VACCINE REPORTS

COVID-19 Vaccine Reactogenicity and Vaccine Attitudes
Among Children and Parents/Guardians After Multisystem
Inflammatory Syndrome in Children or COVID-19
Hospitalization

September 2021—May 2022

Anna R. Yousaf®, MD,* Amber Kunkel, ScD,*7 Joseph Y. Abrams, PhD,* Ami B. Shah, MPH, *}
Teresa A. Hammett, MPH, MS,* Kathryn E. Arnold, MD,* Yajira L. Beltran, LPN, CCRE§
Federico R. Laham, MD, MSc,§ Carol M. Kao, MD,¥ David A. Hunstad, MD,¥ Laila Hussaini, MPH, |
Nadine Baida, BS,I Luis Salazar, MPH, I Maria A. Perez, BS,I Christina A. Rostad, MDD, Shana Godfred-Cato, DO, *
Angela P Campbell, MD, MPH,* and Ermias D. Belay, MD*

Background: Multisystem inflammatory syndrome in children (MIS-C) is
a multiorgan hyperinflammatory condition following SARS-CoV-2 infec-
tion. Data on COVID-19 vaccine adverse events and vaccine attitudes in
children with prior MIS-C are limited. We described characteristics associ-
ated with COVID-19 vaccination, vaccine adverse events and vaccine atti-
tudes in children with a history of MIS-C or COVID-19 and their parents/
guardians.

Methods: We enrolled children previously hospitalized for MIS-C or
COVID-19 from 3 academic institutions. We abstracted charts and inter-
viewed children and parents/guardians regarding vaccine adverse events
and acceptability.

Results: Of 163 vaccine-eligible children enrolled with a history of MIS-C
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and 70 with history of COVID-19, 51 (31%) and 34 (49%), respectively,
received mMRNA COVID-19 vaccine a median of 10 (Interquartile Range
6—13) months after hospital discharge. Among 20 children with MIS-C and
parents/guardians who provided interviews, local injection site reaction of
brief duration (mean 1.8 days) was most commonly reported; no children
required medical care within 2 weeks postvaccination. Vaccine survey
results of interviewed, vaccinated children and their parents/guardians: of
20 children with MIS-C and 15 children with COVID-19, 17 (85%) and 13
(87%), respectively, listed doctors in the top 3 most trusted sources for vac-
cine information; 13 (65%) and 9 (60%) discussed vaccination with their
doctor.

Conclusions: COVID-19 vaccination was well tolerated in children with
prior MIS-C or COVID-19 participating in our investigation. Parents/guard-
ians regarded their children’s doctors as a trusted source of information for
COVID-19 vaccines, and most vaccinated children’s parents/guardians had
discussed COVID-19 vaccination for their child with their doctor.
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(Pediatr Infect Dis J 2023;42:252-259)

M ultisystem inflammatory syndrome in children (MIS-C) is
a rare but serious sequela of SARS-CoV-2 infection with
>9000 cases and 74 deaths reported to US national surveillance
as of October 3, 2022.! MIS-C is a systemic hyperinflamma-
tory response typically occurring 2—6 weeks after SARS-CoV-2
infection.>* The pathogenesis of MIS-C is not fully understood,;
etiologic hypotheses include a dysregulated immune response to
SARS-CoV-2 infection,’ underlying host genetic susceptibility,®
and persistent SARS-CoV-2 antigenemia leading to superantigenic
response.’

Before the initiation of our investigation in September 2021,
the Advisory Committee on Immunization Practices (ACIP) recom-
mended use of Pfizer-BioNTech mRNA COVID-19 vaccine in per-
sons =16 years old on December 12, 2020, children 12-15 years
on May 12, 2021,° and use of Moderna mRNA COVID-19 vaccine
in persons ages =18 years on December 19, 2020."° During our
investigation, in May 2022, ACIP recommended Pfizer COVID-19
vaccine in children ages 5-11 years on November 2, 2021.""

The US safety monitoring of mRNA COVID-19 vaccines
in children ages 5—17 years and persons ages =18 years has found
that the majority of reported vaccine adverse events are mild and
self-limited.'”>'> COVID-19 vaccines are effective at preventing
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COVID-19-related hospitalizations and death in children and
adolescents.'*'® Despite this, COVID-19 pediatric vaccination cov-
erage remains low; 32% of children 5-11 years and 61% of chil-
dren 1217 years of age in the United States received their primary
COVID-19 vaccine series as of October 12, 2022."

