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Objectives: A reliable laboratory test for verifying diagnosis of Kawasaki Disease (KD) has yet to be developed.
Given recent increases in KD-like disease among pediatric
COVID-19 patients, such a test is of particular interest. Here,
we investigate the bone-associated protein osteopontin
(OPN)-a protein involved in vascular injury and remodelingas a potential biomarker for KD, a vascular inflammatory
disease.
Methods: We analyzed serum OPN levels of 62 KD patients and compared them to 63 Healthy (HC) and 11 Febrile Controls (FC). Osteopontin’s correlation with the time
course of the disease, its association with clinical parameters such as coronary artery aneurysm, its refractivity to
IVIG, and its connection to routine inflammatory parameters were assessed. Additionally, in combination with routine laboratory parameters, OPN properties for predicting
KD were investigated.
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Results: During the acute phase of KD, OPN levels were
especially elevated as compared to the convalescent phase.
In addition, OPN was positively correlated (r= 0.42) with
CRP in KD patients. Among the three groups (KD, HC and
FC), OPN levels were highest among KD patients. This differed significantly from the HC group. However, mean OPN
did not considerably exceed FC mean levels. In analyzing
osteopontin´s potential to predict KD, we observed that the
Area Under the Curve (AUC) of the Receiver Operating Characteristic (ROC) curve was 0.73% for OPN alone, but 93% for
OPN in combination with other laboratory values.
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cal parameters, respondents were provided the option to check
either “yes” or “no”. American Heart Association (AHA) guidelines [9] were used to classify complete versus incomplete KD
cases. Diagnosis of CAA was determined based upon the echocardiographic judgment of the reporting physician. Refractory
KD cases were defined as those with fever that persisted for
over 36 hours following IVIG treatment. This group of patients
was given a second IVIG course. As a part of this study, reporting
physicians were also invited to send in blood serum for osteopontin analysis. Serum samples of 62 KD patients were available. Patient age ranged from two months to 15 years, with a
mean age of 4.5 years. Of these patients, 40 (65%) were male.
In addition, 63 Healthy Controls (HC) and 12 Febrile Controls
(FC) were investigated. The healthy controls had a mean age of
7.1 years and 34 (54%) were male. Among the febrile controls,
mean age was 4.2 years and six (50%) were male. HC subjects
were defined as those without a history of oncologic, cardiac,
autoimmune or rheumatic diseases. They were recruited from a
pool of patients undergoing minor elective surgery and/or routine blood sampling. Additionally, it was required that they be
free of febrile disease at the time of blood drawing. FC subjects
were defined as previously healthy children who recently had
experienced at least three days of fever and at least one clinical
sign of KD (exanthema, conjunctival injection, erythematous/
edematous hands of feet, enanthema or cervical lymphadenopathy). The FC subjects were recruited from the pediatric emergency department at the Freiburg University Hospital. Diagnosis
of FC subjects included: proven viral infections in six cases (adenovirus n= 2, Influenza B n= 3, bocavirus n= 1); pyelonephritis
(n= 1); mastoiditis (n= 1); appendicitis (n= 1); and fever of unknown origin (n= 3).

