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Abstract: (1) Background: We aimed to describe the clinical features and outcomes of coronavirus
disease-2019 (COVID-19) in children and late adolescents with inflammatory rheumatic diseases
(IRD) and to measure their severity risks by comparing them with healthy children. (2) Methods:
Among children and late adolescents found to be severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2) positive via polymerase chain reaction (PCR) test, IRD patients with an at least six-
months follow-up duration, and healthy children were included in the study. Data were obtained
retrospectively. (3) Results: A total of 658 (339 (51.5%) females) (healthy children: 506, IRD patients:
152) subjects were included in the study. While 570 of 658 (86.6%) experienced COVID-19-related
symptoms, only 21 (3.19%) required hospitalization with a median duration of 5 (1–30) days. Fever,
dry cough, and fatigue were the most common symptoms. None of evaluated subjects died, and
all recovered without any significant sequelae. The presence of any IRD was found to increase the
risk of both hospitalization (OR: 5.205; 95% CI: 2.003–13.524) and symptomatic infection (OR: 2.579;
95% CI: 1.068–6.228). Furthermore, increasing age was significantly associated with symptomatic
infection (OR: 1.051; 95% CI: 1.009–1.095). (4) Conclusions: Our study emphasizes that pediatric
rheumatologists should monitor their patients closely for relatively poor COVID-19 outcomes.

Keywords: COVID-19; SARS-CoV-2; rheumatology; pediatrics; familial Mediterranean fever

1. Introduction

Coronavirus disease-2019 (COVID-19), caused by a novel virus called severe acute
respiratory syndrome-coronavirus-2 (SARS-CoV-2), is responsible for an exponentially
increasing number of morbidities and mortalities, globally. Although a wide clinical
spectrum varies from asymptomatic disease course to life-threatening events was noted,
the most common symptoms of COVID-19 are fever, nasal congestion, dry cough, myalgia,
and fatigue in adults [1–3].

Since children are vulnerable in many terms, parents and pediatricians had huge
concerns regarding the probable poor outcomes of COVID-19 in children in the early days

J. Clin. Med. 2022, 11, 2102. https://doi.org/10.3390/jcm11082102 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11082102
https://doi.org/10.3390/jcm11082102
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-5365-3457
https://orcid.org/0000-0003-2433-1827
https://orcid.org/0000-0002-7830-7155
https://orcid.org/0000-0002-7600-7909
https://orcid.org/0000-0002-1125-7720
https://doi.org/10.3390/jcm11082102
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11082102?type=check_update&version=1


J. Clin. Med. 2022, 11, 2102 2 of 13

of the pandemic. Fortunately, it was revealed that the disease seems to be rare in childhood,
and children are likely to have asymptomatic or mild disease course [4–6]. The most
common COVID-19 symptoms in children are cough, pharyngeal erythema, and fever, and
the overall mortality rate is relatively low compared to adults [7]. Although multi-system
inflammatory syndrome in children (MIS-C) caused by SARS-CoV-2 may cause devastating
consequences, such as organ failure and even death, it is an extremely rare complication
with an incidence of 316 per one million cases [8].

However, individuals with chronic health conditions were another group that made
concerns rise due to their vulnerabilities. Hypertension, diabetes, obesity, chronic lung or
cardiac disease, and immune deficiencies were identified as predictors of disease severity [9].
Considering hyperinflammation as the key factor in COVID-19-related tissue damage,
patients with inflammatory rheumatic diseases (IRD) are challenging conundrums on this
issue since their immune system is mostly disturbed due to the disease itself or long-term
immunosuppressive treatment regimens [10].

Studies focused on IRD patients present controversial findings, probably because of
limited patients and interpretation challenges due to clinical similarities between disease
flares and COVID-19. Whether patients with IRD are at increased risk of severe infection
remains unclear [11,12]. Furthermore, a smaller number of patients and a lack of studies
in pediatric age make a risk assessment for this group harder. We aimed to describe the
clinical features and outcomes of COVID-19 in children and late adolescents with IRD and
to measure their severity risks by comparing them with healthy children.

2. Materials and Methods
2.1. Patients and Data Collection

Our patients with IRD were told via phone or face-to-face appointments that they
must inform us immediately when they became infected with SARS-CoV-2 at the beginning
of the pandemic. Their COVID-19 histories are routinely questioned in regular follow-
ups, and they are allowed to call us via phone on demand. They are routinely referred
to our pediatric rheumatology department when they are admitted to our hospital due
to COVID-19 suspicion. Regardless of which hospital they were admitted to, their data
were obtained from phone calls or face-to-face and verified by our national health registry
with their permission. Then, data of all the participants were obtained from their medical
records retrospectively.

Among those found to be SARS-CoV-2 positive via polymerase chain reaction (PCR)
test (Bioeksen R&D Technologies Incorporated Company, Istanbul, Turkey), rheumatic
patients under 21 with an at least six-months follow-up duration in our department were in-
cluded as the study group. Healthy children under 18 tested in our hospital for SARS-CoV-2
and found to be positive were accepted as control group. At least one of the participants’
family members approved the written informed consent.

Subjects found to be SARS-CoV-2 PCR positive between 11 March 2020 (the date of
the first COVID-19 case was seen in our country) and 11 December 2021 (the date of the
first infected case by the omicron variant of SARS-CoV-2 was seen in our country) were
enrolled. Patients with omicron variant of SARS-CoV-2 have not been included due to
quite distinct clinical features.

