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OZg U n Ara§t| rma Turkiye Cocuk Hastaliklari Dergisi

Can Platelet Mass Index Be Used as a Prognostic Marker in
Children Diagnosed with Multisystem Inflammatory Syndrome
Associated with Coronavirus?

Koronavirus ile iliskili Multisistem inflamatuar Sendrom Tanili
Cocuklarda Trombosit Kitle indeksi Prognostik Bir Belirtec Olarak
Kullanilabilir mi?
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ABSTRACT

Objective: We've aimed at evaluating whether the platelet mass index (PMI) can be a prognostic marker for children
diagnosed with MIS-C.

Material and Methods: 31 children diagnosed with MIS-C and treated at our university hospital between March
2020 and November 2021 were included. Demographic data, clinical findings and laboratory values at the time of
hospitalization, admission to the intensive care unit and duration of hospitalization were evaluated retrospectively. PMI
of each patient at the time of hospitalization was calculated and recorded.

Results: There was a statistically significant negative correlation between PMI and ferritin (r= -0.635, moderate,
p<0.001), CRP (r= -0.377, weak, p= 0.036), and procalcitonin (r= -0.481, weak, p=0.0086) levels. There was a
statistically significant positive relationship between PMI and leukocyte count (r=0.367, weak, p=0.042) and lymphocyte
count (r=0.384, weak, p=0.033). Median PMI values of the patients requiring intensive care (1701.35 fl/nl) were lower,
compared to the median PMI values of the patients not requiring intensive care (2523.94 fl/nl), however, statistical
results could not be reached due to the low (4 of 31) number of patients requiring intensive care. Median PMI values
of the patients whose ferritin level was >400 ng/ml (1415.2; 533.4 — 3600.5) were statistically lower compared to the
median PMI values of the patients whose ferritin level was <400 ng/ml (2705.7; 1395.2 — 9167.6).
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Conclusion: The findings in our study demonstrate that low PMI levels identified in children with MIS-C at the time of diagnosis may be with
more severe clinical courses

Key Words: Child, Coronavirus Disease, Mass Index, Multisystem Inflammatory Syndrome, Platelet, Prognosis

0z
Amag: Trombosit kitle indeksinin (TKi) MIS-C tanisi alan ¢ocuklarda prognostik bir belirteg olup olmadiginin degerlendirimesi.
Gerec¢ ve Yontemler: Mart 2020 ile Kasim 2021 tarihleri arasinda Universite hastanemizde MIS-C tanisi konan ve tedavi gbren 31 ¢ocuk

calismaya dahil edildi. Hastaneye yatis anindaki, yogun bakima yatis anindaki ve hastanedeki yatis strresince demografik veriler, klinik
bulgular ve laboratuvar degerleri retrospektif olarak degerlendirildi. Her hastanin yatis anindaki TKi degerleri hesaplandi ve kaydedildi.

Bulgular: TKi ile ferritin (= -0.635, orta, p<0.001), CRP (r= -0.377, zayif, p= 0.036) ve prokalsitonin (r= -0.481, zayif, p= 0.006) dlizeyleri
arasinda istatistiksel olarak anlamli negatif korelasyon bulundu. TKi ile I6kosit sayisi (r= 0.367, zayif, p= 0.042) ve lenfosit sayisi (r= 0.384,
zayif, p= 0.033) arasinda istatistiksel olarak anlamli pozitif iliski bulundu. Yogun bakim gerektiren hastalarin ortanca TKi degerlerinin
(1701.35 fi/nl), yogun bakim gerektirmeyen hastalarin ortanca TKi degerlerinden (2523.94 fl/nl) istatistiksel olarak daha diisik oldugu
saptandi (p= 0.005). Ferritin diizeyi >400 ng/ml olan hastalarin ortanca TKi degerlerinin (1415.2; 533.4 — 3600.5), ferritin diizeyi <400
ng/ml olan hastalarin ortalama TKIi degerlerinden (2705.7; 1395.2 — 9167.6) istatistiksel olarak daha diisiik oldugu saptandi (p= 0.005).

