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Abstract
The impact of the COVID-19 pandemic, and implemented restrictions on the frequency of pediatric rheumatic diseases 
remain unknown, while they have probably prevented common infections in children. We present the effects of the COVID-19 
on our pediatric rheumatology practice in a main referral center. We retrospectively reviewed the medical records of patients 
presenting to pediatric rheumatology department in 4 years before March 2020 and compared it to the pandemic year (March 
2020–March 2021). Since there was an overall decrease in patient numbers, we calculated the percentage according to the 
total number of that year. A total of 32,333 patients were evaluated. The mean annual number of patients decreased by 42% 
during the COVID-19 pandemic. When follow-up visits (25,156) were excluded, there were 2818 new diagnoses of rheumatic 
diseases. In the pre-pandemic period, familial Mediterranean fever (FMF) (n = 695, 28.1%) was the most frequent, whereas 
in the pandemic period multisystem inflammatory syndrome in children (MIS-C) (n = 68, 19.2%) was the most common 
diagnosis. There were no significant differences in the percentages of juvenile idiopathic arthritis, autoimmune diseases, 
rare autoinflammatory diseases, and other vasculitides. However, there was a significant decrease in patients diagnosed 
with FMF, IgA vasculitis (IgAV), acute rheumatic fever (ARF), classic Kawasaki disease (KD), and macrophage activation 
syndrome (MAS) (all p < 0.05). During the pandemic year, the percentage of most common diseases did not differ. On the 
other hand, we suggest that the decreases in IgAV, KD (classic), and MAS, which parallels the decrease in ARF, confirm 
the role of infections in the pathogenesis for these diseases.

Keywords  Rheumatic disease · Children · COVID‐19 · Coronavirus disease

Introduction

Coronavirus disease (COVID-19) infection emerged from 
Wuhan, China, in late December 2019 and spread around 
the world in a short period [1]. The World Health Organiza-
tion (WHO) has declared the COVID-19 a global pandemic 
on March 11, 2020 [2]. It has affected people of all ages, all 
over the world. The true incidence of COVID-19 infection in 
children is not known due to insufficient testing and asymp-
tomatic infection. As of September 23, 2021, more than 5,7 
million cases associated with SARS-CoV-2 in children were 

reported from the American Academy of Pediatrics and the 
Children’s Hospital Association and children represented 
16.0% of all cases [3]. Children also made up 0.00–0.27% 
of all COVID-19 deaths [3]. In Turkey, there have been 
7,039,500 confirmed cases of COVID-19, including 63,166 
deaths, reported to WHO between 3 January 2020 and 27 
September 2021 [4]. However, there are limited data related 
to the epidemiology of COVID-19 infection among children 
in our country.

Our views about the impact of COVID-19 infection on 
children have changed over time. In the early stages of the 
pandemic, children were thought to be less susceptible to 
COVID-19 infection and have mild symptoms, unlike the 
disease course in adults [5, 6]. However, subsequently, it 
became apparent that children could develop a very severe 
multisystem inflammatory syndrome [7, 8]. In a system-
atic review of the clinical course of COVID-19 in pediatric 
patients, the asymptomatic disease was present in 14.2%, 
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mild 36.3%, moderate in 46.0%, severe in 2.1%, and critical 
disease in 1.2 percent [9]. The rate of asymptomatic infec-
tion in children and adolescents (younger than 20 years) has 
been reported between 14.6 and 42% [10]. In those with 
symptoms of COVID-19, fever (46–64.2%) and cough 
(32–55.9%) are the leading symptoms [10, 11].

COVID-19 has also led to dramatic changes in our daily 
life such as wearing masks, social distancing, quarantine, 
and curfews. These measures seem to have resulted in 
decreased transmission of other infectious agents. In a study 
from Singapore, the influenza frequency in the COVID-19 
period was compared with the frequency in three preceding 
years: a remarkable decrease was found in the COVID-19 
period and suggested that the spread of viral infections could 
be reduced with the measures taken [12]. Moreover, it was 
reported in another study that a decrease in hospital admis-
sions was observed not only in influenza infections but also 
in infections with other respiratory viruses [13].

