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a b s t r a c t 

Objectives: Multisystem inflammatory syndrome in children (MIS-C) is the result of an immune response 

triggered by a previous exposure to SARS-CoV-2. The clinical presentation of MIS-C overlaps with other 

life-threatening bacterial infections, in which antimicrobials are the mainstay therapy. The aim of study 

was to describe the use of antibiotics in children with MIS-C in Poland. 

Methods: The analysis of 345 children reported from 42 Polish cities to the national MultiOrgan Inflam- 

matory Syndromes COVID-19 Related Study (MOIS-CoR Study) from June 2020 to April 2021. 

Results: At least one antibiotic was used in 310 (90%) children, mainly third-generation cephalosporin 

(251/310). Broad-spectrum antibiotics were used in 258 (75%) children and 224 (87%) received this treat- 

ment for more than 3 days. Concentrations of serum procalcitonin > 2 μg/l and the presence of lower 

respiratory symptoms were associated with increased odds of receiving any antibiotic. 

Conclusion: Although bacterial infections in patients with MIS-C are uncommon, we show that MIS-C 

poses a challenge to clinicians who are faced with the decision to start, continue, or stop antimicro- 

bial therapy. Antibiotic stewardship in patients with MIS-C should be improved to ensure that likely 

pathogens are treated and that antimicrobials are stopped when bacterial infections are excluded and 

the diagnosis of MIS-C is made. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Since April 2020, after the first wave of the COVID-19 pan- 

emic, many reports have documented a new hyperinflamma- 
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ory condition in children, manifesting with a persistent fever, fa- 

igue, and a variety of symptoms, including multiorgan involve- 

ent and elevated inflammatory markers ( Belot et al ., 2020 ; 

avies et al ., 2020 ; Verdoni et al ., 2020 ). The first definition

f pediatric inflammatory multisystem syndrome temporally as- 

ociated with COVID-19 (PIMS-TS) was announced by the Royal 

ollege of Pediatrics and Child Health on May 1 ( Health Pol- 

cy Team, 2020 ). The alternative name for this disease proposed 

n the United States was multisystem inflammatory syndrome 

n children (MIS-C), and it was adopted by the World Health 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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rganization (WHO) ( Centers for Disease Control and Prevention, 

020 ). 

Since mid-May 2020, the CDC has been tracking case reports of 

IS-C. According to the CDC, as of March 28, 2022, in the United 

tates, the total number of patients with MIS-C who met the def- 

nition was 7880. The total number of children who had died of 

IS-C was 66. The median age of children with MIS-C was 9 years, 

ith half of the children with MIS-C being between the ages of 5 

nd 13 years; 60% of reported patients were male ( Centers for Dis- 

ase Control and Prevention, 2022 ). 

PIMS monitoring reports are also being conducted in Eu- 

ope. Since May 25, 2020, Poland has been conducting nation- 

ide surveillance of pediatric inflammatory syndromes in the 

ultiOrgan Inflammatory Syndromes COVID Related Study (MOIS- 

oR)( Okarska-Napierała et al., 2020 ). Such monitoring enables the 

xchange of experiences between treatment centers and the devel- 

pment of common rules of conduct based on national and inter- 

ational experience. 

Current evidence indicates that MIS-C is the result of an ex- 

ggerated innate and adaptive immune response, characterized 

y a cytokine storm, and that it is triggered by previous SARS- 

oV-2 exposure. Pathogenically, it is associated with immune- 

ediated postinfectious hyperinflammation, involving fever, severe 

nflammation, and multiorgan dysfunction, leading to vasoplegic 

hock, requiring vasopressor therapy. Cardiovascular involvement 

s apparently marked by acute myocardial injury/myocarditis and 

he development of coronary artery aneurysms ( Mahase, 2020 ). 

 characteristic element is a significant increase in inflammatory 

arkers: C-reactive protein (CRP), erythrocyte sedimentation rate, 

rocalcitonin, and ferritin. Therapy essentially consists of anti- 

nflammatory and immunomodulatory medications, such as intra- 

enous immunoglobulins and steroids, based on the knowledge 

hat the disorder is induced by postinfectious immune dysregula- 

ion ( Henderson et al., 2021 )(Henderson et al ., 2020). The course 

f the disease is characterized by a strong inflammatory reaction, 

hich requires differentiation from a septic state, and many clini- 

ians also implement empirical antibiotic therapy. 

