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Abstract
Objective  We aimed to find out the asymptomatic severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) sero-
prevalence among pediatric patients with rheumatic diseases and healthy children and to compare them with each other.
Methods  Patients with familial Mediterranean fever (FMF), juvenile idiopathic arthritis (JIA), and juvenile systemic lupus 
erythematosus (jSLE) and healthy children as healthy control (HC) group who remained asymptomatic during the pandemic 
are examined by ELISA immunoglobulin (Ig) A and IgG tests in this cross-sectional study.
Results  Overall, 149 subjects (90 females) were included in the study. While IgA was positive in 15 subjects (10%) (HC: 
8, jSLE: 3, FMF: 2, JIA: 2; p = 0.196), IgG was positive in 14 subjects (9.4%) (HC: 7, JIA: 5, FMF: 1, jSLE: 1; p = 0.156). 
Nineteen subjects (12.75%) were IgA or IgG positive (HC: 8, JIA: 5, jSLE: 3, FMF: 3; p = 0.644). Although not significant, 
seropositivity was more often in HC group. Both IgA and IgG positivity were not found to be related to age, sex, underlying 
rheumatic diseases, and received treatments of the patients.
Conclusion  We revealed that patients with childhood-onset rheumatic diseases, even if they receive immunosuppressive 
medication such as biologic or conventional disease-modifying anti-rheumatic drugs, might have an asymptomatic SARS-
CoV-2 infection, similarly to their healthy peers.

Key points
• Although it has been already known that children are most likely to have asymptomatic SARS-CoV-2 infection, there is a lack of data on the 

disease course of children with rheumatic disease.
• There was no significant difference regarding the asymptomatic SARS-CoV-2 seropositivity rates between healthy children and the patients 

with childhood-onset rheumatic diseases.
• Patients with childhood-onset rheumatic diseases, even if they receive immunosuppressive medication, might have asymptomatic SARS-

CoV-2 infection, similarly to their healthy peers.

Keywords  COVID-19 · Familial Mediterranean fever · Juvenile idiopathic arthritis · SARS-CoV-2 · Systemic lupus 
erythematosus

Introduction

Coronavirus disease 2019 (COVID-19), caused by a novel 
coronavirus named severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), emerged in late December 2019. 
Due to the rapidly growing number of cases, the World 

Health Organization (WHO) declared a pandemic on March 
11th 2020 [1].

Although 10–20% of the infected individuals experi-
ence life-threatening events, children are most likely to 
have a significantly milder disease course [2]. Raised 
concerns regarding the vulnerability of those with several 
comorbidities led to studies evaluating the patients with 
rheumatic diseases, but they were not found to be sig-
nificant risk factors for a severe disease course, neither in 
childhood nor in adulthood [3–6].

 *	 Kenan Barut 
	 drkenanbarut@hotmail.com

Extended author information available on the last page of the article

/ Published online: 19 January 2022

Clinical Rheumatology (2022) 41:1523–1533

http://orcid.org/0000-0002-6963-9668
http://orcid.org/0000-0002-0596-1551
http://orcid.org/0000-0002-7834-4909
http://orcid.org/0000-0002-2400-6955
http://orcid.org/0000-0002-5365-3457
http://orcid.org/0000-0002-0101-9585
http://orcid.org/0000-0002-8046-3907
http://orcid.org/0000-0002-1663-015X
http://orcid.org/0000-0002-3209-7121
http://orcid.org/0000-0001-9828-5603
http://orcid.org/0000-0003-1072-3846
http://orcid.org/0000-0002-1125-7720
http://orcid.org/0000-0001-8459-2872
http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-022-06067-5&domain=pdf


1 3

Data regarding clinical features of COVID-19 in chil-
dren are limited compared to adults, which may be attrib-
uted to possibly higher rates of asymptomatic cases among 
children [7]. Even if the SARS-CoV-2-infected children 
are most likely to remain asymptomatic, they might have 
a pivotal role in the transmission. In a recent study, the 
duration of viral shedding of SARS-CoV-2 from the res-
piratory tract and stool of symptomatic and asymptomatic 
children were compared and did not find a significant dif-
ference. Thus, the authors emphasized a challenge raised 
by asymptomatic children in disease control [8].