Data regarding mRNA COVID-19 vaccine safety in children
who have had MIS-C are scarce. Because of the known associa-
tion of MIS-C with SARS-CoV-2 infection, the Pfizer-BioNTech
and Moderna COVID-19 vaccine emergency use authorizations
(EUAs) named multisystem inflammatory syndrome (MIS) an
adverse event of special interest and mandated that vaccine pro-
viders report MIS occurring after receipt of vaccine.?’ Combined
surveillance data from national MIS-C surveillance and the Vac-
cine Adverse Event Reporting System (VAERS) found that MIS-C
after COVID-19 vaccination in persons 12—20 years was rare, with
1 reported case per million vaccinated persons ages 1220 years;
most cases had evidence of SARS-CoV-2 infection.?! One case
series of 15 patients with a history of MIS-C reported that mRNA
COVID-19 vaccines were well tolerated.? Interview of 29 children
who received COVID-19 vaccine after MIS-C also found the vac-
cines were well tolerated with no severe reactions.® At the time
of this investigation Centers for Disease Control and Prevention
(CDC) COVID-19 vaccine interim clinical considerations for ini-
tiating COVID-19 vaccination in children with a history of MIS-C
noted that experts “consider the benefits of COVID-19 vaccination
for children and adolescents with a history of MIS-C (ie, a reduced
risk of severe disease including potential recurrence of MIS-C after
reinfection) to outweigh a theoretical risk of an MIS-like illness
or the risk of myocarditis following COVID-19 vaccination” in
children who have achieved clinical recovery (including return to
normal cardiac function), are at least 90 days from their MIS-C
diagnosis, and reside in an area where the COVID-19 community
transmission is high.?*

Our objectives were to describe (1) demographic and clini-
cal characteristics of a cohort of children ages <21 years who had
MIS-C and subsequently initiated mRNA COVID-19 vaccination;
(2) COVID-19 vaccine adverse events in children previously hospi-
talized for MIS-C or acute COVID-19; and (3) vaccine attitudes of
children and parents/guardians of children with a history of MIS-C
or acute COVID-19 who received vaccination compared with those
who did not.

MATERIALS AND METHODS

CDC, in collaboration with 3 institutions, performed an
investigation of COVID-19 vaccine side effects and vaccination
attitudes in children who had been hospitalized for MIS-C or
COVID-19 and their parents/guardians. This collaboration aug-
mented a study that previously identified a cohort of children ages
<21 years hospitalized for MIS-C or COVID-19 and performed in-
depth phenotypic illness description.”® MIS-C was defined accord-
ing to the CDC case definition*® and acute COVID-19 was defined
as an illness requiring hospitalization and meeting the Council for
State and Territorial Epidemiologists (CSTE) interim COVID-19
case definition.?” Starting in September 2021, children previously
hospitalized for MIS-C or acute COVID-19 and previously enrolled
in the initial phenotype investigation and their parents/guardians
were approached regarding participation in this follow-up investi-
gation. All who chose to participate in interviews were interviewed
via phone using a standardized questionnaire regarding receipt of
COVID-19 vaccination, adverse events following dose 1 and dose
2 and attitudes about COVID-19 vaccination. Interviews were con-
ducted with parents/guardians of children ages <18 years and with
the child and/or parent/guardian for ages 18-20 years. Interview-
ees who participated in the initial interview were approached for
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a follow-up interview to collect further clinical information, and
capture persons not yet vaccinated at time of first interview. Follow-
up interviews were completed a median of 5 (Interquartile Range
[IQR]: 4-5) months after initial interviews and did not include
vaccine attitude questions. Chart abstraction to collect COVID-19
vaccine information was performed for all children (interviewed
and not interviewed) enrolled in the initial study who survived their
MIS-C or acute COVID-19 hospitalization and who remained in
the participating institution medical care system. Vaccination status
and vaccine information was verified for all vaccine-eligible chil-
dren using the state immunization information systems.

We determined if a child was COVID-19 vaccine-eligible
at the time of interview and/or chart abstraction. Vaccine eligibil-
ity was defined according to ACIP’s age-based COVID-19 vaccine
recommendations at the time of the interview for those interviewed
or chart abstraction for those not interviewed. In accordance with
timing of the ACIP recommendation for COVID-19 vaccination in
children ages 5-11 years, vaccination eligibility at time of inter-
view or chart abstraction was defined as: age =12 years if inter-
viewed or abstracted before November 2, 2021, and age =5 years if
interviewed or abstracted on or after November 2, 2021. For those
with 2 interviews, date of the most recent interview was used to
calculate eligibility. Interviews were completed by May 31, 2022.

We described demographic and clinical characteristics of
vaccinated and unvaccinated vaccine-eligible children. We used
Chi square, Fisher’s Exact and Kruskal-Wallis tests to evaluate
characteristics associated with receipt of COVID-19 vaccination.
We reviewed reported COVID-19 vaccine local and systemic reac-
tions and health care utilization after dose 1 and 2 for all vaccinated
children enrolled. We did not collect this information after dose
3 as at the time of our investigation Pfizer and Moderna boosters
were recommended only for those with moderate to severe immu-
nocompromise ages =12 and =18 years, respectively, and few chil-
dren were eligible (Table 2, Supplemental Digital Content 1, http:/
links.lww.com/INF/E907). Vaccine attitudes were described for all
interviewees, including vaccinated and unvaccinated vaccine-eligi-
ble and vaccine-ineligible. Responses to vaccine attitude questions
were compared between vaccinated and unvaccinated vaccine-eli-
gible interviewees by assigning numeric values to the Likert scale
and performing a Wilcoxon signed-rank test. Exact P values were
used. Reponses of “not sure” were not included in the Wilcoxon
signed-rank test.

