiratory tract

infection (URI). Fever was defined as an axillary temper-

ature of 37.5�C or higher. An inclusion criterion was the

presence of fever for 3 days or more.

Kawasaki disease was diagnosed according to the

diagnostic guidelines [16] as complete or typical KD ful-

filling at least five of the six clinical criteria required for

diagnosis. Peripheral blood was collected from each of the

enrolled patients on the day of admission before they

received any antibiotics, steroid, acetylsalicylic acid, or

immunoglobulin therapy.

Table 1 Clinical and laboratory characteristics of the study populations

Variables KD mean (range) Pneumonia mean (range) HFMD mean (range) URI mean (range) P value

n 64 74 31 49

Gender 0.439

Male 42 45 14 29

Female 22 29 17 20

Age (years) 2.49 ± 2.26 (0.5–10) 3.61 ± 2.81 (0.17–12) 2.59 ± 3.53 (0.67–18) 3.56 ± 3.43 (0.08–14) 0.019a

BT (8C) 38.58 ± 0.71 (37–40) 38.41 ± 1.01 (37–40) 38.04 ± 0.98 (37–39.8) 38.37 ± 1.15 (36–41.1) 0.453

WBC (103/ll) 13.16 ± 8.09 (3.10–59.0) 10.45 ± 6.10 (2.2–33.03) 10.15 ± 4.34 (3.3–21.4) 9.28 ± 3.97 (2.75–20.86) 0.195

RBC (103/ll) 3.98 ± 0.51 (2.81–5.74) 4.2 ± 0.54 (3–5.91) 4.3 ± 0.42 (3.78–5.36) 4.4 ± 0.46 (3.19–6.03) 0.319

Hb (g/dl) 10.65 ± 1.34 (7–14.6) 11.43 ± 1.57 (9.7–19.3) 11.37 ± 1.03 (9.28–13.6) 11.57 ± 1.28 (8.3–14.3) 0.050

PLT (103/ll) 404.64 ± 161.68 (182–827) 272.76 ± 115.07 (2.58–510) 274 ± 105.9 (101–531) 282.06 ± 107.72 (14–545) 0.004a

CRP (lg/ml) 78.05 ± 67.45 (3.19–305) 32 ± 58.05 (1.24–282) 18.54 ± 18.96 (1.52–68.6) 16.13 ± 40.33 (1.24–237) 0.070

Hp (mg/dl) 325.73 ± 107.63 (114–577) 175.75 ± 112.46 (5.83–520) 218.54 ± 79.82 (56.5–370) 142.47 ± 78.57 (5.83–321) \0.001a

apoA-I (mg/dl) 108.99 ± 28.49 (55.1–171) 110.25 ± 37.32 (25–193) 102.59 ± 36.25 (25–263) 114.34 ± 28.07 (53.4–211) 0.008a

apoB (mg/dl) 97.93 ± 32.62 (44–211) 74.05 ± 24.85 (16.5–133) 96.16 ± 28.73 (35–165) 67.98 ± 20.53 (35–116) \0.001a

HAR 4.74 ± 2.73 (0.98–13.54) 2.03 ± 1.88 (0.03–9.67) 2.24 ± 1.19 (0.55–5.39) 1.4 ± 0.98 (0.04–4.69) \0.001a

Data are presented as mean ± standard deviation. The P value compares the KD group with the other groups using multiple logistic regression

analysis
a Statistically significant

KD Kawasaki disease, HFMD hand, foot, and mouth disease, URI upper respiratory tract infection, BT body temperature, WBC white blood cell

count, RBC red blood cell count, Hb hemoglobin, PLT platelets, CRP C-reactive protein, Hp haptoglobin, apoA-I apolipoprotein A-I, apoB
apolipoprotein B, HAR haptoglobin/apolipoprotein A-I ratio
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We used the Beckman Image Immunochemistry System

Autoanalyzer (Beckman IMAGE, Beckman Coulter, Brea,

CA, USA) to analyze the serum CRP, Hp, apoA-I, HAR,

and apoB. The white blood cell count (WBC), red blood

cell count (RBC), hemoglobin (Hb), and platelet count

were measured by the Coulter JT counter.

Statistical Analysis

To assess whether the groups studied differed in terms of

baseline characteristics, analysis of variance was used for

continuous variables, and the Tukey’s method (honestly

significant difference (HSD) factor) of post hoc testing was

used for categorical variables. Values are reported as

mean ± standard deviation or as percentages, with 95%

confidence intervals (CIs) provided when appropriate.

