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Abstract

Background Paediatric patients with autoimmune rheumatic diseases (pARD) have a dysregulated immune system,
so infections present a major threat to them. To prevent severe COVID-19 infections we aimed to vaccinate them as
soon as possible. Studies have shown that the BNT162b2 vaccine is safe, effective, and immunogenic, however, in a
short observation period, only.

Methods The main objective was to compare the serological response between three groups of pARD: after SARS-
CoV-2 infection, after vaccination against COVID-19 with two doses of the BNT162b2 vaccine, and after experiencing
both events. Data on demographics, diagnosis, therapy, and serology (anti-SARS-CoV-2 IgG/IgA) were collected from
March 2020 to April 2022. For statistical analysis ANOVA, Mann-Whitney U test, Chi-square test and Fisher’s exact test
were applied. To compare adverse events (AE) after vaccination we included a control group of healthy adolescents.

Results We collected data from 115 pARD; from 92 after infection and 47 after vaccination. Twenty-four were
included in both groups. Serological data were available for 47 pARD after infection, 25 after vaccination, and 21 after
both events. Serological response was better after vaccination and after both events compared to after infection only.
No effect of medication on the antibody levels was noted. The safety profile of the vaccine was good. Systemic AE
after the first dose of the vaccine were more common in healthy adolescents compared to pARD. In the observation
period of 41.3 weeks, 60% of vaccinated pARD did not experience a symptomatic COVID-19 infection.

Conclusions IgG and IgA anti-SARS-CoV-2 levels were higher after vaccination and after both events compared to
after infection only. Six months after vaccination we observed an increase in antibody levels, suggesting that pARD
had been exposed to SARS-CoV-2 but remained asymptomatic.

Trial registration The study was approved by the Medical Ethics Committee of the Republic of Slovenia (document
number: 0120-485/2021/6).
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Background

Children with autoimmune rheumatic diseases (ARD)
have a dysregulated immune system impaired by the
disease and immunosuppressive treatment [1]. At the
beginning of the Coronavirus disease 2019 (COVID-19)
pandemic there was a great concern about the possibil-
ity of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection in these children. Throughout
the pandemic, it became clear that the clinical presen-
tation of COVID-19 in children is typically milder and
the outcome favourable compared to adults [2]. A simi-
lar experience was recorded in children, adolescents,
and young adults with ARD at the University Children’s
Hospital Ljubljana, Slovenia, where 81% of infections in
patients with ARD (pARD) were asymptomatic or mild
[3]. Studies conducted in other centres also showed com-
parable results [4—7]. However, in children without any
chronic disease, who got COVID-19, cases of severe dis-
ease and/or development of a post-infectious multisys-
tem hyperinflammatory syndrome named multisystem
inflammatory syndrome in children have been described
[8].

To prevent severe infections and complications and
given the contagious nature and rapid spread of SARS-
CoV-2, it quickly became clear that the best method of
protection against COVID-19 is vaccination [9]. The
first vaccine approved for adolescents aged 12—18 years
was the BNT162b2 Comirnaty (Pfizer-BioNTech), based
on the delivery of messenger RNA encoding the SARS-
CoV-2 spike glycoprotein [10]. In a study published by
Frenck, Jr. et al. in 2021, the BNT162b2 Comirnaty vac-
cine was proven to be safe, effective, and immunogenic
when used in healthy adolescents [11]. An English study
from the EULAR COVAX physician-reported regis-
try from 2022 showed that the vaccine was also safe
and effective in adolescents with ARD [12], and later,
more studies confirmed that finding [13-16]. An Israeli
study showed that the efficacy of the BNT162b2 vaccine
in pARD was comparable to healthy controls and that
immunomodulatory therapy had no effect on it [17].

Later, researchers performed studies taking the immu-
nogenicity of the vaccine into account. Results showed
that the serological response after vaccination against
COVID-19 in pARD is sufficient, but immunogenicity
is influenced by immunomodulatory therapy. A study
done by Akgiin et al. noted that all pARD had elevated
IgG levels after the second dose of the BNT162b2 Comir-
naty vaccine, however, those who were receiving con-
ventional synthetic disease-modifying anti-rheumatic
drugs (csDMARDs) and biologic DMARDs (bDMARDs)
simultaneously, had significantly lower median levels of
the anti-receptor-binding domain (anti-RBD) IgG than
those receiving only cOMARDs [18]. In an Israeli study
Henshin-Bekenstein et al. compared seropositivity rates
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between pARD and healthy controls. They noted that not
all pARD developed antibodies, and the antibody levels
were also significantly lower in pARD compared with
controls [13]. An important observation was made in a
study by Dimpoulou et al., where they reported a signifi-
cant decrease in antibody levels in adolescents with juve-
nile idiopathic arthritis (JIA) 6 months after vaccination
[19].