This study was approved by the sites’ institutional review
boards and deemed by CDC to meet criteria for public health sur-
veillance as defined in 45 CFR §46.102(1)(2). Informed consent
for interviews was obtained from children ages =18 years or the
parents/guardians of children ages <18 years. Assent was also
obtained, as appropriate for each institution, from children ages
6-17 years.

RESULTS

In total, 180 (91%) of the 197 children with MIS-C and 94
(95%) of the 99 children with acute COVID-19 enrolled in the ini-
tial phenotype study participated in this follow-up study (Fig. 1).
Of these, 163 with prior MIS-C and 70 with prior acute COVID-19
were vaccine-eligible at the time of their most recent interview or
chart abstraction; 51 (31%) of 163 and 34 (49%) of 70 had received
COVID-19 vaccine.

Characteristics of Vaccine-eligible Vaccinated and
Unvaccinated Children With History of MIS-C
Among children with a history of MIS-C, 38 of 51 (75%)
vaccinated children were ages =12 years compared with 41 of 112
(37%) unvaccinated children (P < 0.001) (Table 1). Thirty-eight
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Multisystem Inflammatory
Syndrome in Children (MIS-C)

Enrolled in Parent
Study,
n= 197

l

Interview or Chart
Abstraction,
n= 180

|

Vaccine Eligible?
at Interview or
Abstraction,
n= 163

|

Unvaccinated, Vaccinated,
n=112 n= 51

'

Interviewed,
n= 20

[Interview and Abstraction!, n= 51]
[Abstraction only, n= 129]

[Eligible at Either Interview, n= 44]
[Eligible at Abstraction only, n= 119]

FIGURE 1. Investigation participants.

(75%) vaccinated and 61 (54%) unvaccinated children were male
(P = 0.02). Seventeen (33%) of vaccinated children were of His-
panic ethnicity compared with 18 (16%) of unvaccinated children
(P = 0.03). A greater proportion of vaccinated children had an
underlying medical condition compared with unvaccinated chil-
dren (28 [55%] vs 40 [36%] P = 0.02). There were no statistically
significant differences in severity of prior MIS-C illness (cardiac
involvement, intensive care unit admission, receipt of life support,
or length of stay) among those who did and did not receive COVID-
19 vaccination. No significant differences were found comparing
vaccinated and unvaccinated children with a history of COVID-19
except for age distribution (Table 1, Supplemental Digital Content
1, http://links.lww.com/INF/E907).

COVID-19 Vaccine Reactogenicity and Adverse
Events Among Children With History of MIS-C or
COVID-19 Hospitalization

Of the 51 children who received COVID-19 vaccine after
MIS-C hospitalization, 6 (12%) received 1 dose, 39 (76%) received
2 doses and 6 (12%) received >2 doses (Table 2, Supplemental
Digital Content 1, http:/links.lww.com/INF/E907). Vaccine dose 1
was given a median of 10 (IQR 6—13) months after MIS-C hospital
discharge; the earliest first doses were given to 3 children within 90
days of discharge (on days 9, 50 and 82) and the latest at 21 months.

Interview data were collected for 20 (39%) of the 51 vac-
cinated children with MIS-C, while the remaining 31 (61%) had
vaccine data collected through chart abstraction only. The most
reported reaction was injection site pain: 10 (50%) after dose 1 and
4 (21%) after dose 2 (Table 2). Five (25%) and 3 (16%) of children
took fever-reducing or pain-relieving medicine for side effects after
dose 1 and dose 2, respectively. Two (10%) children reported symp-
toms interfered with daily activities after dose 1 (for a mean of 1
day), and none after dose 2.
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Acute COVID-19

Enrolled in Parent
Study,
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l

Interview or Chart
Abstraction,
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|
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|

Unvaccinated, Vaccinated,
n= 36 n= 34

!

Interviewed,
n= 15

[Interview and Abstraction!, n= 35]
[Abstraction only, n= 59]

[Eligible at Either Interview. n= 24]
[Eligible at Abstraction only. n= 46]

Of the 34 children who received COVID-19 vaccine after
hospitalization for acute COVID-19, 6 (18%) received 1 dose, 25
(74%) received 2 doses and 3 (9%) received >2 doses at the time
of interview (Table 2, Supplemental Digital Content 1, http://links.
Iww.com/INF/E907). Vaccine dose 1 was given a median of 9 (IQR
8—12) months after acute COVID-19 hospital discharge. Interview
data were collected for 15 (44%) of the 34 vaccinated children. The
most reported reaction was injection site pain: 8 (53%) after dose 1
and 7 (50%) after dose 2 (Table 2). Symptoms lasted a mean dura-
tion of 2 (range 1-4) days after dose 1 and 1.9 (range 1-5) days
after dose 2.