Multiple logistic regression analysis was used to assess the

association of the dependable variable with the various

independent variables studied. The receiver operating

characteristics (ROC) curve was used to acquire appro-

priate sensitivity and specificity of variables for diagnosing

KD. Overall performance levels were summarized with a

conventionally used probability of correct discrimination

or, equivalently, with the area under the ROC curve

(AUC), which under a binary scale is related to Youden’s

Index. All tests were two-sided, with significance defined

as a p value less than 0.05.

Results

Clinical Characteristics of the Study Population

The patients’ characteristics are depicted in Table 1. The

children with KD were younger than the other groups. The

gender and body temperature variables did not differ sig-

nificantly among the groups, as shown in Table 1.

Regarding laboratory data, the platelet count, apoB, Hp,

and HAR were significantly higher for the KD patients than

for the other groups (Table 1). The ApoA-I level was rel-

atively lower for the KD patients than for the pneumonia

and URI groups (Table 1).

Table 2 compares the KD group with the other three

groups (pneumonia, HFMD, and URI) according to the

post hoc Turkey method (HSD factor), which could show

significant differences by considering a two-sided P value

Table 2 Mean difference (I-J)

according to the post hoc Tukey

test

a The mean difference is

significant at the 0.05 level by

the post hoc Tukey test

KD Kawasaki disease, HFMD
hand, foot, and mouth disease,

URI upper respiratory tract

infection, CRP C-reactive

protein, Hp haptoglobin, apoA-

I apolipoprotein A-I, apoB
apolipoprotein B, HAR
haptoglobin/apolipoprotein A-I

ratio

I

J KD Pneumonia HFMD URI

CRP

KD – 0.54 (0.000a) 0.56 (0.000a) 0.76 (0.000a)

Pneumonia –0.54 (0.000a) – 0.01 (0.999) 0.22 (0.05)

HFMD –0.56 (0.000a) –0.01 (0.999) – 0.20 (0.21)

URI –0.76 (0.000a) –0.22 (0.05) –0.20 (0.21) –

Hp

KD – 152.3 (0.000a) 109.5 (0.000a) 185.6 (0.000a)

Pneumonia –152.3 (0.000a) – –42.8 (0.173) 33.3 (0.252)

HFMD –109.5 (0.000a) 42.8 (0.173) – 76.1 (0.004a)

URI –185.6 (0.000a) –33.3 (0.252) –76.1 (0.004a) –

apoA-I

KD – –26.5 (0.000a) –25.2 (0.002a) –30.5 (0.000a)

Pneumonia 26.5 (0.000a) – 1.3 (0.998) –4.1 (0.913)

HFMD 25.2 (0.002a) –1.3 (0.998) – –5.3 (0.902)

URI 30.5 (0.000a) 4.1 (0.913) 5.3 (0.902) –

apoB

KD – 19.36 (0.000a) 4.04 (0.902) 25.43 (0.000a)

Pneumonia –0.32 (0.000a) – –15.32 (0.050) 6.07 (0.577)

HFMD –4.04 (0.902) 15.32 (0.050) – 21.39 (0.004a)

URI –25.43 (0.000a) –6.07 (0.577) –21.39 (0.004a) –

HAR

KD – 0.32 (0.000a) 0.23 (0.000a) 0.37 (0.000a)

Pneumonia –0.32 (0.000a) – –0.09 (0.193) 0.05 (0.554)

HFMD –0.23 (0.000a) 0.09 (0.193) – 0.15 (0.019a)

URI –0.37 (0.000a) –0.05 (0.554) –0.15 (0.019a) –
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less than 0.05. The post hoc Turkey method indicated that

the mean values for CRP, Hp, apoA-I, apoB, and HAR in

the KD groups were significantly different from those for

the pneumonia, HFMD, and URI groups according to

multiple comparison analysis. The mean values for CRP,

Hp, apoB, and HAR in the KD groups were significantly

higher than for the other three groups (P \ 0.05), whereas

the mean value for apoA-I in the KD groups was signifi-

cantly lower than for the other three groups (P \ 0.05).

ROC and Cutoff Values

The areas under the receiver operating characteristic curves

(AUC-ROC) were calculated to assess the sensitivity–

specificity relationship of each marker and to compare

marker accuracy. The maximum Youden’s indices were

used to determine marker thresholds that could produce the

best overall diagnostic information. As a summary measure

of diagnostic accuracy, AUC-ROC values are commonly

used [11].

