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ABSTRACT

Objectives This study aimed to investigate the

clinical manifestations, course and outcome of SARS-
CoV-2 infection among children and adolescents with
rheumatic and musculoskeletal diseases (RMD). Due

to their underlying disease as well due to therapeutic
immunosuppression, these patients may be at risk for a
severe course of COVID-19 or for a flare of the underlying
disease triggered by SARS-CoV-2 infection.

Methods Demographic, clinical and treatment data

from juvenile patients with RMD as well as data about
SARS-CoV-2 infection like test date and method, clinical
characteristics, disease course, outcome and impact on
the disease activity of the RMD were documented on a
specific SARS-CoV-2 questionnaire implemented in the
National Paediatric Rheumatology Database (NPRD) in
Germany. The survey data were analysed descriptively.
Results From 17 April 2020 to 16 February 2021, data
were collected from 76 patients (52% female) with RMD
and laboratory-proven SARS-CoV-2 infection with median
age of 14 years, diagnosed with juvenile idiopathic arthritis
(58%), autoinflammatory (24%) and connective tissue
disease (8%). Fifty-eight patients (76%) received disease-
modifying antirheumatic drugs (OMARDSs), 41% biological
DMARDs and 11% systemic glucocorticoids. Fifty-eight
(76%) had symptoms of COVID-19. Disease course

of SARS-CoV-2 infection (classified as asymptomatic,
mild, moderate, severe, life-threatening) was mild and
outcome of COVID-19 (classified as recovered, not yet
recovered, permanent damage or deceased) was good
(recovered) in the majority of patients. Two patients were
hospitalised, one of whom required intensive care and died
of cardiorespiratory failure. In 84% of SARS-CoV-2-positive
patients, no relevant increase in disease activity of the
RMD was observed.

Conclusions In our cohort, SARS-CoV-2 infection in
juvenile patients with RMD under various medications was

Key messages

What is already known about this subject?

» Children and adolescents develop COVID-19 less
frequently and usually more mildly than adults.

» The clinical characteristics of SARS-CoV-2 infection
in respect to symptoms, severity of the course and
outcome as well as the influence on the underlying
disease in juvenile patients with rheumatic musculo-
skeletal diseases (RMD) under different therapeutic
regimens are unclear so far.

What does this study add?

» In the study presented here, the clinical charac-
teristics and outcome of SARS-CoV-2 infection in
juvenile patients with RMD were explored using a
survey within the National Paediatric Rheumatology
Database.

» The clinical course of SARS-CoV-2 infection in pa-
tients with rheumatic diseases was mild in most
cases, regardless of whether immunosuppressive
therapy was maintained or discontinued.

» SARS-CoV-2 infection (symptomatic or asymptom-
atic) does not appear to have a major effect on the
underlying disease activity.

mild with good outcome in the majority of cases and does
not appear to have a relevant impact on disease activity of
the underlying condition.

INTRODUCTION
Children and adolescents seem to be less
affected by COVID-19 and to have a milder
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Key messages

How might this impact on clinical practice or future

developments?

» It may be concluded that continuation of immunosuppressive ther-
apy in juvenile patients with RMD with evidence of SARS-CoV-2 in-
fection does not pose a risk for a more severe course of COVID-19.

» Further studies with larger case numbers are needed to better in-
vestigate associations between a distinct underlying disease, its
specific drug therapy, and the clinical expression and possible con-
sequences of SARS-CoV-2 infection in these patients.

course of COVID-19 than adults.! However, similar to
adults, a pre-existing underlying disease or immunosup-
pression is described as a risk factor for hospitalisation
in children.? Children and adolescents with rheumatic
musculoskeletal disorders (RMD) may be particularly
susceptible to SARS-CoV-2 infection, partly because of
their underlying disease and also because of therapeu-
tically induced immunosuppression. Furthermore, the
immunosuppressive therapy may influence the clinical
course of SARS-CoV-2 infection positively or negatively,
also SARS-CoV-2 infection might alter the disease activity
of the underlying chronic inflammatory disease.