To minimize this challenge, a school lockdown during 
the pandemic is considered an effective preventive strategy 
by several countries. However, seroconversion frequencies 
of school attender children and the children who chose 
remote learning were compared in an Italian study and 
found to be similar. Therefore, it was suggested that the 
schools do not have a significant role in SARS-CoV-2 
transmission [9].

Since the children are considered hidden drivers of the 
pandemic, an urgent need for studies evaluating the fre-
quency of pediatric carriers, including those with under-
lying diseases, emerged. Therefore, we aimed to find out 
the asymptomatic SARS-CoV-2 seroprevalence among 
our pediatric patients with rheumatic diseases and healthy 
children and to compare them with each other.

Materials and methods

Study design

In our daily pediatric rheumatology practice, the most 
common diseases are familial Mediterranean fever (FMF), 
vasculitis, juvenile idiopathic arthritis (JIA), and juvenile 
systemic lupus erythematosus (jSLE). Therefore, to evalu-
ate the asymptomatic SARS-CoV-2 seropositivity among 
children with rheumatic diseases, patients with FMF, JIA, 
and jSLE were selected as a patient group.

“Systemic Lupus International Collaborating Clinics” 
classification criteria [10], Turkish Pediatric FMF criteria 
[11], and “The International League of Associations for 
Rheumatology (ILAR)” criteria [12] were used to estab-
lish the diagnoses of jSLE, FMF, and JIA, respectively. 
Children who were previously admitted to our hospital due 
to a non-specific and transient complaint before the date 
of the first COVID-19 case were seen in our country and 
without any diagnosed underlying disease were established 
as the control group.

Questionnaire 

We planned a cross-sectional study between August and Octo-
ber 2020, involving 180 subjects. A web-based survey was 
prepared and sent to the families in mid-August 2020. Con-
tact history with a confirmed COVID-19 case and symptoms 
suggestive for COVID-19 during the pandemic (for the last 
5 months) were questioned.

Considering that the 11th of March 2020 is the day of the 
declaration of a pandemic by the World Health Organization, 
which is also the day that the first COVID-19 case was seen 
in our country, to assess asymptomatic subjects, symptoms 
that appeared during the last 5 months were questioned. Each 
of the symptoms which are suggestive of COVID-19, such as 
high fever, cough, sore throat, rhinorrhea, headache, anosmia, 
rashes, and diarrhea, was asked, one by one.

Those who remained asymptomatic for the last 5 months 
were called via phone, and their answers were verified. 
Patients diagnosed with FMF, JIA, and jSLE before the age 
of 18 and currently being under 21 and healthy individuals 
under 18 are included in the study.

Face‑to‑face appointments

Among the participants whose answers were confirmed and 
who met the inclusion criteria, 180 subjects were randomized 
into FMF, JIA, jSLE, and healthy control (HC) groups in an 
equal number, regardless of their contact histories. They were 
called via phone, and a face-to-face appointment was arranged 
for each of them. During the face-to-face appointment, data 
regarding the COVID-19 were re-checked and verified for the 
second time in mid-September 2020.

Blood sample collection and monitoring

Blood samples were obtained from those who approved the 
study and those who still have no symptoms suggestive of 
the COVID-19. It was previously shown that the maximum 
incubation period of SARS-CoV-2 is 14 days [13]. Therefore, 
2 weeks after the blood samples of the subjects were taken, 
the families were called via phone one by one, results were 
declared, symptoms were asked again, and those who had any 
symptoms suggestive for COVID-19 in this last 2-week period 
were excluded from the study.

Additionally, to detect post-infectious complications such as 
multi-inflammatory syndrome in children (MIS-C), the fami-
lies of seropositive subjects were called via phone 1 month 
after, and 2 months afterward.
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Final study population

Our web-based survey was sent to the families of 1294 sub-
jects, among whom 933 (72.1%) responded back, and it was 
seen that 327 (25.2%) had remained asymptomatic for the 
last 5 months. Due to the limited count of antibody com-
mercial kits, 180 of 327 asymptomatic participants were 
randomized.