According to regulations of our ministry of health, while pediatric subspecialists,
such as pediatric rheumatologists, are allowed to follow their patients with chronic health
conditions until they are 21, healthy individuals with no underlying diseases can be
followed up by general pediatricians until they are 18. This is the main cause of the age
cut-off difference between the study group and the control group in our study.

Data of chronic health conditions, demographic variables, COVID-19 clinical features,
and outcomes were obtained from their medical records, retrospectively. Although nu-
merous IRD patients were under immunomodulatory therapy, current guidelines were
followed for managing their treatment regimens when they were infected [13].
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2.2. Statistical Analysis

We performed the statistical analysis by using SPSS for Windows, version 22.0 (SPSS
Inc., Chicago, IL, USA). Categorical variables were expressed as numbers and percentages.
Ages, follow-up durations and lengths of hospital stay of the patients were given as the
median (minimum–maximum), based on their distribution which was measured by using
the Kolmogorov–Smirnov test. Categorical variables were compared by using Chi-Square
test or Fisher’s Exact test, when appropriate. Ages, follow-up durations and length of
hospital stay of the patients were compared using the Mann–Whitney U or Kruskal–Wallis
test, when appropriate.

We ran multivariable logistic regression analyses for assessing risk factors of symp-
tomatic infection and hospitalization. Age, gender, receiving immunosuppressive agents,
such as biological disease modifying anti-rheumatic drugs (bDMARDs) and conventional
disease modifying anti-rheumatic drugs (cDMARDs), and the presence of an IRD were
included in logistic regression models for both symptomatic infection and hospitalization.
We stratified the patients according to their IRD types and performed a second model that
included age, gender, bDMARDs, cDMARDs, and types of IRD, such as autoinflammatory
diseases (AID), juvenile idiopathic arthritis (JIA), connective tissue diseases (CTD), and
vasculitis for measuring risk factors of symptomatic infection. However, we were not able
to do the same second model for the evaluation of the risk factors of hospitalization due
to a lack of the number of hospitalized subjects. Statistical significance was defined as
p < 0.05. Prism software (Prism 8, GraphPad Software, San Diego, CA, USA) was used to
graph data.

3. Results
3.1. Study Population

Overall, 658 (339 (51.5%) females) (healthy children: 506 (76.9%), IRD patients: 152
(23.1%)) subjects with a median age of 13.06 (0.33–20.95) years were included in the study.
Median follow-up of the IRD patients was 62 (6–204) months. Twenty (13.2%) IRD patients
had additional non-rheumatic diseases, such as asthma (n = 7), hypertension (n = 3),
gastroesophageal reflux (n = 2), inflammatory bowel disease (n = 2), attention deficiency
and hyperactivity disorder (n = 2), precocious puberty (n = 1), vesicoureteral reflux (n = 1),
autism (n = 1), and mitral valve insufficiency (n = 1).

There was a certain family contact history of COVID-19 in 557 (84.7%) participants.
Chest computed tomography (CT) was performed for 159 of the subjects, and suggestive
signs for COVID-19 were seen in 18 of them (11.3%). While 88 of 658 (13.4%) were fully
asymptomatic, the overall symptoms were: fever (n = 321, 48.8%), dry cough (n = 277,
42.1%), fatigue (n = 266, 40.4%), headache (n = 255, 38.8%), sore throat (n = 199, 30.2%),
myalgia (n = 144, 21.9%), rhinorrhea (n = 136, 20.7%), nausea–vomiting (n = 66, 10%),
anosmia/ageusia (n = 65, 9.9%), dyspnea (n = 64, 9.7%), arthralgia (n = 59, 9%), diarrhea
(n = 57, 8.7%), anorexia (n = 53, 8.1%), abdominal pain (n = 44, 6.7%), chest pain (n = 28,
4.3%), arthritis (n = 6, 0.9%), rash (n = 6, 0.9%), back pain (n = 5, 0.8%), and conjunctivitis
(n = 3, 0.5%). Twenty-one (3.2%) participants were hospitalized, and the median length
of hospital stay was 5 (1–30) days. A healthy 12-year-old girl required pediatric intensive
care unit (PICU) admission, and non-invasive mechanic ventilation (NIV) was performed.
Besides this case, a healthy 17-year-old boy developed MIS-C in his follow-ups. Forty-eight
subjects (7.3%) were prescribed antiviral, 20 antibiotic (3%), 17 hydroxychloroquine (2.6%),
and 10 anticoagulant agents (1.5%) for their COVID-19 treatment. Detailed and categorized
data are given in Table 1.
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Table 1. Baseline characteristics of the study population.

Healthy
Control
(n = 506)

Patients with
AIDs

(n = 81)

Patients with
JIA

(n = 39)

Patients with
CTD

(n = 22)

Patients with
Vasculitis

(n = 10)
p

Age (years) (median, min–max) 13 (0.33–17.9) 13.7 (2.94–20.86) 14.05 (3.09–20.95) 17.61 (6.8–20.59) 15.22 (3.87–20.79) <0.001
Gender 0.283

Female (n, %) 252 (49.8%) 42 (51.9%) 24 (61.5%) 15 (68.2%) 6 (60%)
Male (n, %) 254 (50.2%) 39 (48.1%) 15 (38.5%) 7 (31.8%) 4 (40%)

Rheumatic diagnoses (n) -

FMF (71)
CAPS (3)

PFAPA (3)
HIDS (2)

CRMO (1)
BS (1)

oJIA (17)
ERA (9)
pJIA (8)
sJIA (5)

SLE (10)
DM (6)
SD (4)

Sjögren (2)

KD (3)
BD (2)

GPA (2)
DADA2 (1)