The aim of this study was to assess the frequency of, clini- 

al reasons for, and type of antibiotics prescribed in children with 

IS-C. 

ethods 

atient data 

We analyzed data from the Polish MOIS-CoR. Children aged 

-18 years with features of MIS-C from 42 cities in Poland 

ere voluntarily reported. Anonymized patients’ data were col- 

ected through an online questionnaire developed for that purpose 

 Ludwikowska et al., 2021 ). 

For the purpose of this study, the WHO MIS-C case definition 

riteria were adopted ( World Health Organization 2020 ). The case 

efinition included the following criteria: children aged 0-18 years 

ith fever > 3 days and two of the following: (i) rash or bilat-

ral nonpurulent conjunctivitis or signs of mucocutaneous inflam- 

ation (oral, hands, or feet); (ii) hypotension or shock; (iii) fea- 

ures of myocardial dysfunction, pericarditis, valvulitis, or coro- 

ary abnormalities, including echocardiography findings or ele- 

ated troponin/N-terminal pro-B-type natriuretic peptide; (iv) ev- 

dence of coagulopathy by prothrombin time, partial thromboplas- 

in time, elevated D-dimers; (v) acute gastrointestinal problems 

diarrhea, vomiting, or abdominal pain) and elevated markers of 

nflammation (e.g., erythrocyte sedimentation rate, CRP, or procal- 

itonin) and no other obvious microbial cause of inflammation, in- 

luding bacterial sepsis, staphylococcal, or streptococcal shock syn- 

romes and evidence of COVID-19 by reverse transcription poly- 
704 
erase chain reaction, antigen test or serology positive, or likely 

ontact with patients with COVID-19. Cases not meeting the WHO 

riteria and cases with incomplete crucial data were excluded from 

he analysis. 

tatistical methods 

The summary statistics for continuous variables are presented 

s a median with interquartile range, and categorical variables are 

resented as frequencies. The continuous variables were compared 

sing the Mann-Whitney U test, and categorical variables were 

ompared between groups using chi-square tests. Binary logit re- 

ression models were used to identify variables that were associ- 

ted with the probability of using antibiotics in patients with MIS- 

. The results were considered statistically significant when the P - 

alue was less than 0.05. The statistical analysis was conducted us- 

ng TIBCO Software Inc. (2017) Statistica, version 13 (Palo Alto, CA, 

SA). 

thical considerations 

Ethical approval was obtained from the bioethics committee at 

roclaw Medical University (CWN UMW BW: 313/2020). A waiver 

f written informed consent was obtained with only deidentified 

ata transmitted and analyzed. 

esults 

Among the 437 pediatric patients who reported to MOIS-CoR 

ith suspected MIS-C, 345 cases fulfilled the WHO criteria for 

IS-C associated with SARS-CoV-2 and were eligible for study in- 

lusion. All cases were registered between June 2020 and April 

021. The majority of children (n = 293, 85%) were admitted over 

 3-month period from November 2020 to January 2021 during 

he second COVID-19 wave in Poland. There were 214 boys and 

31 girls in the study group. All children were of European White 

thnicity, and the median age was 8.6 years (range 4 months-17 

ears). There were nine children under the age of 1 year, and 82 

hildren aged between 1 and 5 years. Characteristics of the study 

roup are shown in Table 1 . 

The use of antibiotics was common in the analyzed group. A 

otal of 310 (90%) children diagnosed with MIS-C were adminis- 

ered at least one antibiotic ( Figure 1 ). A total of 49 (14%) children

eceived antibiotics from at least three different classes. The most 

ommonly used antibiotics were third generation cephalosporins, 

eing used in 251/310 (81%) children who were treated with an- 

ibiotics. 