Childhood rheumatic diseases are multisystem disorders 
characterized by acute and chronic inflammation of the 
musculoskeletal system, vessels, and skin. The association 
between infections and rheumatic diseases has long been 
known [14]. Infectious agents may play a role in the etiol-
ogy and act as triggers for the rheumatic diseases. On the 
other hand, infections are a major cause of morbidity and 
mortality in patients receiving heavy immunosuppressive 
treatments for their rheumatic diseases [15, 16]. During the 
pandemic, the course of COVID-19 in patients with rheu-
matic diseases, how it affects the course of the disease, and 
how the treatment should be regulated have been a serious 
concern for physicians. Extensive studies have been carried 
out on these issues [17, 18]. However, the impact of the 
COVID-19 pandemic and the implemented restrictions on 
the frequency and course of pediatric rheumatic diseases 
remain unknown. We have aimed to investigate the effect 
of the COVID-19 pandemic on the prevalence of pediatric 
rheumatic diseases in our referral center.

Methods

We retrospectively reviewed medical records of patients 
presenting to the Department of Pediatric Rheumatology 
in Hacettepe University, Ankara, Turkey, between Feb-
ruary 2016 and March 2021. Inclusion criteria were: (1) 
children younger than 18 years of age, (2) all new patients 
with a confirmed rheumatic disease diagnosis within the 
aforementioned time periods. If the diagnosis was not 
confirmed, the patient was excluded. Agreed-upon clas-
sification criteria were used for the diagnosis of pediatric 
rheumatic diseases. All MIS-C patients met the criteria 
suggested by the Center for Disease Control (CDC) and the 
WHO clinical case definition criteria [19, 20]. All patients 

were evaluated and diagnosed by our pediatric rheumatol-
ogy team. The inpatient data, such as macrophage activa-
tion syndrome (MAS) and multisystem inflammatory syn-
drome in children (MIS-C), were also reviewed. Patients 
who were followed up with a provisional diagnosis of 
rheumatic disease were excluded. The demographic fea-
tures of the patients were assessed. Patients with concomi-
tant rheumatic diagnoses such as familial Mediterranean 
fever (FMF) and IgA vasculitis (IgAV) were included in 
both diagnostic categories. Patients were divided into two 
groups according to the year of diagnosis (February 2016 
to February 2020; and March 2020 to February 2021). The 
COVID-19 pandemic period was designated as between 
March 2020 and February 2021. The mean number per 
year was calculated for the newly diagnosed patients in 
the pre-pandemic 4-year period (2016–2020) compared 
with the number of patients diagnosed in the pandemic 
era (2020–2021).

Statistical analysis

Statistical analyses were performed using the SPSS ver-
sion 20.0 package program. Descriptive statistics were 
presented as frequency, percentage, mean, and standard 
deviation (SD). The variables were investigated using vis-
ual (histograms, probability plots) and analytical methods 
(Kolmogorov–Smirnov/ Shapiro–Wilk’s test) to determine 
whether they are normally distributed. The Mann–Whitney 
U test was used to test age differences. The chi-square test 
was used to compare the frequencies of newly diagnosed 
patients in the pre-pandemic and pandemic period. For dis-
eases in which a significant difference was found in chi-
square analysis, the logistic regression model was used to 
estimate the effect of pandemic on the frequency of newly 
diagnosed patients with rheumatic disease. The odds ratios 
(ORs) and 95% confidence intervals (CIs) were calculated 
by logistic regression analysis by selecting the reference year 
2020–2021. A p value of less than 0.05 was considered to 
show a statistically significant result.

Results

A total of 32,333 patients presented to our pediatric rheu-
matology department between February 2016 and March 
2021. The annual distribution of patients according to the 
years was demonstrated in Fig. 1. The total number of 
patients during the COVID-19 pandemic year was lower 
than the annual numbers in the previous years (Fig. 1). The 
annual mean number of patients decreased by 42% during 
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the pandemic period (7060 patients/year vs. 4090 patients/
pandemic year).

25,156 out of 32,333 (77.8%) were recurrent visits. After 
excluding the recurrent visits, 7177 pediatric patients (3679 
female, 51.2%) with a mean age of 8.64 ± 4.84 years were 
included in the study.

