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Abstract

Background:

Platelet activation is an integral part of pathogenesis of Kawasaki disease (KD). However, there is paucity
of literature on flow-cytometry based assessment of platelet activation in KD. We aimed to analyse
monocyte-platelet aggregates (MPAs), one of the sensitive markers for platelet activation, by flow
cytometry in children with Kawasaki disease (KD).

Findings:

In this single-centre prospective study, we have enrolled 14 children with KD and results were compared
with age-matched febrile (n = 15) and healthy (n = 13) controls. After gating monocytes in side-scatter
plot, MPAs were identified based on CD14 and CD41 expression. Two (2) ml of blood samples for
children with KD were collected at 3 phases of illness- acute stage before start of intravenous
immunoglobulin or aspirin, 24 hours after completion of IVIg infusion, and 3 months after acute episode
of KD.

Children with KD had a significantly higher MPA% values [Median (IQR)- 41.3% (26.6, 52.7)] when
compared with febrile [Median (IQR)- 5.98% (2.98-9.72)] and normal [Median (IQR)- 4.48% (2.57-5.59)]
controls, p<0.01. On follow-up, the MPA% showed a gradual decline in children with KD, but even at 3
months, the value [Median (IQR)- 7.55% (4.15-14.6)] was higher compared to healthy controls [Median
(IQR)- 4.48% (2.57-5.59)].

Conclusions:

Our results suggest that MPA% was significantly elevated in acute stages in children with KD and
activated platelets may continue to persist even after systemic inflammation has subsided. Future
studies are warranted whether objective evidence of platelet activation may guide the use of
immunomodulatory and anti-platelet therapy in KD.

Introduction

Kawasaki disease (KD) is a multi-systemic vasculitis that predominantly affects young children (1). It is
considered to be the most frequent cause of acquired heart disease in children in developed countries.
Hospital-based data from our centre have also shown a sustained increase in number of cases of KD
since the mid-1990 s (2). Vasculitis in KD can result in endothelial cell damage and platelet activation.
Activated platelets can in turn secrete several chemokines and enhance inflammation in vascular walls
(3, 4).

Markers of platelet activation such as leukocyte-platelet aggregates and P-selectin expression are
elevated in coronary artery disease (CAD) and are implicated in progression of cardiovascular events (5).
Occurrence of coronary thrombosis and premature arteriosclerosis in KD suggests that excess activation
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of platelets and coronary vasculitis may play an important role in progression of vascular damage in KD.
Among all leukocytes, monocytes have the highest affinity towards platelets to form aggregates (6).
Monocyte-platelet aggregates (MPAs) are considered a better marker for activated platelets than P-
selectin expression (6). Though platelet activation has been studied in KD, there is paucity of literature on
flow cytometry-based assessment of leukocyte-platelet aggregates in KD and there are no data from
developing countries (7-13).

Materials And Methods

Children with KD diagnosed in the Allergy Immunology Unit, Advanced Pediatrics Centre, Postgraduate
Institute of Medical Education and Research, Chandigarh, India, from July 2015 to December 2016 were
enrolled. Written informed consent was obtained from parents. Diagnosis of KD was based on the
American Heart Association (AHA) criteria (1). Age and sex-matched febrile children who had a diagnosis
other than KD were taken as febrile controls. Siblings nearest in age to index patient were taken as
healthy controls. In cases where a sibling control was not available or accessible, an age-matched control
was enrolled from outpatient clinics.

The Institute Thesis Committee and the Institute Ethics Committee approved the study protocol. The
Departmental Review Board has approved the manuscript. Standard treatment protocols were followed
for management of KD (1).

Sample collection

Venepuncture was carried out under aseptic conditions and with minimal occlusion. Three (3) ml of
peripheral venous blood was withdrawn into a vacutainer containing 0.106 mol/L of trisodium citrate
(blood-citrate ratio 9:1) after discarding initial 1 ml of sample. Samples were collected at three different
phases in children with KD- acute stage before administration of IVIg and aspirin; 24 hours after
administration of IVIg; and approximately 3 months after onset of iliness. Febrile and healthy controls
had their blood drawn only once in a similar manner.

