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Abstract 
Objective

To estimate the incidence and describe the spectrum of inflammatory and autoimmune diseases linked to SARS-CoV-2 
infection and COVID-19 vaccination in children from two neighbouring south central European countries. 

Methods
We performed a multi-centre prospective cohort study of children under 18 years diagnosed with inflammatory/autoimmune 

diseases linked to SARS-CoV-2 infection or COVID-19 vaccination, who were admitted to the paediatric tertiary care hospitals 
in Slovenia and Friuli Venezia Giulia, Italy, from January 1, 2020, to December 31, 2021. Disease incidence was calculated 

based on laboratory-confirmed cases only. 

Results 
Inflammatory and autoimmune diseases linked to SARS-CoV-2 were diagnosed in 192 children (127 laboratory-confirmed), 
of whom 112 had multisystem inflammatory syndrome (MIS-C), followed by vasculitis, neurological and cardiac diseases. 

Calculated risk of MIS-C was 1 in 860 children after SARS-CoV-2 infection and cumulative incidence of MIS-C was 18.3/100,000 
of all children. Fifteen children had severe COVID-19. Two patients with MIS-C and a patient with myositis presented after 

COVID-19 vaccination. All 3 had at presentation also a serologically proven recent SARS-CoV-2 infection. After MIS-C, nine 
patients were vaccinated against COVID-19 and 25 patients had a SARS-CoV-2 reinfection, without recurrence of MIS-C. 

Conclusion 
Autoimmune diseases following SARS-CoV-2 infection in children were 8.5 times as common as severe COVID-19. MIS-C was 
the most common manifestation and its incidence in this predominantly white population was higher than previously reported. 
MIS-C does not seem to recur after SARS-CoV-2 reinfection or COVID-19 vaccination. Autoimmune diseases were much more 

common after SARS-CoV-2 infection than after COVID-19 vaccination. 
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Introduction
Severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) causes coro-
navirus disease-19 (COVID-19), which 
generally has a mild or even asympto-
matic course in children (1-4). A subset 
of patients presents with a severe mul-
tisystem inflammation in the weeks fol-
lowing the acute SARS-CoV-2 infec-
tion, which has been termed multisys-
tem inflammatory syndrome in children 
(MIS-C). MIS-C is characterised by 
fever, conjunctivitis, signs of muco-cu-
taneous inflammation, gastrointestinal 
symptoms, hypotension or shock, car-
diac dysfunction, elevated inflamma-
tory markers, and coagulopathy (4-6). 
While it shows a considerable clinical 
overlap with Kawasaki disease (KD), 
children with MIS-C are generally old-
er, show a wider spectrum of symptoms 
and a different cardiac phenotype, with 
a predominant myocardial involvement 
in MIS-C, compared to coronary artery 
involvement in KD. Classic KD is more 
common in children of Asian descent 
and most cases of MIS-C have been re-
ported from Europe and the USA, most 
commonly in children of African and 
Hispanic heritage (5, 7). For the diag-
nosis of MIS-C, evidence of present or 
recent SARS-CoV-2 infection or likely 
contact with a patient with COVID-19 
is required (4). The estimated incidence 
varies from 0.2 to 11.4 per 100,000 per-
sons younger than 21 years (8, 9). 
Since the first cases of MIS-C were re-
ported in Spring 2020, many other sys-
temic and organ-specific inflammatory 
and autoimmune diseases have been 
increasingly recognised in patients fol-
lowing SARS-CoV-2 infection, with 
some resembling well-established au-
toimmune diseases and others present-
ing with a completely new phenotype 
that has not been observed before the 
COVID-19 pandemic (10-13). There is 
a complex interaction between SARS-
CoV-2 and the immune system, which 
plays a dual role in COVID-19. It needs 
to contain the virus during the acute in-
fection, but afterwards a dysregulated 
immune response with hyperinflamma-
tion, macrophage activation, breakage 
of immune tolerance and chronic in-
flammation and autoimmunity can oc-
cur (11). Some features tend to appear 

