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Abstract
SARS-CoV-2 infections in children are frequently asymptomatic or mild and can go unnoticed. This study aimed to describe the sero-
prevalence and clinical course of SARS-CoV-2 in a cohort of children with rheumatic diseases in a real-life setting and assess possible 
risk factors. A cross-sectional study was performed in a paediatric rheumatology unit (September 2020 to February 2021). At inclusion, 
a specific questionnaire was completed and SARS-CoV-2 serology was performed. Demographics, treatment and disease activity of 
patients with and without laboratory-confirmed SARS-CoV-2 infection were compared. A total of 105 children were included. SARS-
CoV-2 infection was demonstrated in 27 patients (25.7%). The mean age was 11.8 years, and most patients were females (72.4%). The 
most frequent underlying condition was juvenile idiopathic arthritis (70.3%; 19/27). Patients received immunosuppressive treatment 
in 78% of cases (21/27). Overall, 44.4% (12/27) of infected patients were asymptomatic. A total of 66.7% (18/27) of patients did not 
require medical assistance. Three patients required hospital admission because of COVID-19. Children with confirmed SARS-CoV-2 
infection were less frequently in remission (52% vs 72%; p 0.014). Moderate disease activity and treatment with oral corticosteroids 
were associated with higher risk for SARS-CoV-2 (OR 5.05; CI 95%: 1.56–16.3 and OR 4.2; CI 95%: 1.26–13.9, respectively). In 
a cohort of Spanish paediatric patients with rheumatic diseases, clinical course of COVID-19 was mild, with more than one third of 
asymptomatic cases. Higher disease activity and oral corticosteroids appear to be risk factors for SARS-CoV-2 infection.

Key Points
• We aimed to investigate the seroprevalence of SARS-CoV-2 infection in a cohort of Spanish paediatric patients with RD, testing both symptomatic and 

asymptomatic patients. We also compared treatment and disease activity of patients with and without laboratory-confirmed SARS-CoV-2 infection.
• In our cohort of 105 paediatric patients with rheumatic diseases, the clinical course of COVID-19 was mild and 44% of cases were asympto-

matic. Three cases required hospital admission with no complications. Seroprevalence was 20%.
• No association was found between disease activity or treatment with corticosteroids and symptomatic or asymptomatic infection. Higher 

disease activity and treatment with oral corticosteroids appeared to be risk factors for laboratory-confirmed SARS-CoV-2 infection.
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Background

SARS-CoV-2 is responsible for the COVID-19 pandemic 
that has spread throughout the world in 2020. Disease in 
children represents at least 10% of identified cases and 
is relatively mild, with only a small proportion requir-
ing hospitalisation [1]. However, a significant percentage 
of infections in children are asymptomatic and can go 
unnoticed.
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Rheumatic disease (RD) could be considered as a risk 
factor for COVID-19, due to complications related to the 
viral disease, possible disease flare during and after SARS-
CoV-2 infection, presence of comorbidities and immuno-
suppressive treatment [2, 3]. Poorly controlled active RD 
or certain pharmaceutical agents such as corticosteroids 
may increase the risk of infection and serious disease in 
adults. However, immune-mediated inflammatory disease 
and the use of TNF inhibitors are not associated with a 
worse clinical outcome [4–6].

Small case series show that evolution of COVID-19 in 
hospitalised children with RD is moderately favourable, 
although at least one fatality has been reported [7–9]. Data 
about the course of mild or asymptomatic infections in 
children are scarce, with little evidence in children with 
rheumatic diseases. We aimed to investigate the sero-
prevalence of SARS-CoV-2 infection and clinical course 
of COVID-19 in a cohort of paediatric patients with RD 
and to compare data of patients with laboratory-confirmed 
SARS-CoV-2 infection versus patients without laboratory-
confirmed infection to assess possible risk factors.

Methods

A cross-sectional study was performed including all 
paediatric patients diagnosed with any rheumatic dis-
ease in a rheumatology unit of a reference hospital in 
Madrid, Spain, from September 2020 to February 2021. 
All patients were offered the possibility to participate, 
in a real-life setting. Exclusion criteria were absence of 
informed consent. The study was approved by the ethics 
committee of the participating hospital.

The BNT162b2 mRNA coronavirus disease 2019 
(COVID-19) vaccine was recommended for adolescents 
aged 12  years and older by the European Medicines 
Agency (EMA) on May 28, 2021. This study was per-
formed before this date, so none of the patients in our 
cohort was vaccinated against SARS-CoV-2.