No vaccinated children with a history of MIS-C (n =20 with
interview) or acute COVID-19 (n = 15 with interview) reported
seeking medical care during the 2 weeks after receiving either
vaccine dose. No vaccine-ineligible children in the investigation
received COVID-19 vaccine. Interviewees reported receipt of
Pfizer or Moderna vaccines; none reported Janssen (Table 2, Sup-
plemental Digital Content 1, http:/links.lww.com/INF/E907).

COVID-19 Vaccine Attitudes Among Children/
Guardians After MIS-C Hospitalization

Of the 51 children/guardians interviewed after MIS-C hos-
pitalization, 36 were vaccine-eligible at the time of initial interview
(20 vaccinated, 16 unvaccinated) and 15 were not vaccine-eligible
(all unvaccinated) (Table 3).

Among vaccine-eligible children, a greater proportion of
parents/guardians of vaccinated children reported having discussed
COVID-19 vaccine recommendations with their child’s doctor
compared with those of unvaccinated (65% vs. 38%; P = 0.10).
Ten (50%) parents/guardians reported they had received a doctor’s
recommendation to vaccinate as soon as possible after MIS-C,
compared with 4 (25%) of unvaccinated children (P = 0.18). Both
vaccine-cligible parent/guardian groups were moderately to very
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TABLE 1. Characteristics and Vaccination Status of Children With a History of MIS-C Who Were COVID-19
Vaccine-eligible* at Time of Interview and/or Chart Abstraction, N = 163

Vaccinated, n, (%) (n = 51) Unvaccinated, n, (%) (n = 112) P}

Age group (y)i

5-11 13 (25) 71(63) <0.001

12-15 16 (31) 24 (21) 0.242

16-20 22 (43) 17 (15) <0.001
Sex

Male 38 (75) 61 (54) 0.015
Race/ethnicity§

Hispanic 17 (33) 18 (16) 0.027

Non-Hispanic Black 17 (33) 61 (54) 0.079

Non-Hispanic White 13 (25) 26 (23) 0.432

Non-Hispanic other raceq 2(4) 5(4) 0.488
Location

Institution 1 46 (90) 94 (84) 0.287

Institution 2 5(10) 13 (12) 0.733

Institution 3 0 (0) 5(4) 0.326
Underlying medical conditions

None 23 (45) 72 (64) 0.021

Obesity 22 (43) 31(28) 0.051

Other || 12 (24) 16 (14) 0.814
Severity of previous MIS-C illness

Cardiac MIS-C involvement** 24 (47) 63 (56) 0.275

Intensive care unit admission 29 (57) 62 (55) 0.858

Life supportif 23 (45) 50 (45) 0.957

Median hospital length of stay, d IQR) 6 (4-8) 6 (4-8) 0.550

Median time from MIS-C hospital discharge to initial interview for those 11 (9-14) 12 (10-14) 0.858

interviewed, mo (IQR)

*Vaccine eligible: age >12 years if interview or chart abstraction completed before November 2, 2021, and age >5 years if interview or chart abstraction completed on or after
November 2, 2021. For those interviewed, date of most recent interview was used to calculate eligibility for vaccination.

FChi square or Fisher’s Exact two-sided P value if cell <5 for categorical variables; Kruskal-Wallis for continuous variables.

+Age calculated at time of most recent interview or chart abstraction.

§Race was unknown for 2 individuals in the vaccinated group and 2 individuals in the unvaccinated group.

q[Other race = Asian, Native Hawaiian, multiple and other.

| Conditions in the vaccinated group: chronic lung disease (n = 8; one also with sickle cell disease); Klippel-Feil syndrome (n = 1); congenital heart disease (n = 1), immunocom-
promising condition (n = 1), Trisomy 21 and obstructive sleep apnea (n = 1). Conditions in the unvaccinated group: chronic lung disease (n = 13; one also with vertebral defects, anal
atresia, cardiac defects, tracheoesophageal fistula, renal anomalies and limb abnormalities (VACTERL) syndrome and one also with Trisomy 21, congenital heart disease and obstruc-
tive sleep apnea), congenital heart disease (n = 1), Trisomy 21 (n = 1) and type 2 diabetes (n = 1).

*#*Cardiac involvement: congestive heart failure, myocarditis, pericarditis noted in the chart or an echocardiogram finding (coronary aneurysm, coronary artery dilation or cardiac dysfunction).