In this study, the potential diagnostic value of each

marker was estimated using an AUC-ROC. We calculated

the AUC-ROC values for all nine markers to estimate the

potential use of each identified marker (Hp, HAR, PLT,

and apoB) to discriminate KD patients from the other three

groups (Fig. 1). The AUC-ROC values for the measured

markers varied from the lowest for Hb (0.42 Hb) to the

highest for HAR (0.88). The measured AUC-ROC values

for the other markers were as follows: 0.77 for Hp, 0.74 for

CRP, 0.71 for platelets, 0.69 for apoA-I, 0.62 for apoB,

0.60 for WBC, 0.43 for RBC, and 0.42 for Hb. The highest

AUC-ROC value is considered to have excellent diagnostic

accuracy [13]. In this study, the AUC-ROC value for HAR

was the highest (Fig. 1).

For comparison of different cutoff values, the AUC-

ROC was used. According to the ROC curve, the best HAR

cutoff value for diagnosing KD with the highest accuracy

was 2 (sensitivity 89.7%, specificity 85.6%) (Table 3). The

cutoff values for the other markers were 3 for Hp (sensi-

tivity 76.5%, specificity 80.3%), 5.6 for CRP (sensitivity

81.1%, specificity 70.6%), and 450 9 109/l for platelets

(sensitivity 73.9%, specificity 75.1%).

Discussion

Acute-phase reactants increase in inflammatory diseases

such as autoimmune diseases, bacterial infections, toxin-

mediated diseases, and viral infections and thus are used

during the course of illness as measures of inflammation. A

significantly elevated serum CRP level in the acute phase

of KD has been reported by many researchers [10, 15, 18].

Thrombocytosis reflects another acute-phase reactant that

occurs in KD [12]. Our study showed that the platelet level

in the acute stage of KD was significantly higher than in the

other three febrile diseases. Haptoglobin, an acute-phase

protein synthesized by the liver in response to inflamma-

tory cytokines, has been seen in association with vascular

disease [2, 3]. The haptoglobin 2–1 phenotype has been

reported in association with incomplete KD [9].

In our study, that the serum Hp level in KD was sig-

nificantly higher than in other febrile illnesses. ApoA-I is

Fig. 1 Receiver operating characteristics (ROC) of the haptoglobin/

apolipoprotein A-I ratio (HAR), platelets (PLT), apolipoprotein B

(apoB), and haptoglobin (Hp) show that HAR has sensitivity of 0.897

and specificity of 0.856 under its best cutoff value of 2 in the acute

phase of Kawasaki disease (KD)

Table 3 The cutoff values of the haptoglobin/apolipoprotein A-I

ratio (HAR) obtained from receiver operating characteristics (ROC)

curves

Cutoff point Sensitivity Specificity Youden’s

index

3 0.649 0.979 0.648

2.5 0.732 0.911 0.643

2.00a 0.897 0.856 0.753

1.50 0.903 0.774 0.677

1 0.958 0.612 0.570

HAR’s area under the curve (AUC) = 0.88. The cutoff value with the

best sensitivity and specificity was 2 for HAR (sensitivity, 89.7%;

specificity, 85.6%)
a The highest accuracy point, Youden’s Index = maximum (sensi-

tivity ? specificity) - 1
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the major protein component of the serum HDL particles

and like other lipoproteins is significantly decreased during

acute stress or illness, including KD [7]. Low levels of

HDL have been reported in the acute phase of KD [1, 7, 14,

19]. Our study showed a significantly lower serum apoA-I

level in acute KD than in other febrile illnesses.

Thus, in our study, the levels of Hp, apoA-I, and

platelets differed significantly between KD and the other

three febrile diseases. Changes in Hp and HAR in the acute

phase of KD have not been reported previously. Deter-

mining the serum levels of Hp and apoA-I as well as their

ratio (HAR) may be a useful supplemental diagnostic aid

for KD. Using an HAR cutoff value of 2 (sensitivity,

89.7%; specificity, 85.6%) may be a useful diagnostic aid

for detecting KD.

This study had a small number of study subjects from a

limited number of febrile diseases. The study findings need

to be confirmed with a larger sample using a variety of

other febrile diseases in childhood. In addition, a supple-

mental test such as the HAR needs to be analyzed in a

study population different from that used in this study. We

did not evaluate the degree of coronary artery involvement

in this study, so its relationship with the acute-phase

reactants needs further investigation.

Conclusion

Early diagnosis and treatment of KD are critical for a better

prognosis and better survival rates for children. In the acute

phase of KD, a haptoglobin/apolipoprotein A-I ratio greater

than 2 may be a useful supplemental biologic marker for

KD.
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