Sonug: Calismamizdaki bulgular, MIS-C’li gocuklarda tani aninda tespit edilen disik TKi diizeylerinin, daha siddetli Klinik seyire yol

acabilecegini ortaya koymaktadir.

Anahtar Sozciikler: Cocuk, Koronavirlis Hastaligl, Kitle indeksi, Multisistem inflamatuar Sendrom, Trombosit, Prognoz

INTRODUCTION

Upon understanding that the outbreak of the pneumonia
epidemic in China in December 2019 was caused by a
novel coronavirus type known as severe acute respiratory
syndrome coronavirus (SARS-CoV-2), this disease was named
“Coronavirus Disease 2019” (COVID-19). The epidemic was
rapidly spread worldwide in a short time causing a pandemic
(1). In April 2020, a severe disease presenting with findings
of multiple organ involvement, rash, high fever, and high
acute phase reactants, particularly in the gastrointestinal and
cardiovascular systems was identified in children with previous
COVID-19 infection. This presentation was named multisystem
inflammatory syndrome associated with COVID-19 (MIS-C)
by US Center for Disease Control and Prevention (2). While
the etiology of MIS-C is similar to cytokine storm syndrome,
macrophage activation syndrome, and Kawasaki disease, it is
believed to be caused by an abnormal immune response to the
virus. Covid-19 (SARS-CoV-2) Reverse Transcriptase PCR tests
of most children diagnosed with MIS-C are negative and have
positive serology. This suggests that MIS-C may be developed
due to postviral immunologic responses, especially in cases
with previous asymptomatic SARS-CoV-2 infection (3, 4).

There is a wide spectrum of the clinical picture in MIS-C due
to its effect on multiple systems. Findings manifest weeks after
the SARS-CoV-2 infection. Most cases are healthy and have no
accompanying disease. Itis generally prevalentin obese children.
While fever is the most frequently identified finding, it is persistent
and prolonged. It may be accompanied by gastrointestinal
findings accompanied by vomiting, severe stomach aches and/
or diarrhea, cardiac dysfunction, dehydration, mucocutaneous
symptoms mimicking Kawasaki disease including conjunctivitis
and rash, headache, neurological findings such as irritability
and encephalopathy, and acute respiratory distress syndrome
(ARDS). Some cases require intensive care due to hypotension
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and cardiac dysfunction requiring inotrope support. Moreover,
there are reported cases with severe clinical conditions requiring
extracorporeal membrane oxygenation (4).

Further tests must be done to confirm the MIS-C diagnosis in
cases with the clinically suspected multisystem inflammatory
syndrome in the presence of persistent high fever, history of
encountering SARS-CoV, at least two of the following findings.
These findings include rash (maculopapular), complaints
of gastrointestinal systems (diarrhea, vomiting, stomach
ache), changes in the oral mucosa (chapped and/or red lips,
strawberry tongue or oropharyngeal mucosa erythema) bilateral
nonexudative conjunctivitis, lymphadenopathy, meningism,
papilledema, encephalopathy, changes in mental perception or
focal neurological findings (2-4).

It is reported that approximately 60% of the children diagnosed
with MIS-C need to be admitted to the intensive care unit, and
unfortunately 2% result in mortality (5). It is determined that
platelet counts and mean platelet volumes (MPV) of the patients
can be used as a prognostic marker in COVID-19 infection just
like in sepsis and severe diseases (6-9). It is demonstrated
that the platelet mass index (PMI) calculated by using MPV,
and platelet counts manifest the platelet functions much better
compared to the platelet counts and MPV (10). Based on this,
we aimed to evaluate whether PMI can be used or not as a
prognostic marker in children diagnosed with MIS-C.

