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Abstract

Objective: To evaluate the differences and similarities in clinical picture, laboratory findings and outcomes
between children’s with Kawasaki Disease (KD) versus multisystem inflammatory syndrome (MIS-C).
Methods: We conducted a retrospective, comparative study from children with Kawasaki Disease (KD) hospi-
talized in Sinaloa Pediatric Hospital from January 1, 2004, to March 31, 2020, and patients with multisystem
inflammatory syndrome (MIS-C) according with World Health Organization (WHO) case definition criteria be-
tween May 1, 2020 and May 31, 2021. Demographic characteristics, epidemiological data, clinical features,
laboratory findings, type of treatment and clinical outcomes were compared among both groups.

Results: Eighty-one patients were included (62 patients with KD and 19 with MIS-C). several clinical and lab-
oratory differences were found among these two entities. Median age was lower in KD vs. MIS-C (25 vs 79
months). Those finding more frequent in KD were male gender (64.5 vs. 47.4%), Mucocutaneous features (93.5
vs. 63.2%): Oral changes (83.9 vs. 63.2%) and extremity changes (77.4 vs. 57.9%); complete form of KD was
(75.8 vs. 47.4%), Coronary artery aneurysm (16.1 vs. 11.8%). Secondly, findings that were more frequent in
MIS-C than KD were Gastrointestinal involvement (89.4 vs. 9.6%), shock (57.9 vs. 3.2%), neurological symp-
toms (63.1 vs. 11.2%), kidney involvement (52.6 vs. 16.1%), heart disease in general (52.9% vs 29%): Myocardial
dysfunction (23.5 vs. 11.3%) and pericardial effusion (17.6 vs. 2.9%). Lymphocyte count (2.07 + 2.03 vs. 4.28 +
3.01/mm?3), platelet count (197.89 + 187.51 vs. 420.37 + 200.08/mm?); serum albumin (2.29 + 0.65 vs. 3.33
+0.06g/dL), and CPR (21.4 + 11.23 vs. 14.26 + 12.37 mg/dL). KD vs. MIS-C types of Treatment: IVIG (96.8 vs.
94.7%), systemic steroids (4.82 vs. 94.7%), IVIG resistance (19.4 vs. 15.8). Finally, mortality in KD was 0% and
5.3% in MIS-C.

Conclusion: Similarities were found in both groups such as fever, rash, and conjunctivitis. Nevertheless, signifi-
cant differences such as severity of clinical presentation with multi-organ involvement and worst inflammato-
ry response were found more frequently in MIS-C group than KD group, requiring more fluid replacement, use
of inotropic agents and higher steroids dosages. Also, mortality rate was higher in patients with MIS-C than
patients with KD. Similar results have been observed in other studies where both disorders were compared.
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Resumen

Objetivo: Evaluar las diferencias y similitudes en el cuadro clinico, los hallazgos de laboratorio y desenlaces
médicos de pacientes pediatricos con enfermedad de Kawasaki versus sindrome inflamatorio multisistémico.
Métodos: Estudio comparativo y retrospectivo, efectuado en nifios con enfermedad de Kawasaki, atendidos
en el Hospital Pediatrico de Sinaloa, entre el 1 de enero de 2004 al 31 de marzo de 2020, y pacientes con sin-
drome inflamatorio multisistémico (segun los criterios de la Organizacion Mundial de la Salud), del 1 de mayo
de 2020 al 31 de mayo de 2021. Se evaluaron las caracteristicas demograficas, epidemiolégicos y clinicas,
ademas de los hallazgos de laboratorio, tipo de tratamiento y desenlaces clinicos en ambos grupos.
Resultados: Se incluyeron 81 pacientes: 62 con enfermedad de Kawasaki y 19 con sindrome inflamatorio mul-
tisistémico. Se encontraron varias diferencias clinicas y de laboratorio en ambas alteraciones. La mediana de
edad fue menor en pacientes con enfermedad de Kawasaki versus sindrome inflamatorio multisistémico (25
vs 79 meses). La mayoria de los pacientes con enfermedad de Kawasaki fueron hombres (64.5 vs 47.4%), con
caracteristicas mucocutaneas (93.5 vs 63.2%): cambios orales (83.9 vs 63.2%) y cambios en las extremidades
(77.4 vs 57.9%); la forma completa de enfermedad de Kawasaki fue 75.8 vs 47.4%, concomitante con aneuris-
ma de la arteria coronaria (16.1 vs 11.8%). Los hallazgos mas frecuentes en sujetos con sindrome inflamatorio
multisistémico fueron: afectacion gastrointestinal (89.4 v59.6 %), choque (57.9 vs 3.2%), sintomas neuroldgicos
(63.1 vs 11.2%), afectacion renal (52.6 vs 16.1%) y cardiopatias en general (52.9 vs 29%): disfuncion miocardica
(23.5 vs 11.3%) y derrame pericardico (17.6 vs 2.9%). La concentracion media de linfocitos fue: 2.07 + 2.03 vs
4.28 +3.01/mm3), plaquetas (197.89 + 187.51 vs420.37 + 200.08/mm?Z); albdmina sérica (2.29 + 0.65 vs3.33
+0.06 g/dL) y PCR (21.4 + 11.23 vs 14.26 + 12.37 mg/dL). Los tratamientos en enfermedad de Kawasaki vs
sindrome inflamatorio multisistémico: IVIG (96.8 vs 94.7%), corticosteroides sistémicos (4.82 vs 94.7%), resis-
tencia a IVIG (19.4 vs 15.8). La mortalidad fue de O vs 5.3%.