Overall, the use of broad-spectrum antimicrobials (third- 

eneration cephalosporins, meropenem, vancomycin, aminoglyco- 

ides) in monotherapy or combination therapy was common. These 

ntibiotics were administered to 258 (75%) of all children diag- 

osed with MIS-C. Of those 258, 224 (87%) children were treated 

ith these regimens for more than 3 days, whereas 34 (13%) re- 

eived the treatment for less than 3 days. Figure 2 shows that 

ntimicrobial treatment did not change over time. Polish guide- 

ines on the treatment of MIS-C were published in December 2020; 

owever, this had no effect on the duration and type of antimicro- 

ials used in these patients ( Okarska-Napierała et al ., 2021 ). 

Compared with those who did not receive antimicrobials, chil- 

ren treated with antibiotics were characterized by higher con- 

entrations of inflammatory markers and the presence of respi- 

atory tract symptoms. Using a binary logit regression model, we 

imed to identify variables that were associated with the risk of 

sing antibiotics in patients with MIS-C. In the univariable analysis, 

e found that children with signs of upper and lower respiratory 

ract infections were over twice as likely to receive any antibiotic 
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Table 1 

Characteristics of the study group 

All Not treated with Abx (n = 35) Treated with Abx (n = 310) P 

Age, years 8.6 (4.9-12.0) 8.6 (5.6-12.3) 8.6 (4.8-11.9) 0.57 

< 1 year 9 (3%) 0 9 

1-5 years 82 (23%) 6 76 

6-12 years 168 (49%) 19 149 

> 12 years 86 (25%) 10 76 

Sex, female/male 131/214 (38%/62%) 13/22 (37%/63%) 118/192 (38%/62%) 0.92 

Underlying chronic health condition 47/263 (18%) 1/24 46/239 0.07 

Symptoms: 

Rash 264/332 (80%) 27/35(77%) 237/297 (80%) 0.71 

Mucocutaneous or lymphadenopathy 320/339 (94%) 30/34 (88%) 290/305 (95%) 0.99 

Gastrointestinal 294/333 (88%) 29/34 (85%) 265/299 (89%) 0.57 

Upper respiratory 128/320 (40%) 7/32 (22%) 121/288 (42%) 0.03 

Lower respiratory 157/315 (50%) 10/31 (32%) 147/284 (52%) 0.04 

Osteoarticular and muscular 131/311 (42%) 12/31 (39%) 119/280 (43%) 0.69 

Neurologic 266/320 (83%) 27/32 (84%) 239/288 (83%) 0.84 

Decreased level of consciousness 20/325 (6%) 2/31 (6%) 18/294 (6%) 0.94 

Hypotension 35/268 (13%) 2/23 (9%) 33/245 (13%) 0.52 

Laboratory workup 

Positive SARS-CoV-2 PCR 49/290 (17%) 7/31 (23%) 42/259 (16%) 0.37 

CRP, mg/l 129 (72-190) 85 (33-152) 134 (77-193) 0.02 

CRP > 100 mg/l 216/337 (64%) 14/32 (44%) 202/305 (66%) 0.01 

Lactate, mmol/l 2.0 (1.6-3.0) 1.9 (1.3-2.4) 2.0 (1.6-3.1) 0.09 

Lactate > 2 mmol/l 54/111 (49%) 7/16 (44%) 47/95 (49%) 0.68 

WBC, 10 3 /μl 9.5 (6.6-13.5) 7.9 (6.3-11.6) 9.6 (6.7-13.6) 0.23 

Blood neutrophils, 10 3 /μl 8.6 ±6 6.2 (4.4-9.6) 7.6 (4.8-11.0) 0.16 

Blood neutrophils > 10 000/ μl 87/314 (28%) 5/32 (16%) 82/282 (29%) 0.11 

Procalcitonin, μg/; 2.3 (0.9-7.0) 1.0 (0.2-2.8) 2.7 (1.0-7.8) < 0.001 

Procalcitonin > 2 μg/l 164/311 (53%) 9/31 (29%) 155/280 (55%) 0.005 

Leukocyturia 53/319 (17%) 3/31 (10%) 50/288 (17%) 0.27 

Lung consolidations on chest X-ray or CT 67/305 (22%) 6/26 (23%) 61/218 (22%) 0.60 