Conclusion: Our study indicates that osteopontin becomes elevated during the acute phase of KD. In combination with the evaluation of other routine laboratory values,
looking at osteopontin levels may help to differentiate KD
from other febrile diseases.
Introduction
A generalized vasculitis in children, Kawasaki Disease (KD)
primarily affects the coronary arteries. In Germany, KD incidence is estimated to be 6.4-7.2/100.000 [1]. Although the
disease’s molecular basis is not fully understood, evidence suggests development of the disease to be based upon an interplay between microbial infection and genetic predisposition.
However, external factors such as breastfeeding and vitamin D
appear to be protective [2]. Different signaling pathways that
induce inflammation e.g., interleukin (IL) -1, IL-6, and Tumor
Necrosis Factor α (TNFα) -are known to be involved in KD pathogenesis [3]. Immune activation during the acute phase of KD
has been observed in small to medium-sized arteries [4] and
is associated with endothelial cell damage. KD is diagnosed via
clinical criteria, however, this can be unreliable. Unfortunately,
clinical diagnosis is additionally problematic, because late recognition is associated with worse outcomes [3]. Research targeting identification of KD-specific biomarkers has the aim of
facilitating earlier, more effective diagnosis and treatment. Especially high-risk KD patients, i.e., those not responsive to a first
intravenous immunoglobulin therapy (IVIG), may benefit from
additional, early medical interventions, because these patients
have a higher chance of developing Coronary Artery Aneurysms
(CAA) [5]. So far, however, reliably identifying high-risk KD patients only has been possible in Japanese children, and not in
Caucasian ones [5]. As part of the search for potential biomarkers indicating KD activity, we undertook an evaluation of Osteopontin (OPN). OPN is a member of the small, integrin-binding,
N-linked glycoprotein family of proteins. OPN interacts with
various pro-inflammatory cytokines, including TNF-α and IL-1β,
to increase OPN expression [6]. A strong chemoattractant for
macrophages and T cells7, OPN plays a key role in the migration
and vascular tissue accumulation of macrophages8. For these
reasons, OPN may represent an interesting target protein for
Kawasaki disease. Potentially, OPN could provide indication not
only of systemic, but also of vascular wall inflammation.

Laboratory methods
Serum from KD patients was prepared via centrifugation.
The treating hospitals sent us the serum at ambient temperature via 24-hour delivery service. We then immediately stored it
at -80oC until informed consent from the parents had been obtained and we could proceed with analysis. An enzyme-linked
immunoassay kit (human osteopontin ELISA Kit, Sigma-Aldrich,
Darmstadt, Germany) was used to determine osteopontin levels according to the producer’s standard protocol. Prior to use,
the assay was validated by taking pooled serum from adult patients with coronary artery disease and examining intra- and
inter-assay precision.

After investigating serum levels of osteopontin in acute and
convalescent KD patients, we compared the results to healthy
(HC) and Febrile Controls (FC). Clinical and echocardiographic
findings refractivity to IVIG and the presence of CAA, as well as
routine laboratory values were investigated in relation to the
osteopontin levels.

Statistical analysis
Statistical analysis was performed using the statistical software R (R-3.4.1). The impact of patient age and sex, as well as
the day of illness when blood was collected, was assessed by
linear regression analysis. Pearson and Spearman correlation
coefficients were used to evaluate the correlation between osteopontin levels and standard inflammatory markers. Student
t-test was used to test whether OPN levels differed between KD
patients with versus without CAA. A p-value of <0.05 was considered to be significant. Tukey´s honest significant difference
method was used to compare the mean values of KD, HC and FC
patients. Additionally, we assessed osteopontin’s value in differentiating KD patients from FC patients by determining the Area
Under the Curve (AUC) of the Receiver Operating Characteristic
(ROC) curves, as well as by calculating sensitivity and specificity.
Approval for the study was provided by the Ethics Committee of
the University of Freiburg, in compliance with the ethical standards of the Helsinki Declaration.

Material and methods
Patients
KD patients were recruited from a nationwide, prospective
surveillance study through the hospital-based German Pediatric
Surveillance Unit (ESPED) [1]. Pseudonymous identifiers were
employed in the ESPED reports. A standardized questionnaire
explicitly requesting information on all parameters needed
for the purpose of validating KD diagnosis was sent to the reporting physicians. For numeric parameters such as laboratory
values, the reporting physicians were asked to document the
measured values along with their respective units. For categoriAnnals of Cardiology and Vascular Medicine
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Results
Following the American Heart Association criteria for KD [3],
62 children were diagnosed as having KD, including 14 (22%)
classified as incomplete KD. Seventeen (27%) patients had CAA
during the acute phase of the disease, 14/59 (24%) of the patients were refractory to IVIG, and three patients received no
IVIG treatment, because KD diagnosis only was established after fever had resolved. For information on the characteristics of
baseline patients, including clinical data and standard laboratory values, see (Table 1).
In both KD and HC groups, neither sex nor age appeared
to exert significant influence on OPN levels (data not shown).
However, when linear regression analysis was applied to the HC
group, we observed a slight tendency (a factor of 0.054 with
every patient year (p= 0.074)) towards decreasing OPN levels
with (Figure 1).

Figure 1: Osteopontin levels in healthy children (n= 63). There
is a tendency towards decreasing OPN levels with a factor of 0,054
with every patient year (p= 0,074).