within the first two weeks of the acute 
SARS-CoV-2 infection and others in 
a late post-infectious stage and may 
develop even in patients with asymp-
tomatic SARS-CoV-2 infection. The 
severity ranges from benign, self-limit-
ing disorders such as chilblains, to sys-
temic, life-threatening syndromes such 
as MIS-C, which require aggressive im-
munosuppressive and immunomodula-
tory treatment. The clinical phenotype 
seems to be influenced by age, sex, and 
ethnicity, with two of the more common 
manifestations, MIS-C and chilblains, 
predominantly affecting children and 
adolescents (10, 11). 
COVID-19 vaccination has now be-
come available to all persons 5 years of 
age and older. Current data show that 
COVID-19 vaccines are well-tolerated 
and safe (14). It has been postulated that 
SARS-CoV-2 can act as a trigger for au-
toimmunity and even though the patho-
physiology of MIS-C and other autoim-
mune diseases following COVID-19 
remains incompletely understood, it is 
thought to be a postinfectious compli-
cation associated with a dysregulated 
immune response to SARS-CoV-2 in-
fection (15-17). Therefore, some ques-
tions and concerns remain about possi-
ble immune-related adverse events after 
exposure to any SARS-CoV-2-derived 
antigen (18). 
Our understanding of SARS-CoV-2 
and related manifestations is evolving. 
The aim of this study was to estimate 
the incidence and describe the spectrum 
of inflammatory and autoimmune dis-
eases linked to SARS-CoV-2 infection 
and COVID-19 vaccination in children 
and adolescents from two neighbouring 
south central European countries and 
regions, Slovenia and Friuli Venezia 
Giulia (FVG), Italy. 

Methods
We performed a multi-centre prospec-
tive cohort study of all children and 
adolescents (under 18 years) newly 
diagnosed with MIS-C or other inflam-
matory/autoimmune diseases linked to 
SARS-CoV-2 infection or with a seri-
ous adverse event (SAE) after COV-
ID-19 vaccination, who were admitted 
to the paediatric tertiary care hospitals 
in Slovenia or FVG, Italy during the pe-
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riod from January 1, 2020, to December 
31, 2021. 
The participating centres included Chil-
dren’s Hospital, University Medical 
Centre Ljubljana (UMCL) and Divi-
sion of Paediatrics, University Medical 
Centre Maribor (UMCM) from Slove-
nia, and Institute of Child and Maternal 
Health - IRCCS Burlo Garofolo, Uni-
versity of Trieste, Italy. These centres 
serve a combined population of around 
3.3 million people, including 546,032 
children and adolescents (Statistical 
Office of the Republic of Slovenia and 
Central Directorate for Health, Social 
Policies and Disabilities, FVG, Italy). 
Due to healthcare organisation in these 
regions, all children and adolescents 
with serious medical conditions after 
SARS-CoV-2 infection or COVID-19 
vaccination were admitted at one of the 
participating centres. 
All eligible patients were identified by 
the treating physicians and the data 
were prospectively entered in the hos-
pital database. The numbers of children 
and adolescents with SARS-CoV-2 in-
fection confirmed by PCR and/or rapid 
antigen testing (RAT), or after at least 
one dose of a COVID-19 vaccine until 
December 31, 2021, were obtained by 
the Slovenian National Institute of Pub-
lic Health and the Central Directorate 

for Health, Social Policies and Disabili-
ties, FVG, Italy. 
MIS-C diagnosis was based on case 
definition by the United States Cen-
tres for Disease Control and Preven-
tion (CDC) and the World Health Or-
ganisation (WHO). The case definition 
included individuals <18 years of age 
presenting with fever, laboratory evi-
dence of inflammation with multisys-
tem organ involvement and evidence 
of current or recent SARS-CoV-2 in-
fection or likely exposure (3, 4).  Other 
inflammatory and autoimmune diseases 
that have been described in association 
with SARS-CoV-2 infection were con-
sidered if there was no alternative more 
likely diagnosis. These included but 
were not limited to hemophagocytic 
syndromes, vasculitis, myositis, arthri-
tis, chilblain lesions, erythema multi-
forme and other cutaneous manifesta-
tions, immune thrombocytopenic pur-
pura, Guillain-Barré syndrome (GBS), 
autoimmune encephalitis, myocardi-
tis, pericarditis, pancreatitis and long 
COVID (10, 19). Systemic or organ-
specific inflammatory and autoimmune 
manifestations were reported as sepa-
rate diseases if they did not develop as 
a part of clinical manifestations of MIS-
C. Cases were classified as confirmed 
or probable based on the results of con-