TA (1)
HSP (1)

Follow-up duration * (months) (median,
min–max) - 66 (6–182) 54 (8–192) 66 (12–170) 46.5 (16–204) 0.119

Ongoing treatments
Colchicine (n, %) - 75 (92.6%) - - 2 (10%)
Steroid (n, %) - 1 (1.2%) 7 (17.9%) 10 (45.5%) 3 (30%)
bDMARDs

Anakinra (n, %) - 2 (2.5%) - - -
Canakinumab (n, %) - 11 (13.6%) 3 (7.7%) - -
Tocilizumab (n, %) - 1 (1.2%) - 1 (4.5%) -
Etanercept (n, %) - 1 (1.2%) 6 (15.4%) 3 (13.6%) 1 (10%)
Adalimumab (n, %) - - 12 (30.8%) - 1 (10%)
Infliximab (n, %) - - 1 (2.6%) - -
Rituximab (n, %) - - - 1 (4.5%) -
Baricitinib (n, %) - - 1 (2.6%) - -

cDMARDs
MTX (n, %) - - 14 (35.9%) 5 (22.7%) -
Leflunomide (n, %) - - 1 (2.6%) - -
AZT (n, %) - - - 1 (4.5%) 2 (20%)
Cyclosporine (n, %) - - 1 (2.6%) - -
Cyclophosphamide (n, %) - - - 1 (4.5%) -
HCQ (n, %) - - - 14 (63.6%) -
MMF (n, %) - - 1 (2.6%) 9 (40.9%) 1 (10%)

Additional non-rheumatic disease * (n, %) - 10 (12.3%) 4 (10.3%) 4 (18.2%) 2 (20%) 0.674
Family contact history of COVID-19 (n, %) 427 (84.4%) 67 (82.7%) 33 (84.6%) 20 (90.9%) 10 (100%) 0.603
Chest CT features of COVID-19 (n, %) 2 (0.4%) 10 (12.3%) 1 (2.6%) 4 (18.2%) 1 (10%) <0.001
Outcome

Symptomatic infection (n, %) 432 (85.4%) 76 (93.8%) 34 (87.2%) 19 (86.4%) 9 (90%) 0.345
Hospitalization (n, %) 10 (2%) 9 (11.1%) - 2 (9.1%) - <0.001

Hospitalization duration ** (days) (median,
min–max) 5.5 (4–30) 2 (1–21) - 6 (5–7) - 0.189

COVID-19 treatment
HCQ (n, %) - 4 (4.9%) 3 (7.7%) 9 (40.9%) 1 (10%)
Antibiotic (n, %) 10 (2%) 5 (6.2%) 4 (10.3%) - 1 (10%)
Antiviral (n, %) 7 (1.4%) 19 (23.5%) 9 (23.1%) 8 (36.4%) 5 (50%)
Anticoagulant (n, %) 3 (0.6%) 4 (4.9%) - 2 (9.1%) 1 (10%)

AIDs: Autoinflammatory diseases; AZT: Azathioprine; BD: Behçet disease; bDMARDs: biologic disease modifying
antirheumatic drugs; BS: Blau syndrome; CAPS: cryopyrin associated periodic syndromes; cDMARDs: conven-
tional disease modifying antirheumatic drugs; COVID-19: Coronavirus disease-2019; CRMO: Chronic recurrent
multifocal osteomyelitis; CT: Computed tomography; CTD: Connective tissue disease; DADA2: Deficiency of
Adenosine Deaminase 2; DM: Dermatomyositis; ERA: Enthesitis-related arthritis; FMF: Familial Mediterranean
fever; GPA: Granulomatous polyangiitis; HCQ: Hydroxychloroquine; HIDS: Hyperimmunoglobulin D syndrome;
HSP: Henoch-Schönlein purpura; JIA: Juvenile idiopathic arthritis; KD: Kawasaki disease; MMF: Mycophenolate
mofetil; MTX: Methotrexate; oJIA: Oligoarticular juvenile idiopathic arthritis; PFAPA: Periodic fever, aphthous
stomatitis, pharyngitis, and adenitis; pJIA: Polyarticular juvenile idiopathic arthritis; SD: Scleroderma; sJIA: Sys-
temic juvenile idiopathic arthritis; SLE: Systemic lupus erythematosus; TA: Takayasu arteritis. * Healthy control
group was not included in this analysis. ** Those who were not hospitalized were not included in the analysis.

Forty-five of 152 IRD patients were under biologic treatment, such as canakinumab
(n = 14), adalimumab (n = 13), etanercept (n = 11), anakinra (n = 2), tocilizumab (n = 2)
infliximab (n = 1), rituximab (n = 1), and baricitinib (n = 1). They were defined as the
biologic group, and the rest of the IRD patients were defined as the non-biologic group.
Symptomatic infection frequencies in the biologic group, non-biologic group, and healthy
children were 86.7%, 92.5%, and 85.4%, respectively. Hospitalization frequencies in the
biologic group, non-biologic group, and healthy children were 2.2%, 9.3%, and 2%, re-
spectively. Fatigue, fever, and headache were the most common symptoms in both the
biologic (62.2%, 51.1%, 51.1%, respectively) and non-biologic group (65.4%, 61.7%, 50.5%,
respectively). The most common symptoms of healthy children were fever (45.8%), cough
(45.3%), and headache (35.2%). Additional data are available in Figure 1.
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Figure 1. Outcome and clinical feature frequencies of the healthy control group, patients under 
biologic treatment, and patients not under biologic treatment. 