Within the KD group, OPN levels decreased over the course
of the disease. Mean logarithmic OPN levels were significantly
higher during the acute phase (n= 54) as compared to the convalescence phase (10.25 vs. 9.23, p= 0.03; (Figure 2). For KD’s
acute phase, we analyzed OPN levels in relation to development
of CAA and to IVIG-refractivity. Neither IVIG treatment nor the
presence of CAA displayed a significant impact on OPN levels
(data not shown). The association between OPN levels and routine laboratory values was collected from: (1) all KD patients,
(2) during the disease’s acute stage and (3) before IVIG treatment. These were then analyzed according to the Pearson and
Spearman coefficient. Across all groups, OPN showed a moderately positive correlation with CRP, and a negative correlation
with serum albumin levels (Table 2). When comparing logarithmic OPN levels among acute-stage KD patients, HC and FC, we
found levels to be highest among KD patients (Figure 3). These
levels differed significantly from HC (mean difference HC vs. KD
-1.9, 95% CI: -2.4; -1.5; p<0.000001). However, FC patients also
displayed significantly higher OPN levels than did HC (mean difference FC vs. HC 1.39; 95% CI 0.6; 2.1; p= 0.0001). Meanwhile,
in this regard, KD and FC did not exhibit significant differences
(FC vs. KD -0.57; 95%CI -1.36; 0.21; p= 0.2).

Figure 2: Comparison of osteopontin leves in acute (<22 d, n=
54) vs. convalescent phase of the disease (>= 22 d, n= 6).

Logistic regression analysis displayed a correlation between
increased risk of KD and elevated logarithmic OPN levels (OR
2.38; p= 0.058). According to the ROC curve (AUC 0.71), OPN
alone was able to differentiate between KD and FC. This was
with a sensitivity of 74% and specificity of 73%. When taking
OPN into consideration in addition to the available FC laboratory values (CRP, leukocytes, hemoglobin and thrombocytes), the
KD predictive quality increased AUC of ROC to 93%, sensitivity
to 94% and specificity to 73%.

Figure 3: Comparison of mean OPN levels between the three
patient groups (i.e., KD, HC and FC).

Table 1: Baseline characteristics and laboratory values of KD patients.

N total/acute

N

Kawasaki disease
(range)

N

Febrile controls
(range)

62

62/54

12

12/12

Gender (F/M)

22/40

6/6

Age (month)

54 (1-191)

50 (6-163)

Complete/incomplete

48/14

IVIG-therapy (days)

59*

IVIG-refractory

14

6.6 (3-15)
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CAA
CRP (mg/l)

62

138.3 (8-382)

12

33 (0.7-83)

ESR (mm/h)

39

86.5 (19-166)

ASAT (U/I)

54

106.1 (20-2172)

ALAT GPT (U/I)

58

85.7 (7-762)

GGT (U/I)

45

98.5 (5-586)

Albumin (g/dl)

32

2.9 (1.8-4.2)

Sodium (mmol/l)

56

132.9 (124-139)

Potassium (mmol/l)

59

4.2 (3-6)

Haemoglobin (g/dl)

62

9.9 (6.1-14)

12

11.9 (10.2-13.8)

Thrombocytes (T/μl)

62

615.7 (23-1133)

12

304 (168-540)

Leukocytes (T/μl)

62

18.4 (2.7-37.3)

12

14 (4.7-20)

Abbreviations: CAA= Coronary Artery Aneurysm; CRP= C-reactive protein; ESR= Erythrocyte
Sedimentation Rate; ASAT= Aspartate Transaminase; ALAT= Alanine Transaminase; GGT= Gamma Glutamyl Transpeptidase; SD= Standard Deviation.
*
Three patients did not receive IVIG-therapy. (KD diagnosis was made after resolution of fever.)

Table 2: Correlation of osteopontin levels and routine laboratory values from all patients with KD, KD during the
acute stage of disease and prior to IVIG treatment.