While already published studies report on anti-SARS-
CoV-2 IgG antibodies, less is known regarding IgA
response in pARD after COVID-19 and vaccination
against COVID-19. IgA is the most abundant type of
antibody in the body and is mainly found on mucosal
surfaces as a dimeric secretory IgA. Mucosal IgA plays an
important role in preventing the adherence and invasion
of pathogens by its neutralising activity, whereas mono-
meric, serum IgA, is associated with the activation of
the phagocytic immune system [20, 21]. Several studies
have shown that IgA response plays an important early
neutralising role after SARS-CoV-2 infection [22, 23]. In
the evaluation of the immune response to influenza, IgA
together with IgG was found to be more important in
protecting against secondary infection than IgG and IgM
immune responses together [24, 25]. Although IgM is
considered the first line of humoral response, a peculiar-
ity of SARS-CoV-2 infection is that all three antibodies,
IgA, IgG and IgM, can be detected rapidly after anti-
gen encounter. IgG and IgA can often be detected even
before IgM, suggesting that the initial IgM response may
be weak [26, 27], and thus measuring the IgA and IgG
response may be more sensitive. A study by Padoan et al.
also showed that specific IgA responses were detectable
in 75% of generally healthy patients after COVID-19 and
appeared to be stronger and more persistent than IgM
responses [28].

To the best of our knowledge, we report the first data
on serological response in pARD after COVID-19 infec-
tion compared to vaccination against COVID-19.

Methods

The aim of the study was to compare the serological
response in pARD between three groups: after SARS-
CoV-2 infection, after vaccination against COVID-19,
and after experiencing both events. The safety and effi-
cacy of the vaccine were also studied. It was a single-
centre study conducted between March 2020 and April
2022, at the University Children’s Hospital in Ljubljana,
Slovenia.

The pARD were followed prospectively after infection
and/or vaccination. Data and blood samples were col-
lected at regular visits at the rheumatology outpatient
clinic. The study was approved by the Medical Ethics
Committee of the Republic of Slovenia (document num-
ber: 0120-485/2021/6). Written informed consent was
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obtained from parents/caregivers and patients, older
than 15 years.

Study population
The study population included patients with childhood-
onset ARD (ages 2-23 years) including JIA, idiopathic
uveitis, systemic or juvenile localized scleroderma, sys-
temic lupus erythematosus (SLE), systemic vasculitis,
juvenile dermatomyositis, and chronic recurrent multifo-
cal osteomyelitis. Other, less common diagnoses included
cryopyrin-associated periodic syndrome, rheumatic
fever, and undifferentiated connective tissue disease.
Diagnoses were established based on the valid criteria for
their respective disease in all patients [29-35].

Based on the criteria they met, pARD were divided in
two groups:

a) Group 1 (pARD who experienced a COVID-19
infection): laboratory-confirmed SARS-CoV-2
infection with a real-time RT-PCR test or a rapid
antigen test or positive serology for IgG anti-SARS-
CoV-2 antibodies in pARD with a confirmed contact
with SARS-CoV-2.

b) Group 2 (pARD who were vaccinated against
COVID-19): patients who received two doses of
the BNT162b2 Comirnaty vaccine in a span of 3-9
weeks.

For the evaluation and analysis of the serology (anti-
SARS-CoV-2 IgG and IgA) pARD were further divided
into three subgroups:

a) Subgroup 1 (serology in pARD who experienced a
COVID-19 infection): serology collected from pARD
only after infection; if they got vaccinated after the
infection, the later recorded serology values were
analysed as part of Subgroup 3.

b) Subgroup 2 (serology in pARD who were vaccinated
against COVID-19): serology collected from pARD
only after vaccination; if they got infected after the
vaccination, the later recorded serology values were
analysed as part of Subgroup 3.

c) Subgroup 3 (serology in pARD who experienced
both events — COVID-19 infection and vaccination
against COVID-19): serology collected from pARD
after they experienced both events.

For the evaluation of the safety profile of BNT162b2
Comirnaty vaccine we included a control group consist-
ing of healthy adolescents. To be included they had to
meet the inclusion criteria:

a) Between the ages of 14 and 19 years.
b) No ARD diagnosis.
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c) Atleast two doses of the BNT162b2 Comirnaty
vaccine received in a time span of 3—9 weeks.

Serology for IgG and IgA anti-SARS-CoV-2 antibodies

For the confirmation of acute SARS-CoV-2 infection,
real-time reverse transcription-polymerase chain reac-
tion (RT-PCR) assays were used. In cases where indi-
viduals had a confirmed contact with SARS-CoV-2 and
appeared asymptomatic, serology confirmed the diagno-
sis of infection [36]. Serologic testing, measuring of the
anti-SARS-CoV-2 IgG and IgA antibodies was performed
in Groups 1 and 2 at different time points, namely: up to
3 months, 3—-6 months, 6—12 months, and more than 12
months after the event. The serologic measurement was
conducted with the Anti-SARS-CoV-2 ELISA (IgG and
IgA) EUROIMMUN kit from Liibeck, Germany, follow-
ing the manufacturer’s instructions and as previously
described [37]. The test uses an indirect enzyme-linked
immunosorbent assay, which involves the specific inter-
action between viral antigens bound to a solid support
(polystyrene microtiter plate with wells) and specific
antiviral antibodies present in the subject’s serum. The
antigen used in the Anti-SARS-CoV-2 ELISA IgG and
IgA test is the recombinant protein of the S1 subunit,
specifically the S spike protein of the SARS-CoV-2 virus.
This protein is known to be the most immunodominant
and specific part of SARS-CoV-2 [37]. A sample is con-
sidered positive for the presence of anti-SARS-CoV-2 IgG
or IgA antibodies when the calculated value is equal to or
greater than 1.1, and negative when the value is less than
0.8. Samples with intermediate values (between 0.8 and
1.1) are defined as “threshold values” [37, 38].