firmatory viral and serological testing. 
Confirmed cases of diseases linked to 
SARS-CoV-2 infection were defined by 
laboratory evidence of present or recent 
SARS-CoV-2 infection, which included 
a positive PCR to SARS-CoV-2 within 
the 3 months prior to or at the time of 
clinical presentation, and/or positive 
IgA, IgM and/or IgG to SARS-CoV-2. 
Cases with a typical clinical presenta-
tion, but without laboratory evidence 
of SARS-CoV-2 infection (due to nega-
tive or unknown test results or lack of 
testing) were considered as probable. 
Only confirmed cases were considered 
for estimating the disease incidence. In 
patients who received COVID-19 vac-
cine before the onset of autoimmune 
manifestation, anti-nucleocapsid (anti-
N) and anti-spike S1 receptor binding 
domain (anti-S) antibodies were evalu-
ated. Anti-S antibodies are induced by 
SARS-CoV-2 infection or COVID-19 
vaccination, whereas anti-N antibodies 
occur only after SARS-CoV-2 infec-
tion and are not induced by spike-based 
vaccines, which are currently the only 
type of COVID-19 vaccines available 
for clinical use (20-22). Therefore, all 
patients with anti-N positivity were 
considered to have had a recent SARS-
CoV-2 infection in addition to COV-
ID-19 vaccination. 

Table I. Epidemiological and patient data (n=192). 

 Slovenia FVG (Italy) All

n of persons <18 years in the region*                                                              374,210                              171,822                              546,032

n of confirmed COVID-19 cases in persons                                                                 65,438 (17)                         20,573 (12)                        86,011 (16) 
   <18 years until December 31, 2021 (%)¥  

n of inflammatory and autoimmune diseases MIS-C 77  35  112
 Vasculitis 38  36  74
 Neurological 4  0  4
 Myocarditis/pericarditis 1  1  2
 All 120  72  192

Median (IQR) age at diagnosis in years MIS-C 10  (6.3-14.4) 7.6  (4.6-11.1) 8.7  (5.5-13.9)
 Vasculitis 13.9  (11.2-16.3) 13.8  (12.3-14.8) 13.8  (11.7-15.6)
 Other 14.4  (10.0-5.3) 12.9  13.7  (10.7-15.1)
 All 11.0  (7.9-15.0) 11.7  (7.0-14.2) 11.9  (7.6-14.7)

Male (%) MIS-C 40  (52) 18  (51) 58  (52)
 Vasculitis 12  (32) 7  (19) 19  (26)
 Other 3  (60) 1  (100) 4  (67)
 All 55  (46) 26  (36) 81  (42)

COVID-19: Coronavirus disease; FVG: Friuli Venezia Giulia region in Italy; IQR: interquartile range; MIS-C: multisystem inflammatory syndrome in 
children; n: number. *On Jan 1, 2021.
¥In FVG, Italy, confirmed COVID-19 cases were defined by positive SARS-CoV-2 PCR before January 14, 2021, and by positive SARS-CoV-2 PCR or 
SARS-CoV-2 rapid antigen test (RAT) thereafter. In Slovenia, confirmed COVID-19 cases were defined by positive SARS-CoV-2 PCR or SARS-CoV-2 
RAT between December 21, 2020, and February 12, 2021, and by positive SARS-CoV-2 PCR at all other times.  
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Inflammatory and autoimmune dis-
eases were considered early if they oc-
curred within 2 weeks from the onset of 
COVID-19 symptoms and late if they 
occurred after that. 
The European Medicines Agency defi-
nition of serious adverse events was 
used, which includes a requirement for 
inpatient hospitalisation or prolonga-
tion of existing hospitalisation (23). All 
medical events observed after COV-
ID-19 vaccination which required a hos-
pital admission were considered. Diag-
nosis of severe and critical COVID-19 
was based on predefined criteria by the 
WHO (24). 
Demographic and clinical data, informa-
tion about the SARS-CoV-2 infection 
and COVID-19 vaccination before and/
or after inflammatory or autoimmune 
disease, vaccine type, timing and num-
ber of doses were reviewed. Complete 
KD was defined based on the American 
Heart Association guidelines (25).
The study was approved by the Slove-
nian National Ethics Committee for Re-
search in Medicine (approval no. 0120-
536/2020/3) and by the Friuli Venezia 
Giulia Ethics Committee (approval no. 
CEUR-2021-Os-36). Informed consent 
was obtained by patients’ parents or le-
gal guardians. 
This study was conducted as a part of 
the EU interregional Italy-Slovenia pro-
ject CATTEDRA (Cross border coop-
eration for innovative diagnosis of rare 
diseases in paediatrics). 

