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Seroprevalence of Antibodies against

SARS-CoV-2 in Children with

Juvenile Idiopathic Arthritis a

Case-Control Study. J. Clin. Med.

2021, 10, 1771. https://doi.org/

10.3390/jcm10081771

Academic Editor: Jamilloux Yvan

Received: 3 March 2021

Accepted: 15 April 2021

Published: 19 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Paediatric Pulmonology and Rheumatology, Medical University of Lublin, Gębali 6,
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Abstract: There is limited data on the effect of the novel coronavirus disease (COVID-19) caused
by severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) on pediatric rheumatology. We
examined the prevalence of antibodies against SARS-CoV-2 in children with juvenile idiopathic
arthritis (JIA) and a negative history of COVID-19 and the correlation of the presence of these
antibodies with disease activity measured by juvenile arthritis disease activity score (JADAS). In total,
62 patients diagnosed with JIA, under treatment with various antirheumatic drugs, and 32 healthy
children (control group) were included. Serum samples were analyzed for inflammatory markers
and antibodies and their state evaluated with the juvenile arthritis disease activity score (JADAS). JIA
patients do not have a higher seroprevalence of anti-SARS-CoV-2 antibodies than healthy subjects.
We found anti-SARS-CoV-2 antibodies in JIA patients who did not have a history of COVID-19. The
study showed no unequivocal correlation between the presence of SARS-CoV-2 antibodies and JIA
activity; therefore, this relationship requires further observation. We also identified a possible link
between patients’ humoral immune response and disease-modifying antirheumatic treatment, which
will be confirmed in follow-up studies.

Keywords: COVID-19; juvenile idiopathic arthritis; disease-modifying antirheumatic drugs; SARS-
CoV-2

1. Introduction

The coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2) presents mild disease in the majority of children [1]. However,
there are a growing number of reports of severe complications after SARS-CoV-2 infection
in children, specifically a Kawasaki-like disease named pediatric multisystem inflammatory
syndrome temporally associated with SARS-CoV-2 (PIMS-TS) [2]. As the symptoms of
SARS-CoV-2 infection in children may be non-specific and difficult to distinguish from
other respiratory or non-respiratory viruses [1], children less frequently present with symp-
toms meeting the case definition for COVID-19 required to qualify for testing. Therefore,
although collated European data show (as of 10 August 2020), children aged <10 years
accounted for 1.9% of cases and 3.7% at the age of 10–19 [3], the true incidence may
be higher.

There are very limited data about the infection rate and disease course in patients
with rheumatic disease and almost no data regarding pediatric rheumatology patients,
including juvenile idiopathic arthritis (JIA).
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In the Beesley et al. study [4], based on the COVID-19 European patient registry (EPR)
of 4336 adult and pediatric patients with rheumatic, autoimmune, and autoinflammatory
conditions from 58 countries, COVID-19 has been diagnosed in 2.9% with only 10 adults
and one child admitted to hospital. An investigation by Michelena et al. [5] of the incidence
of COVID-19 in a cohort of 959 adult and pediatric patients with rheumatic diseases treated
with disease-modifying antirheumatic drugs (DMARDs), based on a telephone survey and
electronic health records review, identified 11 confirmed SARS-CoV-2 positive cases in the
adult cohort and none in the pediatric. COVID-19 incidence rates of the rheumatic patient
cohort were very similar to that of the general population.

Current Paediatric Rheumatology European Association (PRES) [6] recommendations
advise that children with rheumatic diseases on medication continue all therapies, including
methotrexate and biologics, as usual. It is generally known that uncontrolled disease and
high disease activity place patients with JIA at higher risk of infections [7].

Nonetheless, the precise role of SARS-CoV-2 infection and its impact on disease activity
and treatment in children with rheumatic diseases remains unclear.