In the 5-year period between 2016 and 2021, a total of 
2717 patients were diagnosed with 2818 new diagnoses of 
rheumatic diseases. During the COVID-19 pandemic period, 
345 patients were newly diagnosed with 353 rheumatic dis-
eases. There was no significant difference regarding the age 
and gender distributions of the newly diagnosed patients 

between the pre-pandemic and pandemic eras (p = 0.206 
and p = 0.963, respectively).

During these 5 years (2016–2021), the most commonly 
diagnosed rheumatic disease was FMF in 750 patients 
(26.6%), followed by IgAV in 406 (14.4%) and juvenile idi-
opathic arthritis (JIA) in 383 (13.5%) patients (Supplemen-
tary Table 1). In the pre-pandemic period that was studied 
(2016–2020), the top three most frequently diagnosed rheu-
matic diseases were FMF (n = 695, 28.1%), IgAV (n = 380, 
15.4%), and JIA (n = 343, 13.9%). In the pandemic period, 
MIS-C (n = 68, 19.2%), FMF (n = 55, 15.5%), and periodic 
fever, aphthous stomatitis, pharyngitis, and cervical adeni-
tis (PFAPA) syndrome (n = 45, 12.7%) were the most com-
monly diagnosed rheumatic diseases.

There were significant differences regarding the annual 
numbers of newly diagnosed patients with FMF, IgAV, 
Kawasaki disease (KD), MAS, MIS-C, acute rheumatic 
fever (ARF), and chronic non-bacterial osteomyelitis 
(CNO)  (Fig. 2). The presence of the COVID-19 pandemic 

was negatively associated with the frequency of newly 
diagnosed patients with FMF, IgAV, KD, and ARF (odds 
ratios (OR) = 1.8; 95% (confidence intervals) CI = 1.3–2.4, 
OR = 2.0; 95% CI = 1.3–3.2, OR = 4.7; 95% CI = 1.1–20.7, 
and OR = 6.0; 95% CI = 1.4–25.8, respectively) (Table 1). 
There were no cases of MAS during the pandemic year. The 
diagnosis of MIS-C is present only in the pandemic period 
since it is a COVID-19 associated disease. Of note, 36 out 
of 68 MIS-C patients (52.9%) had Kawasaki-like features 
(conjunctival injection, cervical lymphadenopathy, skin 
rash, changes in extremities, and oral mucosal involvement), 
whereas only two patients were diagnosed with (classic) KD 

after March 2020. On the other hand, there was a significant 
increase in newly diagnosed CNO patients (p = 0.003).

Discussion

This is the first study addressing the COVID-19 pandemic 
effect on the frequency of newly diagnosed patients in 
pediatric rheumatology. In this study, we retrospectively 
assessed the prevalence of rheumatic diseases over a 
5-year period in a tertiary referral center in Turkey and 
demonstrated significant decreases in the numbers of 
newly diagnosed patients with IgAV, KD, MAS, ARF, and 
FMF during the COVID-19 pandemic year, compared to 
previous four years.

During the COVID-19 period, many measures have been 
implemented, including the use of masks, social distancing, 
travel restrictions, quarantine practices, and curfews. As a 
result of a meta-analysis, it was found that the use of masks 

Fig. 1   Distribution of the 
number of clinic visits, follow-
up visits, and newly diagnosed 
patients by years 7205
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had a significant protective effect not only for severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), but also 
for influenza viruses and SARS [21]. As a result of all these 
measures, the transmission of other infectious agents has 
also been largely prevented, as stated by Soo et al. [12]. 
This may have led to a decrease in the prevalence of some 
rheumatic diseases, which are triggered or associated with 
infections, as well.

In our study, we showed that clinic visits decreased by 
approximately 40% during the COVID-19 period. In a study 
evaluating pediatric hospital admissions in 2020 compared 
with the prior decade, including 49 United States hospitals, 
it was reported that the admissions decreased by 45.4% in 
April 2020 compared to the previous years [22]. During the 
COVID-19 pandemic, a 32% reduction in hospital admis-
sions through emergency services was also reported [23].

