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Distinguishing Kawasaki Disease from Other
Febrile Illnesses in Infants
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ABSTRACT

Aim: Kawasaki disease (KD) is difficult to diagnose in infants, since the disease course is subtle. We aimed to identify whether infants with KD
demonstrate significant alterations in laboratory parameters that can be used to distinguish them from other febrile infants.

Materials and Methods: In this retrospective case-control study, infants diagnosed with KD between January 2010 and December 2019 were
evaluated and compared to a cohort of febrile infants admitted with prolonged fever during the same period. Demographic, clinical, and
laboratory features were recorded and compared between these two groups.

Results: A total of 42 infants (27 male) with KD (32 incomplete KD) and 84 age-matched febrile infants (57 male) were evaluated. Coronary
artery involvement was identified in 20 (47.6%) infants of whom 5 (25%) had coronary aneurysms. All infants with KD were treated with IVIG
and high dose acetylsalicylic acid, and 38 (90.5%) responded to treatment. The duration of fever and hospitalization were longer in infants with
KD compared to the controls (p<0.001). White blood cell (WBC), eosinophil, platelet counts, platelet distribution width, acute phase reactants,
alanine aminotransferase, and gamma glutamyl transferase were significantly higher; whereas, mean platelet volume (MPV), hemoglobin, and
albumin levels were lower in the KD group compared to the controls. Lower MPV and albumin values were found to be independently associated
with a higher likelihood of having a KD diagnosis.

Conclusion: [t may be difficult to diagnose KD in infants. Our data shows that MPV and albumin may be used as supportive parameters to
differentiate KD from other febrile conditions in infants.

Keywords: Kawasaki disease, infant, mean platelet volume, albumin

Introduction criteria in the presence of at least five days of fever.
Kawasaki disease (KD) is an acute febrile childhood Some infants might only present with an unexplained
illness with unknown etiology characterized by systemic fever in the absence of other manifestations, which
inflammation of predominantly the medium arteries. leads to diagnostic difficulties and delays in treatment

Approximately 80% of patients are younger than five (1). It is challenging to distinguish KD from other febrile
years of age. Classical KD diagnosis is based on clinical conditions in the infant age group since the incomplete
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form of the disease [incomplete KD (IKD)] is common,
and findings are exceedingly similar to those of other
febrile diseases. It is well established that the ‘typical’
clinical criteria are mostly absent or infrequent in infants
with KD (2).

On the other hand, KD is one of the important causes of
acquired heart disease in childhood, leading to cardiac and/
or coronary abnormalities. It is known that infants with KD
more frequently have coronary and cardiac complications,
highlighting the importance of prompt diagnosis and
treatment (3). Therefore, a well-defined laboratory
parameter (or a set of parameters) could help clinicians
identify suspected cases of KD in the infant age group, even
when typical criteria are not present.

This study aimed toinvestigate the clinicaland laboratory
features of infants with KD and to identify whether infants
with KD demonstrate significant alterations in laboratory
parameters that can be used to distinguish them from other
febrile infants.

Materials and Methods

Patients and Clinical Data

In this retrospective case-control study, we reviewed the
data of infants diagnosed with KD who were younger than 12
months at the time of disease onset between January 2010
and December 2079.

Ethics Committee approval was obtained from University
of Health Sciences Turkey, Ankara Dr. Sami Ulus Gynecology,
Child Health and Diseases Training and Research Hospital
(date: 08.07.2019, approval no: 2019/7).

The control cohort comprised 84 age-matched febrile
infants. The cohort was formed by evaluating the medical
records of infants admitted with prolonged fever without
a known source during the same period. Febrile infants
diagnosed with any specific infection, such as tonsillitis,
urinary tract infection, pneumonia, etc., or infants with any
specific infectious etiology were excluded.

The following data were recorded: (i) Epidemiological
and clinical features (gender, age, symptoms, number of
positive main diagnostic criteria at admission, length of
hospitalization, findings on physical examination, treatment
modalities, echocardiography results), (ii) Complete blood
count parameters, (iii) Biochemistry results, including serum
sodium levels and acute phase reactants [C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR)], and (iv)
liver function test panel [alanine aminotransferase (ALT),
aspartate amino transaminase (AST), albumin, gamma-
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glutamyl transferase (CGT)]. Comparisons were performed
between these two groups (infants with KD vs febrile
controls).

Definitions and Echocardiographic Analysis

According to American Heart Association guidelines, the
patients in this study were classified as either complete KD
(cKD) or IKD (2).