Pericardial effusion 20/287 (7%) 1/28 (4%) 19/259 (7%) 0.19 

Treatment 

Treatment in PICU 31/341 (9%) 1/34 (3%) 30/307 (10%) 0.19 

Mechanical ventilation 14/326 (4%) 0/30 (0%) 14/296 (5%) - 

Treatment with antibiotics 310/345 (90%) 0 310 (100%) - 

Broad-spectrum antibiotics 259/345 (75%) 0 258 (83%) - 

Other antibiotics 52(17%) 0 51 (16%) - 

IVIG (first-line) 282/308 (92%) 22/25 (88%) 260/283 (92%) 0.50 

Glucocorticoids (first-line) 119/237 (50%) 2/17 (12%) 117/220 (53%) 0.001 

Continuous data are presented as medians with interquartile range, categorical data are presented as frequencies. Denominators lower than the 

sample size indicate missing data. 

Abbreviations: CRP, C-reactive protein; CT, computed tomography; IVIG, intravenous immune globulin; PCR, polymerase chain reaction; PICU, pedi- 

atric intensive care unit; WBC, white blood cell. 
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 Figure 3 ). Also, increased serum concentrations of CRP > 100 mg/l, 

nd procalcitonin > 2 μg/l were associated with an increased risk 

f receiving antibiotics. Age, comorbidities, and treatment in an in- 

ensive care unit were not associated with the odds of using an- 

ibiotics in this study group. Importantly, however, all infants with 

IS-C were given antimicrobial treatment. A multivariable analysis 

evealed that increased procalcitonin and signs of lower respiratory 

ract infection were the only two variables that were significantly 

ssociated with around three-fold higher odds of using antibiotics 

n children with MIS-C. 

iscussion 

Treatment of MIS-C involves an immunomodulatory approach, 

hat is, the application of an intravenous infusion of immunoglob- 

lin, glucocorticosteroid, and, in some specific cases, biological 

reatment, the use of acetylsalicylic acid to prevent an increased 

lotting tendency, as well as symptomatic treatment. Because of 

he complex clinical picture of MIS-C, which resembles the initial 

tadium of a serious bacterial infection, such as sepsis, toxic shock 

yndrome, or bacterial intestinal infection, doctors must consider 

he use of broad-spectrum antibiotic therapy in the initial treat- 

ent ( Gharbi et al ., 2016 ; Harwood et al ., 2021 ; McMurray et al.,

020 ). 
705 
Pediatricians worldwide, including during the COVID-19 pan- 

emic, have raised concerns about the numerous threats associ- 

ted with the use of broad-spectrum antibiotics—from individual 

omplications, such as adverse reactions and intestinal microbiota 

isorders, to the selection of antibiotic-resistant bacterial strains, 

hich cause a particular problem in the hospital environment. 

here have been few studies analyzing the irrelevant use of antibi- 

tic therapy in children; however, the available data estimate that 

ntibiotic therapy was used improperly in up to 20% of hospital- 

zed pediatric patients ( Gharbi et al ., 2016 ; Tan et al., 2021 ; Tribble

t al ., 2020 ). The problem of inadequate antibiotic therapy is no- 

iceable in both children and adults as early as in the treatment of 

ARS-CoV-2 infection itself. With respect to the MIS-C treatment, 

ntibiotic treatment should be terminated as soon as the MIS-C 

iagnosis is established or when negative results of the microbi- 

logical examination are obtained ( Harwood et al ., 2021 ). 