FtLife support: receipt of vasopressors, intubation/mechanical ventilation or extracorporeal membranous oxygenation.

TABLE 2. COVID-19 Vaccine Reactogenicity After Dose 1 and Dose 2 Reported During Parent/Guardian Interview
for Children With History of Hospitalization for MIS-C or Acute COVID-19

Multisystem Inflammatory Syndrome in
Children Acute COVID-19

Dose 1,n (%) (n = 20)* Dose 2,n (%) (n=19)f Dose 1,n (%) (n=15)f Dose 2,n (%) (n = 14)§

Pain at injection site 10 (50) 4 (21) 8 (53) 7 (50)
Redness at injection site 1(5) 2(11) 1(7) 2 (14)
Swelling at injection site 1(5) 1(5) 3 (20) 2 (14)
Subjective or objective (>38 °C) fever 0(0) 1(5) 3 (20) 2(14)
Chills 2 (10) 1(5) 2 (13) 1(7)
Fatigue 2 (10) 2 (11) 2(13) 4(29)
Headache 3(15) 2(11) 2(13) 2 (14)
Vomiting 0 (0) 0(0) 1(7) 0 (0)
Diarrhea 0(0) 0(0) 1(7) 0 (0)
New or worsened muscle pain 4 (20) 2(11) 1(7) 1(7)
New or worsened joint pain 2 (10) 2(11) 1(7) 1(7)
Rash 2 (10) 1(5) 0 (0) 0 (0)
Other symptom{ 0(0) 1(5) 1(7) 0(0)
Used fever-reducing or pain medi- 5(25) 3(16) 7 (47) 6 (43)
cine for symptoms/side effects
Symptoms/side effects interfered 2 (10) 0(0) 2(13) 1(7)

with normal daily activities ||

*Symptoms after dose 1 had a mean duration of 1.8 (range 1-3) days.

TSymptoms after dose 2 had a mean duration of 1.8 (range 1-3) days.

#Symptoms after dose 1 had a mean duration of 2 (range 1-4) days.

§Symptoms after dose 2 had a mean duration of 1.9 (range 1-5) days.

{[One individual with runny nose/nasal congestion and one with epistaxis; interviewees were also asked about chest pain or pressure, and none reported these symptoms.
|| Among children with MIS-C, symptoms interfered with activities of daily living for 1 day; among children with acute COVID-19, interference duration was 2-3 days.
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TABLE 3. COVID-19 Vaccine Interest and Vaccine Attitudes After MIS-C Hospitalization From Children and Their

Parents/Guardians Who Completed Initial Interview, N = 51

Vaccine-eligible at Time of Initial Interview

Not Vaccine-eligible at Time
of Initial Interview*

Vaccinated, n (%)

(n

Unvaccinated,

=20) n (%) (n = 16) Py Unvaccinated, n (%) (n = 15)

Have you discussed with a doctor if they would recommend a COVID-19 vaccine for [youw/your child]?

Yes 13 (65) 6 (38) 0.095 1(7)
No 6 (30) 10 (63) 14 (93)
Has [your/your child’s] doctor(s) recommended that [you/your child] get a COVID-19 vaccine, if or when available for [your/their] age group?
Yes, recommended to get it as soon as possible 10 (50) 4 (25) 0.176 0(0)
Yes, but recommended to wait to get it 3(15) 2(13) 1.000 1(7)
No 5(25) 10 (63) 0.041 12 (80)
Not sure 2 (10) 0(0) 0.492 2(13)
If a COVID-19 vaccine were available to [you/your child], would [you/your child] get it?
Yes, would get it as soon as possible 1(5)% 2(13) 0.574 2 (13)
Yes, but would wait to get it 0(0) 0(0) - 2 (13)
No 0 (0) 5(31) 0.012 4(27)
Not sure 1(5)% 9 (56) 0.002 7(47)
If [you/your child] will NOT get the vaccine, please explain why not
No trusted sources for vaccine information NA 1(6) - 0 (0)
Not enough information on the vaccine side NA 7 (44) _ 1(7)
effects in children with underlying conditions
Not answered/ does not wish to answer NA 5(31) - 12 (80)
Worried about heart inflammation from vaccine NA 2 (13) - 1(7)
Wants to see if MIS-C recurs first NA 1(6) - 0(0)
Do not believe in the vaccine NA 0(0) - 1(7)
How concerned are you about [you/your child] getting reinfected with COVID-19?
Not at all 3(15) 1(6) 0.894 2 (13)
A little 4 (20) 4 (25) 2 (13)
Moderately 6 (30) 6(38) 2(13)
Very 7(35) 5(31) 9 (60)
How safe do you think a COVID-19 vaccine will be for [you/your child]?
Not at all 0(0) 2 (13) <0.001 2 (13)
A little 0(0) 3(19) 4(27)
Moderately 3(15) 0 (0) 5(33)
Very 15 (75) 1(6) 3(20)
Not sure 2 (10) 10 (63) 0.002 1(7)
How safe do you think a COVID-19 vaccine will be for children who have NOT had MIS-C or severe COVID-19?
Not at all 0(0) 2(13) <0.001 2(13)
A little 0(0) 3(19) 4(27)
Moderately 3(15) 3(19) 3 (20)
Very 15 (75) 2(13) 4(27)
Not sure 2 (10) 6 (38) 0.103 2(13)
How much do you trust public health agencies’ recommendations about getting COVID-19 vaccines?
Not at all 0(0) 3(19) 0.002 3(20)
A little 1(5) 3(19) 2(13)
Moderately 7 (35) 6 (38) 5(33)
Very much 12 (60) 2(13) 5(33)
Top 3 most trusted sources of information about COVID-19 vaccines
Centers for Disease Control and Prevention 13 (65) 8 (50) 0.500 9 (60)
Doctors 17 (85) 12 (75) 0.678 9 (60)
Public health or clinical organizations§ 7 (35) 8 (50) 0.493 5(33)
Family and friends 9 (45) 4(25) 0.301 8(53)
News sources (eg, television, internet and radio) 7 (35) 0(0) 0.011 5(33)
Other health care providers{ 2 (10) 3(19) 0.637 3 (20)
Social media || 1(5) 0(0) 1.000 0(0)
No trusted sources 0(0) 2(13) 0.191 1(7)