Results 
Clinical spectrum of autoimmune 
diseases associated with SARS-CoV-2
During the study period from January 
1, 2020, to December 31, 2021, 192 
children and adolescents in Slovenia 
and FVG, Italy were diagnosed with 
inflammatory and autoimmune diseases 
linked to SARS-CoV-2. 
Epidemiological and patient data are 
summarised in Table I. Median age at 
diagnosis was 11.9 years. The most 
common disease was MIS-C, which was 
diagnosed in 112 patients (UMCL 67, 
IRCCS 35, UMCM 10). Other diseases 
included vasculitis in 74 patients (UMCL 
38, IRCCS 36), of whom the vast major-
ity presented with chilblain-like lesions 
and one each with gastrointestinal and 

cutaneous vasculitis, recurrent urticaria, 
recurrent petechiae, exanthema of the 
face with periorbital swelling and ne-
crotising stomatitis. The neurological 
cases included patients with a rare GBS 
variant with predominant cranial nerve 
involvement, peripheral facial palsy, au-
toimmune encephalitis and long COV-
ID. One patient presented with acute 
myocarditis and one with acute pericar-
ditis. Temporal distribution of inflamma-

tory and autoimmune diseases linked to 
SARS-CoV-2 infection and COVID-19 
vaccination is presented in Figure 1. 
Clinical and laboratory characteristics 
of patients with MIS-C are presented in 
Tables II and III. A complete KD phe-
notype was observed in 30% of patients 
with MIS-C, more commonly in chil-
dren younger than 5 years of age. 
At the time of diagnosis, patients with 
MIS-C were younger than patients with 

Fig. 1. Temporal distribution of inflammatory and autoimmune diseases linked to SARS-CoV-2 infec-
tion and COVID-19 vaccination by time of onset, Slovenia and Friuli Venezia Giulia, Italy, 2020-2021.
COVID-19: coronavirus disease; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; 
MIS-C: multisystem inflammatory syndrome in children. 
Confirmed cases were defined by laboratory confirmed present or recent SARS-CoV-2 infection within 
3 months prior to disease onset. 

Fig. 2. Inflammatory and autoimmune diseases linked to SARS-CoV-2 and severe COVID-19 in chil-
dren and adolescents, Slovenia and Friuli Venezia Giulia, Italy, 2020-2021. 
COVID-19: coronavirus disease; MIS-C: multisystem inflammatory syndrome in children; SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2.
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other inflammatory and autoimmune 
diseases. Age distribution of inflamma-
tory and autoimmune diseases linked to 
SARS-CoV-2 infection is presented in 
Table IV. Half of the patients with MIS-
C and 19 of 74 (26%) patients with vas-
culitis were male. All included patients 
were White.

Data required for estimation of time in-
terval between SARS-CoV-2 infection 
and onset of inflammatory or autoim-
mune disease, including positive PCR 
test, documented close contact to a per-
son with COVID-19 or COVID-like ill-
ness without laboratory confirmation, 
were available for 89 patients. Median 

(range) time from SARS-CoV-2 infec-
tion to onset of MIS-C was 31 days 
(IQR 26–39 days) and to onset of vas-
culitis 42 days (IQR 30–55 days). Early 
manifestations included two patients 
with MIS-C, a patient with autoimmune 
encephalitis and a patient with acute 
myocarditis.  
A preceding symptomatic COVID-like 
illness within the 3 months prior to 
onset of inflammatory or autoimmune 
disease was present in 59 of 192 (31%) 
patients (38% of patients with MIS-C, 
15% of patients with vasculitis and 83% 
of patients with neurological and cardi-
ac manifestations). It was confirmed by 
PCR in 43 of 59 (73%) patients. 
A positive molecular or antibody test 
for SARS-CoV-2 was found in 100 of 
112 (89%) patients with MIS-C and 27 
of 80 (34%) patients with other autoim-
mune diseases, including all neurologi-
cal and cardiac manifestations. These 
127 cases were considered confirmed. 
Sixty of 112 (54%) patients with MIS-
C tested positive by serology only, 34 
(30%) by both serology and PCR and 6 
(5.4%) by PCR only, 3 had negative se-
rology and were not tested by PCR and 
the remaining nine patients were not test-
ed with either method. COVID-19 diag-
nostic testing is presented in Table V.

Epidemiology of autoimmune 
diseases associated with SARS-CoV-2 
Until December 31, 2021, 86,011 
cases of confirmed COVID-19 were 
documented among children and ado-
lescents in Slovenia and FVG, Italy, 
which accounts for approximately 16% 
of the paediatric population. Among 
them, 192 (0.2%) were diagnosed with 
autoimmune diseases linked to SARS-
CoV-2, of which 127 were considered 
confirmed. This suggests a risk of au-
toimmune diseases linked to SARS-
CoV-2 of one in 677 children and ado-
lescents after SARS-CoV-2 infection 
and one in 4300 of all children and 
adolescents. Calculated risk of MIS-C 
was one in 860 children and adoles-
cents after SARS-CoV-2 infection and 
one in 5460 of all children and adoles-
cents. Cumulative incidence of MIS-
C since the start of the pandemic was 
18.3/100,000 children and adolescents. 
In the same period, 15 children and 

Table II. Clinical characteristics of patients with MIS-C (n=112).