A limited number of studies analyzing the frequency of antibi- 

tic application in MIS-C have been published to date, many of 

hich analyzed groups of patients with COVID-19 and those with 

IS-C. 

In a multicenter analysis comprising 990 children being treated 

or COVID-19 and MIS-C in seven hospitals in Latin America, it 

as stated that antibiotic therapy was used in 24.5% of children 

ithin the whole group (MIS-C was diagnosed in 7% and was a 
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Figure 1. Use of antibiotics in children diagnosed with MIS-C in Poland, registered 

in the database, presented as the total number of different antibiotics used (A) 

and a percentage of children treated with a specific group of antibiotics (B). The 

total percentage in (B) does not sum up to 100% because children were treated 

with different combinations of listed antibiotics. Abbreviations: Abx, antibiotics; 

Cephalosporins-3G; third-generation cephalosporins; Cephalosporins-1/2G, first and 

second-generation cephalosporins. 
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ignificant factor increasing the use of antibiotics) ( Yock- 

orrales et al., 2021b ). British authors associated with Paediatric 

esearch Across the Midlands provided data from hospitals in the 

nited Kingdom, which also showed a high percentage of antibi- 

tic prescriptions for patients diagnosed with COVID-19 and MIS-C 
igure 2. Children registered in the database, hospitalized with pediatric inflammatory 

raphs show the monthly number of cases. The lower stack area chart shows how antimi

706 
antibiotics were used in 64% of children, almost half of whom 

ere given broad-spectrum antibiotics, and in 84% of children 

iagnosed with MIS-C) ( Tan et al ., 2021 ). Significantly lower use 

f antibiotics was noted in Italian clinics, where an antibiotic was 

sed in only 10 of 117 children with COVID-19 or MIS-C; five of 

hem were diagnosed with MIS-C, and one patient had sepsis 

 Papadopoulou et al., 2021 ). In a study of children diagnosed with 

IMS-TS in the United Kingdom and Ireland, antibiotics were used 

n 92.9% (24 9/26 8) of children ( Flood et al., 2020 ). 

It is noteworthy that in previous years, the dilemma concern- 

ng the use of antibiotics in multisystem inflammatory syndrome 

as considered with respect to Kawasaki disease. In a study ana- 

yzing 140 patients with Kawasaki disease, the prevalence of an- 

ibiotic therapy before establishing the diagnosis was estimated 

t 54.3% ( Han and Lee, 2018 ). In a study concerning the course 

nd treatment of Kawasaki disease in comparison with that of 

IS-C in Italy, it was stated that antibiotics were used in 72.7% 

f the entire analyzed group, whereby the frequency of taking 

hem in MIS-C was significantly higher than in Kawasaki disease 

73.6% vs 35.4%) ( Cattalini et al ., 2021 ). The difficulties in establish-

ng the optimal initial treatment were also highlighted by the au- 

hors of a study carried out in one of the London hospitals. In this 

tudy, a group of experts made therapeutic decisions in the case of 

IS-C suspicion. All patients received broad-spectrum antibiotics 

 Papadopoulou et al ., 2021 ). The authors of a Turkish study, analyz- 

ng the treatment of 20 children diagnosed with MISC-C who were 

ospitalized in Istanbul, also reported the use of empiric antibiotic 

herapy in all patients ( Öcal Demir et al ., 2021 ). 

The majority of the cited publications did not analyze the pro- 

le of antibiotics used in detail but concentrated on other aspects 

f the MIS-C treatment. The authors of the cited studies stated 

hat, given the concern over the increasing number of multidrug- 

esistant strains of bacteria, it is crucial to develop clear guide- 

ines concerning the use of antibiotic therapy in both COVID-19 

nd MIS-C. 