The most frequent disease in the pediatric rheumatology 
departments of Turkey has always been FMF, since the prev-
alence rate is at least 1/1073 [24]. However, in the pandemic 
period, the number of new admissions of FMF has drasti-
cally decreased, while MIS-C was the most common disease 
in the pandemic period. Our department serves as a referral 
center in pediatric rheumatology and we used to get a large 
number of cases for second opinion and confirmation (due 
to inconclusive genetic data) in autoinflammatory diseases 
including FMF. The reason for the decrease in FMF may 
be because of the lower referral from other centers and the 
decrease in hospital visits during the pandemic [25]. On the 
other hand, the percentages of other common diseases such 
as JIA, autoimmune diseases, and other rare autoinflamma-
tory diseases, albeit scarce, have not changed.

The most frequent pediatric rheumatic disease over the 
world is JIA: chronic arthritis (23.3%) constituted the most 

frequent group in the registry of the Canadian Association 
of Pediatric Rheumatology [26]. In a prospective multi-
center study conducted at pediatric rheumatology centers in 
southern New England, the most common rheumatic disease 
was juvenile idiopathic arthritis (53%) [27] similar to the 
reports from other Western countries [28–30]. JIA has been 
the second most frequent disease in our pediatric rheumatol-
ogy practice. In the pandemic period, JIA moved to become 
the third common disease to be diagnosed because of the 
increasing cases with MIS-C.

In the pandemic period, the number of newly diagnosed 
IgAV patients significantly decreased as well. Preceding 
infections, especially upper respiratory tract infections, are 
reported in approximately 50% of children with IgAV [31, 
32]. Thus, the decrease in the frequency of upper respira-
tory tract infections other than COVID-19 due to pandemic 
restrictions could be the primary reason for the decrease in 
the diagnostic rate of IgAV. The same could be true for ARF 
since it is associated with group A streptococcal infections.

Similar to IgAV, KD has also decreased in the last year. 
Several microbes are capable of producing superantigens 
which cause excessive activation of the immune system. 
Superantigens have been implicated in the pathogenesis 
of Kawasaki disease [33, 34]. The prevalence of classic 
KD decreased during the pandemic period probably due 
to protective measures and reduced transmission. On the 
other hand, the accompanying features of “Kawasaki-like” 
disease and toxic shock syndrome in MIS-C patients have 
raised the question of whether the superantigen-mediated 
response has a role in the pathogenesis. Porritt et al. reported 
the immune system activation in MIS-C patients related to 
the superantigenic immune response [35]. The presence of 

Fig. 2   The annual distribu-
tion of FMF, IgA vasculitis, 
Kawasaki disease, MAS, and 
ARF. FMF familial Mediter-
ranean fever, MAS macrophage 
activation syndrome, ARF acute 
rheumatic fever
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''Kawasaki-like disease'' in approximately half of the MIS-C 
patients in our study might support this hypothesis.

Infection diseases are known to induce MAS attacks. In 
a multicenter study from 33 countries, 34.1% of the MAS 
patients were triggered by an infection agent [36]. In another 
study, infections were reported in seven of 12 MAS patients 
(58.3%), indicating the importance of the triggering role of 

infections in the development of MAS [37]. In our study, we 
observed a significant decrease in the prevalence of MAS 
in the pandemic period, excluding the clinical features of 
MIS-C patients similar to MAS. It is thus tempting to specu-
late that infections are important triggers in MAS and there-
fore, they were decreased to the decrease of common infec-
tions due to the restrictions imposed during the pandemic.

Table 1   Comparison of the frequencies of newly diagnosed patients in the pre-pandemic and pandemic period

Bold values indicate statistical significance at the p < 0.05 level
JIA juvenile idiopathic arthritis, SLE systemic lupus erythematosus, MAS macrophage activation syndrome, FMF familial Mediterranean fever, 
PFAPA periodic fever, aphthous stomatitis, pharyngitis, and adenitis, MIS-C multisystem inflammatory syndrome in children, CNO chronic non-
bacterial osteomyelitis, DADA2 deficiency of adenosine deaminase 2, OR odds ratio, CI confidence interval
*Chi-square test
**Logistic regresion analysis; the odds ratios (ORs) and 95% confidence intervals (CIs) were calculated according to the reference year: 2020–
2021

Mean patient 
number/year 
2016–2020
(n = 616.25)

