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Coronavirus disease 2019 (COVID-19) vaccines are cur-
rently approved or authorized to prevent serious outcomes, 
such as severe disease, hospitalization, and death. The Pfizer-
BioNTech vaccine is recommended for everyone aged five 
and older in the United States (US) to prevent severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection 
[1, 2]. However, it is unclear whether children with a history 
of multisystem, inflammatory syndrome in children (MIS-C) 
may be at risk for a MIS-like response following COVID-19 
vaccination or SARS-CoV-2 reinfection [2]. Therefore, phy-
sicians remain uncertain about vaccinating children with a 
history of MIS-C. This study investigates the occurrence of 
severe, systemic side effects of COVID-19 vaccines and the 

recurrence of the MIS-C symptoms in children with a history 
of MIS-C to overcome vaccine hesitancy.

We recruited children with a history of MIS-C diagnosed 
between April 2020 and December 2021 in seven hospi-
tals in different regions of Turkey. Our study included three 
groups of children: (1) those with a history of MIS-C who met 
the US Center for Disease Control (CDC) or World Health 
Organization definitions for MIS-C [3, 4]; (2) those with a 
history of severe/critical COVID-19 [5]; (3) and those visit-
ing hospitals for another reason and had no history of severe/
critical COVID-19 or MIS-C (controls). Children were called 
by phone and were asked to complete a questionnaire. We 
checked their vaccination status in the mobile application 
developed by the Republic of Turkey Ministry of Health to 
inform and guide citizens about COVID-19. Turkey author-
ized the Pfizer-BioNTech (mRNA) and Sinovac (inactivated 
virus) vaccines only for children aged 12 years or older.

We developed a questionnaire including questions adopted 
from previous studies and new questions related to vaccine 
side effects reported by the CDC [6, 7]. Children with a 
MIS-C and severe/critical COVID-19 diagnosis and children 
without a MIS-C or severe/critical COVID-19 history were 
called by phone and were asked a standard set of questions 
that included their age, gender, and COVID-19 vaccination 
status. If the child had received a COVID-19 vaccination, we 
asked about the date of vaccination, the brand of the vaccine 
given, doses, side effects experienced (including their date 
and duration), polyclinic visit, and hospitalization. Children 
were asked about local and systemic reactions. Parents were 
asked questions about factors affecting their vaccination deci-
sion, including infection or reinfection anxiety in their family, 
information disseminated via social media, and advice from 
schools, friends, doctors, and the healthcare ministry.

A total of 732 children were evaluated during the study 
period (Fig. 1). Among the 99 children with a history of 
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MIS-C, 29 (29.2%) were vaccinated for COVID-19 despite 
their history of MIS-C. Among the 67 children with a his-
tory of severe COVID-19, only 10 (14.9%) were vaccinated 
for COVID-19. Among the 82 control children, 40 (48.7%) 
were vaccinated for COVID-19.

While 29 children with a history of MIS-C received 1–3 
doses of a COVID-19 vaccine after their MIS-C diagnosis, 
three were vaccinated before their MIS-C diagnosis. Only 
6.9% had received three doses, 58.6% had received two 
doses, 17.2% had received one dose of the Pfizer-BioNTech 
vaccine, and 13.7% had received 1–2 doses of the Sinovac 
vaccine. In addition, one child had received two doses of the 
Sinovac vaccine and one booster dose of the Pfizer-BioN-
Tech vaccine. However, 67 (67.7%) have not yet been vacci-
nated for COVID-19. Among the 77 children with a history 
of severe COVID-19, two had received two doses and six 
had received one dose of the Pfizer-BioNTech vaccine, while 
one had received two doses of the Sinovac vaccine. Among 
the 82 control children, 40 (48.7%) had been vaccinated 
for COVID-19. Of these, 13 (32.5%) had received three 
doses, 21 (52.5%) had received two doses, and 3 (7.5%) had 
received one dose of the Pfizer-BioNTech vaccine, while 2 
(5%) had received two doses of the Sinovac vaccine.