*Eleven children were interviewed before November 2, 2021, and were <12 years old, 4 children were interviewed after November 2, 2021, and were <5 years old.
TWe compared responses from vaccinated to unvaccinated children by assigning numeric values to the Likert response scale (excluding “not sure” responses) and performing a

Wilcoxon signed-rank test; exact P values used.

iEighteen (90%) of vaccinated children were already vaccinated at time of initial interview so for them this question was not applicable. Two (10%) of vaccinated children were
not yet vaccinated at the time of initial interview so an answer was provided for this question.
§Food and Drug Administration, leaders at the National Institute of Health, World Health Organization, state or local health departments, hospital systems, professional organi-

zation, health insurers.
{[Nurses, pharmacists.
|| Facebook, Twitter, Instagram, LinkedIn, WhatsApp and TikTok.

concerned about SARS-CoV-2 reinfection: 13 (65%) of vaccinated

and 11 (69%) of unvaccinated (P = 0.92). Eighteen (90%) parents/
guardians of vaccinated children were moderately to very sure the
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COVID-19 vaccine was safe for their child compared with 1 (6%)
of unvaccinated children (P = 0.001). Ten (63%) parents/guardians
of unvaccinated were unsure if the vaccine was safe for their child.
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TABLE 4. COVID-19 Vaccine Interest and Vaccine Attitudes After COVID-19 Hospitalization From Children and
Their Parents/Guardians Who Completed Initial Interview, N = 35

Not Vaccine-eligible at Time

Vaccine-eligible at Time of Initial Interview of Initial Interview*
Vaccinated, n (%) Unvaccinated,
(n=15) n(%) (n="17) Pt Unvaccinated, n (%) (n = 13)
Have you discussed with a doctor if they would recommend a COVID-19 vaccine for [youw/your child]?
Yes 9 (60) 4 (57) 1.000 0(0)
No 6 (40) 3(43) 13 (100)
Has [your/your child’s] doctor(s) recommended that [you/your child] get a COVID-19 vaccine, if or when available for [your/their] age group?
Yes, recommended to get it as soon as possible 7(47) 1(14) 0.193 0(0)
Yes, but recommended to wait to get it 0(0) 1(14) 0.318 0(0)
No 7(47) 5(71) 0.381 13 (100)
Not sure 1(7) 0(0) 1.000 0(0)
If a COVID-19 vaccine were available to [you/ your child], would [you/ your child] get it?
Yes, would get it as soon as possible 0(0) 0(0) - 1(8)
Yes, but would wait to get it 0 (0) 0(0) - 3(23)
No 15 (7) 5(71) 0.004 6 (46)
Not sure 0(0) 2 (29) 0.091 3(23)
If [you/your child] will NOT get the vaccine, please explain why not
Not enough information on the vaccine side effects NA 2(29) _ 2 (15)
in children with underlying conditions
Not answered/ does not wish to answer NA 0(0) - 2 (15)
Worried about heart inflammation from vaccine NA 0(0) - 0 (0)
Worried about COVID-19 vaccine side effects NA 2(29) - 1(8)
Child does not want the COVID-19 vaccine NA 1(14) - 0(0)
How concerned are you about [you/your child] getting reinfected with COVID-19?
Not at all 1(7) 2(29) 0.329 2 (15)
A little 3(20) 0(0) 3(23)
Moderately 3(20) 3(43) 1(8)
Very 8 (53) 2 (29) 7(47)
How safe do you think a COVID-19 vaccine will be for [you/your child]?
Not at all 0(0) 4 (57) <0.001 6 (46)
A little 0 (0) 1(14) 0 (0)
Moderately 1(7) 0(0) 1(8)
Very 13 (87) 1(14) 3(23)
Not sure 1(7) 1(14) 1.000 3(23)
How safe do you think a COVID-19 vaccine will be for children who have NOT had MIS-C or severe COVID-19?
Not at all 0(0) 1(14) 0.080 3(23)
A little 0(0) 1(14) 1(8)
Moderately 2(13) 0 (0) 2 (15)
Very 12 (80) 2(29) 4(31)
Not sure 1(7) 3(43) 0.077 4 (31
How much do you trust public health agencies’ recommendations about getting COVID-19 vaccines?
Not at all 0 (0) 2 (29) <0.001 5(38)
A little 0(0) 2(29) 3(23)
Moderately 5(33) 2 (29) 1(8)
Very much 10 (67) 0 (0) 4 (31
Top 3 most trusted sources of information about COVID-19 vaccines
Centers for Disease Control and Prevention 10 (67) 2(29) 0.172 9 (69)
Doctors 13 (87) 5(71) 0.565 11 (85)
Public health or clinical organizations§ 4 (27) 1(14) 1.000 9(69)
Family and friends 5(33) 4 (57) 0.376 5(38)
News sources (eg, television, internet and radio) 3 (20) 1(14) 1.000 1(8)
Other health care providers{ 2 (13) 1(14) 1.000 1(8)
Social media|| 2 (13) 0 (0) 1.000 2 (15)
Other** 2 (13) 1(14) 1.000 0(0)