The previously mentioned reports are consistent with the re- 

ults of our study, describing the frequency of antibiotic use in 

olish patients diagnosed with MIS-C. We have shown that the 

ajority of children diagnosed with MIS-C were given antibi- 

tic therapy in the course of their treatment. Third-generation 

ephalosporins were the most commonly used antibiotics, fol- 

owed by first- and second-generation cephalosporins, penicillin 

nd macrolides, polypeptide antibiotics, and others, and as many as 

4% of children were given antibiotics from three different groups. 
multisystem syndrome, divided by the type of antimicrobial treatment. The upper 

crobial treatments changed over time in relation to each other. 
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Figure 3. Binominal logistic regression analysis of variables associated with the risk of receiving antimicrobial treatment. The age-related risk was calculated with reference 

to age under 1 year. Abbreviations: CXR, chest X-ray; CT, computed tomography; PICU, pediatric intensive care unit; CRP, C-reactive protein. 

707
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ost of the treated children were given antibiotics for more than 3 

ays. The frequency of antibiotic application did not change signif- 

cantly during the almost 12 months of data gathering, even after 

ublishing and updating the Polish procedure guidelines for treat- 

ng children with MIS-C ( Okarska-Napierała et al ., 2021 ). This ob- 

erved high antibiotic use in Polish children with MIS-C, in par- 

icular, broad-spectrum antibiotics, is alarming. This observation 

s consistent with the reports of other authors and indicates the 

eed to educate medical personnel about rational antibiotic ther- 

py ( Yock-Corrales et al., 2021a ) 

The publications we analyzed as well as the data from our 

tudy indicate an urgent need to provide the most accurate diag- 

ostic criteria for the identification of MIS-C and to promote them 

idely to avoid the prolonged use of broad-spectrum antibiotics in 

hildren with this complex disease entity. It seems that because of 

he disease pattern and the similarity of symptoms to serious bac- 

erial infections, it will be difficult to avoid antibiotic use in the 

nitial phase of treatment. The emphasis should be placed on early 

ithdrawal of antibiotics after the diagnosis is made. Databases 

un by expert assemblies in various countries and meta-analyses 

ummarizing multiple studies as well as international cooperation 

ay be particularly useful for optimization of treatment in the case 

f MIS-C. 

Our study had some limitations. Because of the voluntary par- 

icipation in the register, the number of reported MIS-C cases 

ight have been an underestimate or biased by nonrandom sam- 

ling. However, it is important to note a major strength of this 

tudy. We included data from across 42 Polish cities; hence, our 

tudy provides a good overview of clinical practices in the man- 

gement of patients with MIS-C throughout Poland. 

onclusion 

Our study shows that MIS-C poses a challenge to clinicians who 

re faced with the decision to start, continue, or stop antimicro- 

ial therapy. Signs of MIS-C overlap with other life-threatening 

onditions, for the majority of which antimicrobials are the main- 

tay therapy. Although bacterial infections in patients with MIS-C 

re uncommon, proper antimicrobial stewardship is difficult, es- 

ecially when inflammatory markers are significantly elevated or 

ower respiratory tract infection signs are present. These complex 

atients should be discussed with pediatric infectious disease or 

icrobiology specialists to ensure that likely pathogens are treated 

nd that antimicrobials are stopped when they are no longer nec- 

ssary. Our study shows that MIS-C presents a challenge for clin- 

cians who must make the decision to start, continue, or stop an- 

imicrobial therapy. The symptoms of MIS-C overlap with other 

ife-threatening conditions, most of which antimicrobial drugs are 

he primary therapy. Although bacterial infections in patients with 

IS-C are rare, proper management of antimicrobials is difficult, 

specially when markers of inflammation are markedly elevated 

r symptoms of a lower respiratory tract infection are present. 

hese complex patients should be discussed with pediatric infec- 

ious diseases or microbiology specialists to ensure treatment of 

ossible pathogens and the discontinuation of antimicrobials when 

o longer needed. It is of utmost importance that emergency pe- 

iatricians provide rational, empirical antibiotic therapy, and en- 

eavor to terminate it early upon confirmation of MIS-C. 
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