Conclusion: Se encontraron similitudes en cuanto a sintomas en ambos grupos (fiebre, exantema y conjun-
tivitis); no obstante, hubo diferencias significativas respecto de las manifestaciones clinicas, con afeccion
multiorganico v peor respuesta inflamatoria en pacientes con sindrome inflamatorio multisistémico, incluso
mayor requerimiento de reposicion de liquidos, administracion de agentes inotropicos, dosis mas altas de
corticosteroides, y elevada tasa de mortalidad. Estos resultados se han observado en otros estudios, donde
se compararon ambos trastornos.

Palabras clave: Sindrome inflamatorio multisistémico en nifios; enfermedad de Kawasaki; SARS-CoV/-2; CO-
VID-19.

INTRODUCTION

A new entity called MIS-C related to SARS-CoV-2 was
reported at the end of April 2020 in Italy and the Unit-
ed Kingdom respectively.? Subsequently, The Cen-
ters for Disease Control and Prevention (CDC) and the
World Health Organization (WHO) issued criteria for
case definitions for diagnosis of this new disease.®*
Although it is true that KD already had case defini-
tion criteria established on September 6, 2016, by the
American Heart Association (AHA), where fever and
mucocutaneous were part of case definition. Several
KD criteria are included in MIS-C, in addition to fever
and mucocutaneous signs like the involvement of two
or more systems, elevation of inflammatory markers,

past or current infection by SARS-CoV-2 and exclusion
of other diseases.

Since then, similarities among both inflammatory dis-
orders had become evident. Overall, MIS-C seems to
overlap with KD, but both share the same trigger for an
inflammatory febrile reaction, mucocutaneous signs,
cardiovascular manifestation, and elevation of inflam-
matory markers in genetically susceptible children.
Also, intravenous immunoglobulin (IVIG) forms part
of treatment in both entities.> The most outstanding
differences between MIS-C and KD are a) older age of
presentation; b) a deeper inflammatory response; c)
more gastrointestinal involvement; d) other laboratory
abnormalities including lymphopenia, thrombocyto-
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penia; elevated levels of troponin, NT-pro-BNP, D-di-
mer, fibrinogen, and ferritin and 5) higher propensity
to LV dysfunction and shock compared to KD patients.®

The Objective of this study is to compare the differ-
ences and similarities in clinical picture, laboratory
findings and outcomes between these two entities ad-
mitted in a referral pediatric hospital located in north-
western Mexico.

METHODS

A retrospective, observational, and comparative study
was made, of children with Kawasaki disease hospi-
talized in a referral pediatric center in Northwestern
Mexico, Hospital Pediatrico de Sinaloa “Dr. Rigober-
to Aguilar Pico” from January 1, 2004, to March 31,
2020,” and patients with MIS-C based on the WHO
case definition criteria® between May 1, 2020, and
May 31, 2021 (Table 1). Demographic features, epide-
miological data, laboratory tests, cardiologic findings,
treatment, and clinical outcomes were compared in
both groups.

