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What do we know about the subject matter of this study? What does this study contribute to what is already known?
MIS-C involves an exacerbated multisystem inflammatory reaction Re-exposure to SARS-CoV-2 antigens through SARS-CoV-2 vacci-
following exposure to SARS-CoV-2 antigens and is the most severe nation in children with a history of MIS-C raises the concern of re-
expression of COVID-19 in pediatrics. Vaccination has been shown activating a hyperimmune response with immunization. Through
to reduce the risk of developing MIS-C. There is no consensus on this retrospective descriptive study, we observed that vaccination
recommendations to vaccinate patients with a history of MIS-C. against SARS-CoV-2 is safe in recovered MIS-C patients.
Abstract Keywords:
MIS-G;

In May 2020, the WHO warned of the occurrence of a multisystem inflammatory syndrome asso- ~ SARS-CoV-2;
ciated with COVID-19 infection (MIS-C) in the pediatric population. Objective: To determine the =~ COVID-19;
safety of the SARS-CoV-2 vaccine in Chilean children previously hospitalized due to MIS-C. Patients ~ Vaccination;
and Method: Descriptive study on patients with history of MIS-C, discharged from the Hospital Dr. ~ Adverse Events
Exequiel Gonzdlez Cortéz in Santiago, Chile, between March 2020 and December 2022 who later re-

ceived the SARS-CoV-2 vaccine. The number of doses, date of each vaccination, time interval to

diagnosis of MIS-C, and the type of vaccine received in the period studied were reviewed. A ques-

tionnaire was administered on symptoms and adverse events presented by patients in the period up

to 12 weeks after each vaccination, as well as symptoms suggestive of recurrence of MIS-C. Patients

who could not be contacted, did not want to participate, or were not susceptible to vaccination were

excluded. Results: 50 patients were included, the median age was 5.2 years, 58% were male, and 68%

required PICU admission. 82% received at least 1 dose of a SARS-CoV-2 vaccine. The time (me-
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dian) between MIS-C diagnosis and the first dose of the SARS-CoV-2 vaccine was 15 months (0-24).
No serious adverse events or recurrence of MIS-C were reported. Conclusion: Vaccination against
SARS-CoV-2 was safe, regardless of age, clinical manifestation of MIS-C, course, type of vaccine, and
interval between illness and vaccination. Thereby, the interval for vaccination after MIS-C could be
less than 3 months.
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Introduction

During the SARS-CoV-2 pandemic, in May 2020
the World Health Organization alerted about the pre-
sentation of pediatric cases with inflammatory clinical
manifestations of various systems, which shared char-
acteristics with Kawasaki disease and toxic shock syn-
drome, but which had in common a history of SARS-
CoV-2 infection within the previous six weeks, fre-
quently requiring management in critical patient units
(PICU), which was called Multisystem Inflammatory
Syndrome in children associated with COVID-19
(MIS-C)"% In Chile, the Ministry of Health published
a protocol for its management and initiated case sur-
veillance, instructing retrospective and prospective
notification of all persons between 0 and 19 years of
age with MIS-C**. According to this, the first case in
our country occurred in April 2020 and from then un-
til August 2023, 504 cases were reported, with a case
fatality of 1%, and a progressive trend to occur increas-
ingly in children under 3 years of age between 2022 and
2023, compared with the beginning of the pandemic’,
which could be temporarily explained by the later start
of vaccination in preschool and infant cohorts.

Vaccination against SARS-CoV-2 in Chile began
in December 2020, initially prioritizing the popula-
tion groups at the highest risk of severe COVID-19,
decreasing by age, including adolescents between 16
and 17 years of age on dialysis, solid organ transplant
recipients, hematopoietic precursor transplant recip-
ients, and/or with autoimmune pathology, using in-
activated and messenger RNA platforms. Since 2021,
younger age groups and people without comorbidities
were incorporated, extending coverage to people be-
tween 12 and 17 years of age in June 2021 and between
11 and 6 years of age in September of the same year.
As of December 2021, vaccination coverage included
those over 3 years of age, with inactivated vaccines, and
later in July 2023, the group between 6 and 35 months
of age with inactivated vaccines and messenger RNA
platform®”.