Echocardiogram results were classified as Z scores: (i)
no involvement: Always <2; (ii) Dilation only: 2 to <2.5; or if
initially <2, an increase of 21in Z score during follow-up; (iii)
Small aneurysm: >2.5 to <5; (iv) medium-sized aneurysm:
>5 to <10 with an absolute dimension of <8 mm; (v) Large
or giant aneurysm: =10 or absolute dimension of 28 mm (2).

Cardiac involvement was defined as the presence of
cardiac abnormalities such as coronary artery anomalies,
valvular regurgitation, or pericardial effusion.

Treatment

All infants with KD were treated with intravenous
immunoglobulin (IVIG, 2 gr/kg) as a single infusion over 12
hours as soon as possible after diagnosis was confirmed.
Resistance to IVIG treatment was defined when persistent
or recrudescent fever occurred 36 hours after the first IVIG
infusion. Acetylsalicylic acid (ASA) was commenced with a
dose of 60 mg/kg/day. Once the fever was absent for 48-72
hours, patients were switched to a low dose of aspirin, 3-5
mg/kg per day, for its antiplatelet effect. The low-dose ASA
therapy was terminated 6-8 weeks after diagnosis if the
infant had no coronary artery involvement. If coronary artery
involvement persisted, ASA was continued as long as the
involvement continued. Infants with a positive polymerase
chain reaction or rapid antigen test for influenza virus
received dipyridamole (2-6 mg/kg/day) instead of ASA.

Follow-up

The routine echocardiogram follow-up of infants with
KD was conducted according to the following schedule: at
diagnosis, two weeks after disease onset, 4-6 weeks after
disease onset, and in the 3 and 6™ months. After the first
year, examinations were scheduled yearly.

Statistical Analysis

All data obtained in this study were transferred to
SPSS (version 25.0) software (SPSS Inc., Chicago, IL, USA).
Descriptive results of all variables were determined.
Categorical variables are given as frequency (n) and
percentage (%). Continuous variables are presented as mean
+ SD or median (min-max) depending on their conformity
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with normal distribution -which was checked with the
Shapiro-Wilk test. Categorical variable analyses were
conducted via chi-square tests. Receiver operating curve
(ROC) analysis was used to analyze the capability of various
parameters in identifying KD according to area under curve
(AUC) values. The Youden | Index was calculated for the
determination of cut-off values. Multivariable regression
with the backward conditional method was performed
to determine factors that were independently related to
the diagnosis of KD. Only variables that demonstrated
significant difference in univariate analyses were included
in the model. P-values less than 0.05 were considered to
demonstrate statistical significance.

Results

We included a total of 42 infants [27 (65%) male] with
KD and 84 age-matched febrile infants [57 (67.8%) male]
as a control group. The median age was nine months (min-
max: 1-12 months) in both groups. In the KD group, four
(9%) infants were under the age of three months, eight
(19%) were between 3-6 months old, and 30 (72%) were
older than six months of age. The youngest KD patient was
a T-month-old girl.

Thirty-two (76%) infants were diagnosed with IKD,
while 10 (24%) were diagnosed with cKD. Coronary artery
involvement was identified in 20 (47.6%) infants, 5 (25%) had
coronary aneurysms. All of the infants were treated with IVIG
and high dose ASA; 38/42 were responsive to treatment. Four
(9%) infants received more than one IVIG infusion, and two
received steroid therapy due to IVIG resistance. Five infants
(12%) were administered enoxaparin therapy because of
coronary aneurysms. The demographic and clinical features
of those infants with KD are shown in Table I.

Except for one infant, all of the infants with coronary
artery involvement attended follow-up examinations
(n=19). Among these infants, five suffered from aneurysms;
however, during follow-up, even though coronary artery
involvement persisted, the dimensions of the aneurysms
reduced to within normal dilatation limits. The longitudinal
evaluation showed that 14 infants who had coronary
dilatation at the initial assessment demonstrated a return
to normal. The time elapsed until the regression of coronary
dilatation ranged from 1 month (minimum) to 19 months
(maximum) after diagnosis.

A comparison of the KD group to the control group
showed that the duration of fever and hospitalization
was longer in infants with KD (p<0.001). Significantly
higher levels of white blood cell (WBC), eosinophil, platelet

counts, platelet distribution width, ESR, CRP, ALT, and GGT
were identified in infants with KD. Additionally, significantly
lower MPV levels, hemoglobin, and albumin were detected
in infants with KD in comparison to the febrile controls.
Also, echocardiography was performed in 65 of the 82
(79.2%) patients in the control group, and the results
were normal. The comparison of demographic features and
laboratory findings between infants with KD and the febrile
controls is shown in Table II.