At inclusion, a specific questionnaire was completed 
by parents. Demographics, disease activity and COVID-
19-related symptoms were obtained. Serology of SARS-
CoV-2 (chemiluminescence: ELISA COVID-19 Virclia 
IgG) was performed at the same time as their next routine 
laboratory tests. In case of fever or respiratory symptoms, 
PCR for SARS-CoV-2 was performed according to pub-
lic health recommendations, and this information was 
retrieved in the questionnaire. Asymptomatic patients 
were defined as those who had evidence of SARS-CoV-2 
infection (documented positive IgG) who did not report 
any known symptoms of infection. Also, current asymp-
tomatic infection could be documented in case PCR was 
performed in asymptomatic patients who had a close 

contact with a positive case. Previous SARS-CoV-2 posi-
tive PCR at any time was considered as evidence of past 
infection.

Children were classified according to disease activity, 
measured at the time of the performed SARS-CoV-2 serol-
ogy or during COVID-19 in case of symptomatic infec-
tion. Disease activity was assessed using JADAS27 in the 
case of JIA, and patients were classified according to this 
score into three groups: remission (JADAS27 score ≤ 1), 
mild disease activity (JADAS27 score between 1.1 and 
2) and moderate/high disease activity (JADAS27 score 
above 2.1) [10]. Non-JIA patients were classified using 
the Physician’s Global Assessment (PGA) in three groups: 
0: remission, 1: mild disease activity and 2–3: moderate/
high disease activity. Demographics, treatment and disease 
activity from laboratory-confirmed SARS-CoV-2 patients 
were compared to the data of patients without laboratory-
confirmed SARS-CoV-2.

Values were expressed as percentages for discrete vari-
ables or as mean and standard deviation for continuous 
variables. Median and interquartile ranges were used for 
non-parametric variables. Continuous variables were 
compared using the Student t-test or non-parametric tests, 
where appropriate. Categorical variables were compared 
by the χ2 test and Fisher exact test. A 2-sided value of 
p < 0.05 was considered statistically significant. All analy-
ses were performed using the Statistical Package for the 
Social Sciences (SPSS, IBM. Version 21.0, IBM Corp, 
Armonk, NY).

Results

Overall, 105 children with rheumatic diseases were included, 
which account for approximately 20% of eligible patients 
seen in the unit in this period of time. Mean age was 
11.8 years old (SD 4.5), and the majority of the patients were 
females (72.4%). Detailed description of the study cohort 
is shown in Table 1. Most of the children were diagnosed 
with juvenile idiopathic arthritis (JIA) (70.3; 19/27), as 
this is the most prevalent rheumatic disease, followed by 
PFAPA (11.1%; 3/27), systemic lupus erythematosus (SLE) 
(7.4%; 2/27), uveitis (3.7%; 1/27), vasculitis (3.7%; 1/27) 
and STAT3 gain of function (3.7%; 1/27). A total of 21/27 
(78%) patients received immunosuppressive therapy, most 
of them biologic TNF inhibitors (16/27; 59%). Regarding 
disease activity, 14/27 (52%) were considered in clinical 
remission by their clinicians. Seroprevalence (positivity of 
SARS-CoV-2 IgG antibodies) was 20% (21/105). SARS-
CoV-2 infection was confirmed in 27 patients (25.7%): 9 
with both previous positive PCR and IgG antibodies, 5 
with previous positive PCR but negative antibodies, one 
with previous positive PCR and indeterminate antibodies 
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and 12 with positive IgG antibodies without evidence of 
previous positive PCR. Twelve out of 27 (44%) patients were 
not aware of having recovered from COVID-19 before the 
participation in this study.

Up to 5/15 patients with positive PCR did not have IgG 
antibodies and one more had indeterminate antibodies. Sero-
conversion rate (proportion of PCR-positive patients who 
developed positive IgG antibodies) was 60% (9/15) in our 
cohort. The diagnosis of the non-seroconverters was 3 JIA, 
1 PFAPA, 1 uveitis and 1 lupus. In two cases, a possible 
explanation could be that the serology was performed more 
than 6 months after the positive PCR. There were no sig-
nificant differences in terms of diagnosis or treatment with 
seroconverters.