To address these issues, a specific SARS-CoV-2 ques-
tionnaire was implemented into the National Paediatric
Rheumatology Database (NPRD) in Germany in 2020 to
prospectively gather data (i) on clinical characteristics,
treatment and outcome of SARS-CoV-2 infection and
(ii) on the impact of SARS-CoV-2 infection on the pre-
existing conditions in juvenile patients with RMD under
different immunosuppressive therapies.

Here, we report the demographic and clinical charac-
teristics of 76 children and adolescents with RMD and
confirmed SARS-CoV-2 infection.

PATIENTS AND METHODS

National Paediatric Rheumatology Database

The NPRD started 1997° and is now being conducted at
>60 different paediatric rheumatology sites throughout
Germany. Yearly, about 15000 children and adolescents
with different RMD, most commonly with juvenile idio-
pathic arthritis (JIA), and with connective tissue diseases
(eg, juvenile systemic lupus erythematosus, juvenile
dermatomyositis (jDM)), vasculitis or autoinflammatory
diseases are recorded in the NPRD in a standardised
format by disease-specific questionnaires.

The SARS-CoV-2 module of the NPRD was set up on
recommendation of the Society for Paediatric Rheu-
matology (GKJR) in Germany to provide reliable and
representative epidemiological data on the frequency,
course and outcome of SARS-CoV-2 infection in paedi-
atric patients with RMD. This SARS-CoV-2 module is
embedded as a cross-sectional study in the established
prospective . NPRD and collects information from
patients with RMD and all SARS-CoV-2 infection courses

(also including asymptomatic SARS-CoV-2 infection), by
means of a specific paper-based questionnaire.

The following items were recorded: demographic
parameter, information on SARS-CoV-2 testing (method,
reason), symptoms and clinical course of SARS-CoV-2
infection, outcome of COVID-19, treatment of the
SARS-CoV-2 infection as well as of the underlying disease.
In addition, disease activity of the rheumatic disease
(21-item numeric rating scale (NRS 0-10, 0: best)) was
recorded before and after SARS-CoV-2 infection.

This questionnaire had been previously aligned
with those of the EULAR COVID-19 Registry* and the
COVID-19 Global Rheumatology Alliance Registry.” The
introduction of the SARS-CoV-2 module into the NPRD
was communicated to all members via email through the
GKJR on 16 April 2020, and reporting of appropriate
patients was also encouraged through this channel.

Biologics in Paediatric Rheumatology Registry

This data collection was supplemented by cases of SARS-
CoV-2-positive children and adolescents with RMD from
the Biologics in Paediatric Rheumatologiy Registry
(BiKeR),® in which SARS-CoV-2 infection was recorded
as an ‘event of special interest’.

German Society for Paediatric Infectiology

In order to cover the spectrum of SARS-CoV-2 infection
in children and adolescents with rheumatic diseases as
completely as possible, additional cases were reported
to us via the COVID-19 Survey of the German Society
for Paediatric Infectiology (DGPI, https://dgpi.de/),
a registry of hospitalised children and adolescents with
SARS-CoV-2 infection, who were identified by indicating
a corresponding comorbidity.

A detailed description of the data collection in the
respective registries can be found in the online supple-
mental material.

Only patients with laboratory evidence of SARS-CoV-2
infection were included in our analysis. Data collection for
the manuscript was completed before the introduction
of systematic rapid antigen-based tests for SARS-CoV-2
screening in schools. As in the rest of the population,
children and adolescents with RMD were generally
only tested for the presence of SARS-CoV-2 infection if
they had contact with an infected person or if they had
symptoms during the period in which the data for this
manuscript were collected (April 2020, first wave, until
February 2021, phase-out of the second wave). The indi-
cation for testing was documented on the questionnaire.