Accumulated scientific evidence has shown that
MIS-C means an exaggerated multisystem inflam-
matory reaction following exposure to SARS-CoV-2
antigens, where the pathophysiology is not fully eluci-
dated, but the participation of proinflammatory cyto-
kines and superantigens has been described, as well as
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amechanism called antibody-dependent enhancement
where the presence of pre-existing non-neutralizing
antibodies may facilitate viral dissemination and tissue
damage®”’.

Recommendations for its management include
the use of immunomodulatory therapies, such as sys-
temic corticosteroids and intravenous immunoglobu-
lin'®!". For these reasons, re-exposure to SARS-CoV-2
antigens, through vaccination, raised the question of
its safety in patients with a history of MIS-C and the
hypothesis that they could have some predisposition
to repeat the immune response and/or present some
serious adverse effect, more frequently than expected
in the general population®'?. There is little information
available to establish international recommendations
on vaccination in patients with a history of MIS-C, pre-
ferring to defer for a minimum period of three months
after having presented MIS-C". The objective of this
study was to determine the safety of the SARS-CoV-2
vaccine in pediatric patients who were hospitalized due
to MIS-C between March 2020 and December 2022, in
a high-complexity pediatric health center.

Patients and Method

General design and patients

Descriptive cross-sectional study of patients un-
der 15 years of age with a history of MIS-C, who were
admitted to the Hospital Dr. Exequiel Gonzdlez Cortés
(HEGC), between May 2020 and December 2022. The
epidemiological registry of patients reported with a di-
agnosis of MIS-C (Epivigila) who were hospitalized at
the HEGC in the period described was consulted. Pa-
tients who could not be contacted, those who did not
agree to participate, and children under 3 years of age
were excluded since at the time of the evaluation they
were not included in the group recommended for vac-
cination. A review of the clinical records was carried
out to obtain demographic and clinical data on hospi-
talization due to MIS-C. An ad-hoc Excel spreadsheet
was used considering the following variables: sex, age
at admission, comorbidities, admission to PICU, num-
ber of days hospitalized in PICU, total number of days
hospitalized, and MIS-C phenotype, as specified by the
Chilean Society of Infectious Diseases in the current
MIS-C protocol®
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Vaccination

The National Immunization Registry was reviewed
to obtain data on the SARS-CoV-2 vaccine received by
each patient, number of doses received, date of each
vaccination, time interval from the diagnosis of MIS-C,
and type of vaccine received in the period studied. A
questionnaire was elaborated to find out clinical signs
and symptoms, reported by the guardians, temporally
related and eventually attributable to the vaccination
received. The questionnaire was applied, inquiring
about symptoms and adverse events presented by the
patients in the period up to 12 weeks after each vacci-
nation, as well as symptoms suggestive of recurrence
of MIS-C (defined as 3 days of fever, gastrointestinal
symptoms, skin rash, and bilateral non-suppurative
conjunctivitis). Additionally, the guardians of the vac-
cinated patients were asked about sociodemographic
characteristics and the reasons that led them to vacci-
nate, based on a survey designed and validated in Chile
to determine the reasons for vaccination'.

Statistical analysis

A sample size analysis was performed by conve-
nience, including all patients who met the inclusion
criteria. Descriptive analysis methods were applied to

Table 1. Characterization of patients with MIS-C admitted to Dr. Exequiel Gonzalez Cortés Hospital, between May 2020 and
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quantitative variables using mean (standard deviation)
or median (range), depending on the normality of the
data. For the descriptive analysis of categorical vari-
ables, frequency and percentage were used.

Ethical aspects

The study was approved by the Ethics Committee
of the South Metropolitan Health Service. Given the
context of the pandemic, both the informed consent
and the interviews were carried out digitally, by e-mail,
or phone call with the guardian.