Measurement of monocyte-platelet aggregates

Blood samples were processed as quickly as possible to avoid time-dependent spontaneous aggregation
and activation of platelets. Vortexing, centrifugation, and stirring were avoided before fixation of platelets.
Fixation of cells and erythrocyte lysis was carried out at room temperature using Becton Dickinson
FACS® lysing solution. After 10 minutes of incubation, samples were washed with phosphate-buffered
saline and immuno-labelled with 8 pL of fluorescein isothiocyanate (FITC) conjugated GP llb (CD41, BD
Pharmingen™, Catalogue no.555466) and 8 uL of PerCP-conjugated CD14 (BD Pharmingen™, Catalogue
no.555398) antibodies. After incubation for 20 minutes at room temperature, cells were acquired on a
flow cytometer (Beckman Coulter, Navios). Using Kaluza® software, monocytes were gated from
lymphocyte side scatter plot. MPAs were identified from monocyte population that expressed both CD14
and CD41 [Fig. 1].
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Statistical Analysis

Means were compared using unpaired student 't' test and analysis of variance (ANOVA). Medians were
compared using Mann-Whitney U test and Kruskal Wallis test. Categorical variables were compared by
Fisher exact test. A 2-tailed p-value less than 0.05 was considered significant. Statistical analysis was

performed with SPSS statistical software version 20.0 (SPSS Inc., Chicago, IL, USA).

Results

Fourteen (14) children with KD were enrolled during the study period. Fifteen (15) children were taken as
febrile controls and 13 as healthy controls. Presumed aetiology of fever in febrile controls was viral upper
respiratory tract infections (5), enteric fever (5), staphylococcal abscesses (3), and pneumonia (2).
Median age (interquartile range (IQR)) in cases, febrile controls, and normal controls was 6 (3.0-7.25), 5
(3.6-9.0), and 5.5 (4.15-6.5) years, respectively. Male to female ratio among the 3 groups was 12:2, 13:2,
and 11:2, respectively. Among cases with KD, median duration between onset of fever and administration
of IVIg was 13.5 days [Table.1]. Two children had transient coronary artery abnormalities (CAAs) in form
of brightness of coronary arteries and coronary ectasia. One child (7-month-old boy) developed giant
coronary aneurysms in left main, left anterior descending, and right coronary arteries. All patients received
IVIg (2 g/kg) infusion for treatment for KD. Two patients also received IV infliximab infusion (5 mg/kg) as
they had severe disease and had developed CAAs at presentation. Antiplatelet dose of aspirin was
continued for 3 months in one child as he persisted in having elevated platelet counts (640 x 10°/L).

MPA% values were significantly high in cases [Median (IQR)- 41.3% (26.6—52.7)] when compared to
febrile [Median (IQR)- 5.98% (2.98-9.72)] and normal controls [Median (IQR)- 4.48% (2.57-5.59)], p<0.01
[Fig. 2A]. A significant drop in MPA% was noted after IVIg therapy. Serial MPA% in patients with KD
showed a consistent drop in values from the time of diagnosis until the 3rd month of follow-up

[Fig. 2B,2C].

No change in trend of fall of MPA% was noted even after exclusion of patients who were continued on
aspirin [Fig. 2D]. MPA% values at 3 months post-diagnosis of KD [Median (IQR)- 7.55% (4.15-14.6)] were
higher compared to normal controls [Median (IQR)- 4.48% (2.57-5.59)], p-0.072.

No significant differences in MPA% were noted between patients with and without CAAs [Table.2]. There
was also no significant difference in MPA% values between patients with complete and incomplete
presentation of KD [Table.3].

Discussion

Platelet function abnormalities in KD were first reported by Yamada et al in 1978 (14). Studies in platelet
activation markers in KD have subsequently been undertaken in Japan, USA, and Italy [Table.4]. Present
study has been undertaken to analyse one of the most sensitive platelet activation markers, i.e. MPAs, by
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flow cytometry in a North Indian cohort of KD. To the best of our knowledge, MPAs has not been studied
in acute and subacute phases of KD till date, and our study is perhaps the first attempt along these lines.
Levels of MPA% were significantly elevated in children with KD compared to febrile controls and healthy
controls (median levels of 41.3%, 5.98%, and 4.48% respectively, p < 0.001). MPA% levels significantly
decreased after treatment with IVIg (median: 41.3% vs 18.5%, p <0.001) [Fig. 2]. Elevations in MPA%
suggest excess activation of platelets in KD compared to other common childhood febrile illnesses.
Previous studies report that other platelet activation markers (e.g. neutrophil-platelet aggregates, platelet-
derived microparticles, platelet VEGF levels, betathromboglobulin levels, PF4 levels, and platelet CD62P
expression) are also elevated in acute phase of KD (7-13).

Median levels of MPA% on follow-up at 3 months were lower compared to levels measured 24 hours after
IVIg therapy, but higher than values obtained in age and sex-matched controls. It suggests that patients
with KD may have a prolonged endotheliitis even after control of systemic inflammation with 1VIg
therapy. Laurito et al analyzed MPAs in patients with KD several years after the acute phase (mean
interval- 76 months). Authors reported that CD41 expression at baseline and after ADP stimulation was
significantly higher in patients compared to controls. However, MPA% levels were not significantly
different between two populations (9). In a recent study by Yahata et al., platelet-derived microparticles
were found to have rebound elevations in 8 of 14 patients with KD after discontinuation of aspirin (10). In
our study also, we found rebound elevation in MPA% levels in 2 patients at 3 months of follow-up.
However, majority of patients had lower levels even after discontinuation of aspirin.