Statistics

Statistical analyses were performed using IBM SPSS
Statistics V.26 and SAS V.9.4Mb. Plots were made with
Microsoft Excel 2016. Results for continuous variables
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are presented as medians and IQRs unless otherwise
stated. For categorical variables, absolute count is given
and proportions of corresponding categories are calcu-
lated and presented as percentages. Missing responses
were treated on a per-category basis and did not lead
to an exclusion of the corresponding case. The differ-
ence in the NRS (ANRS), which was used to describe the
change of the underlying RMD disease activity, was calcu-
lated as the difference of the NRS of the outcome date
(NRS-out) and the pre-infection NRS (NRS-pre). Conse-
quently, a non-positive difference describes a constant/
decrease of disease activity while a positive difference
implies an increase in disease activity. Change in disease
activity (‘“ANRS=NRS-out-NRS-pre’) was further catego-
rised as follows: for increase: minimal, if 0 < ANRS <1;
minor, if 1 < ANRS <£2; relevant if ANRS >2. For decrease:
minimal/no decrease: -1 < ANRS <0; minor decrease: -2
< ANRS < -1; relevant decrease: ANRS < —2. This item
was evaluated only in individuals with a date of COVID-19
symptom onset, or—if asymptomatic—with a date of
PCR or antigen testing, because these methods allowed
to determine the point of time the disease/infection
occurred (in contrast to antibody testing).

To determine whether the NRS values were reported
in chronological order, that is, the NRS timeline can be
clearly separated into before/after SARS-CoV-2 infection,
only valid dates were considered. In cases where only the
day was missing, we imputed the missing value with the
15th of the corresponding month.

RESULTS

Demographic parameters, diagnostics and treatment

From 17 April 2020 until 16 February 2021, data of 76
patients with RMD were collected. They were predomi-
nantly adolescent, and boys and girls were documented
with equal frequency. The majority of patients suffered
from JIA (58%), 24% of patients were diagnosed with
an autoinflammatory disease (table 1). In addition to
the underlying RMD, five patients suffered from asthma,
four from uveitis, two from allergies and one patient each
from ventricular septal defect, aortic valve insufficiency,
Hashimoto’s thyroiditis, hypothyroidism and diabetes
mellitus.

Most patients were tested for SARS-CoV-2 because
they had contact with an infected person (50, 66%);
only 25 (33%) were tested because of typical symptoms.
The preferred test method was PCR (71%), followed by
serology testing (25%) and antigen detection (4%).

Fifty-eight (76%) were treated with a DMARD at the
time of SARS-CoV-2 infection, and 41% with a biological
DMARD (bDMARD). DMARD therapy (9x bDMARD:
etanercept, adalimumab, golimumab, tocilizumab, 2x
bDMARD+methotrexate (MTX), 3x MTX only) was
discontinued or changed in frequency of application and/
or dosage (the entire therapy in each case) in response to
confirmed SARS-CoV-2 infection in 14 patients with the
following diagnoses: seronegative polyarthritis (PA) n=7,

enthesitis-related arthritis n=2, seropositive PA, oligoar-
thritis (OA) persistent, OA extended, chronic recurrent
multifocal osteomyelitis, deficiency of adenosine deami-
nase 2 each n=1.

Clinical characteristics of SARS-CoV-2 infection in juvenile
patients with RMD

Fifty-eight (76%) developed symptoms of COVID-19, 18
patients (24%) remained asymptomatic.

All patients with autoinflammatory diseases (n=18)
as well as all patients with systemic JIA—even though
only three patients—developed symptoms of COVID-19
whereas 27% of patients with the other forms of JIA and
50% of patients with connective tissue diseases remained
asymptomatic.

The clinical symptoms of SARS-CoV-2 infection in the 58
symptomatic juvenile patients with RMD are summarised
in figure 1. The most common symptoms were rhinitis
and fever (40%), although usually not high: of the 13
patients who provided information on fever level, only
1 had a body temperature >39.5°C; 6 patients reported
a temperature in the range of 38.5°C and 39.5°C and 6
patients reported an elevated temperature <38.5°C.

One patient who was hospitalised was diagnosed with
pneumonia, but no outpatients (n=74) were reported to
have pneumonia; two outpatients were diagnosed with
bronchitis/bronchiolitis.

Due to the small number of documented laboratory
results, we were unable to perform any analyses in this
regard.