SARS-CoV-2 serology is anticipated to be particularly valuable for prevalence surveys
as serological testing can potentially detect prior infection, regardless of symptom or
hospitalization history [8]. In general, the determination of antibodies is considered to be
highly sensitive and specific; for example, the specificity for IgG (ELISA) is estimated at
91.9% and 73.0% for IgA [9]. Analysis of the humoral response to SARS-CoV-2 infection
showed the presence of antibodies from the second day of the disease [10]. The peak
concentration of IgM and IgA antibodies occurs in the 2nd week and decreases later. IgG
response occurs at the same time, but the highest level is reached in the 3rd week and then
decreases slowly over the next weeks [10].

The objective of this study was to examine the prevalence of anti-SARS-CoV-2 anti-
bodies in children with JIA and a negative history of COVID-19. An exploratory aim of the
study was to investigate the correlation of the presence of these antibodies with disease
activity measured by the juvenile arthritis disease activity score (JADAS) [11].

2. Materials and Methods
2.1. Study Group

All subjects were diagnosed and treated in the Department of Paediatric Pulmonology
and Rheumatology, Medical University of Lublin (Poland), without symptomatic history
of COVID-19.

The JIA group included children with oligoarthritis (n = 29), polyarthritis with positive
rheumatoid factor (RF) (n = 5), polyarthritis with negative RF (n = 13) and psoriatic arthritis
(n = 3), enthesitis-related arthritis (n = 10), and systemic arthritis (n = 2). All patients
diagnosed with JIA were on DMARDs, single or combination: conventional synthetic
(methotrexate, sulfasalazine, hydroxychloroquine) or biologic (etanercept, adalimumab,
tocilizumab). In the group treated with sulfasalazine or hydroxychloroquine, there was
no concomitant administration of biological DMARDs, but in the group treated with
methotrexate, there were 24 patients treated with biological DMARDs. There was no patient
without treatment in the JIA group. Patients with JIA in remission without treatment were
excluded from the study because, in this group, the disease activity (the indicator studied)
was, by definition, low.

The control group included 32 healthy children of health workers. We excluded
children taking medication affecting the immune system; reporting symptoms of infection
in the last three months before the study; or patients with diagnosed chronic diseases, such
as allergies, inflammatory, autoimmune, or oncological diseases. As in the JIA group, also
in the control group, none of the patients had a history of COVID-19 symptoms.

Sera were obtained from a total of 104 patients (62 JIA patients and 32 controls) who
were admitted to our department between 1 June to 30 September 2020. Serum samples
were obtained during routine laboratory tests. Inflammatory markers, including the
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erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), were examined during
routine outpatient visits. Clinical data were extracted from the electronic medical record.

In patients with JIA, the disease activity was estimated with the use of the juvenile
arthritis disease activity score 71 (JADAS 71) [11]. The JADAS 71 includes the following
four measures: physician’s global assessment of disease activity (PhGA) and parent global
assessment of well-being (PGA), measured on a 0–10 visual analog scale (VAS) where 0 = no
activity and 10 = maximum activity; erythrocyte sedimentation rate (ESR), normalized to a
0 to 10 scale; and a count of joints with active disease [11].

2.2. Detection of Anti-SARS-CoV-2 Antibodies

ELISA based tests for anti-SARS-CoV-2 IgA and IgG were from Euroimmun (Lubeck,
Germany). These tests were used per manufacturer’s instructions. Results were calculated
as: absorbance value of the sample divided by absorbance value of the calibrators and
expressed as extinction ratio. We utilized the manufacturer’s interpretation of the ratio with
samples < 0.8 classified as no antibody present, 0.8 ≤ 1.1 indeterminate, and ≥1.1 containing
antibodies. These ELISA tests were for antibodies against the S1 subunit/domain of the
spike protein of SARS-CoV-2.

2.3. Compliance with Research Ethics Standards

All patients and parents or legal guardians were informed in detail in oral and written
form about the course, aims, and scope of the conducted research. All patients over 16 years
and parents or guardians signed an informed written consent to participate in the study.
The study was carried out in compliance with the Declaration of Helsinki. The study
design was approved by the Bioethics Committee at the Medical University of Lublin
(KE-0254/236/2020).