Among these randomized 180 subjects, 19 (10.5%) devel-
oped symptoms suggestive of COVID-19 until their appoint-
ments, and one (0.55%) within 2 weeks after the blood 
sample was taken. Seven (3.88%) subjects did not attend 
their appointments, 3 (1.66%) subjects did not approve the 
informed content, and blood samples of one (0.55%) could 
not be taken due to agitation. Finally, 149 subjects were eli-
gible for the study.

Ethical approval

The institutional ethics committee of our tertiary 
center approved the study protocol (04/16/20—
29,430,533–604.01–01-54,959). We followed the recom-
mendations of the Declaration of Helsinki for biomedical 
research involving human subjects. Informed consent was 
obtained from the participants, and/or from their caregivers 
included in the study.

Antibody testing

Approximately 5 ml of the whole blood samples was drawn 
from each subject to a yellow cap vacutainer and transferred 
to the microbiology/serology laboratory. The sera were sepa-
rated from the whole blood samples by centrifugation at 
4500 rpm and stored at − 20 °C until testing.

Detection of antibodies against SARS-CoV-2 spike 
protein from the serum sample of subjects was assayed by 
the ELISA method. Both immunoglobulin (Ig) A and IgG 
ELISA test kits (EUROIMMUN AG, Lübeck, Germany) 
are based on the sandwich and semi-quantitative principles. 
Assays were carried out according to the manufacturer’s 
instructions with a dilution ratio of 1:100. Microplates were 
read by an automated microplate reader (BioTek ELx800, 
Istanbul, Turkey) at 450 nm (reference 620–650 nm) wave-
length, and absorbance (optical density, OD) of each serum 
sample was calculated.

The ratio of each sample was calculated by dividing 
the sample’s OD by Calibrator’s OD. A ratio higher than 
1.1 is regarded as positive, and a ratio lower than 0.8 is 
regarded as negative. If the ratio was between 0.8 and 1.1, 
it is considered to be borderline (gray zone) according to 
the manufacturer’s instructions. Results were calculated 

as semi-quantitative. Subjects with borderline ratios were 
regarded as negative or positive, depending on the expert 
opinion of the microbiologists.

Statistical analysis

The statistical analysis was performed using the IBM 
SPSS Statistics for Windows, Version 21.0 (Armonk, NY: 
IBM Corp). Normality was assessed with the Kolmogo-
rov–Smirnov test. Continuous variables were presented 
as median and minimum–maximum or mean and standard 
deviation, based on their distributions. Categorical variables 
were compared using the chi-square test or, where appropri-
ate, Fisher’s exact test. A double-sided p-value of ≤ 0.05 was 
considered statistically significant.

Results

Study population

Overall, 149 subjects (HC: n = 43 (28.9%); JIA: n = 42 
(28.2%); jSLE: n = 33 (22.1%); FMF: n = 31 (20.8%)) were 
recruited to the study. The mean age was 12.86 ± 4.76 years, 
and 90 (60.4%) of them were females. The subjects in the 
jSLE group were significantly older compared to oth-
ers (p < 0.001). Additional demographic data are given in 
Table 1.

Patients’ group

Fourteen patients (13.2%) experienced underlying rheu-
matic disease–related symptoms during the pandemic (JIA: 
9, FMF: 4, jSLE: 1); those with JIA presented with iso-
lated arthritis, and those with FMF presented with fever and 
peritoneal irritation, which spontaneously resolved within 
1–3 days and was considered to be a typical FMF attack by 
pediatric rheumatologists. Although one subject with jSLE 
presented with fever, chest pain, and pancytopenia, a poly-
merase chain reaction (PCR) test was performed and found 
negative. All the symptoms of these patients were attributed 
to their existing rheumatic condition. Thus, none of these 
subjects was considered symptomatic for COVID-19, and 
they were also included in the study.