Figure 1. Outcome and clinical feature frequencies of the healthy control group, patients under
biologic treatment, and patients not under biologic treatment.

While fever, headache, fatigue, sore throat, rhinorrhea, nausea–vomiting, anosmia/ageusia,
chest pain, abdominal pain, back pain, rash, arthritis, arthralgia, anorexia, and conjunctivitis
were significantly more common in IRD patients, cough, and myalgia were significantly
more common in healthy children. There was no significant difference between IRD
patients and healthy children regarding the frequencies of dyspnea and diarrhea. While
hospitalization was significantly more common in IRD patients (p = 0.003), symptomatic
infection frequency was not significantly different between IRD patients and healthy
children (p = 0.085). Detailed data are given in Figure 2.
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3.2. Comparison of Symptomatic and Asymptomatic Subjects

The median age of the symptomatic subjects was 13.63 (0.4–20.95) years, significantly
higher (p = 0.005) than the median age of the asymptomatic subjects (11.5 (0.33–20.47) years).
Family contact history of COVID-19 was significantly more common in asymptomatic than
in symptomatic subjects (100% vs. 82.3%, p < 0.001). Although not significant, IRD patients’
ratio was higher in the symptomatic than in the asymptomatic group (24.2% vs. 15.9%,
p = 0.085). Additional data are given in Table 2.

Table 2. Demographic and underlying disease-related data comparisons between symptomatic and
asymptomatic, and hospitalized and not hospitalized subjects.

Symptomatic Infection Hospitalization

Asymptomatic
Group
(n = 88)

Symptomatic
Group

(n = 570)
p

Hospitalized
Group
(n = 21)

Non-Hospitalized
Group

(n = 637)
p

Age (years) (median, min–max) 11.5
(0.33–20.47)

13.63
(0.4–20.95) 0.005 13 (0.5–19.68) 13.07 (0.33–20.95) 0.911

Gender 0.401 0.763
Female (n, %) 49 (55.7%) 290 (50.9%) 12 (57.1%) 327 (51.3%)
Male (n, %) 39 (44.3%) 280 (49.1%) 9 (42.9%) 310 (48.7%)

Disease 0.085 0.003
Healthy children (n, %) 74 (84.1%) 432 (75.8%) 11 (52.4%) 496 (77.9%)
Patients with IRD (n, %) 14 (15.9%) 138 (24.2%) 10 (47.6%) 141 (22.1%)

AIDs (n) 5 76 9 72
JIA (n) 5 34 - 39
CTD (n) 3 19 2 20
Vasculitis (n) 1 9 - 10

Follow-up duration * (months) (median,
min–max) 54.5 (18–127) 64 (6–204) 0.063 65 (11–157) 62 (6–204) 0.825

Ongoing immunosuppressive treatments
bDMARDs (n, %) 6 (6.8%) 39 (6.8%) 1 1 (4.8%) 44 (6.9%) 1
cDMARDs (n, %) 6 (6.8%) 32 (5.6%) 0.837 2 (9.5%) 36 (5.7%) 0.345

Non-rheumatic disease (n, %) 1 (1.1%) 19 (3.3%) 0.5 1 (4.8%) 19 (3%) 0.483
Family contact history of COVID-19 (n, %) 88 (100%) 469 (82.3%) <0.001 19 (90.5%) 538 (84.5%) 0.757
Chest CT features of COVID-19 (n, %) - 18 (3.2%) 0.152 9 (42.9%) 9 (1.4%) <0.001

AIDs: Autoinflammatory diseases; bDMARDs: biologic disease modifying antirheumatic drugs; cDMARDs:
conventional disease modifying antirheumatic drugs; COVID-19: Coronavirus diseases-2019; CT: Computerized
tomography; CTD: Connective tissue disease; JIA: Juvenile idiopathic arthritis. * Healthy control group was not
included in this analysis.

3.3. Comparison of Hospitalized and Non-Hospitalized Subjects

IRD patients’ ratio was significantly higher in the hospitalized than in the non-
hospitalized group (47.6% vs. 22.1%, p = 0.003). Chest computed tomography (CT)
features of COVID-19 were significantly more common in the hospitalized than in the
non-hospitalized group (42.9% vs. 1.4%, p = <0.001). Additional data are given in Table 2.

3.4. Risk Factor Assessment for Symptomatic Infection and Hospitalization

Increasing age (OR: 1.046; 95% CI: 1.003–1.091; p = 0.037) and the presence of any IRD
(OR: 2.452; 95% CI: 1.014–5.929; p = 0.047) were found to be risk factors for symptomatic
infection in model 1 multivariate logistic regression analysis. Increasing age (OR: 1.046;
95% CI: 1.003–1.092; p = 0.035) was significantly related with symptomatic infection in
model 2, as well.

On the other hand, the presence of an IRD was independently associated with hospi-
talization (OR: 5.205; 95% CI: 2.003–13.524). Detailed data are available in Table 3.
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Table 3. Risk factor assessments for symptomatic infection and hospitalization due to COVID-19.