Complete and incomplete KD were identified accord-
ing to the American Heart Association (AHA) case defi-
nition.® Probable cases of MIS-C were identified and
evaluated to determine if they met the WHO case defi-
nition criteria® (Table 1). Patients were excluded if they
had another plausible explanation for the illness.

Table 1. Case definition of MIS-C, World Health Organization (WHO)

Data were collected retrospectively from all patients
who met the criteria for KD and MIS-C, including de-
mographic data, clinical manifestations, laboratory
findings, medical treatment, and outcome. For labora-
tory findings, the worst value within the first three days
upon admission was chosen for analysis.

All patients admitted for MIS-C underwent RT-PCR for
SARS-CoV-2 from nasal swabs, as well as serum IgM
and IgG. Cardiac involvements were recorded as posi-
tive in the presence of any of the following echocardio-
gram findings: Myocardial depression (left ventricular
ejection fraction, LVEF < 55%), pericarditis, valvular
dysfunction/valvulitis, coronary aneurysm (coronary
artery diameter z-score > 2.5), or coronary dilation
(z-score > 2 - < 2.5). The different therapeutic modal-
ities used were also compared, such as: Use of IVIG,
systemic steroids, therapy with immunomodulators,
inotropes and vasopressors, anticoagulant therapy,
admission to the intensive care unit and invasive me-
chanical ventilation. Patients were defined as resistant
to IVIG if they had persistent or recurrent fever at least
36 h after completing the first dose of IVIG. Those
markers that were not recorded in more than 20% of
the medical records were not analyzed.

Statistical analysis

Categorical variables were compared with the Chi-
square test to identify differences among both group

Terminology
Age 0-19 years

Clinical case definition

Multisystem inflammatory disorder in children and adolescents

Fever > 3 days and 2 of the following:

(i) Rash or bilateral non-purulent conjunctivitis or mucocutaneous signs (oral, hands or feet)

(i) Hypotension or shock

(iii) Features of myocardial disfunction, pericarditis, valvulitis, or coronary abnormalities (including
echocardiography findings or elevated Troponin/NT-pro-BNP)

(iv) Evidence of coagulopathy (by PT, APTT, elevated D-dimers)

(v) Acute gastrointestinal problems (diarrhea, vomiting, or abdominal pain)

Laboratory criteria

of inflammation

Evidence of SARS-CoV-2 infection
patients with COVID-19

Exclusion of other microbial cause

Elevated ESR, CRP, or procalcitonin
Evidence of COVID-19 infection (RT-PCR, antigen test or serology positive), or likely contact with

No other obvious microbial cause of inflammation, including bacterial sepsis, staphylococcal or
streptococcal shock syndromes

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; RT-PCR: reverse transcription-polymerase chain reaction; APTT: Activated partial thromboplastin

time; PT: prothrombin time.
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of patients with MIS-C and KD. To compare continu-
ous variables, Analysis of Variance Test (ANOVA) was
used to find the mean values and the differences be-
tween the groups. For all analyses, a 2-sided proba-
bility <0.05 was considered statistically significant.
All analyzes were performed with SPSS version 25.0
software. The study was approved by the ethics com-
mittee of the “Hospital Pediatrico de Sinaloa”.

RESULTS

Eighty-one patients were included in this study (62 pa-
tients with KD and 19 with MIS-C). Table 2

SARS-CoV-2 infection associated with MIS-C patients
were confirmed in 89.4% including: confirmed/sus-
pected contact within four weeks. Nasopharyngeal
RT-PCR for SARS-CoV-2 was positive in 21%, serology
test with IgM negative and IgG was positive in 84.5%.
Prior to arrival at the emergency room, 70% had more
than 2 medical evaluations, 74% received treatment
with 1 - 2 antibiotics and/or antivirals.

Median age was lower in KD vs MIS-C (25 vs. 79
months, p < 0.001), male sex was more frequent in KD
vs MIS-C (64.5 vs 47.4%), fever was present in 2700%
of patients in both groups. The median for duration of
fever in KD was 8.44 + 8.06 days and in MIS-C was
6.63 + 4.56 days (p = 0.356). We do not know days of
stay for KD patients but for MIS-C patients the mean of
days was 10.2 (3-39 days). Four patients were obese,
and one patient had Down syndrome.