Among those who experienced symptoms related to their 
rheumatic disease, only one FMF patient was seropositive 
(IgA: positive, IgG: negative). Those with FMF hydrated in 
their acute phase, and colchicine dosages were rearranged 
for all of them. Since all of those with JIA were steroid-free, 
2 mg/kg/day methylprednisolone treatment with a tapering 
plan within 1 month was started for all. Biologic treatment, 
which she is currently receiving, was started in one of the 
JIA patients. One with jSLE was in clinical remission, and 

1525Clinical Rheumatology (2022) 41:1523–1533



1 3

Table 1   Baseline characteristics of the study population

ASA, acetyl salicylic acid; bDMARDs, biologic disease-modifying anti-rheumatic drugs; cDMARDs, conventional disease-modifying anti-rheu-
matic drugs; FMF, familial Mediterranean fever; HC, healthy control; HCQ, hydroxychloroquine; JIA, juvenile idiopathic arthritis; jSLE, juve-
nile systemic lupus erythematosus; NSAIDs, non-steroid anti-inflammatory drugs; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2
* The control group was not taken into account in the analyses of these variables

FMF group (n = 31) JIA group (n = 42) jSLE group (n = 33) HC group (n = 43) p

Age (years) (mean ± SD) 12.95 ± 4.17 12.24 ± 4.98 16.18 ± 4.07 10.85 ± 4.16  < 0.001
Gender (n, %) 0.869
Male 13 (41.9%) 17 (40.5%) 11 (33.3%) 18 (41.9%)
Female 18 (58.1%) 25 (59.5%) 22 (66.7%) 25 (58.1%)
Total household population (median, min–max) 4 (3–6) 4 (3–8) 5 (2–10) 4 (2–7) 0.375
 ≤ 21 years old household population (median, 

min–max)
2 (1–3) 2 (1–6) 1 (1–6) 2 (1–4) 0.497

 ≥ 65 years old household population (median, 
min–max)

0 (0–1) 0 (0–2) 0 (0–1) 0 (0–0) 0.078

Contact history (n, %) 0.046
Yes 1 (3.2%) 0 (0%) 0 (0%) 4 (9.3%)
No 30 (96.8%) 42 (100%) 33 (100%) 39 (91.7%)
Smoking exposure (n, %) 0.018
Yes 25 (80.6%) 25 (59.5%) 16 (48.5%) 20 (46.5%)
No 6 (19.4%) 17 (40.5%) 17 (51.5%) 23 (53.5%)
Supplemental vitamin during the pandemic (n, %) 0.071
Receiving 11 (35.5%) 6 (14.3%) 4 (12.1%) 11 (25.6%)
Not receiving 20 (64.5%) 36 (85.7%) 29 (87.9%) 32 (75.4%)
Treatment during pandemic (n, %) -
Steroid 0 (0%) 9 (21.4%) 11 (33.3%) 0 (0%)
NSAIDs 1 (3.2%) 0 (0%) 1 (3%) 0 (0%)
ASA 0 (0%) 0 (0%) 5 (15.2%) 0 (0%)
HCQ 0 (0%) 0 (0%) 26 (78.7%) 0 (0%)
Colchicine 31 (100%) 0 (0%) 0 (0%) 0 (0%)
bDMARDs 0 (0%) 22 (52.4%) 0 (0%) 0 (0%)
cDMARDs 0 (0%) 23 (54.8%) 15 (45.5%) 0 (0%)
None 0 (0%) 7 (16.6%) 5 (15.1%) 43 (100%)
IgA ratios (median, min–max) 0.228 (0.064–1.530) 0.159 (0.048–5.301) 0.262 (0.100–2.464) 0.352 (0.151–8.595) -
IgG ratios (median, min–max) 0.201 (0.105–2.233) 0.219 (0.096–5.099) 0.183 (0.080–5.164) 0.289 (0.156–9.644) -
Qualitative IgA (n, %) 0.196
Positive 2 (6.5%) 2 (4.8%) 3 (9.1%) 8 (18.6%)
Negative 29 (93.5%) 40 (95.2%) 30 (90.9%) 35 (81.4%)
Qualitative IgG (n, %) 0.156
Positive 1 (3.2%) 5 (11.9%) 1 (3%) 7 (16.3%)
Negative 30 (96.8%) 37 (88.1%) 32 (97%) 36 (83.7%)
*Do the parents think that rheumatic disease 

increases the risk of SARS-CoV-2 infection?
0.724

Yes 26 (83.9%) 32 (76.2%) 26 (78.8%) -
No 5 (16.1%) 10 (23.8%) 7 (21.2%) -
*Underlying rheumatic disease–related symptoms 