Safety of the BNT162b2 comirnaty vaccine

The safety of the BNT162b2 Comirnaty vaccine was
assessed in both study (pARD) and control group
(healthy adolescents) using a specific questionnaire after
each dose of the vaccine. Participants were asked about
local (pain, redness, swelling, itching, and tingling at the
vaccination site) and systemic (nausea, vomiting, runny
nose, cough, myalgia, arthralgia, fever above 38 °C,
chills, feeling unwell, headache, tiredness, and weakness)
adverse events (AE). They were also inquired about the
possible allergic reaction and/or hospitalization after
each dose of the vaccine.

Efficacy of the BNT162b2 comirnaty vaccine in pARD

To evaluate the efficacy of the BNT162b2 Comirnaty vac-
cine in pARD, patients were asked to inform their attend-
ing paediatric rheumatologist through e-mail or phone
call in case they tested positive or had a confirmed con-
tact and displayed symptoms of COVID-19. Additionally,
possible SARS-CoV-2 infection was actively discussed at
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every regular visit at the rheumatology outpatient clinic
until April 2022.

Statistical analysis

Statistical analysis was performed using the IBM SPSS
program (version 29.0.2.0). To test for the differences
between continuous variables the ANOVA, and for non-
parametric data Mann-Whitney U test was used. For cat-
egorical variables, the Chi-square test or Fisher’s exact
test was used, and a p-value<0.05 was considered statis-
tically significant.

Results

Study population

We gathered data from 115 pARD and divided them into
two groups. Group 1 consisted of 92 pARD after SARS-
CoV-2 infection, and Group 2 of 47 pARD after vac-cina-
tion against COVID-19. Since 24 patients had COVID-19
before or after receiving the vaccine, we included them in
both groups. Therefore, in Group 1, we included pARD
who only had COVID-19 (n=68) and pARD after both
events (n=24), and in Group 2, we included pARD only
after vaccination (#=23) and pARD after both events
(n=24). The division into Groups 1 and 2 was used for
the analysis of disease relapse rate in pARD. Results are
already published and available in an open-access format
online [3]. We determined the effectiveness of the vac-
cine and adverse events (AE) within Group 2.

To understand the serological response after infection
or vaccination, pARD were further divided into three
subgroups based on the event (infection, vaccination, or
both) they experienced. Serological data were available
for 47 of 92 (51%) pARD after infection (Subgroup 1) and
for 25 of 47 (53%) after vaccination (Subgroup 2). For the
analysis of Subgroups 1 and 2, only values after one event
(infection or vaccination) were included. The serological
data obtained from patients who were vaccinated before
or after the in-fection (experienced both events, n=24)
were considered part of Subgroup 3 after they experi-
enced the second event. In Subgroup 3, serological data
was available for 21 of 24 pARD (88%). A graphical rep-
resentation of the study population with divisions into
groups and subgroups is available in Fig. 1.

The basic characteristics of the groups and subgroups
are presented in the text below.

The majority of pARD had JIA (81% in Group 1, 86%
in Group 2). The mean age was 13.4 (S.D.=4.1) years in
Group 1, and 15.9 (S.D.=2.4) years in Group 2; there were
73% females in Group 1, and 64% in Group 2.

In Group 1, 69 (75%) and in Group 2, 32 (68%) of
PARD were receiving immunomodulatory medica-
tions. Of those in Group 1, 23 (33%) pARD were using
csDMARDs, 30 (43%) were using bDMARDs, and 16
(23%) were receiving a combination of bDMARDs and
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¢sDMARDs. Of those in Group 2, 10 (31%) were using
¢sDMARDs, 10 (31%) were using bDMARDs, and 12
(38%) were receiving a combination of bDMARDs and
¢sDMARD:s.

More detailed information regarding groups 1 and 2
(diagnoses, therapy, etc.) has already been published and
is available in an open-access format online in Tables 1
and 2 [3].

To evaluate the safety profile of the BNT162b2 Comir-
naty vaccine in pARD, we also collected data from 92
healthy adolescents (63% females) who were vaccinated
with two doses of the BNT162b2 Comirnaty vaccine. The
mean age was 16.3 (S.D.=1.3) years at the time of vacci-
nation. Four (4%) adolescents reported having a chronic
condition; one had asthma, and three had type 1 diabetes.
All 92 had no symptoms of acute disease before receiving
the vaccine.

In 47 pARD, a total of 94 vaccinations were performed.
On average, patients received the second dose 3.7
(S.D.=1.4) weeks after the first dose. In 92 healthy ado-
lescents, a total of 184 vaccinations were performed. Data
on the time interval between the first and second dose
was unfortunately not available.