Symptomatic Infection
Hospitalization

Model 1 Model 2

OR 95% CI p OR 95% CI p OR 95% CI p

Age 1.046 1.003–1.091 0.037 1.046 1.003–1.092 0.035 0.977 0.897–1.063 0.585
Gender 0.817 0.517–1.291 0.387 0.818 0.517–1.294 0.391 1.128 0.458–2.778 0.794
bDMARD 0.307 0.176–1.730 0.307 0.569 0.179–1.911 0.361 0.230 0.028–1.863 0.168
cDMARD 0.159 0.139–1.380 0.159 0.545 0.109–2.735 0.461 0.704 0.141–3.522 0.669
IRD 2.452 1.014–5.929 0.047 - - 5.785 2.179–15.363 <0.001

None 1 1 1 -
AIDs - - 2.656 0.976–7.226 0.056 - -
JIA - - 2.062 0.434–9.789 0.362 - -
CTD - - 1.814 0.248–13.245 0.557 - -
Vasculitis - - 1.988 0.210–18.777 0.549 - -

AIDs: Autoinflammatory diseases; bDMARDs: Biologic disease modifying antirheumatic drugs; cDMARDs:
Conventional disease modifying antirheumatic drugs; CTD: Connective tissue disease; IRD: Inflammatory
rheumatic disease; JIA: Juvenile idiopathic arthritis.

4. Discussion

Out of 658 (339 (51.5%) females) subjects infected by SARS-CoV-2, except for the
omicron variant, 152 were IRD patients, and 506 were otherwise healthy children. While
570 of 658 (86.6%) experienced COVID-19-related symptoms, only 21 of them required
hospitalization with a median duration of 5 (1–30) days. More than half of the hospitalized
subjects (11/21) were IRD patients, and none but one 15.6-year-old male scleroderma
patient who was receiving tocilizumab were under biological treatment. As their leading
causes of hospitalization, 7 of 11 IRD patients had severe respiratory symptoms, two
had feeding intolerance due to severe diarrhea and vomiting, one had persistent fever,
and one had acute abdominal pain that could require surgical intervention. Fever, dry
cough, fatigue, headache, sore throat, and myalgia were the most common symptoms.
One previously healthy girl required PICU admission, and a boy without any underlying
disease developed MIS-C in his follow-ups. No one has died, and all recovered without
any significant sequelae.

While hospitalization was significantly more frequent among IRD patients, symp-
tomatic infection frequency was not significantly different between IRD patients and healthy
children. This finding made us consider the possibility of a more cautious attitude towards
IRD patients when they are infected. However, in multivariate regression analysis, the
presence of any IRD was found to increase the risk of both hospitalization and symptomatic
infection. Furthermore, increasing age was significantly associated with symptomatic
infection. Gender, and receiving any immunosuppressive medication, such as bDMARDs
or cDMARDs, was related with neither hospitalization nor symptomatic infection.

The omicron variant of the virus, which currently dominates the outbreak, causes
distinct clinical findings. However, SARS-CoV-2 keeps evolving rapidly. Since the main
weapon for fighting this novel foe in the early days of the pandemic was our knowledge
obtained from the previous coronaviruses, there will always be numerous things to learn
from the past [14,15].

Older age was closely related to severe outcomes of COVID-19 in numerous stud-
ies [2,16–20]. Angiotensin-converting enzyme-2 (ACE-2) was previously shown to serve
to SARS-CoV-2 as an entrance gate to human cells [21]. This interaction between ACE-2
and the virus downregulates the ACE-2, decreasing an anti-inflammatory mediator called
angiotensin 1–9 and relatively increasing a pro-inflammatory mediator called angiotensin
II, leading to hyperinflammation [10]. Moreover, ACE-2 expression was shown to be
significantly decreased by aging [22]. These findings are compatible with the idea of
older infected individuals being more likely to have symptomatic infection. Correspond-
ingly, we revealed that the increasing age was an independent risk factor for symptomatic
SARS-CoV-2 infection.
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In two of the earliest pediatric cohorts, asymptomatic infection was reported in 12.9%,
and 15.8% of the laboratory confirmed COVID-19 cases [4,23]. Subsequently, a multi-
national study was published from Europe, and 16% of the entire pediatric cohort was
asymptomatic [24]. Although our hospital is a tertiary center where mostly symptomatic
patients are referred, we reported a similar frequency that 14.6% of healthy children had
entirely asymptomatic SARS-CoV-2 infection.

Considering the concerns regarding the vulnerability of IRD patients to infections,
studies focused on this group of patients have been conducted rapidly since the beginning
of the pandemic. Given the limited number of patients, sufficient data are still not available.
Firstly, adult cases were reported, and were not considered to be at increased risk of
poor outcomes [25,26]. Then, pediatric case series in a broad spectrum of rheumatic
diseases, such as AID and JIA, were published, with smaller sample sizes, and they draw
a similar clinical picture [27–29]. Maritsi et al. reported that 13 of 16 children with IRD
were asymptomatic [30]. It was shown in another case series from Brazil that included
14 children with IRD that 12 were under DMARD treatment and only one was hospitalized
without oxygen requirement [31]. These findings made the clinicians consider that IRD
patients, either adult or children, are unlikely to have a severe COVID-19 disease course.

However, with the increasing number of IRD patients infected by SARS-CoV-2, novel
and distinct findings were reported. A meta-analysis showed a significantly increased risk
of COVID-19 infection in adult IRD patients than in the general population [32]. Almost half
of the IRD patients required hospitalization due to COVID-19 in another adult study [33].
Furthermore, severe outcomes, such as respiratory failure and mechanical ventilation
requirement, were previously shown to be more common in adult IRD patients than in
non-rheumatic patients [34,35].

In a single center study, while 82% of pediatric IRD patients had symptomatic infection,
18.2% were hospitalized [36]. A multi-center study reported the symptomatic SARS-CoV-2
infection frequency as 61%, and hospitalization frequency due to COVID-19 as 7.8%, in
patients with childhood rheumatic diseases [37]. According to a German registry including
76 children with IRD, 58 (76%) had symptomatic infection, two (2.6%) were hospitalized,
and one has died [38]. In our study, symptomatic infection and hospitalization frequencies
were 90.7% (138/152), and 7.2% (11/152), respectively.