Mucocutaneous features were higherin KD vs MIS-C as
rash (93.8 vs 63.2%); conjunctivitis (85.5 vs 78.9%);
oral changes (82.3 vs 63.2%); and extremity changes
(77.4 vs 57.9%). The complete form of KD was ob-
served 75.8 vs 47.4% in MIS-C.

Other manifestations were higher in MIS-C over KD
as gastrointestinal involvement (89.4 vs. 9.6%, p <
0.001), acute abdomen in 68.4% (four patients re-
quired surgery), shock (57.9 vs 3.2%); neurological
symptoms (63.1 vs 11.2%) and kidney involvement
(52.6 vs 16.1%).

Unlike KD, MIS-C required more complex manage-
ment as admission to the intensive care unit 63.2 vs
0%; mechanical ventilation 15.7 vs 0% (p = 0.014);

83

Table 2. Comparison between patients with KD and MIS-C

Variables KD MIS-C p
(n=62) (n=19)
Demographic characteristics
Median age, months 25(3-96) 79 (4-192) 0.001
(min-max) --
Sex 64.5 47.4 0.125
male (%) 22.6 15.8 0.389
<12 months (%)
Clinical characteristics
SARS-CoV-2 association (%) NA 89.4
Epidemiological contact - 23.6 --
(confirmed)
Epidemiological contact - 47.3 -
(suspected)
Positive RT-PCR % - 21 -
Positive serology IgM - 0 -
Positive serology IgG - 84.2 --
COVID-19 infection - 21 -
Kawasaki disease features
KD complete (%) 75.8 47.4 0.021
KD incomplete (%) 24.2 21.1 0.523
Conjunctivitis (%) 85.5 78.9 0.359
Cervical adenopathy (%) 58.1 52.6 0.437
Oral changes (%) 83.9 63.2 0.057
Rash (%) 93.5 63.2 0.003
Extremity changes (%) 77.4 57.9 0.086

Clinical symptoms

Days of fever (Main) + SD 8.44+ 8.06 6.63+4.56 0.356
Fever (%) 100 100 -
Gastrointestinal (%) 9.6 89.4 0.001
Vomiting / diarrhea 3.2 84.2 0.001
Abdominal pain 8.1 68.4 0.001
Cardiovascular (%) 29 52.9 (n=17) 0.062
Myocardial disfunction 11.3 23.5(n=17) 0.182
Pericardial effusion 3.2 17.6 (n=17) 0.064
CAA 29 17.6 (n=17) 0.270
Aneurism 19.4 11.8 (n=17) 0.373
Kidney (%) 16.1 52.6 0.001
Neurologic (%) 11.2 63.1 0.002
Respiratory NA 211 -
BCG reaction (%) 4.8 211 0.049
Treatment and Outcome (%)
1VIG, 2gkg 96.8 94.7 0.557
Second dose IVIG 19.4 15.8 0.511
Steroids (%) 4.82 94.7 0.001
High dose (%) 1.6 44.4 0.001
IV pulse (%) 3.22 52.6 0.001
Second pulse steroids 0 15.8 0.011
Biologic therapy 0 10.5 0.053
Anticoagulation therapy 1.6 36.8 0.001
Low blood pressure 3.2 57.9 0.001
Mechanical ventilation 0 15.8 0.014
Fluid resuscitation 3.2 68.4 0.001
Inotropic therapy 1.6 52.6 0.001
Albumin therapy 4.8 52.6 0.001
Death 0 5.3 0.235

KD: Kawasaki disease; MIS-C: multisystem inflammatory syndrome in chil-
dren; RT-PCR: Reverse transcription polymerase chain reaction; CAA: Coro-
nary artery abnormalities; BCG: Calmette-Guerin Bacilli; IVIG: Intravenous
immunoglobulin.
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fluid resuscitation 68.4 vs 3.2% (p < 0.001); inotropic
therapy 52.6 vs 1.6% (p < 0.001) and biological thera-
py 10.5vs 0% (p = 0.053). Overall cardiac involvement
also was observed more in MIS-C 52.9 vs 29% in KD
(p = 0.062), myocardial dysfunction (23.5 vs 11.8%,
p = 0.182) and pericardial effusion (21.1 vs 2.9%, p
= 0.064) were higher in MIS-C than in KD. Pneumonia
was documented in 10.5% of MIS-C cases. Only Coro-
nary artery aneurysm was more common in KD 19.4%
vs 11.8% (p = 0.373) in MIS-C.