In 92 pARD, we registered 103 COVID-19 cases, 11
patients got the infection twice. Infection was confirmed
by a positive RT-PCR or rapid antigen test for SARS-
CoV-2 in 65 (63%) cases. In 27 (26%) cases, pARD were
in contact with a SARS-CoV-2-positive person and had
a typical clinical presentation of COVID-19. In the other
11 (11%) cases, COVID-19 was confirmed retrospectively
by positive IgG anti-SARS-CoV-2 antibodies. A more in-
depth description regarding COVID-19 confirmation has
already been published and is available in an open-access
format online [3].

Serological response after COVID-19 infection and
vaccination

Basic characteristics for the three subgroups of pARD are
available in Table 1.

In Subgroup 1, 35 (74%) pARD were on immunomod-
ulatory medications (Table 2). Of those, 28 (80%) were
receiving one, 6 (17%) two, and 1 (3%) three medications.
Twelve (26%) pARD were not taking any medications at
the time of SARS-CoV-2 infection.

In Subgroup 2, 15 (60%) pARD were on immunomod-
ulatory medications (Table 2). Of those, 10 (67%) were
receiving one, and five (33%) two medications. Ten (40%)
PARD were not taking any medications at the time of
vaccination against COVID-19.

In Subgroup 3, 15 (71%) pARD were on immunomod-
ulatory medications (Table 2). Of those, 9 (60%) were
receiving one, and six (40%) two medications. Six (29%)
were not taking any medications at the time of the sec-
ond event (infection or vaccination).
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Fig. 1 Graphical representation of the study population
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* Subgroup 1: of the pARD who got vaccinated after the infection, only IgG/IgA values after infection but before vaccination are included - as soon the
infected pARD (Subgroup 1) got vaccinated, they were considered after both events (Subgroup 3) and their later recorded IgG/IgA values were analysed
as part of Subgroup 3

**Subgroup 2: of the pARD who got infected after the vaccination, only IgG/IgA values after vaccination but before infection are included — as soon as the
vaccinated pARD (Subgroup 2) got infected, they were considered after both events (Subgroup 3) and their later recorded IgG/IgA values were analysed

as part of Subgroup 3

We confirmed the anti-SARS-CoV-2 antibodies in 40
(85%) pARD from Subgroup 1, in 25 (100%) from Sub-
group 2, and in 21 (100%) from Subgroup 3. To compare
the mean levels of IgA and IgG antibodies between the
three groups in three different time frames (less than
three months, three to six months, and six to 12 months),
we performed one-way ANOVA.

IgG antibody levels
There was a statistically significant difference in IgG lev-
els between the three Subgroups as determined by one-
way ANOVA for all time frames (less than three months,
three to six months, and six to 12 months). The results
were as follows:

For less than three months after infection, vaccina-
tion, or the second event (in Subgroup 3): F(2,53)=55.70,
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Table 1 Basic characteristics of patients with available
serological data

Characteristics Subgroup  Subgroup  Sub-
1%(n=47) 2°(n=25) group 3¢
(n=21)
Mean age (S.D.) in years 12.1 (4.3) 15.5(2.0) 158 (2.7)
> 12 years, n (%) 25(53) 25(100) 21(100)
Females, n (%) 37 (79) 15 (60) 15(71)
Diagnosis
JIAY 1 (%) 41 (88) 22 (88) 18 (85)
SLE® and vasculitis, n (%) 2(4) 0(0) 0(0)
Uveitis, n (%) 1) 0(0) 0(0)
CRMO', n (9%) 0(0) 29 1(5)
L9, n (%) 2(4) 1(4) 1(5)
Other”, n (%) 1(2) 0(0) 1(5)

9Subgroup 1 - pARD after infection with available serological data, ® Subgroup
2 - pARD after vaccination with available serological data, “ Subgroup 3 - pARD
after infection and vaccination with available serological data, ¢ JIA - juvenile
idiopathic arthritis, ¢ SLE - systemic lupus erythematosus, " CRMO - chronic
recurrent multifocal osteomyelitis, ? jLS — juvenile localised scleroderma, "Other
- undifferentiated connective tissue disease

Table 2 Medications among patients with available serological

data

Medication Medica- Medica- Medica-
tionsin tionsin tionsin
Subgroup  Subgroup  Subgroup
19(n=47) 2°(n=25) 3°(n=21)

No medications 12 (26) 10 (40) 6 (29)

GCS?, n (%) 3(0) 000 0(0)

csDMARDs*

Hydroxychloroquine, n (%) 2(4) 0(0) 0(0)

Methotrexat, n (%) 10 (21) 7(28) 4(19)

Leflunomide, n (%) 0(0) 2(8) 2(10)

Mycophenolate mofetil, n (%) 1 (2) 1(4) 105

Cyclosporine, n (%) 1) 0(0) 0(0)

Azathioprine, n (%) 102 0(0) 0(0)

bDMARDs’

TNFa inhibitors, n (%) 19 (40) 9 (36) 10 (48)

IL-6 inhibitors, n (%) 0(0) 1(4) 105

IL-1 inhibitors, n (%) 2(4) 0(0) 1)