Patient number/year 
2020–2021
(n = 353)

p value* OR (95%CI), p**

JIA 85.7 (13.9) 40 (11.3) 0.245
Systemic JIA 13.0 (2.1) 9 (2.5) 0.659
MAS 8.0 (1.3) 0 (0) 0.032 –
FMF 173.7 (28.2) 55 (15.6)  < 0.001 1.80 (1.33–2.45), < 0.001
Monogenic periodic fever syndromes other than FMF 18.2 (2.9) 10 (2.8) 0.936
PFAPA syndrome 73.0 (11.9) 45 (12.7) 0.681
MIS-C 0 68 (19.3)  < 0.001 -
Behçet’s disease 11.5 (1.9) 10 (2.8) 0.371
Comorbidities of FMF 8.5 (1.5) 4 (1.1) 0.671
IgA vasculitis 95.0 (15.4) 26 (7.4)  < 0.001 2.09 (1.35–3.23), 0.001
Kawasaki disease 16.7 (2.8) 2 (0.6) 0.018 4.78 (1.10–20.7), 0.01
Takayasu arteritis 2.2 (0.3) 1 (0.3) 0.911
Polyarteritis Nodosa 5.0 (0.8) 6 (1.7) 0.209
ANCA-associated vasculitis 1.7 (0.3) 1 (0.3) 0.912
SLE 16.2 (2.6) 9 (2.5) 0.964
Idiopathic inflammatory myopathies 4.5 (0.8) 3 (0.8) 0.948
Scleroderma 8.0 (1.3) 4 (1.1) 0.823
Sjogren's syndrome 1.7 (0.3) 1 (0.3) 0.912
Primary Raynaud's phenomenon 14.7 (2.4) 13 (3.7) 0.263
Primary antiphospholipid syndrome 0.5 (0.2) 1 (0.3) 0.689
Reactive arthritis 5.0 (0.8) 4 (1.1) 0.616
CNO 5.5 (1.0) 13 (3.7) 0.003 0.24 (0.08–0.65), 0.005
Sarcoidosis 0.7 (0.2) 2 (0.6) 0.275
IgG4-related disease 1.2 (0.2) 1 (0.3) 0.690
DADA2 2.7 (0.5) 2 (0.6) 0.866
Acute rheumatic fever 21.2 (3.4) 2 (0.6) 0.005 6.07 (1.42–25.88), 0.003
Cutaneous vasculitis 5.0 (0.8) 3 (0.8) 0.950
Primary central nervous system vasculitis 2.0 (0.3) 5 (1.4) 0.053
Type I Interferonopathies 1.7 (0.3) 1 (0.3) 0.912
Idiopathic uveitis 11.5 (1.9) 9 (2.5) 0.534
Idiopathic orbital myositis 1.0 (0.2) 3 (0.8) 0.108
Relapsing polychondritis 0.25 (0) 0 (0) 1.000
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The rate of diagnosis of CNO has increased during the 
last year, possibly due to our increased awareness and an 
ongoing project for CNO. This project has led the orthopedic 
surgeons and other centers to refer their CNO patients to our 
department.

This study has some limitations. It is a retrospective 
study. And, our results may not reflect the distribution of 
pediatric rheumatic disease in general population since this 
is a single-center study. A point of concern is that a certain 
portion of the decrease of frequency of some specific diag-
noses may be attributed to a decrease for the referral rate 
and/or that some diseases with less severe expression, may 
have been overlooked. Furthermore, long-term follow-up of 
these patients might be more appropriate to reveal the actual 
changes in the prevalence of the rheumatic diseases. Despite 
these limitations, ours is the first study evaluating the results 
of COVID-19 pandemic on rheumatic disease prevalence. 
We believe that this study would provide valuable informa-
tion about the effect of preventing the spread of infections 
on rheumatic diseases and shed light on the pathogenesis of 
some rheumatic diseases.

Conclusion

During the COVID-19 period, the overall number of out-
patients has decreased, and MIS-C has become the most 
frequent cause of admission. We suggest that the significant 
decrease in ARF, IgAV, classic KD and MAS is indirect 
evidence for the role of pathogens in the pathogenesis and/
or triggers for these diseases.
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