Days with fever, median (IQR)  5  (4–7)
Fulfilled criteria for Kawasaki disease (KD)*, <5 years of age 11/20  (55)
    n of KD/n (%) ≥5 years of age 23/92  (25)

n of organ systems involved, n (%) 2-3 24  (21)
 4-5 74  (66)
 ≥6 14  (13)

Haematologic¥, n (%)  109  (97)
Dermatologic and mucocutaneous•, n (%)  103  (92)
Gastrointestinal||, n (%)  97  (86)
Cardiovascular¶, n (%)  84  (75)
Lymphadenopathy**, n (%)  58  (52)
Neurologic$, n (%)  46  (41)
Respiratory§, n (%)  37  (33)
Renal***, n (%)  7  (6)

MIS-C: multisystem inflammatory syndrome in children; n: number.
*Criteria for classic Kawasaki disease, according to the American Heart Association (25).
¥ Haematologic: elevated D-dimer, thrombocytopenia, lymphopenia, hepato-/splenomegaly.  
• Dermatologic and mucocutaneous: rash, conjunctival injection, mucocutaneous lesions.
|| Gastrointestinal: abdominal pain, vomiting, diarrhoea.
¶ Cardiovascular: elevated troponin, myocarditis, cardiac dysfunction, coronary artery dilation or aneu-
rysm, hypotension, pericardial effusion, mitral regurgitation.
** Lymphadenopathy: cervical lymphadenopathy >1.5 cm diameter, generalised lymphadenopathy, 
mesenterial lymphadenopathy. 
$ Neurologic: headache, encephalopathy. 
§Respiratory: cough, dyspnoea, chest pain, pulmonary oedema, pneumonia, acute respiratory distress 
syndrome, pleural effusion. 
***Renal: acute kidney injury. 

Table III. Laboratory characteristics of patients with MIS-C (n=112).

Laboratory test n Median (IQR)

CRP, peak (mg/l) 112 167  (118-217)
D-dimer, peak (μg/l) 108 2585  (1507-5095)
Troponin, peak (ng/l) 99 89  (26-537)
BNP, peak (pg/ml) 102 2863  (1059-7216)
Ferritin, peak (μg/l) 104 435  (256-873)
Haemoglobin, nadir (g/dl) 112 10.9  (10.0-11.7)
Lymphocytes, nadir (cells/μl) 108 730  (475-1299)
Platelets, nadir (103 cells/μl) 112 155  (107-249)

IQR: interquartile range; MIS-C: multisystem inflammatory syndrome in children; n: number. 

Table IV. Inflammatory and autoimmune manifestations linked to SARS-CoV-2 infection 
by age.

 0-6 years 6-12 years 12-18 years

MIS-C, n (%) 28  (25) 47  (42) 37  (33)
Vasculitis, n (%) 7  (10) 13  (17) 54  (73)
Neurologic, n (%) 0  1  (25) 3  (75)
Cardiac, n (%) 0  1  (50)  1  (50)

MIS-C: multisystem inflammatory syndrome in children; n: number; SARS-CoV-2: severe acute res-
piratory syndrome coronavirus 2.
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adolescents were hospitalised with se-
vere COVID-19, three of whom had a 
critical illness. Thus, the calculated risk 
of severe COVID-19 was one in 5734 
children and adolescents after SARS-
CoV-2 infection and one in 36,402 of 
all children and adolescents (cumula-
tive incidence 2.7/100,000 children and 
adolescents). Summary of all inflamma-
tory and autoimmune diseases linked to 
SARS-CoV-2 and severe COVID-19 is 
presented in Figure 2. 

Vaccination against COVID-19 
and autoimmune diseases 
Until December 31, 2021, 95,191 
children and adolescents aged 5 to 18 
years (46,733 in Slovenia and 48,458 in 
FVG, Italy) received at least one dose 
of COVID-19 vaccine, which accounts 
for 12%, 28% and 17% of children and 
adolescents in Slovenia, FVG and com-
bined population from both regions,    
respectively. 
Two 15-year-old boys received the sec-
ond dose of Pfizer/BioNTech vaccine 
6 and 27 days before MIS-C onset. 
They had no history of symptomatic 
COVID-19 illness or a positive PCR to 
SARS-CoV-2 prior to or at admission. 
A sixteen-year-old girl presented with 
acute myositis a few hours after the ap-
plication of second dose of Pfizer/Bi-
oNTech vaccine. She had a history of 
COVID-19 11 months before symptom 
onset. All three patients had positive 

anti-N and anti-S antibodies, which 
confirms a prior subclinical SARS-
CoV-2 infection in addition to serologi-
cal response to COVID-19 vaccination. 
Nine patients were vaccinated against 
COVID-19 after MIS-C and one pa-
tient after peripheral facial palsy. One 
of them received one dose and all other 
received two doses of Pfizer/BioNTech 
vaccine, with a median (IQR) time from 
disease onset to vaccination of 8 months 
(range 6 to 16 months). None of them 
experienced a SAE or recurrent episode 
of inflammatory or autoimmune disease 
after vaccination. 