Course and outcome of COVID-19 in juvenile patients with
RMD
Disease course was classified as mild in 44 of 46 sympto-
matic patients (96%) with valid data on this item. None
of the symptomatic patients with missing data regarding
the disease course of COVID-19 (n=12) were hospitalised.
Two patients were reported via the DGPI registry for
hospitalised children with COVID-19: a girl with chronic
non-bacterial osteitis on therapy with NSAID was hospi-
talised but did not show clinical signs of pneumonia
nor required oxygen administration or intensified drug
therapy. The second patient was a girl who was initially
classified as having systemic JIA at the age of 1 year and
then as polyarticular JIA in the further disease course,
and treated with MTX as well as prednisolone. After
having experienced a second febrile seizure she was diag-
nosed with sinus vein thrombosis and cerebral oedema
on CT. This patient died despite intensive care 8days
after symptom onset. The cause of death was considered
cardiorespiratory failure with radiographic changes in
chest X-ray compatible with COVID-19. A genetic exam-
ination revealed a so far unrecognised immunodeficiency.
Of the 51 symptomatic patients for whom COVID-19
outcome information was available, 40 patients (78%)
reported that their health status was recovered (median
time from symptom onset to outcome evaluation 28 days
(IQR 9-55), 10 patients (20%) stated that their health
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Table 1 Demographic parameter, diagnostic tests, diagnoses and treatment of 76 juvenile patients with RMD with
laboratory-proven SARS-CoV-2 infection

Patients Total cohort Symptomatic Asymptomatic
Total 76 58 18
Female, % 52 55 44
Age, median (IQR) 14 (11-16.5) 14 (12-17) 12 (7-16)
Test method, n (%)
PCR 54 (71) 41 (71) 13 (72)
Antigen test 3(4) 35 0(0)
Antibody test 19 (25) 14 (24) 5 (28)
Juvenile idiopathic arthritis, n (%) 44 (58) 33 (57) 11 (61)
Oligoarthritis (persistent/extended) 16 1 5
Polyarthritis (RF negative/positive) 17 15 2
Enthesitis-related arthritis 7 4 3
Systemic juvenile idiopathic arthritis 3 3 0
Other arthritis 1 0 1
Autoinflammatory diseases, n (%) 18 (24) 18 (31) 0
FMF 11 11 0
NLRP3-associated autoinflammatory disease 2 2 0
PFAPA 1 1 0
TRAPS 3 3 0
DADA2 1 1 0
Connective tissue disease, n (%) 6 (8) 35 3(17)
SLE 2 1
JDM 1 0 1
Sjogren’s syndrome 1 1 1
Scleroderma (localised) 1 0 1
Other, n (%) 8 (11) 4(7) 4 (22)
Behcet's disease 1 1 0
CRMO 4 2 2
SpA* 1 1 0
Sjégren‘s syndrome 1 1 0
Uveitis (idiopathic) 2 0 2
Treatment, n (%) 66 (87) 49 (84) 17 (94)
Systemic glucocorticoids 8 4 4
Any DMARD 58 49 9
MTX 18 13 5
bDMARD 31 27 4
TNF-a antagonist 19 17 2
MTX+TNF-o antagonist 4 4 0
IL-6 blockade 6 5 1
IL-1 blockade 4 4 0
Baricitinib 1 1 0
Colchicine 9 9 0
Hydroxychloroquine 7 4 3
Mycophenolate mofetil 3 2 1
Sulfasalazine 1 1 0
Azathioprine 2 2 0

(b)DMARD, (biological) disease-modifying antirheumatic drug; CRMO, chronic recurrent multifocal osteomyelitis; DADA2, deficiency of adenosine deaminase 2; FMF, familial
Mediterranean fever ; IL, interleukin; JDM, juvenile dermatomyositis; MTX, methotrexate; PFAPA, periodic fever, aphthous stomatitis, pharyngitis, cervical adenitis; RF, rheumatoid
factor; SLE, systemic lupus erythematosus; SpA, spondylarthritis, the patient was older than 16 years at the time of diagnosis and therefore could not be classified as having
enthesitis-related arthritis; TNF, tumour necrosis factor; TRAPS, TNF-receptor-associated periodic syndrome.
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Fever 40
Rhinitis 40
Taste/smell disorder 34
Fatigue 34
Headache 28
Cough 28
Sore throat 24
Arthralgia 17
Limb pain/myalgia S — ————— 16
Diarrhea m—— 10

Vomiting s 3
Tachypnea/Dyspnea mmmm 3
Abdominal pain s 3

0 5 10 15 20 25 30 35 40 45

In % of symptomatic patients
(multiple answers possible)

Figure 1 Clinical symptoms of SARS-CoV-2 infection in
58 juvenile patients with rheumatic and musculoskeletal
diseases (RMD).

status had not yet recovered after COVID-19, mostly
due to a continuing taste/smell disorder (median time
between symptom onset and outcome evaluation was 26
days, IQR 7-47).