While the most common disease was JIA in previous studies that evaluated COVID-19
patients with pediatric IRD, FMF was the most common one in our study [36–38]. Geograph-
ical circumstances present a reasonable explanation for this discrepancy. It is well-known
that JIA is the most common rheumatic disease in childhood [39]. However, FMF is the
most common periodic fever syndrome in children and our country is one of the foremost
Middle Eastern countries where the highest prevalence of FMF is reported [40].

Although the most common disease was JIA in German registry, all those with
FMF had symptomatic infection [38]. Consistently, patients with AID (the majority of
them were FMF patients) have the highest frequency of symptomatic SARS-CoV-2 infec-
tion. In our cohort, more than half of reported patients were symptomatic (68/138), and
9 of 11 hospitalized patients were FMF. Therefore, we considered the FMF predominance
of our study may be responsible for our relatively worse outcomes.

However, it was unclear whether symptomatic infection was more common in chil-
dren with FMF, or FMF attacks induced by viral infections may mimic COVID-19 related
symptoms. Therefore, all the diagnostic clinical criteria of FMF attacks but fever (abdominal
pain, chest pain, and arthritis) were excluded from the term of symptomatic infection, and
data were re-analyzed [41]. Arthralgia was excluded as well as diagnostic criteria, as it often
accompanies arthritis. Since fever is the most common symptom of pediatric COVID-19
patients, it was not excluded [42]. As all symptomatic subjects had extra symptoms in
addition to these excluded FMF episode-related symptoms, none of the subjects’ clinical
statuses changed from symptomatic into asymptomatic, and the results were entirely the
same. Thus, we did not repeat them in the paper.
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Since serious infections were reported in children under biologic therapy previously,
one of the most challenging concerns for pediatric rheumatologists during the pandemic
was the ongoing bDMARD treatments of their patients [43]. A multi-center study from our
country enrolled 113 children with IRD under a great variety of bDMARDs and did not con-
sider biologic treatment to be related with poor COVID-19 outcomes [44]. However, given
that biologic action mechanisms are quite different, they should be evaluated separately
in terms of the effects on COVID-19 prognosis. There were two children with CAPS in a
study describing COVID-19 patients with AID, both were under canakinumab treatment,
and both had mild infection [29]. Similarly, three children with CAPS in our cohort were
receiving canakinumab, had mild to moderate COVID-19 related symptoms, and none was
hospitalized. Out of remaining 11 patients under canakinumab, nine were symptomatic,
none had severe disease or required hospitalization. While it is proposed that the risk of
COVID-19-related hospital admission increases by using rituximab, it decreases in patients
under anti-tumor necrosis factor (anti-TNF) agents [32,45]. Consistently, out of 45 patients
under biologic treatment, of who more than half were receiving anti-TNF agents (25/45),
39 had symptomatic infection, none were severe, but one scleroderma patient who was
receiving tocilizumab was hospitalized in our study. Patients under biologic treatment
were found to be at increased risk of neither hospitalization nor symptomatic infection.

Mainly due to its retrospective manner, the study has notable limitations, as follows:
(1) Since there are limited data sets describing the disease activities of the IRD patients
during their COVID-19 disease courses, we could not perform the analysis; (2) we did
not assess the dosages and the durations of the patients’ medications; (3) although IRD
was shown to increase the hospitalization risk, disease groups could not be analyzed
separately due to a low number of hospitalized IRD patients; (4) laboratory investigations
and vaccination data were available for only a few; therefore, we did not include those
data in this study; (5) IRD patients with a milder COVID-19 disease course may have
not informed us about their PCR positivity, which may result in a selection bias. The
main strength of our study is that it contains the largest cohort of COVID-19 patients with
pediatric-onset IRD and is the only study that includes a healthy control group among
those focused on this group of patients, to the best of our knowledge.

5. Conclusions

In conclusion, our study indicates an acceptable safety profile of receiving immuno-
suppressive medications during the pandemic and emphasizes the increased risk of both
hospitalization due to COVID-19 and symptomatic SARS-CoV-2 infection in patients with
childhood-onset IRD. The most significant take-home messages of the study are that pedi-
atric rheumatologists should monitor their patients closely for relatively poor COVID-19
outcomes, and the families of children with IRD should not withdraw their medication
unless they are told to.
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10. Haşlak, F.; Yıldız, M.; Adrovic, A.; Barut, K.; Kasapçopur, Ö. Childhood Rheumatic Diseases and COVID-19 Pandemic: An
Intriguing Linkage and a New Horizon. Balkan Med. J. 2020, 37, 184–188. [CrossRef]

11. Grainger, R.; Machado, P.M.; Robinson, P.C. Novel coronavirus disease-2019 (COVID-19) in people with rheumatic disease:
Epidemiology and outcomes. Best Pract. Res. Clin. Rheumatol. 2021, 35, 101657. [CrossRef] [PubMed]

12. Cordtz, R.; Lindhardsen, J.; Soussi, B.G.; Vela, J.; Uhrenholt, L.; Westermann, R.; Kristensen, S.; Nielsen, H.; Torp-Pedersen, C.;
Dreyer, L. Incidence and severeness of COVID-19 hospitalization in patients with inflammatory rheumatic disease: A nationwide
cohort study from Denmark. Rheumatology 2021, 60, Si59–Si67. [CrossRef] [PubMed]