2.4. Statistical Analyses

Results from measurable parameters are presented as the mean, median, minimum
and maximum values, and standard deviation. Nonmeasurable parameters are presented
as means of count and percentage. The normal distribution of variables was checked using
the Shapiro–Wilk test. The Student t test was used to compare independent variables,
and the Mann–Whitney U test was used for intergroup comparisons. Differences between
more than two groups were analyzed with the Kruskal–Wallis test, ANOVA, and multiple
comparisons of mean ranks (as post hoc analysis) with the Bonferroni correction. The
associations between pairs of variables were assessed with Spearman’s rank correlation.
Statistical significance was considered at p < 0.05. The statistical analysis was carried out
using Statistica 13.3 software (StatSoft, Kraków, Poland).

3. Results
3.1. Baseline Characteristics of the Patients

In total, 62 patients with JIA (aged 2–18 years), diagnosed according to ILAR crite-
ria [12] (study group), and 32 healthy children (aged 1–18 years) as a control group were
included. Baseline demographic and clinical characteristics of the studied groups are
shown in Table 1.

A similar prevalence for SARS-CoV-2 IgA and IgG antibodies was demonstrated in
JIA patients and the control group (Table 1). A total of eight JIA patients had a positive
result of one of the antibodies: IgM or IgG; one patient had both positive antibodies.

3.2. Disease Activity in JIA Patients Seropositive and Seronegative for Anti-SARS-CoV-2

The clinical features of JIA patients who were seropositive and seronegative for SARS-
CoV-2 antibodies were compared.
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Table 1. Baseline demographic and clinical characteristics of the patients.

Parameter
JIA (n = 62) Control (n = 32)

p
Median (Range) Median (Range)

Age (years) 12.0 (2–18) 11.0 (1–18) 0.48
ESR (mm/h) 7.5 (2–120) 4.0 (2.0–20.0) 0.19
CRP (mg/dL) 0.0 (0.0–17.9) 0.0 (0.0–0.16) 0.30

IgA anti-SARS-CoV-2 (ratio) 0.37 (0.06–2.9) 0.37 (0.1–3.58) 0.69
Positive anti-SARS-CoV-2 IgA 6 (9.7%) 3 (9.4%) 1.0

IgG anti-SARS (ratio) 0.30 (0.17–1.9) 0.29 (0.19–1.21) 0.58
Positive anti-SARS-CoV-2 IgG 3 (4.8%) 2 (6.3%) 1.0

JADAS 71 4.9 (0.0–36.0)

ND ND
Active joint number 1.0 (0.0–25.0)

PGA 2.0 (0.0–7.0)
PhGA 2.0 (0.0–18.6)

Treatment
Biological DMARDs 30 (48.4%)

ND ND

Adalimumab 13 (21.0%)
Etanercept 11 (17.7%)

Tocilizumab 6 (9.7%)
Conventional synthetic DMARDs 62 (100%)

Methotrexate 48 (77.4%)
Hydroxychloroquine 5 (8.1%)

Sulfasalazine 14 (22.6%)
Glucocorticoids * 16 (25.8%)

JIA, juvenile idiopathic arthritis; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; JADAS 71, juvenile arthritis disease activity
score 71; PhGA, physician global assessment of disease activity; PGA, parent/patient assessment of overall well-being; ND, not determined.
DMARDs, disease-modifying antirheumatic drugs; * systemic glucocorticoids (orally, more than to 2 weeks, regardless of the dose).

Significantly higher disease activity, according to JADAS 71, was demonstrated in
patients who were seropositive for anti-SARS-CoV-2 IgA compared to those who were
seronegative (Table 2). Nevertheless, the level of significance was rather low (p = 0.044),
and none of the JADAS 71 components showed significant differences (PGA and active
joint number; both p = 0.09, ESR p = 0.19, PhGA p = 0.15) (Table 2). Such a relationship was
not demonstrated for anti-SARS-CoV-2 IgG.

Table 2. Characteristics of JIA patients who are seropositive and seronegative for anti-SARS-CoV-2.