Outcome of the underlying RMD after SARS-CoV-2 infection
We were able to evaluate the disease activity of the
underlying RMD (NRS) before and after the proven
SARS-CoV-2 infection in 32 individuals (28 symptomatic
and 4 asymptomatic patients). The remaining patients
in our study lacked the necessary information to do
so. The median time from the last assessment of RMD
disease activity of the chronic inflammatory disease
to positive SARS-CoV-2 testing was 52 days (IQR 37.5—
102.5days). After detection of SARS-CoV-2 infection,
the median time to outcome assessment of RMD disease
activity was 31 days (IQR 13-50 days). The mean (+SD)
disease activity with a range of 0 (=best) to 10 of those 32
patients was 0.90+1.37 (median 0.5, IQR 1-1.25) before
SARS-CoV-2 infection and 1.14+2.12 (median 0.25, IQR
0-1.25) at the time of outcome assessment. No up to
minimal increase in disease activity (difference in NRS
before vs after SARS-CoV-2 infection <1) of the under-
lying disease was recorded in 27 of 32 patients (84%),
regardless of whether patients were asymptomatically
infected or developed COVID-19 (figure 2). An increase
in disease activity with a difference in NRS before versus
after SARS-CoV-2 infection >1 was seen in five patients
(four symptomatic, one asymptomatic).

relevant decrease: ANRS < -2 ﬂ 1

minor decrease: -2 < ANRS < -1 i 5
minimal/no decrease: -1 < ANRS <0 — 18
minimal increase: 0< ANRS <1 ey 3
minor increase: 1< ANRS <2 [l
relevant increase: ANRS > 2 1o 1

0 2 4 6 8 10 12 14 16 18 20

Absolute number of patients per category
Asymptomatic patients
Figure 2 Changes in numeric rating scale (NRS) disease

activity of the underlying rheumatic disease before versus
after SARS-CoV-2 infection.

W Symptomatic patients

All but one (n=13) of the patients in whom drug
therapy had been discontinued or the dosing/interval of
application of medication had been changed had an NRS
of <1 with respect to disease activity of the underlying
disease before SARS-CoV-2 infection, which changed by a
maximum of 0.5 thereafter. One patient, who had paused
tocilizumab for two doses, experienced a flare of his sero-
negative PA (NRS-out: 9) 2 months after asymptomatic
SARS-CoV-2 infection (NRS before infection was 3).

Another patient experienced a recurrence of uveitis 8
weeks after symptom onset of COVID-19 without a flare
of her OA while maintaining DMARD therapy with MTX.

DISCUSSION

Although children and adolescents are known to develop
COVID-19 less frequently and usually more mildly than
adults,1 78 the clinical characteristics of a SARS-CoV-2
infection in terms of symptoms, severity of course and
outcome as well as the impact of this infection on the
underlying disease in juvenile patients with rheumatic or
autoinflammatory diseases, has remained unclear.

In the study presented here, the majority of patients
diagnosed with RMD under different therapeutic regi-
mens with confirmed SARS-CoV-2 infection have shown
a mild disease course with good outcome. Two patients
were hospitalised, of whom one patient had a severe
course of COVID-19 with a fatal outcome. To our knowl-
edge, our cohort currently represents the largest collec-
tion of data from children and adolescents with RMD
and confirmed SARS-CoV-2 infection on various immu-
nomodulatory therapies.

Of the total 76 patients in our cohort, 24% were asymp-
tomatically infected and 76% showed symptoms of illness
from COVID-19. Fever and rhinitis were most commonly
reported with each 40%, followed by fatigue, loss of smell
and/or taste (34%), headache, cough and sore throat.
The frequency distribution of symptoms found here
is largely consistent with published data on the clinical
manifestation of COVID-19 in children and adolescents
in the general population.' *? However, we have a rela-
tively high proportion of SARS-CoV-2-positive patients
in our cohort who reported smell and/or taste distur-
bances, which has been identified as a fairly specific sign
of SARS-CoV-2 infection. '’