Rituximab, n (%) 12) 0(0) 0(0)

Abatacept, n (%) 24 0(0) 0(0)

tsDMARDs?Y

Baricitinib, n (%) 1(2) 0(0) 1(5)

9Subgroup 1 - pARD after infection with available serological data, ® Subgroup
2 - pARD after vaccination with available serological data, © Subgroup 3 -
PARD after infection and vaccination with available serological data, ¥ GCS -
glucocorticosteroids, © csDMARDs - conventional synthetic disease-modifying
anti-rheumatic drugs, ' bDMARDs — biologic disease-modifying anti-rheumatic
drugs, ¢ tsDMARDs - targeted synthetic disease-modifying anti-rheumatic
drugs

p<0.001. A Tukey post hoc test revealed that IgG anti-
body levels were statistically significantly lower in Sub-
group 1 (2.61+2.83) compared to Subgroup 2 (8.84+2.80,
p<0.001) and Subgroup 3 (10.12+1.92, p<0.001). There
was no statistically significant difference in IgG levels
between Subgroups 2 and 3 (p=0.43).
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For three to six months after infection, vaccination,
or the second event (in Subgroup 3): F(2,29)=16.43,
p<0.001. A Tukey post hoc test revealed that IgG anti-
body levels were statistically significantly lower in Sub-
group 1 (2.82+2.23) compared to Subgroup 2 (6.99+2.90,
»<0.001) and Subgroup 3 (9.59+0.57, p<0.001). Again,
there was no statistically significant difference in IgG lev-
els between Subgroups 2 and 3 (p=0.24).

For six to 12 months after infection, vaccination, or the
second event (in Subgroup 3): F(2,29)=19.68, p<0.001.
A Tukey post hoc test revealed that IgG antibody lev-
els were statistically significantly lower in Subgroup
1 (2.61+2.63) compared to Subgroup 2 (8.61+3.33,
»<0.001) and Subgroup 3 (9.93+£1.24, p<0.001). Again,
there was no statistically significant difference in IgG lev-
els between Subgroups 2 and 3 (p=0.76).

IgA antibody levels

Similar results were obtained for IgA antibodies with a
statistically significant difference in IgA levels between
the three Subgroups as determined by one-way ANOVA
for all time frames (less than three months, three to six
months, and six to 12 months).

For less than three months after infection, vaccina-
tion, or the second event (in Subgroup 3): F(2,53)=32.39,
p<0.001. A Tukey post hoc test revealed that IgA anti-
body levels were statistically significantly lower in Sub-
group 1 (1.49+2.12) compared to Subgroup 2 (5.84+4.72,
p=0.008) and Subgroup 3 (10.08+4.60, p<0.001). There
was a statistically significant difference in IgA levels
between Subgroups 2 and 3 (p=0.014).

For three to six months after infection, vaccination, or
the second event (in Subgroup 3): F(2,29)=4.02, p=0.029.
A Tukey post hoc test revealed that IgA antibody lev-
els were statistically significantly lower in Subgroup
1 (2.2912.67) compared to Subgroup 3 (7.00+4.78,
p=0.023), but no statistically significant difference
was noted when compared to Subgroup 2 (2.68+2.00,
p=0.92). There was a statistically significant difference in
IgA levels between Subgroups 2 and 3 (p=0.049).

For six to 12 months after infection, vaccination, or the
second event (in Subgroup 3): F(2,29)=4.43, p=0.021. A
Tukey post hoc test revealed that IgA antibody levels were
statistically significantly lower in Subgroup 1 (2.41£2.90)
compared to Subgroup 2 (7.49+6.33, p=0.018), but no
statistically significant difference was noted when com-
pared to Subgroup 3 (5.97+5.20, p=0.43). Again, we
found no statistically significant difference in IgA levels
between Subgroups 2 and 3 (p=0.87).

A graphical representation of the results is available in
Figs. 2 and 3.
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Table 3 Basic characteristics of healthy adolescents
Characteristics Healthy adolescents (n=92)

Mean age (S.D.) in years 16.3 (1.3)
>12 years, n (%) 92 (100)
Females, n (%) 58 (63)
Diagnosis of a chronic disease

Yes, n (%) 4 (4)°

?Three adolescents reported having type 1 diabetes, one adolescent reported
having asthma

Effect of medications on IgG and IgA response

A series of Mann-Whitney U tests were conducted to
determine whether there is a difference in IgG and IgA
levels between pARD who were receiving methotrex-
ate (MTX) or TNF-«a inhibitors at the time of infection,
vaccination, or the second event (Subgroup 3) and those
who were not. Tests were carried out for Subgroups 1
and 2 for the three time frames (less than three months,
three to six months, and six to 12 months), and for Sub-
group 3 for one time frame only (less than three months),
since not enough data were available to also do the test
for the other two time frames (three to six months and
six to 12 months). In total, for each medication 14 tests
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were performed, therefore, the Benjamini and Hochberg
method to control the false discovery rate when doing
multiple comparisons was used, and for this part of the
analysis a p-value<0.0036 was considered statistically
significant.