Parameter IgA
Anti-SARS-CoV-2

IgG
Anti-SARS-CoV-2

Positive (n = 6) Negative (n = 56) Z/RR (95%CI) p Positive (n = 3) Negative (n = 59) Z/RR (95%CI) p

JIA activity
Age (years) 11.0 (2–15) 12.0 (2–18) 0.5 0.61 4.0 (2–13) 12.0 (2–18) 1.4 0.17

ESR (mm/h) 16.0 (2.0–120.0) 6.5 (2.0–86.0) –1.3 0.19 7.0 (2.0–9.0) 8.0 (2.0–120.0) 0.7 0.48
CRP (mg/dL) 0.03 (0.0–1.97) 0.0 (0.0–17.9) –0.5 0.60 0.0 (0.0) 0.0 (0.0–17.9) 1.4 0.17

JADAS 71 12.5 (3.0–36) 4.0 (0.0–32.9) –2.01 0.044 3.3 (2.0–5.0) 5.0 (0.0–36.0) 0.5 0.64
Active joint number 2.0 (0–25) 1.0 (0–15) –1.7 0.086 0.0 (0–2) 1.0 (0.0–25.0) 0.6 0.55

PGA 3.5 (2.0–6.0) 2.0 (0.0–7.0) –1.7 0.089 1.0 (1.0–2.0) 2.0 (0.0–7.0) 0.7 0.46
PhGA 2.5 (2.0–6.0) 2.0 (0.0–18.6) –1.4 0.15 2.0 (0.0–2.0) 2.0 (0.0–18.6) 0.6 0.55

Therapy
Biological DMARDs 2 (33.3%) 28 (50%) 0.67 (0.2–2.1) 0.67 0 (0) 30 (50.8%) (∞) 0.24

Methotrexate 2 (33.3%) 47 (83.9%) 1.0 (0.2–6.8) 1.0 2 (66.7%) 46 (78.0%) 0.9 (0.4–1.9) 0.54
Sulfasalazine 2 (33.3%) 12 (21.4%) 1.6 (0.5–5.4) 0.61 1 (33.3) 13 (22.0%) 1.5 (0.3–8.0) 0.54

Glucocorticoids 1 (16.7%) 15 (26.8%) 0.6 (0.1–3.9) 1.0 1 (33.3) 15 (25.4%) 1.3 (0.2–6.9) 1.0

JIA, juvenile idiopathic arthritis; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; JADAS 71, juvenile arthritis disease
activity score 71; PhGA, physician global assessment of disease activity; PGA, parent/patient assessment of overall well-being; DMARDs
Disease-modifying antirheumatic drugs.

Neither other markers of disease activity (CRP), nor the type of therapy, differed
statistically significantly between the groups (Table 2).

Correlations between anti-SARS-CoV-2 antibodies and age, disease activity measures,
and JADAS 71 were also assessed. Anti-SARS-CoV-2 IgA antibodies correlated with ESR
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(p = 0.004) but not with the other parameters: age, CRP, and JADAS 71 (p > 0.05). There
was also no correlation between these parameters and IgG antibodies.

Seropositive patients were treated with different DMARDS: two biologics, three with
glucocorticoids. None of the positive patients had inactive disease (JADAS ≤ 1, [11])
(Table 3). None of these patients had a history of symptoms suggestive of COVID-19.

Table 3. Characteristics of SARS-CoV-2 antibody positive JIA patients.

JIA Patient Type of JIA Treatment Disease Activity JADAS 71
Positive Anti-SARS-CoV-2

IgA IgG

1 ERA sulfasalazine 3 + +
2 Poli RF- etanercept 6 + −
3 ERA methotrexate 9 + −
4 Poli RF- methotrexate glucocorticoids 5 − +
5 Poli RF- methotrexate 2 − +
6 Poli RF- methotrexate 6 + −
7 Poli RF- tocilizumab 36 + −
8 ERA sulfasalazine glucocorticoids 15 + −

Poli RF, polyarthritis with negative rheumatoid factor (and psoriatic arthritis, ERA, enthesitis-related arthritis, Syst, systemic arthritis).

3.3. Relationship between Anti-SARS-CoV-2 Antibodies and Treatment of JIA

Next, we assessed the effect of treatment on the serological response (i.e., anti-SARS-
CoV-2 antibodies) by comparing antibody ratio in patients on different treatments to those
of the control group (Table 4).