Multivariable logistic regression was performed with
KD diagnosis as the dependent variable. The parameters
found to be statistically significant in univariate analysis

Table I. Demographic, clinical, laboratory data, and
echocardiographic findings of infants with KD

Infants with KD (n=42)

Male : female ratio 1.8:1

Full diagnostic criteria, n (%) 10 (23.8%)

Incomplete KD, n (%) 32 (76.1%)

Duration of hospitalization, days, median (min-

ma) 7 (2-22)
Major criteria, n (%)
Rash 26 (61.9%)

Conjunctivitis 25 (59.5%)

Lymphadenopathy 15 (35.7%)

Extremity changes 10 (23.8%)

Mucosal changes 25 (59.5%)

Other clinical findings, n (%)

Irritability 30 (71.4%)
Diarrhea 15 (35.7%)
Vomiting 17 (40.4%)
BCG induration 8 (19%)
Arthritis 1(0.2%)

Aseptic meningitis 10 (23.8%)

Gallbladder hydrops 5 (11.9%)

Sterile pyuria 7 (16.6%)

Echocardiography findings, n (%)

Coronary artery involvement 20 (47.6%)

Coronary artery aneurysm 5 (11.9%)
Giant coronary artery aneurysm 0

Ascendant aortic dilatation 1(0.2%)
Mitral regurgitation 3(0.7%)
IVIG resistance, n (%) 4(9.5%)

BCG: Bacillus Calmette-Guarin, IVIG: Intravenous immunoglobulin, KD:
Kawasaki disease, min: Minimum, max: Maximum
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were included in the model. Albumin and MPV values were
categorized with regards to the cut-off values obtained via
ROC analysis. Lower MPV and albumin values (based on
the cut-off values) were independently associated with a
higher likelihood of having KD diagnosis. Following this, we
used ROC curve data to assess the diagnostic abilities of
albumin and MPV to distinguish KD patients from the febrile
controls (Figure 1). AUC values, cut-off points determined by
the Youden | Index, and sensitivity, specificity, accuracy, and
positive and negative predictive values for the parameters
are given in Table IlI.

Discussion

It is well known that infant KD presents a diagnostic
challenge due to its subtle signs and symptoms, often
resulting in a diagnosis of IKD. However, in this age group,
the cardiac and coronary complications of the disease are
also more common, which makes accurate diagnosis crucial

(4). The literature shows that infants with KD may present
with only two symptoms, namely, irritability and prolonged
fever (5). Distinctive laboratory or clinical features that can
differentiate KD from other febrile illnesses have not yet
been identified in this age group. Therefore, we aimed to
evaluate the role of laboratory parameters in distinguishing
KD from other febrile cases.

In our study, 76% of patients had IKD. Although there
are different frequencies in previous reports, such as
56.6% (6), 68% (7), 88% (8), and 71% (9), it seems that
our results are in agreement with the majority of studies
showing that IKD is more common among infants. Infants
younger than three months of age often present with
the incomplete form of the disease (10). This situation
is thought to be associated with the immaturity of the
immune system in infants. Researchers have argued that
the neutralization of superantigens by maternal antibodies
transferred through the placenta may be related to the

Table Il. Comparison of clinical and laboratory features of infants with KD and febrile controls