MATERIALS and METHODS

The statistical power analysis made for the study hypothesis
identified that at least 19 patients with MIS-C needed to be
included in the study to test the hypothesis with 80% power and
0.05 error. Required permits were obtained for the study from
the Republic of Turkey Ministry of Health Directorate General
of Health Services COVID-19 Scientific Research Evaluation
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Committee (decision dated 17.11.2021 and numbered
2021-01-17T17_09_20), Afyonkarahisar University of Health
Sciences (AFSU) Health Application and Research Center, and
AFSU Clinical Researches Ethics Committee (decision dated
03.12.2021 and numbered 2021/13). 31 pediatric patients,
diagnosed with MIS-C in accordance with the diagnostic criteria
in the Republic of Turkey Ministry of Health COVID-19 Pediatric
Patient Management and Treatment Guideline, and treated at
AFSU Faculty of Medicine Department of Pediatric Health and
Diseases between the dates of March 2020 and November
2021 were included in the study and hospital records of these
patients were examined retrospectively (Table I) (11).

Demographic data of the patients, findings at the time of initial
hospitalization, sedimentation rate, D-dimer, CRP, fibrinogen,
LDH, ferritin, procalcitonin, albumin, troponin-T, pro-BNP levels,
hemogram parameters, need for admission to the intensive
care unit, intubation requirement, and duration of hospitalization
were recorded. Platelet mass index (PMI) of each patient at
the time of hospitalization was calculated and recorded using
the formula [Platelet count] x [MPV / 1000] fl/nl (for example,
platelet mass index of a patient with platelet count: 200 x 109/L
and MPV: 9 fl is 1800 fI/nl) (10).

Statistical Package for the Social Science (SPSS 18.0 for
Windows; SPSS Inc) was used for statistical analysis. The
normal distribution test of continuous variables was performed
by using the Shapiro-Wilk test. The Mann-Whitney U-test was
used to test the difference between not normally distributed
quantitative data, among the studied groups. Spearman
correlation analysis was performed to detect correlational
relations between variables where the assumption of the normal
distribution is not provided. Correlation strength (positive
or negative) was classified as 0.3-0.5 = weak, 0.5-0.69 =
moderate, and 0.7-0.9 = strong correlation. The nonnormally
distributed continuous data were reported as median (minimum-
maximum). Categorical data are presented as numbers (n) and
percentages (%). Statistical significance was defined as a two-
tailed p value of<0.050.

RESULTS

54.8% of the children (n=14) were male, and 45.2% (n=17) were
female. The median age was 5.19 years, the youngest patient
was three months of age, and the oldest patient was 18 years
of age. While the median duration of hospitalization was 10
days, the shortest duration of hospitalization was 5 days, and
the longest duration of hospitalization was 25 days. 12.9% of
the children (n=4) required admission to the intensive care unit.
While the median duration of the patients receiving treatment
in the intensive care unit was 4.5 days, the shortest duration
in the intensive care unit was 2 days, and the longest duration
in the intensive care unit was 8 days. Laboratory values of the
patients at the time of hospitalization are given in Table Il

Table I: Republic of Turkey Ministry of Health Guideline
MIS-C Diagnostic Criteria

Multisystem Inflammatory Syndrome (Mis-C) Diagnostic
Criteria

Being 0-21 of age
Fever measured >38.0 C persisting over 24 hours or presence
of fever notified by the family
Evidence of inflammation in laboratory tests (presence of
minimum 2 or more evidence)