Table 4. Anti-SARS-CoV-2 (IgA, IgG) levels in JIA patients according to therapy type.

Parameter
IgA (Ratio)

p
IgG (Ratio)

p
Median (Range) Median (Range)

Patients with biological therapy (n = 30) 0.37 (0.06–1.23)
0.91

0.32 (0.17–0.66)
0.85Without (n = 32) 0.37 (0.08–2.93) 0.29 (0.18–1.9)

Control (n = 32) 0.37 (0.1–3.58) 0.29 (0.19–1.21)

Patients with methotrexate (n = 48) 0.33 (0.06–1.23)
0.014

0.30 (0.17–1.9)
0.59Without (n = 14) 0.50 (0.23–2.93) 0.31 (0.21–1.32)

Control (n = 32) 0.37 (0.1–3.58) 0.29 (0.19–1.21)

Patients with hydroxychloroquine (n = 5) 0.21 (0.11–0.54)
0.23

0.36 (0.19–0.95)
0.84Without (n = 57) 0.37 (0.06–2.93) 0.29 (0.17–1.9)

Control (n = 32) 0.37 (0.1–3.58) 0.29 (0.19–1.21)

Patients with sulfasalazine (n = 14) 0.49 (0.28–0.11)
0.045

0.36 (0.24–1.32)
0.31Without (n = 48) 0.35 (0.06–2.93) 0.29 (0.17–1.9)

Control (n = 32) 0.37 (0.1–3.58) 0.29 (0.19–1.21)

Patients with systemic glucocorticoids (n = 16) 0.36 (0.18–0.98)
0.9

0.32 (0.22–1.9)
0.73Without (n = 46) 0.37 (0.06–2.93) 0.29 (0.17–1.32)

Control (n = 32) 0.37 (0.1–3.58) 0.29 (0.19–1.21)

Significantly lower levels of anti-SARS-CoV-2 antibodies were observed in JIA pa-
tients treated with methotrexate compared to those without methotrexate treatment and
the control group (p = 0.014, Table 5). Otherwise, sulfasalazine-treated patients showed
significantly higher antibody levels than the untreated and control groups (p = 0.045,
Table 4). Antibody levels in JIA patients treated with biological DMARDs or systemic
glucocorticoids (orally, more than 2 weeks) were similar to those who were untreated or
the control group (Table 4).
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Table 5. Anti-SARS-CoV-2 levels in JIA patients depending on disease activity (JADAS 71).

Parameter
IgA (Ratio)

p
IgG (Ratio)

p
Median (Range) Median (Range)

JADAS 71 > 1 (n = 40) 0.37 (0.06–2.93)
0.54

0.32 (0.18–1.9)
0.42JADAS 71 ≤ 1 (n = 22) 0.36 (0.13–0.73) 0.25 (0.17–0.95)

Control (n = 32) 0.37 (0.1–3.58) 0.29 (0.19–1.21)

Finally, anti-SARS-CoV-2 IgA and anti-SARS-CoV-2 IgG levels were similar in JIA
patients with active disease (i.e., JADAS 71 > 1) and inactive disease (JADAS 71 ≤ m1), as
well as the control group (Table 5).

4. Discussion

Our study showed a similar prevalence for the SARS-CoV-2 IgG antibody and the
SARS-CoV-2 IgA antibody in children with JIA and controls (IgG: 9.7% vs. 9.4%; IgA 4.8%
vs. 6.3%, respectively). Our study was carried out from June to September 2020, where the
total number of confirmed cases in Poland was 23,790 (June)–89,960 (September) and the
number of cumulative cases per million inhabitants was 628 (June)–2377 (September) [13].