Infants with KD Febrile controls

(n=42) (n=84) p-value
Age, months 9 (1-12) 9 (2-12) 0.565
Male : female ratio 1.8:1 2:1 0.688
Duration of fever (days) 7 (1-20) 5(2-10) <0.001
Duration of hospitalization (days) 7(2-22) 5(3-10) <0.001
Laboratory parameters
WBC (x10°/mm?) 15.8 (3.9-36.2) 13.8 (4.7-28.3) 0.023
Neutrophil (x10°/mm?) 8.2 (1.4-20.5) 7.1 (1.3-17.1) 0.077
Lymphocyte (x10°/mm?) 5.1(1.8-12.4) 1.05 (4.1-11.1) 0.084
Monocyte (x103/mm?3) 1.3(0.2-3.5) 1.1(0.1-3.07) 0.688
Eosinophil (x10°/mm3) 0.2 (0.03-2.02) 0.1(0-6.3) <0.001
Platelet count (x10°/mm?) 527 (72-1394) 356 (155-672) <0.001
MPV (fL) 7.8 (6.6-10.7) 8.7 (6.6-11.5) <0.001
Hemoglobin (g/dL) 10.2 (7.5-12) 11(8.8-15.5) <0.001
PDW (%) 39.2 (11.5-60.7) 16.6 (8.2-66) 0.005
CRP (mg/L) 88.1(3.4-289) 36.5 (3-179) 0.002
ESR (mm/h) 72.5 (1.3-130) 47.5 (7-108) 0.002
Aspartate aminotransferase (units/L) 36 (16-170) 39 (18-140) 0.625
Alanine aminotransferase (units/L) 30.5 (10-184) 17 (7-120) 0.001
Gamma-glutamyl transferase (units/L) 45.5 (10-233) 23.5 (8-100) 0.002
Albumin (g/dL) 3.3(2-4.8) 3.8 (3.3-4.6) <0.001
Sodium (mEg/L) 136 (128-139) 135 (131-143) 0.851
*All values are given as median (min-max)
CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate, KD: Kawasaki Disease, MPV: Mean platelet volume, PDW: Platelet distribution width ratio, WBC: White
blood cell, min: Minimum, max: Maximum
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higher likelihood of IKD among infants when compared to
older children (11).

The possibility of KD should be considered when an
infant has prolonged fever, even without other signs (5). In
our study, four patients (9%) were admitted with fever and
did not initially present with any other criteria. Published
case reports also show that it is not uncommon to have
an infant present with only fever but subsequently receive
a diagnosis of KD after the detection of coronary artery
anomalies or aneurysms (1). Classically, it is suggested that
fever duration must be at least five days to suspect KD;
however, in a recently published revision of KD criteria, it
was stated that the requirement for a specific duration of
fever should not be considered as a basis for the diagnosis
of KD. The Japan Nationwide Surveillance study showed that
approximately 9%, 25%, and 35% of KD patients received
their first IVIG treatment on the 3, 4% and 5% days of
illness. It was noted that the prevalence of coronary artery
lesions was low (12).

As KD is a systemic inflammatory disease, laboratory
findings include increased levels of acute-phase reactants,
thrombocytosis, leukocytosis, and a left shift in WBC;
however, these results are not specific to KD. There are
currently no laboratory markers that can be used to
distinguish KD from other febrile illnesses. In our study,
albumin and MPV levels were identified as parameters that
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Figure 1. ROC curves for the diagnosis of Kawasaki disease with MPV
and albumin

ROC: Receiver operating characteristic, MPV: Mean platelet volume

could help to differentiate KD from other febrile illnesses.
In a study that compared 64 children with KD (of whom
20 were infants) and 16 infants who had at least 5 days of
fever, the authors found that ESR, CRP, and the N-terminal
prohormone of brain natriuretic peptide were significantly
higher in the KD group (13). Another study compared 72
infants with KD who were younger than six months against
50 cases of adenovirus-infected infants; WBC, platelet count,
CRP, and neutrophil levels were significantly higher; whereas
hemoglobin and serum albumin levels were significantly
lower in those infants with KD (14). Our analysis showed
that albumin levels below 3.35 g/dL were associated with a
KD diagnosis in infants (Odds ratio: 112.073, 95% confidence
interval 13.237-948.895). In a relatively large study conducted
with 309 KD patients and 160 healthy controls, it was found
that those patients with KD had lower MPV than the control
subjects (15). Another study supported this by comparing
changes in platelet parameters between KD patients and
febrile and afebrile controls; the authors found that MPV
was significantly lower in those patients with KD than
the febrile controls (16). Our analysis found an MPV cut-
off value of <7.97, which demonstrated a sensitivity and
specificity of 59.5% and 77.4%, respectively, in distinguishing
KD from febrile infants. The mechanism causing lower
MPV in KD has not been clarified yet; however, it is known
that MPV levels are affected by inflammation which is a
characteristic of KD. It is thought that parameters that
increase during the acute phase of KD, such as interleukin-6,
granulocyte colony-stimulating factor, and macrophage
colony-stimulating factor, might lead to decreased platelet
volume (17). Also, the regulation of thrombopoiesis may be
defective in inflammatory diseases, and consumption of
activated platelets may cause reduced MPV (18). Since MPV
is a component of the routinely performed complete blood
count test, its measurement will not lead to any additional
costs. Therefore, it is feasible to use this almost-ubiquitous
parameter in order to differentiate between KD and other
febrile diseases.