*Average age at time of interview was 2.3 (range 1-6) years. Eleven children were interviewed before November 2, 2021, and were <12 years old, 2 children were interviewed
after November 2, 2021, and were <5 years old.

TComparing responses from vaccinated to unvaccinated children by assigning numeric values to the Likert response scale (excluding “not sure” responses) and performing a
Wilcoxon signed-rank test; exact P values used.

iFourteen (93%) of vaccinated children were already vaccinated at time of initial interview so for them this question was not applicable. One (7%) vaccinated child was not yet
vaccinated at the time of initial interview so an answer was provided for this question.

§Food and Drug Administration, leaders at the National Institute of Health, World Health Organization, state or local health departments, hospital systems, professional organi-
zation, health insurers.

{[Nurses, pharmacists.

|| Facebook, Twitter, Instagram, LinkedIn, WhatsApp and TikTok.

*#*Union leaders, community-based resources, personal research.

Nineteen (95%) of parents/guardians of vaccinated children ver- Doctors were the group most frequently placed in the top 3 trusted
sus 8 (51%) of unvaccinated reported trusting public health agency sources of information [17 (85%) among vaccinated and 12 (75%)
vaccine recommendations moderately to very much (P = 0.007). among unvaccinated parents/guardians; P = 0.68].
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Of the 35 interviewed children/guardians with a history of
COVID-19, 22 were vaccine-eligible at time of initial interview
(15 vaccinated, 7 unvaccinated) and 13 were not vaccine-eligible
(all unvaccinated) (Table 4). Parents/guardians of 9 (60%) of 15
vaccinated children, and 4 (57%) of 7 unvaccinated children had
discussed COVID-19 vaccine recommendations with their doctor
after COVID-19 hospitalization (P = 1.00). Parents/guardians of
seven (47%) vaccinated children and 1 (14%) unvaccinated child
reported they had received a recommendation to vaccinate as soon
as possible after COVID-19 (P = 0.19). Parents/guardians in both
vaccine-eligible groups were moderately to very concerned about
SARS-CoV-2 reinfection: 11 (73%) of vaccinated children and 5
(72%) of unvaccinated (P = 0.67). However, 5 (71%) of unvacci-
nated children’s parents/guardians said that their child would not
receive COVID-19 vaccine if it were available to them. One (14%)
parent/guardian of an unvaccinated child was moderately to very
sure the vaccine was safe for their child compared with 14 (93%)
of those with vaccinated children (P = 0.001). Only one (14%) par-
ent/guardian of an unvaccinated child was unsure about vaccine
safety for their child. All parents/guardians of vaccinated children
reported trusting public health agencies’ vaccine recommendations
moderately to very much compared with 2 (29%) of the unvacci-
nated (P = 0.002). Doctors were the group most frequently placed
in the top 3 trusted sources of information: 13 (87%) for vaccinated
and 5 (71%) for unvaccinated (P = 0.57).