The durability of neutralizing antibody responses against SARS-CoV-2 after COVID-
19 remains unknown [14]. Generally, antibody detection is most reliable three weeks after
symptom onset or exposure, particularly in the case of IgG [8,15–17]. Some evidence
suggests that IgM and IgG antibody levels may be higher in severe cases compared to mild
or asymptomatic cases [8,18]. Unfortunately, the dynamics of the IgM and IgA antibody
response in COVID-19 are not well specified. It is hypothesized that the SARS-CoV-2 IgA,
IgM, and IgG isotypes are probably expressed during convalescence, and although their
levels decrease over time, they can still be detected two to three months after infection [8,18].
Nevertheless, SARS-CoV-2 serology is thought to have particular value in incidence studies,
as they can potentially detect prior infection regardless of symptom history [8,19].

The assessment of SARS-CoV-2 seroprevalence in children without other diseases has
been reported in several studies [20–22]. For example, a Spanish study indicated that the
prevalence of SARS-CoV-2 IgG antibodies is ~5% of the study population (randomized citi-
zens) [21]. The seroprevalence increases throughout childhood and adolescence (i.e., 1.1%
in infants younger than one year and 3.1% in those aged 5–9 years) and plateaus around
6% in people aged 45 years or older [21]. Similarly, the overall prevalence of SARS-CoV-2
IgG reported in Switzerland from April to May 2020 was 4.8%, compared to only 0.8% in
children aged 5–9 years and 9.6% in teenagers aged 10–19 years [22]. Likewise, in Italy,
the general seroprevalence of SARS-CoV-2 IgG was 22.6% from May to June 2020 but only
8.19% in those aged 0–19 years [20]. In comparison, we found a similar seroprevalence
of SARS-CoV-2 IgA and a lower seroprevalence of SARS-CoV-2 IgG; however, we found
seroprevalence was not related to the age of the patients.

We also compared the clinical features of JIA patients who were seropositive and
seronegative for SARS-CoV-2 antibodies. We found patients who were seropositive for the
SARS-CoV-2 IgA antibody had higher disease activity according to JADAS 71 than those
who were seronegative, although both groups had few positive patients, which could have
influenced the results. Additionally, none of the JADAS 71 components (ESR, PGA, PhGA,
active joint number) showed statistically significant difference.

Despite this, there was no significant difference in SARS-CoV-2 IgA and SARS-CoV-2
IgG antibody levels among JIA patients with active disease (JADAS 71 >1), those with
inactive disease (JADAS 71 ≤1), and healthy controls.
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Seropositive for SARS-CoV-2 antibody patients with JIA were treated with different
DMARDs: two with biologics, three with glucocorticoids. We would like to emphasize
that, regardless of treatment, none of these patients had a history of symptoms suggestive
of COVID-19.

In the Michelena et al. study [5], adult patients with rheumatoid arthritis and active
disease were more likely to be classified as a suspected COVID-19 case (10.8% active vs.
3.5% non-active). Marino et al. [23] described four patients with JIA on TNF inhibitors
exposed to COVID-19 family members. TNF inhibitors were discontinued in all patients
for a median time of 8 weeks. None of the reported patients experienced severe COVID-19
manifestations, but despite them all being in remission at the time of contact, two developed
an exacerbation later.

Nevertheless, our conclusions should be taken as preliminary. Some limitations of this
study might be related to the fact that children with exacerbation of the disease more often
come to follow-up visits. Additionally, the study was conducted in the summer of 2020
while the incidence of infectious cases in Poland was gradually increasing and the number
of infected patients was still small.

JIA patients taking MTX have the lowest risk of serious infections, whereas treatment
with the biologic agents ETN and ADA increases the risk slightly. A higher disease activity
expressed by cJADAS10 is independently associated with, To the best of our knowledge,
this is the first study to show a correlation between JIA disease activity and SARS-CoV-2
seroprevalence. Previous studies have monitored the course of rheumatic diseases in
children throughout the pandemic. For example, a telephone survey was conducted in
May 2020 among 439 children with various rheumatic diseases under immunosuppressive
treatment, including 243 with JIA, 109 with autoinflammatory diseases, 51 with connective
tissue diseases, and 11 with vasculitis [24]. Of them, only one patient with JIA was
diagnosed with COVID-19. None, including the confirmed case, had any severe symptoms,
despite more than half having household exposure [24]. Nevertheless, further research
is needed to unequivocally evaluate the impact of immunosuppressive treatment in the
context of COVID-19.