High CRP

High sedimentation

High fibrinogen

High procalcitonin

High D-dimer

High ferritin

High LDH

High IL-6 level

Increased neutrophil count

Lymphopenia

Hypoalbuminemia

Severe disease setting requiring hospitalization
Multiple organ system involvements (presence of minimum 2 or
more)
Cardiovascular (shock, high troponin, high BNP, abnormal
ECHO findings, arrhythmia)
Respiratory (pneumonia, ARDS, pulmonary embolism)
Renal (Renal failure)
Neurologic (convulsion, stroke, aseptic meningitis)
Hematologic (coagulopathy, high D-dimer)
Gastrointestinal (high liver enzymes, diarrhea, ileus)
Dermatologic (erythroderma, mucositis, other rashes)
Absence of other alternative diagnoses (bacterial sepsis,
infections associated with myocarditis such as enterovirus
infection, staphylococcic, or streptococcal toxic shock
syndromes)
Evidence of previous or current SARS-COV-2 infection
(presence of at least one of the following)
SARS-COV-2 RT-PCR positive result
SARS-COV-2 serology positive result
SARS-COV-2 antigen-positive result
SARS-COV-2 positive case exposure within 4 weeks before
onset of symptoms
CRP: C-Reactive Protein, LDH: Lactate Dehydrogenase, IL-6:
Interleukin-6, BNP: Brain natriuretic peptide, ECHO: Echocardiography,
ARDS: Acute respiratory distress syndrome, SARS-COV-2: Severe
acute respiratory syndrome coronavirus 2, RT-PCR: Real-time
polymerase chain reaction.

Median platelet mass index of the patients at the time of
hospitalization was 2172.6 (533.4-9167.6) fl/nl, median
D-dimer level was 2.4 (0.0-32.9) ng/ml, median ferritin level was
424.1 (33.8-2466.0) ng/ml, median CRP level was 14.8 (0.1-
273.5) mg/l, median procalcitonin level was 1.4 (0.1-56.7) ng/
ml, median lymphocyte count was 1.5 (0.1-188.0) x 103/mm?,
and median sedimentation rate was 53.0 (11.0-142.0) mm/h.

It was identified that there was a statistically significant negative
relationship between the platelet mass index and ferritin (r=
-0.635, p<0.001, moderate), CRP (r=-0.377, p= 0.036, weak)
and procalcitonin levels (r=-0.481, p= 0.006, weak) (Table Ill). In
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Table II: Laboratory values of the patients at the time of
hospitalization.

Table V: Comparison of PMI values of the patients divided
into two groups based on ferritin levels.

Laboratory Parameters Values (n=31)
2172.6 (533.4-9167.6)
2.4 (0.0-32.9)
424.1 (33.8-2466.0)
14.8 (0.1-273.5)
53.0 (11.0-142.0)

479.1 (149.8-739.0)

Platelet mass index (fl/nl)
D-dimer (ng/ml)

Ferritin (ng/ml)

CRP (mg/l)

Sedimentation rate (mm/h)
Fibrinogen (mg/dL)

LDH (U/L) 319.0 (176.0-1101.0)
MPV (fl) 10.6 (8.2-12.8)
Platelet count (x10%/mms) 204.0 (42.0-1118.0)
Erythrocyte count (x10%/mm3) 4.2 (3.2-5.3)
LLeukocyte count (x10%/mm3) 9.7 (2.1-24.4)
Lymphocyte count (x10%/mm3) 1.5(0.1-188.0)
Procalcitonin (ng/ml) 1.4 (0.1-56.7)
Albumin (g/dL) 3.4 (2.3-4.9)
Troponin-T (ng/ml) 0.0 (0.0-0.1)

proBNP (pg/ml) 1001.0 (11.9-35000.0)
Values are presented as median (minimum-maximum)

Table lll: Relationship of platelet mass index with laboratory
values.

Platelet Mass Index (fl/nl)

r P
Ferritin(ng/ml) -0.635 <0.001
CRP (mg/l) -0.377 0.036
Procalcitonin (ng/ml) -0.481 0.006
Leukocyte count (x10%/mms) 0.367 0.042
Lymphocyte count (x10%/mm3) 0.384 0.033

Table IV: Comparison of PMI and D-Dimer values based on
admission to the intensive care unit

Admission to Intensive Care

No (n:27) Yes (n:4)
D-dimer level
e 2.0(0.0-8.9) 17.4 (4.9-32.9)
(Pﬂ'/""rfl‘;'et Mass INJeX 175 & (750.0-9167.6) 1396.5 (533.4-3479.0)

Values are presented as median (minimum-maximum)

other words, it was identified that ferritin, CRP, and procalcitonin
levels were increasing while PMI were decreasing and this was
statistically significant (Figure 1).