(n, %)
0.053

Experienced 4 (12.9%) 9 (21.4%) 1 (3%) -
Not experienced 27 (87.1%) 33 (78.6%) 32 (97%) -
*Drug compliance during the pandemic (n, %) 0.914
Regular 28 (90.3%) 39 (92.9%) 30 (90.9%) -
Poor 3 (9.7%) 3 (7.1%) 3 (9.1%) -
*Regular follow-ups during the pandemic (n, %) 0.516
Attended 7 (22.6%) 8 (19%) 10 (30.3%) -
Not attended 24 (77.4%) 34 (81%) 23 (69.7%) -
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not under any medication. Hydroxychloroquine (HCQ) was 
re-started, intravenous immunoglobulin with a dose of 1 
gr/kg was administered, and 2 mg/kg/day methylpredniso-
lone was started. His steroid treatment was stopped after 
2 months in a stepwise manner. Additional data are given 
in Table 1.

Antibody tests

While IgA was positive in 15 subjects (10%) (HC: 8, jSLE: 
3, FMF: 2, JIA: 2; p = 0.196), IgG was positive in 14 sub-
jects (9.4%) (HC: 7, JIA: 5, FMF: 1, jSLE: 1; p = 0.156). 
Nineteen subjects (12.75%) were IgA or IgG positive (HC: 
8, JIA: 5, jSLE: 3, FMF: 3; p = 0.644). Besides, MIS-C was 
developed in none of the seropositive subjects.

In ELISA tests, three borderline values were deter-
mined, two for IgA and one for IgG. One of the subjects 
whose IgA results were borderline (IgA ratio = 0.92 and 
IgG ratio = 2.23) was in the FMF group, while the other 
(IgA ratio = 1.00 and IgG ratio = 1.89) was in the HC group. 
Due to positivity of the IgG in both, the IgA results have 
been considered positive, as well. Furthermore, a contact 
history with confirmed COVID-19 case in a patient from 
FMF patients’ group supported the borderline value of IgA 
antibody to be accepted as positive. Another patient from 
HC group had a borderline IgG result while the IgA anti-
body was negative (IgA ratio = 0.35 and IgG ratio = 0.82). 
The negativity of the IgA was a reason to accept this patient 
as seronegative and borderline IgG level was considered 
a result of crossmatch reaction due to previous sessional 
coronavirus infections. All of the IgA and IgG ratios of the 
participants are given in Fig. 2.

The mean age of the IgA and IgG positive subjects 
was 11.62 ± 5.11 (p = 0.391) and 11.18 ± 5.95 (p = 0.433) 
years, respectively. Ten (66.7%) of the IgA positive sub-
jects (p = 0.807), and 9 (64.3%) of the IgG positive sub-
jects (p = 0.980) were female. Seven of the IgA (46.7%, 

p = 0.523) and seven of the IgG positive (50%, p = 0.741) 
subjects had a history of smoking exposure. Three (20%) 
of the IgA positive subjects (p = 1) and 4 (28.6%) of the 
IgG positive subjects (p = 0.501) were receiving supple-
mental vitamins during the pandemic.

The median of the total household population, of those 
younger than 21 and those older than 65, was 5 (3–6) 
(p = 0.258), 2 (1–3) (p = 0.761), and 0 (0–0) (p = 0.251) 
in IgA positive subjects, and 5 (3–6) (p = 0.535), 2 (1–3) 
(p = 0.540), and 0 (0–1) (p = 0.954) in IgG positive sub-
jects, respectively.

During the pandemic, 3 (20%, p = 1) of the IgA posi-
tive subjects were receiving HCQ, 2 (13.3%, p = 0.738) 
were receiving colchicine, one was receiving steroids 
(6.7%, p = 0.694), one was receiving conventional dis-
ease-modifying anti-rheumatic drugs (cDMARDs) (aza-
thioprine: 1) (6.7%, p = 0.116), and one was receiving 
biologic DMARDs (bDMARDs) (adalimumab: 1) (6.7%, 
p = 0.699). On the other hand, 3 (21.4%, p = 0.404) of the 
IgG positive subjects were receiving steroids, 2 (14.3%, 
p = 1) were receiving bDMARDs (adalimumab: 2), 2 
(14.3%, p = 0.520) were receiving cDMARDs (azathio-
prine:1, methotrexate: 1), one was receiving colchicine 
(7.1%, p = 0.302), and one was receiving HCQ (7.1%, 
p = 0.467).