In our cohort, the disease course of COVID-19 was mild
in 96% of patients with valid data for this item; none of
the patients who lacked formal information on COVID-19
disease course was hospitalised, so it may be concluded
that these patients at least did not have a severe course
of COVID-19. Due to this rather homogeneous result
in the evaluation of COVID-19 disease course and the
low number of hospitalised patients, the influence of
comorbidities or drug therapy of the underlying disease
on the expression of SARS-CoV-2 infection could not be
analysed. From the National Registry of Adult Patients
with Rheumatic Diseases and SARS-CoV-2 Infection'" in
Germany, it was reported that glucocorticoid therapy but
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not DMARD therapy was associated with a higher risk of
hospitalisation related to COVID-19. DMARDs may even
prevent a severe COVID-19 course, as they also atten-
uate immune processes triggered by the viral disease,
including an exaggerated immune response such as
the so-called ‘cytokine storm’. Studies on the efficacy of
antirheumatic therapeutics in severe COVID-19 courses
showed partly conflicting,'*™" partly promising results.'®

Koker et al'” surveyed parents of 414 children and
adolescents with rheumatic diseases and immunosup-
pressive treatment by telephone interview regarding
possible COVID-19-associated symptoms, risk contacts,
performance of diagnostic tests (SARS-CoV-2-PCR) and
possible interruption of antirheumatic therapy, and
recorded clinical parameters and therapies from medical
records. At the time of the survey, 42.3% of patients were
receiving bDMARDs, 28.7% non-biological DMARDs and
14.5% both; a quarter of the cohort had comorbidities.
Nine patients were screened in hospital for COVID-19, of
whom six had close contact with a confirmed infectious
case; only one patient was found to have SARS-CoV-2
infection (with an uncomplicated course).

Some studies investigated the rate of hospitalisation—
as a surrogate parameter for a more severe course of
COVID-19—in adult patients with rheumatic diseases
compared with the normal population: Haberman et al'®
reported a similar rate of hospitalisation of patients with
RMD in the setting of SARS-CoV-2 infection compared
with the normal population in New York City. Jovani
et al” reported an estimated OR of 2.61 for hospital-
isation of patients with RMD on bDMARD/targeted
synthetic DMARD but found no elevated risk of devel-
oping severe COVID-19 in these patients compared with
healthy subjects. Nevertheless, some studies actually
showed evidence of a more severe course of COVID-19 in
patients with rheumatic diseases: D’Silva et a*’ compared
manifestation and outcome of COVID-19 in patients
with and without RMD and found similar symptoms and
laboratory changes as well as comparable hospitalisation
and mortality rates in both patient groups. However,
patients with RMD were more likely to need intensive
care and also mechanical ventilation (multivariable OR
3.11 with 95% CI 1.07 to 9.05).*" Recently, using registry
data from Denmark, Cordtz et al’' reported that adult
patients with inflammatory rheumatic diseases were both
more frequently hospitalised and at higher risk of severe
COVID-19 (as measured by the number of patients with
intensive therapy, acute respiratory distress syndrome or
death). Differences in the composition of the patient
populations with respect to age, underlying disease
(rheumatoid arthritis, ankylosing spondylitis, connective
tissue disease, vasculitis, systemic autoimmune disease,
etc), disease duration and comorbidities as well as thera-
pies might explain these discrepant findings.

In our study with juvenile patients with RMD, 96% of
symptomatically SARS-CoV-2-infected individuals had
a mild disease and the overall outcome of COVID-19
in these patients with defined chronic rheumatic or

autoinflammatory diseases was also good with health
condition restored in 78% of patients 4weeks after
symptom onset of COVID-19. None of the outpatients
was diagnosed with pneumonia, two patients were hospi-
talised. One patient died in whom next-generation
sequencing revealed a so far unrecognised underlying
immunodeficiency that was presumably responsible for
the fatal course, so this patient did not have a ‘classic’ JIA.