Results

During the observation period, 77 patients diag-
nosed with MIS-C were discharged from the HEGC,
of whom 17 could not be located and 10 corresponded
to patients under 3 years of age; therefore, data corre-
sponding to 50 patients were analyzed. The median age
at admission due to MIS-C was 5.2 years; 58% (n = 29)
were male, and 38% (n = 19) had some comorbidity.
68% (n = 34) required admission to the PICU, with a
mean length of stay of 5 days and a mean total hospital
stay of 8 days. Regarding the clinical presentation, 52%
(n =26) had a shock phenotype (Table 1).

December 2022, vaccines against SARS-CoV-2 received and time intervals with respect to their diagnosis

Characteristic

Value [range]

Sex

Age at admission (years)
Comorbidities

PICU admission

Days in PICU

Days of total hospitalization

MIS-C Phenotype
Kawasaki-like

Shock

No Shock — No Kawasaki-like

SARS-CoV-2 vaccination

Differential time between 1st dose of SARS-CoV-2 vaccine and MIS-C (days/months)

Differential time between 1st and 2nd dose (days)
Differential time between 2nd and 3rd dose (days)
Differential time between 3rd and 4th dose (days)
Vaccine type 1° dose

Vaccine type 2° dose (n = 35. 70%)

Vaccine type 3° doses (n = 23. 46%)

Vaccine type 4° doses (n = 4. 8%)

Male: 29 (58%)
Median: 5.2 [0 - 13]
19 (38%)

34 (68%)

Median: 4 [1 - 19]
Median: 7 [2 - 25]

16 (32%)
26 (52%)
8 (16%)

41 (82%)

Median: 452 /15 [18 - 867)/ [0 -24]
Median: 30 [27 - 284]

Median: 188 [131 - 392]

Median: 154 [90 - 174]

nactivated: 38 (92.6%) ARNm: 3 (7.4%)
nactivated: 32 (91%) ARNm: 2 (9%)
nactivated: 3 (13%) ARNm: 20 (87%)
nactivated: 0 (0%) ARNm: 4 (100%)

PICU: Critical patient unit, MIS-C: multisystem inflammatory syndrome associated with COVID-19. SINOVAC was used as the inactivated

vaccine and PFIZER as mRNA vaccine.
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Regarding post-MIS-C vaccination, 82% (n = 41)
received at least 1 dose of SARS-CoV-2 vaccine, 70%
received 2 doses, 46% received 3 doses, and 8% re-
ceived 4 doses. 92% received an inactivated vaccine for

Table 2. Sociodemographic data of tutor of children with a
history of MIS-C admitted to the Dr. Exequiel Gonzélez Cortés

Hospital

Sociodemographic data

Tutor’s gender

Relationship with the

patient

Marital status of tutor

Family structure

Tutor’s nationality

Healthcare system

Tutor's educational

level

Tutor's Occupation

Female: 44 (88%)

Mother: 42 (84%)
Father: 6 (12%)
Other: 2 (4%)

Married / Civil Union: 27 (54%)
Single: 19 (38%)
Separated / Divorced / Widowed: 4 (8%)

Single parent: 13 (26%)
Biparental: 29 (58%)
Extended: 8 (16%)

Chilean: 35 (70%)

Public: 45 (90%)
Private: 5 (10%)

Without higher education: 30 (60%)

With incomplete higher education: 3 (6%)
With completed higher education: 14 (28%)
With postgraduate studies: 3 (6%)

Unemployed: 17 (34%)
Employed: 33 (66 %)

MIS-C: multisystem inflammatory syndrome associated with COVID-19
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the initial schedule and 87% received a messenger RNA
vaccine for booster. The median time between MIS-C
diagnosis and the first dose of the SARS-CoV-2 vaccine
was 15 months (range 0-24); 1 month between the first
and second dose, 6.2 months between the 2nd and 3
dose, and 5.1 months between the 3rd and 4th dose.
Regarding the sociodemographic data of the parents
or guardians, 88% of the guardians contacted were fe-
male, 84% of whom were the mothers of the patients,
and 30% were immigrants. 58% reported a two-parent
family structure, 60% had no higher education, and
66% reported a paid job (Table 2).

In relation to the motivation for vaccination, 39%
reported that it was by medical recommendation, 46%
by personal opinion, 10% were influenced by the me-
dia, and the remaining 5% did not wish to answer this
question. No patient reported being motivated by fam-
ily or friends.