The parents of 5 of the IgA positive patients (71.4%, 
p = 0.633) and 4 of the IgG positive patients (57.1%, 
p = 0.155) were thinking that their children were at 
increased risk for SARS-CoV-2 infection due to their 
chronic rheumatic diseases. Two of the IgA positive 
patients (28.6%, p = 0.108) and one of the IgG positive 
patients (14.3%, p = 0.473) had a poor drug compliance. It 
was noticed that neither IgA (p = 0.195) positive nor IgG 
(p = 0.195) positive patients had attended their follow-ups 
regularly during the pandemic. Additionally, baseline data 
for each of the seropositive (IgA or IgG positive) subjects 
were given (Table 2).

Fig. 2   Antibody ratios of 
the subjects (FMF, familial 
Mediterranean fever group; 
HC, healthy control group; Ig, 
immunoglobulin; JIA, juvenile 
idiopathic arthritis group; SLE, 
systemic lupus erythematosus 
group)
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Discussion

In this study performed among 149 subjects, SARS-CoV-2 
seropositivity was recorded in 19 (12.75%) of them: anti-
SARS-CoV-2 IgA antibody in 15 (10%) and anti-SARS-
CoV-2 IgG antibody in 14 (9.39%) of them (HC: 8; JIA: 
5; jSLE: 3; FMF: 3). Although not significant, seroposi-
tivity was more often in the HC group. Both IgA and IgG 
positivity were not found to be related to age, sex, under-
lying rheumatic diseases, and received treatments of the 
patients.

Although there are available data pointing the incidence 
and fatality rate of COVID-19, it must be considered that 
there are also unrecorded cases that can significantly 
change those data. Probably, most of the unrecorded cases 
are those that were not tested due to being asymptomatic. 
On the other hand, asymptomatic cases have a pivotal role 
in transmission. SARS-CoV-2 contagiousness of asymp-
tomatic and symptomatic children was found to be similar 
[8]. Since the children are more likely to have asympto-
matic disease course, clarifying whether they are hidden 
drivers of the pandemic is required. Furthermore, due to 
their immune-disturbed conditions caused by their dis-
eases or treatments, the proportion of children with rheu-
matic diseases among these hidden transmitters is another 
conundrum.

It was recently mentioned in a comprehensive sys-
tematic review that the incidence of SARS-CoV-2 is 
1.2–12.9% among asymptomatic individuals [14]. How-
ever, there is scarce data focused on the pediatric popula-
tion. The incidence of SARS-CoV-2 among hospitalized 
asymptomatic children was found 1–2% by Paten et al. 
[15]. In a study from Belgium, eighty-four asymptomatic 
day-care children aged 6–30  months were tested, and 
although almost half of them had common cold symp-
toms, none of them was found positive. The main reason 
there were no positive patients was probably the fact that 
the study was conducted in the early days of the pandemic 
[16]. Anti-SARS-CoV-2 antibody measurements of 1109 
children in Italy were analyzed, and it was reported that 
67.8% of the seropositive subjects never had any sugges-
tive symptom for COVID-19 [9]. However, there is no 
study evaluating the asymptomatic pediatric patients with 
rheumatic disease, so far. To our best knowledge, this is 
the first study focused on this group of patients.

Studies so far suggest that the disease is relatively rare 
and goes milder in children compared to adults [17]. A 
population screening from Iceland revealed that children 
under ten are less likely to be infected [18]. Six months 
later, in a seroprevalence study from China, it was dem-
onstrated that anti-SARS-CoV-2 IgM antibody seropos-
itivity was higher in younger children [19]. Hence, we 
speculate that even if the increasing age was considered 

a risk factor for being infected in the early days of the 
pandemic, it might be an illusion due to the limited social 
circumstances of younger individuals. However, since the 
risk for contacts with infected persons among children 
will increase with time, future population screening stud-
ies will be required.