There were 64 side effects reported across 53 vaccine 
doses in 29 children with MIS-C history, five side effects 
reported across 13 vaccine doses in 10 children with severe 
COVID-19 history, and 24 side effects reported across 89 
vaccine doses in 40 control children (Table 1). The number 
of children who described at least one side effect after any 
vaccination dose was 18 (62.1%) for children with MIS-C 
history, 3 (30%) for children with severe COVID-19 history, 

and 16 (40%) for control children. The systemic reactions 
to total side effects ratios were 54.7%, 33.3%, and 33.3% 
in children with MIS-C history, severe COVID-19 history, 
and controls, respectively. The difference in systemic reac-
tion rate between children with MIS-C history and control 
children was not statistically significant (P = 0.074). The 
most common vaccine-associated systemic side effects were 
fatigue (9.4%) and fever (9.4%) in children with MIS-C his-
tory, similar to the controls. The median duration between 
the first dose and our call was 119 days (5–206 days), and 
the maximum follow-up was 206 days. No severe systemic 
side effects were reported by any of the children, and no 
myocarditis or pericarditis was reported by vaccine recipi-
ents. The most common local side effect was injection site 
pain, reported by 4 (80%) of children with severe COVID-
19 history and 16 (66.6%) of control children, similar to the 
26 (40.6%) of children with MIS-C history (Supplementary 
Fig. 1).

Two (3.1%) male children with MIS-C history had chest 
pain after the first dose of the Pfizer-BioNTech vaccine. The 
first child had chest pain that lasted two days within one 
month of vaccination. Myocarditis was ruled out because 
he had normal cardiac enzymes, electrocardiography, and 
echocardiography. He has not yet received the second vac-
cine dose. The second child had chest pain two days after 
the vaccination and resolved within three days without treat-
ment at any health care facility. He received the second dose 
of the Pfizer-BioNTech vaccine without any side effects. In 
two children with MIS-C history, chest pain was observed 
2–30 days after vaccination with the Pfizer-BioNTech vac-
cine, representing the longest duration observed between 

Fig. 1  The number of children included in this study. COVID-19 coronavirus disease 2019, MIS-C multisystem inflammatory syndrome in chil-
dren, CDC US Center for Disease Control, WHO World Health Organization
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Table 1  Data of vaccinated children after MIS-C and severe COVID-19 diagnosis and control cases

COVID-19 coronavirus disease 2019, MIS-C multisystem inflammatory syndrome in children, IQR interquartile range, NA not applicable

Variables Cases with MIS-C (n = 29) Cases with severe COVID-19 (n 
= 10)

Control cases (n = 40)

Characteristics
 Age (y), median (IQR) 15 (14–17) 14 (12–16) 15 (14–16)
 Male, n (%) 17 (58.6) 4 (40) 16 (40)

Duration between MIS-C/COVID-19 and vaccination 
(wk), median (min-max)

34 (5–64) 25.5 (12–59) NA

COVID-19 vaccine brands, n (%)
 Pfizer-Biontech 24 (82.8) 8 (80) 37 (92.5)
  3 doses 2 (6.9) 0 (0) 13 (32.5)
  2 doses 17 (58.6) 2 (20) 21 (52.5)
  1 dose 5 (17.2) 6 (60) 3 (7.5)

 Sinovac 4 (13.7) 1 (20) 2 (5.0)
  2 doses 3 (10.3) 1 (20) 2 (5.0)
  1 dose 1 (3.4) 0 (0) 0 (0)

 2 Sinovac + 1 Pfizer-Biontech 1 (3.4) 1 (20) 1 (2.5)
Vaccine side effect, n (%) Total (n = 64) Total (n = 6) Total (n = 24)
 Any injection local reaction 29 (45.3) 4 (66.6) 16 (66.6)
  Pain 26 (40.6) 4 (66.6) 16 (66.6)
  Redness 0 (0) 0 (0) 0 (0)
  Itching 0 (0) 0 (0) 0 (0)
  Swelling 3 (4.7) 0 (0) 0 (0)