Laboratory findings in MIS-C (Table 3) were lower in
total lymphocyte count (2.07 + 2.03 vs 4.28 + 3.01/
mm?3, p = 0.004), platelet count (197.89 + 187.51 vs
420.37 + 200.08/mm3, p < 0.001); albumin serum
(2.29 + 0.65 vs 3.33 + 0.06g/dL) than KD. The oth-
er hand, inflammatory markers were higher in MIS-C
than KD; CPR (21.4 + 11.23 vs. 14.26 + 12.37 mg/dL,
p = 0.034). In MIS-C, chest ray and TC showed abnor-
malities in 52.6%, sonography and TC abdominal were
abnormal in 31.5% of cases.

Treatment with intravenous immunoglobulin (IVIG)
was 96.7 vs, 94.7%, in KD vs. MIS-C, IVIG resistance
19.3 vs 15 respectively. Systemic steroids were the op-
posite, 4.82 vs 94.7% (p < 0.001). Patients with MIS-C
required other interventions such as supplemental oxy-

Table 3. Laboratory features in patients with KD and MIS-C

gen (53%), antibiotic therapy (cefotaxime, vancomycin,
meropenem, metronidazole), albumin serum (47.4%),
and antiviral therapy in 21.4%. In KD, two patients with
shock syndrome were documented (3.2%), in MIS-C
two cases (10.5%) developed Macrophage activation
syndrome. Mortality in KD was 0 vs 5.3% in MIS-C.

DISCUSION

MIS-C has been published in different pediatric cen-
ters worldwide, allowing to know the epidemiological,
clinical data, treatment, and results in the short and
medium term, characterizing the spectrum of severity.

Due to post-infectious nature of MIS-C, triggered by
a viral infection and characterized by an hyperinflam-
matory and/or autoimmune state, where the clinical
manifestations and severity of the immune response
depends on genetically predisposed host®*! compared
to typical proinflammatory signature in KD due to an
increase in levels of IL-1, 8, 6, 17A and INFy may ex-
plain the clinical features differences among these
two entities. Patients with MIS-C are characterized for
increased and greater intensity with predominance of
lymphopenia of CD4*!? marked increased acute in-
flammatory reactants such as CRP, procalcitonin, ferri-
tin, fibrinogen, D-dimer, BNP and, troponin.1314

Laboratory test KD MIS-C p
*SD (n=62) (n=19)

Hemoglobin (g/dL) 10.89 £ 1.36 (n=61) 10.32 +2.62 0.217
WBC (x 103/mL) 17.93 +7.41 (n=61) 14.49 £ 3.58 0.055
Neutrophil count (x 203mL) 12.23 + 6.25 (n=59) 11.11+4.31 0.470
PMN (%) 66.57 +15.2 (n=59) 75.01 £21.15 0.470
Lymphocyte count (x 103/mL) 4.28 £ 3.01 (n=59) 2.07 +2.03 0.004

Platelet count (x 103/mL) 420.37 +200.08 n=61) 197.89 +187.51 0.001
ESR (mm/hr) 46.75 £ 13.69 (n=41) 50.66 +11.96 (n =15) 0.333
CRP (mg/dL) 14.26 +12.37 (n=53) 21.4+£11.23 (n=18) 0.034
Procalcitonin (ng/mL) ND 11.75+12.59 (n=17) --
Ferritin (ng/mL) ND 946.81 +975.35(n=12) --
Fibrinogen (mg/dL) ND 406.66 +126.9 (n=12) --
NT-pro-BNP (pg/mL) ND 2709.25 +3185.77 (n =11) --
Troponin (ng/L) ND 19.16 +32.04 (n=15) --
D-dimer (ng/mL) ND 2.52+1.73 (n=15) --
Albumin (g/L) 3.33+0.06 (n=25) 2.29+0.65 0.307
Na (mEq/L) 136.38+2.63 (n =39) 135.62 +4.81 0.446
LDH (U/L) 455.47 + 261.33 (n=36) 336.44+170.21 (n=18) 0.086
ALT (IU/L) 71.98 + 77.07 (n = 51) 70.27 £ 97.01 (n = 18) 0.940