It was demonstrated that SARS-CoV-2 enters into human 
cells via binding to angiotensin I–converting enzyme-2 
(ACE-2), which serves as a receptor for the virus [20]. 
Indeed, while ACE-2 catalyzes angiotensin I into angioten-
sin 1–9, an anti-inflammatory mediator, ACE turns the same 
substrate into angiotensin II, a pro-inflammatory mediator. 
Thus, downregulation of ACE-2 by SARS-CoV-2 infection 
leads to a hyperinflammatory state [17]. Furthermore, it was 
recently demonstrated that ACE-2 expression significantly 
decreases by aging [21]. Thus, even if younger patients are 
infected, they might have greater ACE-2, which has an anti-
inflammatory effect. These current findings make us con-
sider that, while children are more likely to be infected, they 
are more likely to be asymptomatic, as well. However, the 
ages of the seropositive and seronegative subjects were not 
significantly different in our study. As it was well established 
previously, disease onsets of pediatric rheumatic conditions 
are mainly in school age and adolescence, and infants and 
toddlers are generally skipped [22]. Therefore, pediatric 
patients with rheumatic disease may not be a relevant popu-
lation for estimating the age effect on being infected.

Although there was no significant difference between 
the groups, seropositivity was less frequent in patients with 
rheumatic diseases in the present study. Data so far suggest 
that infection rates are not higher in patients with rheumatic 
diseases, comparing to the general population [23]. Besides, 
it was shown that patients with rheumatic diseases had bet-
ter compliance with isolation measurements than healthy 
individuals [24]. Consistently, in our study, only one patient 
with rheumatic diseases (one with FMF) while four sub-
jects in the HC group had contact histories with a confirmed 
COVID-19 case. Thus, strict isolation measures taken by 
patients with rheumatic diseases may present a reasonable 
explanation for our results.

It is already known that patients with SLE are more sus-
ceptible to viral infections [25]. Besides, it was suggested 
that patients with SLE might be more prone to be infected 
and to have a severe COVID-19 disease course due to their 
inherent epigenetic dysregulations, regardless of their immu-
nosuppressive treatment regimens [26]. However, SLE 
patients were not found to be at increased risk of infection 
and to have a severe disease course than the general popula-
tion [27, 28].

In the early days of the pandemic, HCQ that is widely 
used in the treatment of SLE was reported to be quite safe 
and effective in the treatment of COVID-19 [29, 30]. In a 
short period of time, uncontrolled widespread clinical use 
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of HCQ, not only for treatment but also for disease preven-
tion, led to a shortage of HCQ among the patients who were 
under long-term treatment [31]. In April 2020, seventeen 
adult SLE patients with COVID-19 were reported. Their 
ongoing HCQ treatment was continued during the SARS-
CoV-2 infection. Eleven had respiratory failure, and two 
have died, unfortunately. However, most of them had comor-
bidities such as obesity and chronic kidney diseases [32]. 
A recently conducted study with a larger cohort reported a 
significantly lower SARS-CoV-2 infection rate among the 
patients chronically receiving HCQ, than general population. 
Therefore, it was suggested that the long-term HCQ treat-
ment might protect against the infection [33]. On the con-
trary, no significant relationship was found between chronic 
use of HCQ and SARS-CoV-2 infection frequency in a 
cross-sectional multi-center study [34]. A population-based 
study evaluated the HCQ users for their SLE or rheumatoid 
arthritis, compared them with the general population, and 
found no evidence regarding the mortality-reducing effect 
of the HCQ prophylaxis [35]. Carbillon et al. [36] pointed 
out that comorbidities of the subjects in the studies should be 
meticulously evaluated before concluding that HCQ has no 
prevention effect on COVID-19. Consistently, three of our 
seropositive subjects were jSLE, none of them had obesity, 
hypertension, or chronic kidney diseases. All of them were 
teenagers, receiving HCQ and they were entirely asympto-
matic, like the rest of the study population.