13. Wahezi, D.M.; Lo, M.S.; Rubinstein, T.B.; Ringold, S.; Ardoin, S.P.; Downes, K.J.; Jones, K.B.; Laxer, R.M.; Pellet Madan, R.;
Mudano, A.S.; et al. American College of Rheumatology Guidance for the Management of Pediatric Rheumatic Disease During
the COVID-19 Pandemic: Version 2. Arthritis Rheumatol. 2021, 73, e46–e59. [CrossRef] [PubMed]

14. Yin, W.; Xu, Y.; Xu, P.; Cao, X.; Wu, C.; Gu, C.; He, X.; Wang, X.; Huang, S.; Yuan, Q.; et al. Structures of the Omicron Spike trimer
with ACE2 and an anti-Omicron antibody. Science 2022, 375, 1048–1053. [CrossRef] [PubMed]

15. Modes, M.E.; Directo, M.P.; Melgar, M.; Johnson, L.R.; Yang, H.; Chaudhary, P.; Bartolini, S.; Kho, N.; Noble, P.W.; Isonaka, S.; et al.
Clinical Characteristics and Outcomes Among Adults Hospitalized with Laboratory-Confirmed SARS-CoV-2 Infection During
Periods of B.1.617.2 (Delta) and B.1.1.529 (Omicron) Variant Predominance-One Hospital, California, July 15–September 23, 2021,
and December 21, 2021–January 27, 2022. MMWR Morb. Mortal. Wkly. Rep. 2022, 71, 217–223. [PubMed]

16. Cheng, W.A.; Turner, L.; Marentes Ruiz, C.J.; Tanaka, M.L.; Congrave-Wilson, Z.; Lee, Y.; Jumarang, J.; Perez, S.; Peralta, A.;
Pannaraj, P.S. Clinical manifestations of COVID-19 differ by age and obesity status. Influenza Other Respir. Viruses 2022, 16,
255–264. [CrossRef]

17. Dai, X.J.; Shao, Y.; Ren, L.; Tao, W.; Wang, Y. Risk factors of COVID-19 in subjects with and without mental disorders. J. Affect.
Disord. 2022, 297, 102–111. [CrossRef]

18. Salzberger, B.; Buder, F.; Lampl, B.; Ehrenstein, B.; Hitzenbichler, F.; Holzmann, T.; Schmidt, B.; Hanses, F. Epidemiology of
SARS-CoV-2. Infection 2021, 49, 233–239. [CrossRef]

19. Zimmermann, P.; Curtis, N. Coronavirus Infections in Children Including COVID-19: An Overview of the Epidemiology, Clinical
Features, Diagnosis, Treatment and Prevention Options in Children. Pediatr. Infect Dis. J. 2020, 39, 355–368. [CrossRef]

20. Passamonti, F.; Cattaneo, C.; Arcaini, L.; Bruna, R.; Cavo, M.; Merli, F.; Angelucci, E.; Krampera, M.; Cairoli, R.; Della Porta, M.G.;
et al. Clinical characteristics and risk factors associated with COVID-19 severity in patients with haematological malignancies in
Italy: A retrospective, multicentre, cohort study. Lancet Haematol. 2020, 7, e737–e745. [CrossRef]

http://doi.org/10.1016/S0140-6736(20)30183-5
http://doi.org/10.1080/19932820.2021.2010337
http://www.ncbi.nlm.nih.gov/pubmed/34895104
http://doi.org/10.31744/einstein_journal/2020AO6022
http://doi.org/10.1056/NEJMc2005073
http://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
http://doi.org/10.1111/apa.15270
http://www.ncbi.nlm.nih.gov/pubmed/32202343
http://doi.org/10.1007/s12098-020-03292-1
http://doi.org/10.1001/jamanetworkopen.2021.16420
http://doi.org/10.1111/all.14657
http://doi.org/10.4274/balkanmedj.galenos.2020.2020.4.43
http://doi.org/10.1016/j.berh.2020.101657
http://www.ncbi.nlm.nih.gov/pubmed/33468418
http://doi.org/10.1093/rheumatology/keaa897
http://www.ncbi.nlm.nih.gov/pubmed/33369663
http://doi.org/10.1002/art.41772
http://www.ncbi.nlm.nih.gov/pubmed/34114365
http://doi.org/10.1126/science.abn8863
http://www.ncbi.nlm.nih.gov/pubmed/35133176
http://www.ncbi.nlm.nih.gov/pubmed/35143466
http://doi.org/10.1111/irv.12918
http://doi.org/10.1016/j.jad.2021.10.024
http://doi.org/10.1007/s15010-020-01531-3
http://doi.org/10.1097/INF.0000000000002660
http://doi.org/10.1016/S2352-3026(20)30251-9


J. Clin. Med. 2022, 11, 2102 12 of 13

21. Zhou, P.; Yang, X.L.; Wang, X.G.; Hu, B.; Zhang, L.; Zhang, W.; Si, H.R.; Zhu, Y.; Li, B.; Huang, C.L.; et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature 2020, 579, 270–273. [CrossRef] [PubMed]

22. Chen, J.; Jiang, Q.; Xia, X.; Liu, K.; Yu, Z.; Tao, W.; Gong, W.; Han, J.D.J. Individual variation of the SARS-CoV-2 receptor ACE2
gene expression and regulation. Aging Cell 2020, 19, e13168. [CrossRef] [PubMed]

23. Dong, Y.; Mo, X.; Hu, Y.; Qi, X.; Jiang, F.; Jiang, Z.; Tong, S. Epidemiology of COVID-19 Among Children in China. Pediatrics 2020,
145, e20200702. [CrossRef]