Ueno et al. reported that levels of neutrophil-platelet aggregates were significantly higher in patients with
CAAs when compared with patients without CAAs (11). In our study, levels of MPA% were not different
between patients with CAAs (n = 3) and those without CAAs (n =11). Apparent discrepancy in results
could be explained by differences in ethnicities of the study populations, small sample size in both
studies, and differences in methodology of assessment of platelet activation. Ueno et al. also reported
that levels of neutrophil-platelet aggregates were significantly lower in patients with KD treated with both
IVIg and oral prednisolone than in patients who received IVIg alone (11). Corticosteroids were not used in
any patients in our cohort.

A limitation of our study is the small sample size. This is understandable considering the fact that the
protocol had to be completed in a limited span of time. Use of an imaging flow cytometry could have
accurately captured the aggregates of monocytes and platelets (15), however, we could not use this
modality in our study. To conclude, MPA% was significantly elevated in our cohort of children with KD
when compared with age and sex-matched febrile and healthy controls. Future long-term studies are
warranted to find out whether elevated MPAs in KD would have any clinical implications. This may
provide a theoretical basis for additional immunosuppressive and/or antiplatelet therapy in KD.

Abbreviations
KD
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Kawasaki disease

MPA

Monocyte-platelet aggregates
IVig

Intravenous immunoglobulin
CAD

Coronary artery disease

AHA

American Heart Association
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Tables

Table 1
Baseline clinical and laboratory characteristics of children with Kawasaki disease at
enrolment (n = 14)

Sno Clinical parameter Result

1 Median age (IQR) 6 years (3.0, 7.25)

2 Male: Female 12:2

3 Duration of fever [median (IQR)] 13.5 days (8.0, 15.0)

4 No. of cases with incomplete KD (%) 5(35.7%)

5 Hemoglobin in g/dL [median (IQR)] 9.2(7.6,11.3)

6 White cell counts (x 10°/L) [median (IQR)] 14.15(10.6,21.2)

U Absolute neutrophil counts (x 10%/L) [median (IQR)] 7.9(6.2,12.4)

8 Platelet counts (x 10%/L) [median (IQR)] 385.5(233.5, 598.5)

9 Erythrocyte sedimentation rate at 1st hour (mm) 45 (28.5, 69.5)
[median (IQR)]

10 C-reactive protein in mg/L [median (IQR)] 48.5 (23, 81.8)

IQR: Inter-quartile range; KD: Kawasaki disease

Table 2
Median percentage values of MPA (CD14 + CD41+) between children with KD patients with and without
coronary artery abnormalities (CAA)

S Category Children with CAA Children without CAA(n P

no (n=3) =11) value

1 At enrolment [median (Range)] 38.18 (17.42- 44.44 (9.58-54.2) 1.000

56.67)

2 24 hours after IVIg [median 18.26 (10.4-28.13) 18.84 (4.27-34.32) 0.885
(Range)]

3 Follow-up at 3rd month [median 7.55(2.84-14.6) 7.17 (1.59-27.32) 0.921
(Range)]
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Table 3

Median percentage values of MPA (CD14 + CD41+) between children with complete (n = 8) and

incomplete KD (n = 6)

no

Category

At enrolment [median
(Range)]

24 hours after IVIg [median
(Range)]

Follow-up at 3rd month
[median (Range)]

Children with complete
KD (n=9)

45.3 (27.08-56.67)
20.28 (5.56—34.32)

8.34 (1.59-27.32)

Children with incomplete
KD (n=5)

25.17 (9.58-53.62)
10.4 (4.27-22.4)

5.21 (2.84-16.87)

P
value

0.083

0.112

0.792

Page 9/13




Table 4

Comparison of studies on platelet functions in Kawasaki disease reported in English literature

S Study,
no year,and
Country

1 Yokoyama
et al
(1980)
Japan (8)

2 Burns et al
(1984)
USA (12)

3 Taki et al
(2003)
Japan (7)

4 Ueno et al
(2009)
Japan

(13)

5 Yahata et
al (2014)
Japan
(10)

6 Laurito et
al (2014)
ltaly (9)

Platelet
activation
marker studied

Platelet
aggregation by
optical density
method

Plasma beta-
thromboglobulin

Platelet
aggregation by
particle
counting
method (mV
count)