*

KD all

p

KD acute (N*)

p

KD pre IVIG (N*)

P

CRP

0.2527 (62)

0.0475

0.3588 (54)

0.0077

0.4158 (32)

0.019

ESR

-0.1943 (39)

0.2358

-0.169 (35)

0.3315

-0.3333 (21)

0.1398

GOT

0.3180 (54)

0.0191

0.2966 (48)

0.0407

0.3627 (28)

0.0578

GPT

0.3325 (58)

0.0108

0.3215 (52)

0.0201

0.2101 (31)

0.2565

Albumin

-0.5305 (32)

0.0018

-0.5910 (29)

0.0007

-0.6329 (19)

0.0036

Sodium

0.0777 (54)

0.5767

0.0389 (49)

0.7909

-0.0133 (29)

0.9453

Thrombocytes

-0.0530 (62)

0.6826

0.1007 (54)

0.4686

0.0700 (32)

0.7036

Leukocytes

0.0049 (62)

0.9698

0.1197 (54)

0.3885

0.1558 (32)

0.3946

Hemoglobin

0.1613 (62)

0.2181

-0.186 (52)

0.1850

-0.2563 (31)

0.1640

Number of patients with available routine laboratory values

Discussion
In this explorative study, we analyzed osteopontin levels in
order to examine their clinical relevance for KD disease. During
the acute disease phase, osteopontin values were significantly
higher than during the convalescent phase. KD´s OPN values
during the acute phase also were significantly higher as compared to HC. However, when clinical relevance as a KD-specific
biomarker was depreciated, these values did not substantially
differ from FC. Furthermore, our investigation showed that OPN
levels were neither associated with the presence of CAA, nor
were they refractory to IVIG therapy, although both of these
outcomes are of highly clinical importance to KD patients. Instead of being KD-specific, osteopontin seems to represent a
general inflammatory marker. This hypothesis also is supported
by a positive correlation to CRP.

the Renin Angiotensin Aldosterone System (RAAS), Ang II significantly interacts with the cardiovascular system and thereby
promotes the development of atherosclerosis [11]. Under atherosclerosis conditions, OPN expression in the arterial wall is
considerably increased by Ang II [12]. Osteopontin itself acts as
a strong chemoattractant for macrophages and T-lymphocytes
and therefore appears to promote inflammatory infiltrates in
vascular plaques. In addition, osteopontin seems to play a key
role in vascular calcification [13]. Coronary artery calcification,
especially that found in giant CAA, also has been found in KD
patients [14,15]. In-vitro analysis was able to relate the vascular calcification in KD to OPN. KD plasma induced the expression of OPN in human coronary artery smooth muscle cells at
a higher rate than did plasma of other febrile diseases [16]. In
vivo studies, however, will be needed in order to further analyze
this effect. In our study, we examined whether OPN was associated with the existence of CAA. We found no significant effect.
However, our study population, in particular when considering
those with CAA, was small in number. Therefore, we cannot exclude the potential of OPN-KD interaction. Future studies-ones

Osteopontin is known to interact with various cytokines,
such as TNFα and IL-1β, which are involved in the general proinflammatory state of KD [6,10]. In addition, OPN is related
to atherosclerotic-specific inflammatory mediators, with one
of the most essential being angiotensin II (Ang II). Through
Annals of Cardiology and Vascular Medicine
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Conclusion

that include serial measurements and long-term follow up in
a larger study population-may be better suited to determine
osteopontin’s role in the short- and long-term pathogenesis of
CAA.

Our results showed elevated OPN levels in KD. Although absolute OPN levels were highest in KD, they did not significantly
differ from FC patients. Nevertheless, higher OPN levels were
associated with an increased risk for KD and therefore may be
helpful in the discrimination of KD. Additional analyses with
larger study cohorts are necessary to further investigate osteopontin’s role as a potential KD-specific biomarker.

Although logarithmic OPN levels did not differ between KD
and FC patients, higher OPN levels (OR 2.38, p= 0.058) correlated with an increased risk for KD. Furthermore, as the ROC
curve revealed, it appears that OPN alone has discriminative
properties, ones that were heightened when combining OPN
with available routine laboratory values. Because KD diagnosis is easier to establish when complete clinical symptoms are
present, analyzing only those KD patients who had incomplete
KD could be clinically meaningful. However, due to our small
patient cohort and the related need for our analysis to be interpreted with caution, further subdividing the KD group would
not have been adequate for statistical purposes.
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