The most frequent clinical manifestation for COVID-19 
was fever or low-grade fever (11/27, 41%). Other frequent 
findings were headache (18.5%; 5/27), odynophagia (18.5%; 
5/27), gastrointestinal symptoms (11%; 3/27) and anos-
mia/ageusia (11%; 3/27). A total of 44% (12/27) of infec-
tions were asymptomatic. Three patients required hospital 
admission; none of them needed oxygen supplementation 

or intensive care unit admission. One patient with PFAPA 
was admitted because of multisystemic inflammatory syn-
drome (MIS-C) suspicion which was not confirmed. The 
second admitted patient was diagnosed with SLE onset and 
antiphospholipid syndrome with deep venous thrombosis. 
The third patient was a girl with vasculitis and renal impair-
ment with mild symptoms who was admitted for observation 
because of her underlying disease. The patient with PFAPA 
received a single dose of prednisolone at 2 mg/kg. The other 
two admitted patients were under treatment with corticos-
teroids at a low dose (less than 0.3 mg/kg in both cases). 
Overall, 67% (18/27) of cases did not require any treatment 
or medical assistance for COVID-19. Among the patients in 
the study, 59% (16/27) had close contact with an individual 
with confirmed COVID-19.

We compared the baseline characteristics of patients 
with and without laboratory-confirmed SARS-CoV-2 (posi-
tive PCR or positive IgG antibodies) and found a signifi-
cantly lower percentage of patients in clinical remission 
(52% vs 72%, p 0.014) and a higher percentage of patients 
with moderate-high disease activity (30% vs 8%, p 0.007). 

Table 1   Baseline characteristics 
of children with rheumatic 
diseases who tested positive or 
negative for SARS-CoV-2

JIA, juvenile idiopathic arthritis; SLE, systemic lupus erythematosus; MCTD, mixed connective tissue dis-
ease; JDM, juvenile dermatomyositis; CNBO, chronic non-bacterial osteitis; TNFi, TNF inhibitors
* At the time of COVID-19 diagnosis or at the time of the SARS-CoV-2 serology in absence of a COVID-
19 diagnosis
Bold emphasis used in entries with statistical differences

SARS-CoV-2 positive SARS-CoV-2 negative p

n 27 78 105
Age 11.7 (± 4.7 SD) 11.8 (± 4.5 SD)
Ethnicity: Caucasic 25/27 (92%) 74/78 (95%)
Gender: female 19/27 (70%) 57/78 (73%) 0.80
Diagnosis 0.82

JIA 19/27 (70%) JIA 55/78 (70%)
Periodic fever 3/27 (11%) Periodic fever 4/78 (5%)
SLE 2/27 (7%) SLE 8/78 (10%)
Uveitis 1/27 (4%) Uveitis 5/78 (6%)
Other 2/27 (7%) Other 6/78 (8%)
Vasculitis 1/27 (4%) MCTD 2/78 (2.5%)
STAT3 GOF mutation 1/27 (4%) CNBO 2/78 (2.5%)

JDM 1/78 (1.2%)
Behçet 1/78 (1.2%)

Immunosuppressive therapy*
None 10/78 (12.8%)
 Biologic 18/27 (67%) 49/78 (63%) 0.15
 TNFi 16/27 (59%) 42/78 (54%)
 Other 3/27 (11%) 21/78 (27%)
 Oral corticosteroids 7/27 (26%) 6/78 (8%) 0.036

Disease activity*
 Remission 14/27 (52%) 56/78 (72%) 0.014
 Mild activity 5/27 (18%) 16/78 (20%)
 Moderate/high 8/27 (30%) 6/78 (8%)
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Oral corticosteroids were higher in patients diagnosed with 
SARS-CoV-2 infection (26% vs 8%, p 0.036), and the three 
admitted patients received treatment with corticosteroids. 
Having symptomatic COVID-19 (15/27) did not correlate 
with disease activity (0.052) in our cohort. Patients with 
moderate/high disease activity were five times more likely 
to test positive for SARS-CoV-2 (odds ratio (OR) 5.05, CI 
95%: 1.56–16.3). The OR for testing positive for SARS-
CoV-2 in patients treated with oral corticosteroids was 4.2 
(CI 95%: 1.26–13.9).

Discussion

To the best of our knowledge, this is the first study of 
seroprevalence in this patient population, testing both 
children with and without suspected COVID-19. Most 
infections were mild; more than 1/3 were asymptomatic 
and 2/3 did not require any medical assistance. The 
severity of our cases was similar to that described in 
the literature [7, 8, 11]. Clemente et al. described the 
outcomes of COVID-19 in 77 paediatric patients with 
rheumatic diseases in a multicentre observational pro-
spective study from Spain. Most cases were mild, with 
one third of asymptomatic cases. In line with our find-
ings, their results suggest that associated comorbidities 
and treatment with glucocorticoids increase the risk of 
hospital admission [12]. Results from the national pae-
diatric rheumatology database in Germany show simi-
lar results, with 76 cases of COVID-19 in children with 
rheumatic diseases, with mild outcome and good recov-
ery in the majority of cases, and no relevant impact on 
disease activity [13].