 Any systemic reaction 35 (54.7) 1 (33.3) 8 (33.3)
  Fatigue 6 (9.4) 1 (16.6) 4 (16.5)
  Headache 4 (6.2) 0 (0) 2 (8.2)
  Myaljia 2 (3.1) 0 (0) 0 (0)
  Joint pain 4 (6.2) 0 (0) 0 (0)
  Fever 6 (9.4) 1 (16.6) 2 (8.2)
  Nausea 2 (3.1) 0 (0) 0 (0)
  Vomiting 2 (3.1) 0 (0) 0 (0)
  Loss of appetite 0 (0) 0 (0) 0 (0)
  Sorethroat 1 (1.6) 0 (0) 0 (0)
  Runny nose 0 (0) 0 (0) 0 (0)
  Cough 1 (1.6) 0 (0) 0 (0)
  Chest pain 2 (3.1) 0 (0) 0 (0)
  Shortness of breath 0 (0) 0 (0) 0 (0)
  Rash 0 (0) 0 (0) 0 (0)
  Axiller swelling 2 (3.1) 0 (0) 0 (0)
  Facial paralysis 0 (0) 0 (0) 0 (0)
  Abdominal pain 3 (4.7) 0 (0) 0 (0)
  Diarrhea 0 (0) 0 (0) 0 (0)
  Others 0 (0) 0 (0) 0 (0)

Durations, median (min-max)
 Between vaccine and side effect (d) 1 (1–30) 1 (1–2) 1 (1–1)
 Length of side effect (d) 1 (1–28) 3 (1–3) 1 (1–3)

Hospitalization due to side effect, n (%) 0 (0) 0 (0) 0 (0)
Polyclinic visit due to side effect, n (%) 2 (6.8) 1 (10) 0 (0)
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vaccination and the appearance of side effects. The median 
duration of side effects was one day (1–28 days) among chil-
dren with MIS-C history, three days (1–3 days) among chil-
dren with severe COVID-19 history, and one day (1–3 days) 
among control children. The longest-lasting vaccine-associ-
ated side effect was axillary lymphadenopathy, which lasted 
for 28 days. Three children were vaccinated before MIS-C 
diagnosis in our cohort (Fig. 2). All three children were dis-
charged with no complications.

The most common factor affecting the vaccination deci-
sion was infection or reinfection anxiety in the family, affect-
ing 21 (72.4%) of children with MIS-C history, 8 (80%) of 
children with severe COVID-19 history, and 40 (100%) of 
control children. Other factors affecting vaccination deci-
sion-making for parents with children with MIS-C history 
were friends (13.8%), social media (6.9%), school (3.4%), 
and doctors (3.4%). Moreover, social media (10%) and doc-
tors (10%) were the key factors affecting vaccination deci-
sions for children with severe COVID-19 history.

To the best of our knowledge, this is the first study to 
evaluate the adverse effects of COVID-19 vaccination in 
children with a history of MIS-C and the factors influencing 
vaccination decisions. In this study, while most participat-
ing centers did not directly recommend COVID-19 vacci-
nation for children with a history of MIS-C, 29.2% of chil-
dren were vaccinated with any COVID-19 vaccine without 
serious adverse events. Therefore, our results indicate that 
the COVID-19 vaccines manufactured by Pfizer-BioNTech 
and Sinovac are well-tolerated in children 12–18 years old 
with MIS-C diagnoses. However, the number of vaccinated 
children included in this study is small, particularly for the 
Sinovac vaccine. Our findings are consistent with an inter-
national electronic survey on vaccination in children with 
MIS-C history that found COVID-19 vaccines safe and well 
tolerated [6]. Nevertheless, larger epidemiological stud-
ies with clinical follow-up are required to evaluate further 

the safety of COVID-19 vaccines in children with MIS-C 
history.

Systemic and local reactions are commonly reported in 
adolescents after vaccination with coronavirus vaccines 
[7, 8]. In this study, both systemic and local reactions were 
observed in children with MIS-C and severe COVID-19 his-
tory and in controls. However, there were no hospitalizations 
due to severe adverse events. No statistically significant dif-
ference in systemic reaction rate was found between children 
with a history of MIS-C and controls. Nevertheless, more 
than half of children with the history of MIS-C reported 
at least one systemic or local side effect after vaccination. 
Injection site pain was the most frequently reported side 
effect, followed by fatigue, fever, headache, and arthralgia. 
These findings are consistent with a review of vaccine-safety 
data that found injection site pain, fatigue, headache, and 
myalgia to be the most commonly reported reactions in ado-
lescents older than 12 years [7].