In one study among adults, 2 of 27 FMF patients with 
COVID-19 while in another study one of the 34 FMF 
patients with COVID-19 have died. However, they all had 
significant risk factors such as hypertension and obesity [37, 
38]. No COVID-19-related death among pediatric patients 
with FMF has been reported yet. It was written in a pre-
vious study evaluating confirmed COVID-19 cases with 
childhood-onset FMF that all of the patients recovered 
completely, and severe complications were seen in none of 
them [3]. Consistently, among our asymptomatic seroposi-
tive subjects, three of them were FMF patients. All three 
had confirmed MEFV gene mutations and were using colchi-
cine during the pandemic. Although not examined regarding 
SARS-CoV-2 yet, it was previously suggested that MEFV 
mutation might provide a biological advantage to the host 
for certain infectious agents such as Mycobacteria and Yers-
inia [39, 40]. Moreover, although clinical trials are under-
way, favorable outcomes of colchicine in the treatment of 
COVID-19 were reported [41]. Thus, possible preventive 
effects of both MEFV mutation and colchicine merit to be 
further investigated.

Preliminary data suggest that either severity or frequency 
of COVID-19 is not increased in the patients with JIA [4]. It 
has been recently shown in a comprehensive study that nei-
ther JIA itself nor receiving b/cDMARDs was a significant 
risk factor for poor COVID-19-related outcomes [42]. Four 

COVID-19 cases with JIA were reported in a recent paper, 
one was receiving HCQ, two were receiving methotrexate, 
and all of them were under anti-tumor necrosis factor (TNF) 
treatment. Anti-TNF treatments were discontinued in all of 
the patients, and none of them experienced severe clinical 
manifestations [43]. In our study, 5 of 19 seropositive sub-
jects were diagnosed with JIA, two were receiving adali-
mumab, one was receiving methotrexate. Although DMARD 
medication was ceased in none of them, all of them were 
entirely asymptomatic.

Withdrawing DMARD medications, especially biolog-
ics, during pandemic due to their immunosuppressive effects 
is a debate. Indeed, each of the bDMARDs classes should 
be evaluated separately due to their different action mecha-
nisms. Marques et al. [44] suggest that although receiving 
cyclophosphamide was associated with poor outcomes; 
long-term anti-TNF medication may provide protection 
against the COVID-19. In a recent adult study, while rituxi-
mab treatment was associated with higher hospitalization 
and death rates, anti-TNF treatment was not found as a risk 
factor for severe COVID-19 [45]. Consistently, two of our 
asymptomatic COVID-19 subjects were under an anti-TNF 
agent treatment named adalimumab.

We conducted the present study by using EUROIMMUN 
commercial kits for anti-SARS-CoV-2 antibodies. It was 
previously shown that the overall specificities of IgA and 
IgG were 94.7% and 97.1%, respectively [46]. Therefore, 
positive results in this study were considered highly sugges-
tive for the novel coronavirus infection. Considering the piv-
otal role of the IgA on mucosal immunity, while clinicians 
are mainly focused on IgM and IgG, we chose to evaluate the 
IgA instead of IgM ratios. Consistently, it was speculated in 
a study by Zhang et al. [47] that IgA-based ELISA kit is a 
more sensitive tool than IgM and IgG, for diagnosing acute 
COVID-19. Besides, we aimed to perform the long-term 
monitorization of antibody levels in seropositive subjects in 
future studies. Therefore, for estimating seropositivity, we 
preferred the semi-quantitative method instead of qualita-
tive method.

The main limitation of our study is the relatively small 
number of subjects for estimating the seroprevalence, which 
is mainly due to the limited count of obtained commercial 
kits because of the economic burden of antibody testing. 
Additionally, up to date, there has been no data regarding 
the frequency of asymptomatic seropositivity among nei-
ther healthy children nor children with rheumatic diseases. 
Therefore, we were not able to calculate the optimal sample 
size. Another limitation is that we did not assess the diseases 
activities of the patients.

In conclusion, we conducted a cross-sectional study eval-
uating the serological status of pediatric patients with rheu-
matic diseases for asymptomatic SARS-CoV-2 infection. 
In this study, there was no significant difference between 
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healthy children and patients with childhood-onset rheu-
matic diseases regarding the asymptomatic SARS-CoV-2 
seropositivity. We revealed that patients with childhood-
onset rheumatic diseases, even if they receive immunosup-
pressive medication such as bDMARDs or cDMARDs, 
might have an asymptomatic SARS-CoV-2 infection, simi-
larly to their healthy peers. Further studies with larger sam-
ple sizes are required to verify these promising results.
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