Regarding the clinical signs suggestive of recur-
rence of MIS-C post-vaccination, 14.6% reported
fever, 24.3% gastrointestinal symptoms, 4.8% exan-
thema, and 4.8% bilateral non-suppurative conjunc-
tivitis. No patient had mucocutaneous involvement or
required hospital readmission (Figure 1). No serious
adverse events (death, prolonged hospitalization, and
permanent sequelae) were reported, however, 27% re-
ported some medically treated adverse effects, such as
headache, pain, pruritus, and induration at the punc-
ture site, requiring outpatient evaluation. No patient
was diagnosed with MIS-C following SARS-CoV-2
vaccination.

Re-hospitalization  EE—
Non-suppurative bilateral conjunctivitis Iy
Mucocutaneous affectation [ EEEN——
Rash  —
GosoTtestinal ymploms U2
vomiting, diarrhea or abdominal pain
Fever for 3 or more days [ EEEE——
0O 5 10 15 20 30 35 40 45 Figure 1. Symptoms suggestive of
. MIS-C recurrence in children with a
Patient number history of MIS-C after SARS-CoV-2
vaccination. MIS-C: multisystem
EYes mNo inflammatory syndrome associated
with COVID-19.
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Discussion

MIS-C is one of the most severe clinical mani-
festations of COVID-19 in pediatrics®, which is con-
sistent with the high rates of shock and admission to
the PICU in the patients in our study and represents
a diagnostic and management challenge®''. In Chile, a
decrease in the incidence of MIS-C has been reported
in the last two years, the highest incidence being ob-
served in 2021 with 4.9 cases per 100,000 inhabitants,
compared with 0.2 cases in 2023; however, an increase
in cases in unvaccinated children under 3 years of age
has been described’. Vaccination strategies using inac-
tivated and/or messenger RNA platforms have proven
to be safe, immunogenic, and effective in the pediat-
ric population®>8, The vaccines used in Chile in the
pediatric population during the study period included
Pfizer-BioNTech (messenger RNA) and Sinovac (in-
activated), both with 2-dose schedules, with a 28-day
interval between them, including the entire population
aged 12 to 17 years (June 21, 2021), then from 6 to 11
years (September 8, 2021), and finally from 3 to 5 years
(December 6, 2021), reaching coverage rates of 95% in
the population between 6 and 17 years®, which is con-
sistent with the 70% coverage for 2 doses in our study,
where only 5 patients were between 3 and 5 years old,
corresponding to 12% of the patients with a history of
MIS-C vaccinated.

The scientific information available on vaccina-
tion against SARS-CoV-2 in patients with a history of
MIS-C is scarce. Hoste et al. surveyed 132 health pro-
fessionals who provided direct care to patients diag-
nosed with MIS-C in 32 countries, reporting that most
of them did not consider MIS-C as a contraindication
for vaccination, but recommended longer intervals to
initiate vaccination compared to healthy children®.
Similarly, the vaccine advisory committee of the Span-
ish Society of Pediatrics recommends that children
with a history of non-vaccination-related MIS-C who
have fully recovered, including cardiac function, could
be vaccinated against SARS-CoV-2 90 days after recov-
ery". Likewise, the CDC (Centers for Disease Control
and Prevention) considers that the benefits of vaccina-
tion in persons with a history of MIS-C outweigh the
theoretical risk of vaccination-associated MIS-C dis-
ease or myocarditis, so they recommend vaccination in
patients who had MIS-C who have clinically recovered
(including normal cardiac function) and with at least
90 days after the diagnosis of MIS-C?.

In our study, we were able to report that although
the interval between MIS-C and the first vaccination
was long, due to the lack of vaccine availability at that
time, reactogenicity was similar to that described in
the general pediatric population®, with no reports of
MIS-C recurrences or serious adverse events. How-
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ever, 27% reported some adverse effects medically
treated and requiring outpatient evaluation, such as
headache, pain, pruritus, and induration at the punc-
ture site. Studies based on surveys of physicians at-
tending patients with MIS-C from 61 countries show
that 89% of the cases did not present adverse effects
with vaccination against SARS-CoV-2. Regarding
recommended vaccination times, 52% were vacci-
nated after 6 to 12 months?'. Although this seems to
be auspicious in terms of immunization safety, there
are still marked differences in vaccination schedules
around the world, which makes it difficult to develop
a general recommendation.