According to the CDC, one of the most commonly 
reported side effects following COVID vaccination was 
chest pain, a precursor symptom for myocarditis. Myocar-
ditis is rare but has occurred in some mRNA-based COVID-
19-vaccinated individuals, particularly those aged 12 years 
and older. Furthermore, myocarditis cases have been 
reported predominantly in males aged 12–29 years within 
the first week after receiving their second vaccine dose [1]. 
Two children in our study experienced chest pain, but neither 
was diagnosed with myocarditis. Additionally, it is impor-
tant to note that myocarditis/pericarditis risk associated with 
SARS-CoV-2 infection is greater than that of mRNA-based 
COVID-19 vaccination in adolescents [1].

The basis of vaccination decisions, which could substan-
tially increase population immunity in the future, is a matter 
of curiosity. One of the most striking findings of our study is 
that most parents decided to vaccinate their children based 
on concerns about COVID-19 reinfection in the context of 

Fig. 2  Vaccine types and the timing of COVID-19 vaccination and MIS-C diagnosis in three children who were vaccinated prior to MIS-C 
diagnosis. PCR polymerase chain reaction, COVID-19 coronavirus disease 2019, MIS-C multisystem inflammatory syndrome in children, 
C1D1 case 1 dose 1, C1D2 case 1 dose 2, C2D1 case 2 dose 1, C2D2 case 2 dose 2, C3D1 case 3 dose 1 (the figure was created using 
Biorender.com)
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the ongoing pandemic regardless of their doctor’s recom-
mendation. Among the seven tertiary-care pediatric centers 
participating in this study, only 14.2% of their doctors rec-
ommended COVID-19 vaccination of children with a history 
of MIS-C. These data highlight how indecisive physicians 
dealing with MIS-C can be regarding the vaccination of 
their patients. Moreover, family anxiety was a driving force 
behind the vaccination of children with a history of MIS-C, 
complicating vaccination recommendations for pediatricians 
and potentially important for vaccination decision-making 
in the broader infectious disease field. Three of our children 
were vaccinated before their MIS-C or COVID-19 diagnosis. 
One child had diabetes mellitus as an underlying disease that 
may decrease vaccine effectiveness [9]. Similarly, MIS-C 
cases with vaccination history before diagnosis are rarely 
reported [10–15], leading to physician concerns regarding 
vaccine effectiveness or potential COVID-19 vaccine-asso-
ciated MIS-C.

Following the identification of MIS-C, MIS in adults and 
hyperinflammation after SARS-CoV-2 vaccination have 
emerged as new conditions that challenge our understand-
ing of the nature of this inflammatory condition that has high 
mortality and appears to be associated with SARS-CoV-2 
and its antigens. It remains unclear how SARS-CoV-2 vac-
cines cause the hyperinflammatory response. Buchhorn et al. 
compared functional autoantibody levels with G-protein-
coupled receptors among four children with MIS-C diagno-
ses following COVID-19 and two children with MIS-C after 
vaccination with the Pfizer-BioNTech vaccine, concluding 
that it reflects the effects of the spike protein on multiple 
autoantibody pathways [13]. However, further evidence is 
required to confirm this hypothesis.

The CDC has reported recently that the estimated effec-
tiveness of vaccines against MIS-C was 91%. Receiving two 
doses of the Pfizer-BioNTech vaccine effectively prevented 
MIS-C in children aged 12–18 years [1]. Therefore, clini-
cians should consider MIS-C diagnosis even in vaccinated 
children, and vaccination is likely effective in preventing 
severe COVID-19-related complications in children, includ-
ing MIS-C. In this study the vaccination rate was lower in 
children with a history of severe COVID-19 than in children 
with a history of MIS-C or control children. However, no 
clear data about the vaccination rate and basis of vaccina-
tion decisions in children with severe COVID-19 history 
have been reported. Our study included a small number of 
children in that category. However, additional robust studies 
with larger cohorts are required to determine vaccination 
rate, side effects, and effectiveness and to identify factors 
behind vaccine hesitancy.

In conclusion, our results indicate that it seems as if COVID-
19 vaccines are well tolerated in children aged 12–18 years 
with MIS-C diagnoses. However, additional studies with 
larger cohorts and different COVID-19 vaccines are required 

to evaluate their effects on children with MIS-C history and the 
role of COVID-19 vaccination in preventing MIS-C.
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