24. Götzinger, F.; Santiago-García, B.; Noguera-Julián, A.; Lanaspa, M.; Lancella, L.; Carducci, F.I.C.; Gabrovska, N.; Velizarova, S.;
Prunk, P.; Osterman, V.; et al. COVID-19 in children and adolescents in Europe: A multinational, multicentre cohort study. Lancet
Child Adolesc. Health 2020, 4, 653–661. [CrossRef]

25. Monti, S.; Balduzzi, S.; Delvino, P.; Bellis, E.; Quadrelli, V.S.; Montecucco, C. Clinical course of COVID-19 in a series of patients
with chronic arthritis treated with immunosuppressive targeted therapies. Ann. Rheum. Dis. 2020, 79, 667–668. [CrossRef]

26. Fredi, M.; Cavazzana, I.; Moschetti, L.; Andreoli, L.; Franceschini, F. COVID-19 in patients with rheumatic diseases in northern
Italy: A single-centre observational and case-control study. Lancet Rheumatol. 2020, 2, e549–e556. [CrossRef]

27. Haslak, F.; Yildiz, M.; Adrovic, A.; Sahin, S.; Koker, O.; Aliyeva, A.; Barut, K.; Kasapcopur, O. Management of childhood-onset
autoinflammatory diseases during the COVID-19 pandemic. Rheumatol. Int. 2020, 40, 1423–1431. [CrossRef]

28. Yildiz, M.; Haslak, F.; Adrovic, A.; Sahin, S.; Barut, K.; Kasapcopur, O. The frequency and clinical course of COVID-19 infection in
children with juvenile idiopathic arthritis. Clin. Exp. Rheumatol. 2020, 38, 1271–1272.

29. Welzel, T.; Samba, S.D.; Klein, R.; van den Anker, J.N.; Kuemmerle-Deschner, J.B. COVID-19 in Autoinflammatory Diseases with
Immunosuppressive Treatment. J. Clin. Med. 2021, 10, 605. [CrossRef]

30. Maritsi, D.N.; Krepis, P.; Vartzelis, G.; Syggelou, A.; Tsolia, M. The impact of SARS-CoV-2 infection in children with
rheumatic/autoinflammatory diseases on immunosuppressive treatment: A single centre experience. Clin. Exp. Rheumatol. 2022.
[CrossRef]

31. Ihara, B.P.; Strabelli, C.A.; Simon, J.R.; Viana, V.S.; Sallum, A.M.; Kozu, K.T.; Aikawa, N.E.; Leal, G.N.; Pereira, M.F.; Marques,
H.H.; et al. Laboratory-confirmed pediatric COVID-19 in patients with rheumatic diseases: A case series in a tertiary hospital.
Lupus 2021, 30, 856–860. [CrossRef] [PubMed]

32. Wang, Q.; Liu, J.; Shao, R.; Han, X.; Su, C.; Lu, W. Risk and clinical outcomes of COVID-19 in patients with rheumatic diseases
compared with the general population: A systematic review and meta-analysis. Rheumatol. Int. 2021, 41, 851–861. [CrossRef]
[PubMed]

33. Alzahrani, Z.A.; Alghamdi, K.A.; Almaqati, A.S. Clinical characteristics and outcome of COVID-19 in patients with rheumatic
diseases. Rheumatol. Int. 2021, 41, 1097–1103. [CrossRef] [PubMed]

34. Ye, C.; Cai, S.; Shen, G.; Guan, H.; Zhou, L.; Hu, Y.; Tu, W.; Chen, Y.; Yu, Y.; Wu, X.; et al. Clinical features of rheumatic patients
infected with COVID-19 in Wuhan, China. Ann. Rheum. Dis. 2020, 79, 1007–1013. [CrossRef] [PubMed]

35. D’Silva, K.M.; Serling-Boyd, N.; Wallwork, R.; Hsu, T.; Fu, X.; Gravallese, E.M.; Choi, H.K.; Sparks, J.A.; Wallace, Z.S. Clinical
characteristics and outcomes of patients with coronavirus disease 2019 (COVID-19) and rheumatic disease: A comparative cohort
study from a US ‘hot spot’. Ann. Rheum. Dis. 2020, 79, 1156–1162. [CrossRef]

36. Villacis-Nunez, D.S.; Rostad, C.A.; Rouster-Stevens, K.; Khosroshahi, A.; Chandrakasan, S.; Prahalad, S. Outcomes of COVID-19
in a cohort of pediatric patients with rheumatic diseases. Pediatr. Rheumatol. Online J. 2021, 19, 94. [CrossRef]

37. Clemente, D.; Udaondo, C.; de Inocencio, J.; Nieto, J.C.; Del Río, P.G.; Fernández, A.G.; Palomo, J.A.; Bachiller-Corral, J.;
Lopez Robledillo, J.C.; Millán Longo, C.; et al. Clinical characteristics and COVID-19 outcomes in a regional cohort of pediatric
patients with rheumatic diseases. Pediatr. Rheumatol. Online J. 2021, 19, 162. [CrossRef]

38. Sengler, C.; Eulert, S.; Minden, K.; Niewerth, M.; Horneff, G.; Kuemmerle-Deschner, J.; Siemer, C.; Berendes, R.; Girschick, H.;
Hühn, R.; et al. Clinical manifestations and outcome of SARS-CoV-2 infections in children and adolescents with rheumatic
musculoskeletal diseases: Data from the National Paediatric Rheumatology Database in Germany. RMD Open 2021, 7, e001687.
[CrossRef]
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