Reinfection with SARS-CoV-2 
and recurrence rate in patients 
with MIS-C
Twenty-five patients with MIS-C were 
reinfected with SARS-CoV-2 mean 8.8 
months (range 1.2–16.5 months) after 
MIS-C. Twenty of them had a positive 
SARS-CoV-2 PCR test, 3 had a posi-
tive SARS-CoV-2 RAT and two had a 
documented increase in levels of SARS-
CoV-2 antibodies. No patients had recur-
rence of clinical manifestations of MIS-
C or other inflammatory/autoimmune 
diseases during the mean follow-up peri-
od of 6 months (range 2.3–9.7 months). 

Discussion 
We observed a high incidence of MIS-C 
and other autoimmune diseases linked 
to SARS-CoV-2 in children and ado-

lescents from two neighbouring south 
central European countries and regions. 
From the onset of COVID-19 pandemic 
to December 31, 2021, 0.2% of chil-
dren and adolescents with confirmed 
SARS-CoV-2 infection from Slovenia 
and FVG, Italy, presented with a diverse 
spectrum of inflammatory and autoim-
mune diseases linked to SARS-CoV-2. 
The most common was MIS-C with esti-
mated risk of 1 in 860 children and ado-
lescents after SARS-CoV-2 infection or 
cumulative incidence of 18.3/100,000 
of all children and adolescents. None 
of our patients who have had MIS-C 
and were later vaccinated against COV-
ID-19 or had a SARS-CoV-2 reinfection 
had a relapse of MIS-C.
Studies from the USA reported an in-
cidence of MIS-C of 316/1,000,000 
SARS-CoV-2 infections in persons un-
der 21 years or 0.2–11.4/100,000 per-
sons in the same age group, with dispro-
portionately high numbers of affected 
children of non-White ethnicity (8, 9, 
26, 27). A Danish study reported an 
incidence of MIS-C of 1/4100 SARS-
CoV-2 infected persons under 18 years 
or 2/100,000 persons under 18 years, 
and an Italian study 10.3/100,000 per-
sons under 19 years (28, 29). We found 
a comparatively higher incidence of 
MIS-C in predominantly white popula-
tion of children and adolescents from 
south central Europe. 
In contrast to adults, children are less 
likely to develop serious disease upon 
infection with SARS-CoV-2, but are 
at increased risk for inflammatory and 
autoimmune diseases linked to the virus 
(1, 20, 30). In our cohort, hospitalisa-
tions due to MIS-C were 6.5 times as 
common as hospitalisations due to se-
vere COVID-19 and overall, autoim-
mune diseases following SARS-CoV-2 
infection were 8.5 times as common as 
severe COVID-19. 
Besides MIS-C, we observed a diverse 
spectrum of other autoimmune diseases 
linked to SARS-CoV-2, including vas-
culitis, neurological and cardiac dis-
eases. The second most common was 
vasculitis, the majority of which was 
chilblains, but also included isolated 
cases of gastrointestinal and cutaneous 
vasculitis, recurrent urticaria, recurrent 
petechiae, exanthema of the face with 

Table V. COVID-19 diagnostic testing.
 
 Slovenia FVG (Italy) All

Positive serology n/n tested (%) MIS-C 74/76  (97) 20/23  (87) 94/99  (95)
 Vasculitis 19/37  (51) 1/1  20/38  (53)
 Neurological 3/4  (75) -  3/4  (75)
 Cardiac 0/1  (0) 1/1  1/2  (50)
 All 96/118  (81) 22/25  (88) 118/143  (83)

Positive PCR* n/n tested (%) MIS-C 31/77  (40) 9/9  (100) 40/86  (47)
 Vasculitis 5/20  (25) 2/21  (10) 7/41  (17)
 Neurological 3/4  (75) -  3/4  (75)
 Cardiac 1/1  (100) 0/1  (0) 1/2  (50)
 All 39/101  (39) 11/21  (52) 50/133  (38)