In our study, 4 of the 42 infants (9.5%) were not
responsive to initial treatment with IVIG. In a study from
Italy that analyzed the characteristics of 32 infants with KD,
6 (18%) infants were unresponsive to initial IVIG treatment
(7). Furthermore, a study from India reported 3 of their
17 infants (17%) were resistant to initial IVIG and required
additional treatment. In support of these findings, a previous
study observed that younger children had a relatively higher
frequency (19%) of requiring a second IVIG dose than older
children (14%), even though the difference between groups
was not significant (19). Additionally, it has been noted
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that infants with KD might be more resistant to treatment
overall (20). However, the frequency of resistance to IVIG
was much lower in our group of patients, possibly indicating
a difference caused by genetic factors.

The PubMed database was searched using terms such
as “infant Kawasaki disease,” “Kawasaki disease aged below
1 year” and “Kawasaki disease age”. Only studies in the
English language and only ones published after January
2000 were included. Eight publications were found in which
the characteristics of infants with KD who were younger
than 12 months old were compared to those in other age
groups. The data from these published studies regarding
infants with KD (3,4,7,13,21-24) are summarized in Table IV.
Although various case series and studies focusing on infants
with KD have been published, our study is among the few
that evaluated whether a distinctive laboratory marker can
be used to distinguish KD from other febrile conditions in
the infant age group.

Study Limitations

One of the limitations of our study is the limited number
of infants included. All evaluated data were drawn from a
single center, which may be a limitation even though this
center is a tertiary referral center that receives patients
from all regions throughout Turkey. The retrospective
design is another limitation. Additionally, low albumin is a
known diagnostic parameter of IKD, and any results should
be interpreted with this in mind.

Conclusion

It may be difficult to diagnose KD in infants since
the disease course is subtle and difficult to differentiate
from other febrile diseases. Our data shows that MPV
and albumin may be used as supportive parameters to
differentiate KD from other febrile conditions in the infant
age group. However, more prospective studies are needed
to identify specific clinical features, laboratory parameters,
and specific criteria in the infant age group.

Table Ill. Parameters associated with the diagnosis of KD with multivariable logistic regression analysis and diagnostic accuracy analysis
of parameters
OR (95% Cl) p-value AUC Sensitivity | Specificity | Accuracy | PPV NPV
Albumin <3.35g/dL | 112.073 (13.237-948.895) <0.001 0.770 52.4% 98.8% 83.3% 95.7% 80.6%
MPV <7.97 fL 0.153 (0.054-0.432) <0.001 0.713 59.5% 77.4% 71.4% 56.8% 79.3%
AUC: Area under curve, Cl: Confidence interval, MPV: Mean platelet volume, NPV: Negative predictive value, OR: Odds ratio, PPV: Positive predictive value
Table IV. A short literature review of studies including infant KD cases aged below 12 months
Number Age of Coronary
Reference Study of KD infant M:F Fever- iKD “"9 artery Coronary Albumin
year, cases <12 . | duration resistance | . aneurysm
number KD group | ratio n (%) involvement (g/dL)
country | months/ (months) (days) n (%) n (%) n (%)
total cohort °
2012, s . s Z score:
4 Korea 52/242 8.3 3715 | 6.7 35 (67) N/A 5.83+1.39' N/A N/A
2015: + + +
13 Kores 20/64 5.6542.76' |15:5 | 6.45+1.88" |13(65) |4 (20) 3(15) N/A 42404
2018, N . Max Z score: ;
3 USA 80/250 7 (1-1) 43:37 | N/A 30 (38) 15 (16) 3374338 n (48) 3.11£0.57
2019,
21 Korea 192/859 7 (5-9) 15:77 | 6 (5-7)} 61(31.7) | 11(6) 40 (21) 4(2) N/A
2019, . ) >5 days in 19 patients had
7 italy 32/113 5.7+2.7 2012 | patients 22(68.7) | 6 (18.7) 16 (50) N/A hypoalbuminemia
2020, *
22 China 64/213 7 (5-1) N/A N/A 4(6.1) 5(7.8) 5(7.69) N/A N/A
2020, ) >5 days in
23 Brazil 23/301 N/A 185 |, patients 9(39.1) | 31(14) 12 (52.2) N/A N/A
2021, . .
24 China 62/398 8.48+1.12 40:22 | 74+2.4 28 (45.2) | 15(24.2) 15 (24.2) N/A N/A
F: Female, IVIG: Intravenous immunoglobulin, IKD: Incomplete Kawasaki disease, KD: Kawasaki disease, M: Male, USA: United States of America
*Median (minimum-maximum), TMean + standard deviation, ¥Median (interquartile range), SMean
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