Besides, a meta-analysis reported that COVID-19
messenger RNA vaccines administered in children
significantly reduce the risk of developing MIS-C
and that, in addition, the risk of MIS-C because of
vaccination is much lower than that following nat-
ural SARS-CoV-2 infection". Another study, with
193 children diagnosed with MIS-C seen at two ter-
tiary centers in the US and Italy, of whom 63 were
susceptible to vaccination, recommended vaccination
within 90 days or more from MIS-C diagnosis. Of the
susceptible subgroup, only 15 agreed to immuniza-
tion and were surveyed for signs and symptoms of re-
activation of hyperinflammation, and none presented
significant adverse effects or reactivation of MIS-C
with vaccination®. Similarly, Elias et al. conduct-
ed a multicenter study in North American children
over 5 years of age previously diagnosed with MIS-C.
They obtained a sample of 385 vaccine-susceptible
patients, of whom 136 received at least one dose of
SARS-CoV-2 vaccine. After surveying their parents,
they concluded that most adverse reactions (90%)
were mild, mainly related to the puncture site, but
none required hospitalization or suffered recurrence
of MIS-C*. In Spain, Pino et al. conducted a multi-
center observational study with patients from hospi-
tals in Catalonia, where 152 children between 4 and
11 years of age were included; of these, 49 children
were vaccinated against SARS-CoV-2 after the MIS-C
episode, and none relapsed®. In Argentina, Curtti et
al. published a report analyzing 4 adolescents with
MIS-C, who were vaccinated against SARS-CoV-2
(between 6 weeks and 9 months after diagnosis) with-
out the presence of reactivation of symptoms or car-
diac alterations®. In this sense, the results obtained
in our study, in relation to the safety of vaccination,
agree with the available literature, regardless of the
vaccine platform and/or the number of doses admin-
istered.

A preliminary study investigated the safety of the
Pfizer-BioNTech (BNT162b2) mRNA COVID-19 vac-
cine, reporting results of a prospective cohort of 21
patients with a history of MIS-C compared to healthy
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controls. They describe that there were no significant
differences in adverse event reporting between the two
groups, except for puncture site induration, which was
higher in the group with a history of MIS-C. The mean
number of days between the onset of MIS-C symptoms
and the first dose of the vaccine was 380 days. The
investigators concluded that the BNT162b2 mRNA
COVID-19 vaccine did not induce any MIS-C-like
symptoms in any patient®. In our study, patients re-
ceived both inactivated and mRNA vaccines. Similar to
what was reported in the previously mentioned study,
the mean time between the diagnosis of MIS-C and the
first vaccine dose was 381 days, which could represent
an important bias when interviewing guardians, given
that many might forget or not report the investigated
symptomology. Based on currently available data, the
interval between MIS-C and vaccination could be less
than 3 months, with intervals like those described for
other inactivated vaccines. However, despite this lim-
itation, the data collected are consistent with the trend
published in the literature.

It is noteworthy that most of the parents who de-
cided to vaccinate did so based on personal opinion
rather than on the recommendation of a health pro-
fessional, which is an important aspect to work on and
reinforce in the daily work of pediatricians or health
personnel in contact with children and adolescents, in
order to support vaccination coverage strategies.

Conclusions

According to this experience, vaccination against
SARS-CoV-2 is safe in patients with a history of MIS-C,
regardless of age, clinical phenotype of presentation,
severity, type of vaccine, and interval between illness
and vaccination, with no association with recurrence
of MIS-C after immunization. Consensus recommen-
dations should be developed for vaccinating patients
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after MIS-C, which could be less than 3 months, con-
sidering that vaccination against SARS-CoV-2 has a
safety profile similar to that of other vaccines adminis-
tered by programs or campaigns.
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