Confirmed cases n (%) MIS-C 77  (100) 23  (66) 100  (89)
 Other 23  (54) 4  (11) 27  (34)
 All 100  (83) 27  (38) 127  (66)

COVID-19: Coronavirus disease; FVG: Friuli Venezia Giulia region in Italy; MIS-C: multisystem 
inflammatory syndrome in children; n: number. 
*Twelve patients with MIS-C had a positive PCR to SARS-CoV-2 at the disease onset, 8 of them had 
positive serology, 2 had negative serology and 2 were not tested. A patient with myocarditis and a patient 
with autoimmune encephalitis had a positive PCR to SARS-CoV-2 at the disease onset and negative se-
rology. In all other cases, PCR test was positive during COVID-19 within 3 months prior to disease onset. 



7Clinical and Experimental Rheumatology 2022

Autoimmunity after COVID-19 in children / M. Bizjak et al.

periorbital swelling and necrotising 
stomatitis (31). Interestingly, almost no 
cases of vasculitis were seen during or 
after the Delta wave of COVID-19 pan-
demic (32). Notably, the proportion of 
females with chilblains in our cohort 
was higher than previously reported 
(33, 34). Children with vasculitis were 
older than children with MIS-C, but a 
wide range of age at clinical presenta-
tion was observed in both groups. A 
higher proportion of confirmed cases 
and patients with symptomatic COVID-
like illness in the preceding 3 months as 
well as shorter time interval from sus-
pected COVID-19 to the onset of clini-
cal symptoms were observed in patients 
with MIS-C, neurological and cardiac 
manifestations compared to patients 
with vasculitis. 
Twenty-five patients with MIS-C from 
our cohort had a laboratory confirmed 
reinfection with SARS-CoV-2 and de-
veloped no signs of MIS-C afterwards. 
A further 9 patients who were vaccinat-
ed against COVID-19 after MIS-C and 
one patient who was vaccinated after 
peripheral facial palsy experienced no 
SAE or recurrence of inflammatory or 
autoimmune disease after vaccination. 
It is currently unknown whether MIS-
C and other autoimmune diseases can 
recur after a reinfection with SARS-
CoV-2 or re-exposure to viral antigens 
due to COVID-19 vaccination (35). 
MIS-C has a significant clinical overlap 
with KD and in our cohort a third of pa-
tients with MIS-C, including over a half 
of patients under 5 years of age, also 
fulfilled criteria for classic KD, which 
is similar to other published studies (7, 
36).  Both MIS-C and KD have tempo-
ral association with infectious diseases 
and are associated with immune system 
alteration, systemic inflammation and 
cytokine storm (7). An artificial intelli-
gence guided gene signature has placed 
the two syndromes on the same host-
immune response continuum, albeit 
MIS-C was placed further along the se-
verity spectrum compared to KD. This 
suggests shared proximal pathways of 
immunopathogenesis (37). On the other 
hand, MIS-C also has some important 
differences, including specific differ-
ences in the immune cell response (5, 
7, 10, 15, 16).

The recurrence of KD was reported to 
be rare with up to 4% in Asian countries 
and about 1.5% in North America, with 
most cases occurring within 2 years of 
the initial episode, but it is yet unclear 
whether the same will be true for pa-
tients with MIS-C (38). A case of rein-
fection with SARS-CoV-2 after MIS-C 
was reported, 13 months after the initial 
MIS-C diagnosis. The patient had no 
symptoms of MIS-C in the 2 months af-
ter reinfection (39). However, a patient 
with recurrent KD during acute SARS-
CoV-2 infection and a patient with 
MIS-C who also fulfilled criteria for 
atypical KD were reported, 11 months 
and 6 years after the previous episode 
of KD (38, 40). Even though the exact 
cause of KD remains unknown, current 
understanding suggests an immune re-
sponse to classic antigen, including T- 
and B-cell memory, that is protective 
against future exposure in most patients 
(25, 41). A robust memory T- and B-
cell immune response has been dem-
onstrated after SARS-CoV-2 infection, 
which may contribute to protection 
against recurrent episodes of MIS-C 
(42). It is yet unclear whether this im-
munologic memory will prevent recur-
rences of MIS-C after reinfection with 
new variant SARS-CoV-2 strains. Due 
to the rising rates of reinfection with 
SARS-CoV-2 as well as availability 
of COVID-19 vaccination to children, 
patients with MIS-C should have close 
outpatient follow-up (43). Current data 
are reassuring, and recurrence of MIS-
C, like KD, seems to be unlikely. 
Until December 31, 2021, 95,191 chil-
dren and adolescents aged 5 to 18 years 
in Slovenia and FVG, Italy received at 
least one dose of COVID-19 vaccine. In 
the same period, three cases of serious 
inflammatory and autoimmune diseases 
following COVID-19 vaccination were 
diagnosed in this population, including 
two patients with MIS-C and a patient 
with myositis. Notably, all three vacci-
nated patients had a prior SARS-CoV-2 
infection, which was confirmed by anti-
N SARS-CoV-2 antibody positivity. All 
other patients with MIS-C and other au-
toimmune diseases were unvaccinated. 
Multisystem inflammatory syndrome 
is rarely reported after vaccination and 
most cases were in adults (MIS-A). The 