The results indicated a non-significant difference
between pARD who were taking MTX compared to
those who were not for all Subgroups and observed time
frames (p>0.0036). Similarly, no statistically significant
difference was noted between pARD who were receiving
TNF-« inhibitors compared to those who were not for all
Subgroups and observed time frames (p>0.0036).

Safety of the BNT162b2 comirnaty vaccine
We received completed questionnaires regarding the
safety of the vaccine from 43 pARD (91%) and 92 healthy
adolescents (100%) after vaccination with the BNT162b2
Comirnaty vaccine. The basic characteristics of healthy
adolescents are reported in Table 3.

Results of reported AE after the first and the second
dose of the BNT162b2 Comirnaty vaccine for pARD and
healthy adolescents are available in Table 4.

Table 4 Adverse events after the first dose of the BNT162b2 Comirnaty vaccine in healthy adolescents and patients with autoimmune

rheumatic diseases

After the first dose of the vaccine, n (%)

After the second dose of the vaccine, n (%)

pARD? Healthy adolescents pARD Healthy adolescents
AE° Yes No Yes No p-value Yes No Yes No p-value
AE - overall 38(88) 5(12) 87 (95) 5(5) 0.20 40 (93) 3(7) 83 (90) 9(10) 0.59
AE — local 37 (86) 6(14) 83 (90) 9(10) 047 36 (84) 7(16) 73(79) 19 (21) 0.55
AE — systemic 20 (47) 23 (53) 60 (65) 32 (35) 0.039 29 (67) 14 (33) 63 (68) 29 (32) 0.9
Local AE
Pain at VS¢ 37 (86) 6 (14) 80 (87) 12 (13) 0.88 36 (84) 7(16) 71(77) 21 (23) 0.38
Redness at VS 3(7) 40 (93) 8(9) 84 (91) 0.73 3(7) 40 (93) 7(8) 85(92) 0.9
Swelling at VS 10 (23) 33(77) 13(14) 79 (86) 0.19 8(19) 35(81) 14 (15) 78 (85) 0.62
[tching at VS 5(12) 38 (88) 12(13) 80 (87) 0.82 2 (5) 41 (95) 5(5) 87 (95) 0.85
Tingling at VS 0(0) 43 (100) 5(5) 87 (95) 0.18* 0(0) 43 (100) 5(5) 87 (95) 0.18*
Systemic AE
Nausea 3(7) 40 (93) 13 (14) 79 (86) 0.23 4(9) 39(91) 13 (14) 79 (86) 043
Vomiting 0(0) 43 (100) 0(0) 92 (100) 1% 0(0) 43 (100) (1) 91 (99) 1%
Runny nose 0(0) 43 (100) 5(5) 87 (95) 0.18% 3(7) 40 (93) 5(5) 87 (95) 0.72
Cough 0(0) 43 (100) 3(3) 89 (97) 0.55% 0(0) 43 (100) 3(3) 89 (97) 0.55%
Myalgia 8(19) 35(81) 29(32) 63 (68) 0.12 13(30) 30 (70) 28 (30) 64 (70) 098
Arthralgia 2(5) 41 (95) 6(7) 86 (93) 0.67 6 (14) 37 (86) 9(10) 83 (90) 047
Fever>38 °C 1(2) 42 (98) 6(7) 86 (93) 0.31 6(14) 37(86) 12 (13) 80 (87) 0.88
Chills 2 (5) 41 (95) 10(11) 82 (89) 0.24 7(16) 36 (84) 15(16) 77 (84) 1
Feeling unwell 8(19) 35(81) 30(33) 62 (67) 0.092 19 (44) 24 (56) 36 (39) 56 (61) 0.58
Headache 8(19) 35(81) 18 (20) 74 (80) 0.9 18 (42) 25 (58) 31(34) 61 (66) 036
Tiredness 13 (30) 30 (70) 37 (40) 55 (60) 0.26 18 (42) 25 (58) 58 (63) 34 (37) 0.021
Weakness 5(12) 38 (88) 32(35) 60 (65) 0.0050 11 (26) 32(74) 40 (43) 52(57) 0.046
Allergic reaction 0(0) 43 (100) 0(0) 92 (100) 1% 0(0) 43 (100) 0(0) 92 (100) 1%
Hospitalization 0(0) 43 (100) 0(0) 92 (100) 1* 0(0) 43 (100) 0(0) 92 (100) 1*

9 pARD - patients with autoimmune rheumatic diseases, ° AE — adverse events, ¢ VS — vaccination site, * for analysis Fisher’s exact test was used
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To evaluate the overall frequency of AE between pARD
from Group 2 and healthy adolescents, a Chi-square test
was performed. The results showed no statistically sig-
nificant difference between the two groups, with p-values
of 0.20 after the first dose and 0.59 after the second dose
of the vaccine. Furthermore, we compared the frequency
of local and systemic AE between the two groups. There
were no statistically significant differences in local AE,
with p-values of 0.47 after the first and 0.55 after the
second dose of the vaccine. However, systemic AE were
more frequently observed in healthy adolescents after the
first (p=0.039) but not after the second dose of the vac-
cine (p=0.90).