Indeed, we found that the type of anti-inflammatory therapy had no impact on
seroprevalence in JIA patients. However, we did observe lower levels of SARS-CoV-2 IgA
antibodies in patients treated with methotrexate compared to those without methotrexate
treatment and the control group. Meanwhile, sulfasalazine-treated patients showed higher
SARS-CoV-2 IgA antibody levels than the untreated and control groups.

So how could SARS-CoV-2 antibodies be influencing disease activity in JIA? In SARS-
CoV/macaque models, the presence of the anti-spike IgG (S-IgG) antibody was shown to
cause severe lung injury via an abnormal inflammation-resolving response (e.g., it pro-
moted cytokine production and proinflammatory monocyte/macrophage recruitment) [25].

An analysis of the immune system response with multisystem inflammatory syndrome
in children (MIS-C), with the complication occurring 2–4 weeks after infection or contact
with SARS-CoV-2, indicates that neutralizing antibodies against SARS-CoV-2, are associated
with interleukin18 (IL18) and IL16 activation; myeloid chemotaxis; and activation of
lymphocytes, monocytes, and natural killer cells [22]. The possible mechanisms for immune
response to SARS-CoV-2 include: antibody recognition of self-antigens (mimicry) resulting
in autoantibodies; antibody recognition of viral antigens expressed on infected cells; and
formation of immune complexes which activate inflammation [22].

Another explanation may be based on the observation that pediatric patients have
higher serum concentrations of IL-17A and IFN-γ shortly after clinical presentation of
COVID-19 [26].
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In the case of JIA, treatment-naive polyarticular JIA patients were found to have en-
hanced responsiveness to IFN-γ stimulation compared with controls (i.e., increased STAT1
and/or STAT3 phosphorylation in subsets of CD4 T cells and classical monocytes) [27]. In
addition, serum IL-17A levels are elevated in children with active JIA and decrease during
the inactive phase of the disease [28]. Indeed, JIA patients with detectable levels of IL-17A
have significantly higher values of JADAS 27 than those with non-detectable IL-17A [28].
These similarities may explain the association of the immune response to the SARS-CoV-2
with JIA activity. However, they could also reflect the readiness of the immune system in
children with JIA to defend against the virus.

So far, there are little data on the effect of virus infection on JIA activity and response
to treatment [29,30]. Our recent publication [30] indicates that history of EBV infection
can have a negative effect on achieving JIA remission and may be associated with a worse
response to treatment. Also, a recent study demonstrates an association between EBV and
activity of juvenile systemic lupus erythematosus [31]. These results suggest that viral
infections can contribute to disease activity, even if they do not directly cause development.
As for EBV [30], as well as for SARS-CoV-2, we hypothesized that the virus might operate
using epigenetic mechanisms.

The effect of coronaviruses on host immunity through epigenetic mechanisms is a
subject of pre-pandemic and current scientific discussions [32,33]. Evidence supports a hy-
pothesis that RNA viruses have developed intricate processes that regulate the epigenome
and control host’s innate immunity [32,33].

5. Conclusions

Children with JIA do not show a higher seroprevalence of anti-SARS-CoV-2 antibodies
compared to healthy controls. Patients with JIA seropositive for SARS-CoV-2 antibody,
regardless of treatment, had no history of COVID-19 symptoms. The study showed no
unequivocal correlation between the presence of SARS-CoV-2 antibodies and disease
activity among children with JIA; therefore, this relationship requires further observation.
The effect of DMARD treatment on the humoral response is also possible. A follow-up
study to confirm these relationships is planned.
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Abbreviations

ARDS Acute respiratory distress syndrome
CRP C-reactive protein
DMARDs Disease-modifying antirheumatic drugs
ESR Erythrocyte sedimentation rate
ILAR criteria International League of Associations for Rheumatology criteria for JIA
JADAS 71 Juvenile arthritis disease activity score of all 71 joints
JIA Juvenile idiopathic arthritis
MIS Multisystem inflammatory syndrome
PGA Parent global assessment of well-being
PhGA Physician’s global assessment of disease activity
VAS Visual analog scale
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