DISCUSSION

We investigated characteristics associated with COVID-19
vaccination, vaccine adverse events and vaccine attitudes of chil-
dren and their parents/guardians after hospitalization for MIS-C or
COVID-19. Our cohort of children with history of MIS-C who sub-
sequently initiated COVID-19 mRNA vaccination reported mild
and brief vaccine reactogenicity events that did not require medi-
cal evaluation. Children who received vaccine after MIS-C tended
to be older (=212 years) and have an underlying medical condition
(predominantly obesity). Regardless of vaccination status, children
with history of MIS-C and their parents/guardians were concerned
with SARS-CoV-2 reinfection and considered doctors a trusted
source of information. However, the parents/guardians of two-
thirds of vaccinated children with history of MIS-C had discussed
vaccination with their doctors compared with only one-third of the
unvaccinated. Attitudes toward COVID-19 vaccines were similar
between parents/guardians of vaccinated children with a history of
MIS-C and those with a history of COVID-19.

COVID-19 vaccination after MIS-C or COVID-19 hos-
pitalization was well tolerated by our cohort of children. Local
and systemic reactions in children who initiated mRNA COVID-
19 vaccine after MIS-C were similar to those reported nationally
among children without history of MIS-C. The US vaccine safety
monitoring in children ages 5-11 and 12—17 years found that pain
at the injection site was the most commonly reported reaction.'>!?
During national safety monitoring from December 2020 to July
2021, 5%—7% of children ages 5-11 years and 10%—28% of ado-
lescents ages 12—17 years providing v-safe*® responses reported
reactions that interfered with daily activities, while 1% of children
ages 5—11 years and 0.5%—0.8% of adolescents ages 12—17 years
required medical attention for their symptoms.'>'* We did not find
any significant differences in the frequency of reactions between
persons in our cohort with a history of MIS-C versus those with
COVID-19.

When evaluating characteristics associated with COVID-19
vaccination in our cohort, Vaccination coverage increased with age,
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likely a reflection of age-based vaccine availability and recommen-
dations. Although MIS-C predominantly occurs in children with-
out underlying conditions, we found that children with underlying
conditions, primarily obesity, were overrepresented among the vac-
cinated group. This may reflect education efforts on the risk factors
for developing severe COVID-19. However, it also highlights the
need for better education regarding vaccination for MIS-C preven-
tion. Most children with MIS-C do not have underlying medical
conditions, so it is important to emphasize that previously healthy
children should also receive COVID-19 vaccination to prevent both
COVID-19 and MIS-C. 16230

Results of the vaccine attitude survey were similar for vacci-
nated children and their parents/guardians with a history of MIS-C
and those with a history of COVID-19: both groups were concerned
about SARS-CoV-2 reinfection, were more likely to have discussed
COVID-19 vaccination with their doctor after their illness, and
more likely to have received a vaccine recommendation from their
doctor compared with their unvaccinated counterparts. Parents/
guardians of both vaccinated and unvaccinated MIS-C and COVID-
19 children listed doctors as one of their top 3 most trusted sources
of information. However, parents/guardians of vaccine-eligible
but unvaccinated children with a history of MIS-C or COVID-19
were less likely to have discussed the vaccine with their doctor or
view the vaccine as safe. Interestingly, among parents/guardians of
unvaccinated children with a history of MIS-C, 63% were unsure
if the vaccine was safe and 13% felt it was not at all safe, whereas
for the COVID-19 group, 14% were unsure and 57% responded
that it was not at all safe. These findings highlight the pivotal role
pediatricians and healthcare providers may play in COVID-19 vac-
cine acceptance and uptake, and the benefits of caregiver education
regarding COVID-19 vaccination in children who have a history of
MIS-C or COVID-19. Clinicians can use opportunities before hos-
pital discharge and at follow-up visits to educate parents/guardians
regarding COVID-19 vaccination.

Our investigation has several limitations. Our cohort is
small, enrolled from 3 institutions, and may not be a representa-
tive of the general population. Parents/guardians who could not
be contacted for interview or declined participation could be sys-
tematically different from those who did participate. Interviews
were conducted months after discharge and are subject to recall
bias. Because the study concluded data collection before EUA
of COVID-19 vaccination in children ages <5 years, data about
adverse effects were not available for this age group. Adverse event
data were collected for only 2 weeks postvaccination, which does
not exclude long-term outcomes. We did not collect data after vac-
cine dose 3.

COVID-19 vaccines were well tolerated with only mild
and brief local and systemic reactions in our cohort of children
vaccinated after MIS-C. Our findings, although limited by small
sample size, support the current CDC interim clinical consid-
erations expert opinion that the benefits of initiating COVID-19
vaccination in children with a history of MIS-C outweigh the
potential risks as long as certain criteria are met.>! COVID-19 vac-
cines remain the most effective tool for preventing severe COVID-
19 and MIS-C.3%3233 Parents/guardians regard their doctors as a
trusted source of COVID-19 vaccine information, highlighting the
important opportunity providers have to give COVID-19 vaccine
recommendations.
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