Next, a series of Chi-square tests and Fisher’s exact
tests (when at least one of the observed values was zero)
were executed to evaluate the frequency of each adverse
event between the two groups. P-values of <0.05 were
calculated for tiredness after the second dose (p=0.021)
and for weakness after both doses of the vaccine
(p=0.0050 after the first and 0.046 after the second dose
of the vaccine, respectively). However, after using the
Benjamini and Hochberg method to control the false dis-
covery rate when applying multiple comparisons, none of
the results were statistically significant anymore.

Efficacy of the BNT162b2 comirnaty vaccine

After getting vaccinated against COVID-19, pARD were
followed, on average, for 38.3 (S.D.=11.1) weeks after
receiving the second dose. The median follow-up time
was 41.3 (IQR 31.3-45.8) weeks. Nineteen (40%) pARD
reported having COVID-19 even though they were fully
vaccinated, on average 19.2 (5.D.=7.4) weeks after receiv-
ing the second dose of the BNT162b2 Comirnaty vac-
cine. Of those, 16 (84%) had a mild, and three (16%) had
a moderate clinical presentation of the disease. None
required hospitalization because of COVID-19. In pARD
who were vaccinated and still got COVID-19, we regis-
tered three (16%) patients who experienced a relapse of
their ARD after infection. More detailed information
about the clinical presentation of COVID-19, and the
relapse rate of the ARD after COVID-19 and vaccination
against COVID-19 has already been published. Data is
available in an open-access format online [3].

Discussion

This prospective single-centre study focused on the sero-
logical response after COVID-19 and vaccination against
COVID-19 and the safety and long-term efficacy of the
BNT162b2 Comirnaty vaccine in pARD. We included
children, adolescents, and young adults with ARD. At
the time of publication of this manuscript, no studies are
available comparing serological responses in pARD after
COVID-19 and after vaccination against COVID-19. A
few studies have been published reporting on the safety
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and efficacy of the BNT162b2 Comirnaty vaccine, but in
a shorter observation period [12, 13, 15-18]. Therefore,
this study represents a valuable contribution to the field
of paediatric rheumatology.

Serological response after COVID-19 infection and
vaccination

We confirmed IgG and IgA antibodies in 85% of pARD
after infection (Subgroup 1), 100% of pARD after vacci-
nation against COVID-19 (Subgroup 2), and 100% after
both events (Subgroup 3). We observed an expected drop
in IgG and IgA levels three months after pARD from
Subgroup 2 received the second dose of vaccine. Interest-
ingly, six months after the second dose, levels of antibod-
ies increased again. We recorded COVID-19 infections in
some pARD from Subgroup 2, and they all presented with
mild or moderate clinical presentation. As described,
serological data of patients from Subgroup 2 after the
second event — infection, were analysed as a part of Sub-
group 3 (after both events). The pARD from Subgroup 2
have likely been in contact with SARS-COV-2 but did not
develop symptoms of the disease, because they were pro-
tected by the vaccine. Nevertheless, the contact served as
a booster, and the antibody levels increased. In subgroup
3 (after both events), we noted an expected drop in IgG
and IgA levels throughout the observed period.

In a multicentre study conducted by Henshin-Beken-
stein et al., the seropositivity rate was 97.3% in pARD
and 100% in healthy adolescents after vaccination with
two doses of the BNT162b vaccine [13]. They noted that
the anti-S1/S2 antibody levels were significantly lower
in pARD compared to controls (p<0.001). There was
a trend towards reduced humoral response in patients
treated with mycophenolate mofetil (MMF).

In a study by Yeo et al., humoral immunogenicity was
assessed at 2-3 and 4-6 weeks after the first and the
second vaccination [14]. They recorded 65% and 99%
seropositivity in pARD after the first and second dose,
respectively. An increased risk for seronegativity was
observed if pARD were treated with MMF or MTX. Sim-
ilar results were found in a study by Akgiin et al. [18].

In a study by Udaondo et al., they compared humoral
and cellular immunity after vaccination with the
BNT162b2 vaccine between pARD on immunosup-
pressive treatment (n=40) and a healthy control group
(n=24) [39], and observed no difference. Interestingly,
they observed a better T-cell response in pARD treated
with TNF-a inhibitors compared to the rest of the group,
with p=0.012.

In our study no statistically significant effect of MTX
or TNF-a inhibitors on IgG or IgA antibody response
was observed, so our findings differ from some of the
published data. Unfortunately, we only had two pARD
on MME, one in Subgroup 1 and one in Subgroup 2; and



Savsek et al. Pediatric Rheumatology (2024) 22:68

the serological data from the patient from Subgroup 2
was analysed as part of Subgroup 3 after he experienced
the second event (infection). Therefore, we could not
draw any conclusions about the effect of MMF on the
antibody levels in our patients. The one pARD on MMF
after infection was seropositive with high IgG and IgA
antibody levels (10.25 and 2.59, respectively). The patient
from Subgroup 2 had positive IgG antibodies (1.73) and
negative IgA antibodies after the vaccination, and after
the second event (infection), his IgG antibodies increased
(6.92), however, his IgA response remained undetected.