It was identified that there was a statistically significant positive
relationship between the platelet mass index and leukocyte
count (r=0.367, p=0.042, weak) and lymphocyte count (r=0.384,
p=0.033, weak) (Table Ill). In other words, it was identified that
leukocyte count and lymphocyte count were decreasing while
PMI of the patients were decreasing and this was statistically
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Ferritin value(ng/ml) Ferritin value(ng/ml)
<400 (n:15) >400 (n: 16)

Platelet mass
index values (fl/nl)
Values are presented as median (minimum-maximum)

2705.7 (1395.29167.6)1415.2 (633.4-3600.5) 0.002

significant (Figure 2). No statistically significant relationship was
identified between platelet mass index and D-dimer, fibrinogen,
LDH, troponin-T, proBNP, albumin levels, sedimentation rate,
and duration of hospitalization.

It was identified that the platelet mass index of the patients
requiring admission to the intensive care unit was lower than
the platelet mass index of the patients not requiring admission
to the intensive care unit. And the D-dimer of the patients
requiring admission to the intensive care unit was higher than
the D-dimer of the patients not requiring admission to the
intensive care unit. However, statistical results could not be
reached due to the low number of patients requiring intensive
care (Table V).

When the patients were divided into two groups as <400 ng/ml
(n:15) and >400 ng/ml (n:16) based on their ferritin levels, it was
identified that the median platelet mass index (1415.2; 533.4
— 3600.5) of the group with ferritin level of >400 ng/ml was
statistically lower than the median platelet mass index (2705.7;
1395.2 — 9167.6) of the group having ferritin level of <400 ng/
ml (Table V). These results supported our findings that showed
increasing ferritin levels of patients were accompanied by
statistically significantly decreasing platelet mass index levels.

DISCUSSION

It is known that the MIS-C patients are asymptomatic during the
active phase of COVID-19 or have mild respiratory symptoms,
however, they develop multiorgan dysfunction within three to
four weeks after the exposure to the virus, and this is caused
by strongly activated T lymphocytes. A cytokine storm and
cytotoxicity are developed as a result of such excessive activity of
T lymphocytes. In addition, excessively activated T lymphocytes
cause increased reactive oxygen radicals and oxidative stress
along with monocyte and macrophages. Increased oxidative
stress leads to changes and degradation in macromolecules
such as DNA, proteins, and lipids. Furthermore, the presence
of autoantibodies developed against the endothelial cells and
leading to even more increased multisystem inflammation by
causing endothelial dysfunction are among the important
factors in the pathophysiology of MIS-C (12). Therefore, initial
treatments involving intravenous immunoglobin (IVIG) and low-
moderate dose steroid administration are recommended for
most of the patients hospitalized due to MIS-C (13). Our findings
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Figure 1: Platelet mass index and ferritin, CRP and procalcitonin
level scatter plot.

in our study indicate that starting intravenous immunoglobulin
and steroid treatment at an early stage in patients with low
platelet mass index who are potential to be diagnosed with
MIS-C may lead to a less severe course of the disease.