Due to some partially incompletely filled-out question-
naires, for the NRS before and after SARS-CoV-2 infec-
tion only limited data sets were available. In 84% of our
patients, who could be evaluated for this item (n=32),
there was no or only minimal increase in disease activity
of the underlying RMD (increase in NRS <1). One patient
with comorbid anterior uveitis suffered a uveitis recur-
rence after COVID-19 without a flare of her OA while
maintaining DMARD therapy with MTX. In contrast, one
patient with seronegative PA experienced a flare of his
PA after discontinuation of tocilizumab in the setting of
asymptomatic SARS-CoV-2 infection. This patient, unlike
all other patients who had DMARD therapy reduced or
discontinued after diagnosis of SARS-CoV-2 infection
with no increase of disease activity thereafter, had an
NRS of 3 (moderate disease activity) already prior to his
SARS-CoV-2 infection. Here, the pause in therapy rather
than the SARS-CoV-2 infection (especially as asymptom-
atic) seems to be causative for the flare, particularly since
the patient was not in remission before this treatment was
stopped.

Limitations

We started data collection using the SARS-CoV-2 ques-
tionnaire of the NPRD immediately after its consensus
by the board of the GKJR in April 2020 (during the first
wave) and chose a data cut-off date in mid-February 2021
for the manuscript, at the end of the second wave. In
Germany, approximately 385000 children and adoles-
cents under 20 years of age had been diagnosed with
SARS-CoV-2 infection by the end of March 2021. Of
these, 4789 patients were hospitalised (1.2%), and 68
required intensive care (1.4% of hospitalised juvenile
patients). In addition, 11 deaths (0.22% of hospitalised
children and adolescents, 0.0028% of the total cohort)
were reported in association with SARS-CoV-2 infec-
tion, of these, 8 cases had pre-existing conditions.*® This
survey is a collection of spontaneous registrations. There-
fore, we can neither assume to have recorded all cases of
SARS-CoV-2-positive children and adolescents with RMD
nor to have established a representative group. Thus, due
to limited number of cases, neither a valid hospitalisation
rate nor a mortality rate of juvenile patients with RMD
can be derived from our cohort. We are also unable to
draw conclusions about the incidence and/or prevalence
of SARS-CoV-2 infection in children and adolescents with
rheumatic diseases. The relatively small number of cases
of each disease entity and the variety of therapies do not
allow reliable conclusions regarding implications of a
specific rheumatic disease or the effects of medication
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on the clinical expression and outcome of SARS-CoV-2
infection in these patients. Assessment of disease activity
before and after SARS-CoV-2 infection was performed
as part of routine clinical practice and not after a fixed
interval. Therefore, it is possible that flares that occurred
in the period after SARS-CoV-2 infection but before
outcome assessment were not recorded. Furthermore,
we did not have a comparison group of SARS-CoV-2-
negative patients with RMD regarding the change in NRS
of disease activity over a comparable period of time.
Using data from the BiKeR, it was shown that both
biologics therapy and disease activity of JIA are risk
factors for severe infections in children and adolescents
with JIA.* Therefore, there was concern that SARS-CoV-2
infection might be more common and severe in these
patients than was the case in otherwise healthy children.
Since this was a novel infectious agent, only assumptions
could be made in this regard, as data and experience
with it were initially lacking. In addition to the call for
documentation of children and adolescents with rheu-
matic diseases and proven SARS-CoV-2 infection in the
NPRD, which was communicated by the German Society
for Paediatric and Adolescent Rheumatology in April
2020, the topic was again brought to the attention of
all members in May 2020, when they were contacted by
email and asked to participate in an online survey to
obtain an opinion on DMARDs therapy in children and
adolescents with rheumatic diseases affected by COVID-
19.%* Therefore, we may assume that there was a high
level of attention regarding the recording of SARS-CoV-2
infections in these patients. In particular, severe courses
usually receive higher attention and would accordingly
tend to be documented more frequently (reporting
bias); mild courses are more likely to be under-reported.

Summary

The clinical course of SARS-CoV-2 infection in patients
with rheumatic diseases was mild in most juvenile patients
with RMD, regardless of whether immunosuppressive
therapy was maintained or discontinued. Furthermore,
SARS-CoV-2 infection did not appear to have a major
effect on the underlying disease activity, whereas discon-
tinuation of therapy seemed to pose a risk of flare in
patients with (moderately) active disease.

Further studies with larger numbers of cases are needed
to better investigate associations between the underlying
disease, its drug therapy and the clinical expression and
possible consequences of a SARS-CoV-2 infection in these
patients.
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