Platelet VEGF by
ELISA

Platelet derived
microparticles
by ELISA

Monocyte
platelet
aggregates by
flow cytometry

Study population
characteristics

23 patients with
KD (Age range: 3
months-6 years;
M:F =14:9),

31 patients with
KD

104 children with
KD (mean age:
2.1+ 1.9 years;
M:F=15:11);9
normal controls

80 patients with
KD (Mean age:
2.1+ 1.8 years,
M:F = 43:37); 26
controls

18 patients with
acute KD (mean
age: 2 years

7 months) in
whom 14 received
IVIg therapy; 33
children as febrile
controls

14 patients with
past history of KD
(mean follow-up:
76 = 58 months;
M:F =9:5); 14
controls

Comments

Platelet aggregation in patients with
untreated KD (82.4+11.6%)
significantly higher than normal
controls (69 + 5%) and patients with KD
treatr;‘d with low dose aspirin (66.8 *
9.6%).

Levels significantly higher in patients
with coronary aneurysms compared to
patients without aneurysms measured
3 weeks after fever (72.3 ng/ml vs
29.4 ng/ml respectively, p < 0.002).

Spontaneous platelet aggregation was
higher in patients with KD (46.6 x

103+13.2 x 10%) compared to normal

subjects (9.4 x 103+3 x 109). It reduced
significantly after IVIg therapy (22.8 x

103+6.6 x 103).

Levels significantly high in KD (18.8 £
10.1x 10~ 8 pg) compared to controls

(8.1+3.0x 1078 pg). The levels
decreased in IVIg responders and
remained elevated in IVIg non-
responders.

Levels were significantly high in acute
phase of KD (43.9+13.5 U/ml)
compared to febrile controls (15.4 +
6.8 U/ml). The levels significantly
came down with IVIg therapy and it
rebounded after discontinuation of
aspirin in 8 patients.

Mean %MPAs were similar in patients
and controls even after ADP
stimulation (18.3+1.9% vs 17.2 + 1.5%;
p =0.09). CD41 expression in MPA gate
was higher in KD than controls after
ADP stimulation (19.3+1.3% vs 17
1.7,p<0.001).

KD: Kawasaki Disease; MPA: Monocyte-platelet aggregates; IVIg: Intravenous immunoglobulin; ADP:
Adenosine diphosphate
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) Study,
no year,and
Country

7 Ueno et al
(2015)
Japan

(1)

8 Present
study
(2019)
India

Platelet
activation

marker studied

Neutrophil
platelet

aggregates by
flow cytometry

Monocyte
platelet

aggregates by
flow cytometry

Study population
characteristics

40 patients with
KD (median age:
1.75 years, M:F =
1:1); 7 febrile
controls, and 9
normal controls

14 patients with
acute KD (Median
age: 6 years; M:F
=6:1); 15 febrile
controls and 13
normal controls

Comments

Rate of aggregates significantly high in
KD compared to febrile and normal
controls. Rate of decrease in
aggregates was significantly high in
patients who received prednisolone +
IVIg compared to patients who had
received IVIg alone.

Median %MPA significantly higher in
KD compared to febrile and normal
control (41.3 vs 5.9 vs 4.5%; p<0.001).
Levels significantly came down 24
hours after IVIg therapy (18.6%; p <
0.001).

KD: Kawasaki Disease; MPA: Monocyte-platelet aggregates; IVIg: Intravenous immunoglobulin; ADP:
Adenosine diphosphate
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Figure 1

Representative flow cytometry plots that demonstrate gating of monocytes from the side scatter plot of
lymphocytes, and analysis of MPA% by identifying monocyte populations that express both CD14 and
CDA41.
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Figure 2

A. Boxplot showing MPA% between children with KD at enrolment (n=14) [Median (IQR)- 41.3 (26.6-52.7)],
febrile controls (n=15) [Median (IQR)- 5.98 (2.98-9.72)], and normal controls (n=13) [Median (IQR)- 4.48
(2.57-5.59)], p <0.001; B. Trend of serial values MPA% among all 14 children with KD; C. Boxplot showing
MPA% between cases at enrolment (n=14) [Median (IQR)- 41.31 (26.6-52.69)], 24 hours post-IVIg (n=14)
[Median (IQR)- 18.55 (9.2-22.99)], and at 3rd month follow-up (n=11) [Median (IQR)- 7.55 (4.15-14.6)],
p<0.001; D. Boxplot showing MPA% (excluding 2 cases who were on aspirin at 3rd month follow-up)
between cases at enrolment (n=12) [Median (IQR)- 41.01 (25.65-52.23)], 24 hours post-IVIg (n=12)
[Median (IQR)- 19.56 (10.89-24.17)], and at 3rd month follow-up (n=9) [Median (IQR)- 7.55 (4.36-14.3)],
p<0.001.
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