majority of reported patients with MIS-
A in temporal association with COV-
ID-19 vaccination had evidence of prior 
SARS-CoV-2 infection (18, 44-46). Few 
cases of MIS-C following COVID-19 
vaccination have been described so far. 
Two patients, who developed MIS-C 10 
and 5 weeks after the second vaccina-
tion with mRNA COVID-19 vaccines, 
both had positive antibodies to SARS-
CoV-2, but the anti-N antibodies were 
not determined (47, 48). Further two pa-
tients were diagnosed with MIS-C 5 and 
27 days after the second and first dose of 
mRNA COVID-19 vaccine, respective-
ly. Both had negative anti-N antibodies 
and high levels of anti-S antibodies, in-
dicating a vaccine-induced rather than 
a SARS-CoV-2 infection-induced anti-
body response (49, 50). 
There is some evidence that COVID-19 
vaccination may be protective against 
MIS-C. None of the 107 French ado-
lescents with MIS-C were fully vac-
cinated and 7 patients had received a 
single dose of COVID-19 mRNA vac-
cine (51). In a US report 97 of 102 hos-
pitalised children with MIS-C were un-
vaccinated and none of the vaccinated 
MIS-C patients required respiratory or 
cardiovascular life support. Estimated 
vaccine effectiveness after 2 doses of 
Pfizer/BioNTech vaccine was 91% 
(95% CI 78–97%) (52).  
Myositis has been described as a mani-
festation of acute COVID-19 and MIS-
C, and few cases reported myositis fol-
lowing COVID-19 vaccination in adults 
(53-55). To the best of our knowledge, 
our patient with myositis is the first 
reported case of myositis following 
COVID-19 vaccination in children. 
In agreement with the studies published 
so far, in our cohort, autoimmune dis-
eases were much more frequent follow-
ing SARS-CoV-2 infection compared 
to COVID-19 vaccination. While close 
monitoring for adverse events after vac-
cination is required, the three patients 
from our cohort together with other 
published cases underline the need to 
exclude prior SARS-CoV-2 infection in 
patients with suspected MIS-C or other 
inflammatory and autoimmune diseases 
after COVID-19 vaccination, to avoid 
unjustifiably contributing to the vaccine 
hesitancy (18, 47, 48). 
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This study has some limitations. Iden-
tification and reporting of patients with 
milder inflammatory and autoimmune 
diseases, such as chilblains, may not 
have been complete and even milder, 
self-limiting cases of MIS-C could have 
gone undiagnosed. Access to SARS-
CoV-2 microbiological testing was vari-
able among regions, especially during 
the early phases of the pandemic. The in-
cidence of MIS-C was calculated based 
on PCR and/or RAT-positive cases of 
SARS-CoV-2 infection. It was shown 
that serology-based incidence of SARS-
CoV-2 infection was more reliable than 
incidence based on positive PCR test-
ing, which could be a more than twofold 
underestimation (28). However, no such 
data was available for our study popu-
lation and the cumulative incidence of 
MIS-C per 100,000 persons younger 
than 18 years was high compared to 
other studies published so far. 
In conclusion, we report a diverse spec-
trum of autoimmune diseases linked 
to SARS-CoV-2 in children and ado-
lescents from two neighbouring south 
central European regions. MIS-C was 
the most common manifestation and its 
incidence in this predominantly white 
population was higher than previously 
reported. Based on our limited experi-
ence, MIS-C does not seem to recur after 
SARS-CoV-2 reinfection or COVID-19 
vaccination, however long-term data 
are lacking. Autoimmune diseases were 
much more common after SARS-CoV-2 
infection than after COVID-19 vaccina-
tion and were 8.5 times as frequent as 
severe COVID-19 in children. Results 
should be considered while advising 
COVID-19 pharmaceutical and non-
pharmaceutical interventions aimed at 
children and adolescents. Additional re-
search is needed to address the potential 
protection of COVID-19 vaccination 
against development of MIS-C in case 
of breakthrough infections. 
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