KD: Kawasaki disease; MIS-C: multisystem inflammatory syndrome in children; WBC: White blood cells; ESR: Erythrocyte sedimentation rate; CRP: C-reactive
protein; AST: Aspartate aminotransferase; ALT: alanine aminotransferase, LDH: Lactate dehydrogenase; N/D: Not disponible; NT-pro-BNP: N-terminal pro hor-

mone B-type natriuretic peptide.
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Our report provides information on the differences and
similarities between these two entities that are con-
sistent with the findings described by several other
authors.'>2°Table 4

Forty seven percent of patients with MIS-C met the KD,
and 21.1% incompletely KD, Feldstein et al. reports
20.4% and 19.3% respectively (n = 186), while McAr-
dleetal., 36.6% and 30.2%, respectively (n = 614).2%22
In addition to fever, the most common mucocutane-
ous signs were conjunctivitis 78.9%, oral changes, and
rash 63.2%, McArdle et al., reported 59.4%, 65.5%,
and 53.3%, respectively.?? In our KD patients, the
most common mucocutaneous sign was rash 93.8%,
conjunctivitis (85.5%) and oral changes 82.3%.

Gastrointestinal involvement in the MIS-C group was
89.4 vs 9.6% (p < 0.001) in KD group; CNS 63.1 vs.
11.2% (p = 0.002); cardiovascular 52.9 vs. 29% (p =
0.062); and kidney 52.6 vs 16.1% (p < 0.001) respec-
tively. Data like those reported by other authors com-
paring MIS-C vs KD, Gastrointestinal involvement 60-
100% vs 15-33%; cardiovascular 50 -87 vs 29%, and
CNS 22-37% vs 8.5-40.6%, respectively.t5-20

Coronary artery abnormalities in the MIS-C group were
17.6 vs 29% in the KD group (p = 0.270), while the
presence of coronary aneurysms in MIS-C was 11.7 vs
19.3% (p = 3.73) in KD.*>-20

Relevant hematologic findings were a lymphocyte
count in the MIS-C group of 2.07 + 2.03 vs 4.28 + 3.01
(x10/uL) in the KD group (p = 0.004), the platelet count
was 197.89 + 187.51 vs 420.37 + 200.08 (x10/ul) (p
= 0.001); CRP levels 21.4 + 11.23 vs 14.26 + 12.37
(mg/dL) (p = 0.034); respectively, similar to that re-
ported by other authors.15-20,23-25

85

Other relevant hematological findings seen in MIS-C
group but not in KD group, because they were not per-
formed as routine studies for KD, were elevated levels
of ferritin, fibrinogen, D-dimer, and NT-pro-BNP. Low
levels of serum albumin are consistent data as report-
ed in other studies.15-20:23-25

IVIG treatment in the MIS-C group was 88.9 vs 96.7% in
KD, systemic steroids 97 vs 4.82% (p < 0.001) IVIG re-
sistance 15.7 vs 19.3% (p = 0.511); steroid second dose
16.7 vs 0% (p = 0.011); fluid resuscitation 68.4 vs 3.2%
(p < 0.001); inotropic therapy 52.6 vs 1.6% (p < 0.001);
anticoagulation therapy 36.8 vs 1.6% (p < 0.001), and
biological therapy 20 vs 0%, respectively (p = 0.002).

Worldwide IVIG treatment in MIS-C was administrat-
ed in 50% to 100% of patients and systemic steroid
between 10 to 80% of patients, meanwhile in KD
IVIG treatment was 80 to 100% and systemic steroid
<15%'15—20,23-25

In our study mortality was 5.3% for MIS-C patients
and 0% for KD group (p = 0.235). Overall, the mortality
rate in MIS-C varies from 2.1% to 18% comparative
greater than mortality in KD (<1%).15-20.23-25

CONCLUSION

Both entities share overlapping clinical and inflammato-
ry similarities, with a profile characterized by increased
inflammation, multisystem involvement, complications,
severity, and mortality. Both may require treatment with
IVIG, systemic steroids, intensive care, inotropic thera-
py, mechanical ventilation, ECMO, and biological thera-
py, being more frequent in patients with MIS-C. Like all
KD centers, we see an increase in the number of MIS-C
cases, particularly in covid-19 waves of infection.
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