[t is known that overproduction of pro-infammatory
cytokines and acute-phase reactants negatively affect the
megakaryopoiesis leading to smaller and lesser platelet
release from the bone marrow than normal (14). In the light of
this information, we believe that hyperinflamsmmation, the main
factor of MIS-C pathophysiology, may cause smaller and
lesser platelet release from the bone marrow of the patients,
and decreased platelet volume and platelet count and platelet
mass index which is calculated using these two parameters.
In our study, we aimed to investigate the presence of such a
condition in MIS-C and its relationship with the inflammation
parameters. As a result, we have identified that the leukocyte
counts, lymphocyte counts, and PMI of the patients statistically
decrease as the ferritin, CRP, and procalcitonin levels increase.
Our findings suggest that hyperinflammation in MIS-C and
suppressed megakaryopoiesis through immune-mediated
mechanisms, and thus the peripheral release of smaller and
lesser platelets from the bone marrow may probably be the
cause of low platelet mass index associated with MIS-C.
Furthermore, our hypothesis is supported by the fact that the
median platelet mass index (1415.2; 533.4 — 3600.5) of the
group with ferritin level of >400 ng/ml is statistically lower than
the median platelet mass index (2705.7; 1395.2 — 9167.6) of
the group with ferritin level of <400 ng/ml.

Gu, et al. (15) reported that increased D-Dimer levels (fibrin
degradation products indicating increased coagulation) and
mild thrombocytopenia are observed in most patients requiring
hospitalization due to COVID-19 infection, and the presence

Figure 2: Platelet mass index and leukocyte count and
lymphocyte count scatter plot.

of high levels of D-Dimer along with severe thrombocytopenia
is related to a more severe course of disease that leads to
increase in the need for admission to the intensive care unit
and mortality. Differently from the patients hospitalized due to
COVID-19, most children diagnosed with MIS-C had negative
COVID-19 PCR test while they had positive serological
findings indicating that they had the infection. These findings
indicate that hyperinflammation and secondary suppressing
of megakaryopoiesis as a consequence are the prominent
pathophysiologies in MIS-C in contrast with COVID-19
infection, in which the prominently common pathophysiologies
are in coagulation. Furthermore, this demonstrates that
lower platelet mass index values are accompanied by higher
hyperinflamsmation levels and this may cause higher probability
for the patients’ with MIS-C to have worse outcomes.

Godfred, et al. (16) reported that the admission to the intensive
care unit in children with MIS-C is 63.9%, and the mortality
rate is 1.8%. Abrams, et al. (5) reported that the admission to
the intensive care unit in children with MIS-C is 60%, and the
mortality rate is 2%. In our study, the percentage of patients
requiring admission to the intensive care unit is 12.9%, which is
lower than what is reported in the literature. This can be explained
by making an early diagnosis based on MIS-C suspicion and
starting steroid and IVIG treatment in the early stage thus
preventing the inflammatory storm stage and stabilizing the
clinical course in the early stage. Likewise, we have seen that
the duration of hospitalization had no relation with the platelet
mass indexes of children diagnosed with MIS-C, and we have
evaluated that this was based on two factors; i) starting the
same treatment protocol in patients diagnosed with MIS-C in
the clinic where this study was conducted, and ii) continuing
their hospitalizations in the clinic until the end of this protocol
schedule.
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CONCLUSION

The findings in our study are valuable in demonstrating that,
children with MIS-C who have lower PMI levels at the time of
diagnosis have higher ferritin, CRP and procalcitonin levels.
We can suggest that children with MIS-C who have lower PMI
levels at the time of diagnosis have higher inflammatory status.
This may lead to a more severe clinical course. Only 4 of 31
children in our cohort required admission to the intensive care
unit. Because of this, it is impossible to evaluate statistically,
but we identified that the median platelet mass index (1396.5
fi/nl) of the patients requiring admission to the intensive care
unit was lower than the platelet mass index (2175.6 fl/nl) of
the patients not requiring admission to the intensive care unit.
These findings may support our suggestion. Thus, we believe
that it will be useful if the physicians, who will be observing the
children diagnosed with MIS-C, plan the treatment by taking into
account the platelet mass index of the patients as well. Starting
intravenous immunoglobulin and steroid treatment at an early
stage in patients with low platelet mass index who are potential
to be diagnosed with MIS-C may lead to a less severe course
of the disease and may reduce the need for admission to the
intensive care unit. Investigating the platelet mass index cut-off
values in a broader population of cases that can anticipate the
intensive care needs of the patients will greatly contribute to the
literature on this subject.
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