Ihara et al. retrospectively described 14 COVID-19 con-
firmed cases in paediatric patients with RD, reporting mild 
to moderate symptoms and no complications. Seropreva-
lence in their cohort was 2.2%, although testing was per-
formed only in symptomatic cases, so asymptomatic infec-
tions may have been left undetected [14].

Seropositivity for SARS-CoV-2 was 20% in our cohort. 
According to a national registry, seroprevalence for SARS-
CoV-2 infection in Spain during the same study period 
(December 2020) was 12.5% in adults and 7.7% in children 
[15]. Even though the results of the study presented here 
cannot be compared with data on the seroprevalence of 
SARS-CoV-2 IgG in children in Spain, whose participants 
were selected by randomisation and stratification (province, 
city size), and not a selected population with rheumatic dis-
eases in a single centre at one period of time, the higher 
seroprevalence in our cohort could be partially explained 
by the high percentage of asymptomatic infections. Pre-
liminary evidence suggests that children are just as likely 
to become infected with SARS-CoV-2 as are adults, but are 

less likely to be symptomatic or develop severe symptoms 
[10]. Another possible explanation is a potential selection 
bias as families who believe they have been infected with 
SARS-CoV-2 are more likely to participate in the study. 
Also, there could be a negative selection bias in other sero-
prevalence studies, since healthy children are less likely to 
voluntarily undergo invasive tests such as blood tests as 
required for serology.

In this study, 21/26 patients received treatment for their 
RD, the most common being TNF inhibitors. These do not 
appear to be a risk factor for COVID-19 in adult patients [4, 
6, 11]. In our work, the mild clinical course and the high 
percentage (44%) of asymptomatic infections support the 
same hypothesis. Children with active disease and corticos-
teroid treatment had a higher risk of SARS-CoV-2 infec-
tion, similarly to that described in adults with RD [4, 5, 8]. 
High disease activity is a risk factor for an increased rate of 
infections both in children and adult patients with RD [16, 
17]. Here, children with moderate to high disease activity 
were five times more likely to test positive for SARS-CoV-2. 
Likewise, those treated with oral corticosteroids were four 
times more likely than those children who were not receiv-
ing oral corticosteroids. Surprisingly, having symptomatic 
COVID-19 did not correlate with disease activity, but the 
limited number of cases in our cohort may have affected 
the result.

This study has some limitations. While this is one of 
the larger studies about SARS-CoV-2 infection in chil-
dren with RD, sample size is still small. Even if eligi-
ble patients were any children with rheumatic diseases, 
SARS-CoV-2 antibodies were more likely tested in 
patients who were already getting other laboratory stud-
ies drawn, and these patients are more likely to be on 
immunosuppressive therapy. Also, the ratio of partici-
pants was small, so selection bias cannot be discarded. 
The association with steroid medication and disease 
activity has been described in adult patients with rheu-
matic diseases, but glucocorticoid treatment is certainly 
a consequence of higher disease activity. Rheumatic 
diseases are highly heterogeneous, and thus information 
on current levels of disease activity, specific disease-
related comorbidities and the use of glucocorticoids and/
or DMARDs, all of which are themselves risk factors for 
serious infection, is needed to further understand what is 
driving this increased risk of COVID-19 severe course. 
In order to clarify whether medication or disease activity 
represent an independent risk factor, a multivariate anal-
ysis is required, for which the number of cases of SARS-
CoV-2 infected patients in the study presented here is too 
small, and further studies are needed to answer this ques-
tion. Despite these study limitations, this study brings a 
reassuring message to RD patients and healthcare prac-
titioners, as COVID-19 infection is generally mild with a 
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high percentage of asymptomatic infections. Larger stud-
ies with bigger sample size and multivariate analysis are 
required to assess the relationship between disease activ-
ity, corticosteroids and symptoms of COVID-19 infec-
tion. In the meantime, our results support the idea that 
maintaining inactive disease is very important in preven-
tion of COVID-19 infection, as it is in other infections.

Conclusions

In a cohort of paediatric patients with rheumatic diseases, 
SARS-CoV-2 infection was demonstrated in 25.7% of cases. 
Seroprevalence was 20% in this study. The clinical course 
was mild, with one third of asymptomatic cases. Severe 
infections were not observed among the patients. Higher 
disease activity and the use of oral corticosteroids appeared 
to be risk factors for laboratory-confirmed SARS-CoV-2 
infection. Children with rheumatic disease in clinical remis-
sion may not be considered as a risk population for severe 
COVID-19.
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