Safety of the BNT162b2 comirnaty vaccine

In our study, there was no statistically significant differ-
ence in the overall frequency of AE and the frequency of
local AE between pARD and healthy adolescents after
vaccination against COVID-19. We did note a statisti-
cally significant difference in the frequency of systemic
AE between the two groups, with systemic AE more fre-
quently observed in healthy adolescents after the first
(p=0.039) but not after the second dose of the vaccine
(p=0.90). These results are comparable to already pub-
lished results [12-14, 16].

AE were mostly mild and transient. Some studies
reported a few patients with serious AE [12, 13]; however,
our study showed no such cases. As previously described,
the BNT162b2 Comirnaty vaccine is safe to use in pARD.

Efficacy of the BNT162b2 comirnaty vaccine

The main advantage of our study was a relatively long
observation period, with pARD being followed, on aver-
age, for 38.3 (S.D.=11.3) weeks after receiving the second
dose of vaccine. During this time, 19 (40%) pARD got
infected with SARS-CoV-2, on average 19.2 (S.D.=7.4)
weeks after the second dose. All had a mild or moderate
clinical presentation, as defined in an already-published
article [3].

Henshin-Bekenstein et al. observed no COVID-19
cases among pARD or the control group during the three
months post-vaccine follow-up [13]. Yeo et al. also noted
no symptomatic COVID-19 cases in pARD six weeks
after vaccination [14] and Lawson-Tovey et al. had a simi-
lar experience with no SARS-CoV-2 infections post-vac-
cination with the median observation period of 7.2 weeks
after the first, and 6.3 weeks after the second dose of the
vaccine [12]. In a study done by Dimopoulou et al., they
confirmed some COVID-19 cases; 5 (24%) pARD got
infected after receiving both doses of the BNT162b2 vac-
cine, on average 19.4 (5.D.=4.6) weeks after the second
dose [19]. This information is consistent with our results.

In a study done by Ziv et al, the effectiveness of the
vaccine was similar in a large group of adolescents with
ARD and healthy controls after the second and third dose
of the vaccine [17]. In the median observation period

Page 10 of 12

of 19 weeks, they observed 2.7% of COVID-19 cases
among pARD and 2.6% among healthy controls after two
doses of the vaccine. Therapy had no effect on vaccine
effectiveness.

Compared to Ziv et al. we observed a much higher per-
centage of COVID-19 cases in pARD after being vacci-
nated with two doses of the BNT162b2 vaccine, 40% vs.
2.7%, however in a much longer observation time, which
was 41.3 weeks in our study.

Our study has some limitations. The study sample is
smaller than in some other studies, and there is an age
difference in the pARD enrolled in the study, with pARD
in Group 1 (after infection) aged from 2 to 23 years and
PARD in Group 2 (after vaccination) aged from 10 to 21
years. There is also a difference in the age interval in the
control group, with healthy adolescents aged from 14 to
19 years. In our study, we relied on the patients to report
a COVID-19 infection and obtained an epidemiologi-
cal history considering a possible COVID-19 infection
among the family members. This is especially important
in Group 2 (after vaccination); since we did not test for
antibodies against the nucleocapsid virus protein N, we
cannot be certain, whether the patients were exposed to
SARS-CoV-2 before vaccination.

The strength of our study is an extended observation
period compared to the other published studies. Addi-
tionally, to our knowledge, this is the first study to com-
pare the serological response (IgG and IgA) in paediatric
patients after COVID-19 and after vaccination against
COVID-19. Furthermore, we were able to contribute
additional data on the long-term effectiveness of the
BNT162b2 vaccine.

Conclusions

The serological response was better after vaccination
against COVID-19 and after experiencing both events
(vaccination and infection) compared to SARS-CoV-2
infection in pARD. We found no effect of MTX or TNF-a
inhibitors on IgG and IgA levels in our study group. We
observed a good safety profile of the BNT162b2 vaccine
in pARD. Systemic AE were more frequent in healthy
adolescents after the first dose of the vaccine. The vac-
cine proved to be effective. In the observation period of
41.3 (IQR 31.3-45.8) weeks, 60% of pARD who received
both doses of the BNT162b2 vaccine did not experience
a symptomatic SARS-CoV-2 infection. However, the
observed trends in IgG and IgA response in pARD after
vaccination, with antibodies first decreasing over time
as expected, and then increasing again six months after
the vaccination, suggest that patients had been exposed
to SARS-CoV-2 but did not experience a symptomatic
infection. This furthermore supports the positive effect of
the vaccination in pARD.
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Abbreviations
AE Adverse events

Anti-RBD Anti-receptor-binding domain

ARD Autoimmune rheumatic diseases

bDMARDs Biologic disease-modifying anti-rheumatic drugs

COVID-19 Coronavirus disease 2019

csDMARDs Conventional synthetic disease-modifying anti-rheumatic
drugs

JIA Juvenile idiopathic arthritis

pARD Paediatric patients with autoimmune rheumatic diseases

SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2

SLE Systemic lupus erythematosus
TNF-a Tumour necrosis factor alpha
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