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Abstract

Objectives. The coronavirus disease 2019 (COVID-19) vaccine represents a cornerstone in tackling the pandemic and

with the approval of the BNT162b2 mRNA vaccine in December 2020, it has become a beacon of hope for people

around the world, including children. This study aimed to present the data on the humoral response and safety of vac-

cine in a cohort of patients with paediatric rheumatic diseases receiving immunomodulatory treatments.

Methods. Forty-one children with paediatric rheumatic diseases were included and were vaccinated with the

BNT162b2 mRNA vaccine (two doses of 30mg administered 3–4 weeks apart). To assess the humoral response,

IgG antibodies developed against the S1/Receptor-binding domain (RBD) of the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) spike protein at baseline and 3–4 weeks after the second dose were measured. The

possible local and systemic side effects and disease activity scores were evaluated during the study period.

Results. After the second dose of vaccine, markedly elevated anti-RBD IgG titres were observed in all patients

with a median titre of 20 474 AU/ml [interquartile range (IQR) 6534–36 151] with a good safety profile. The median

disease duration was 4.3 (IQR 3.5–5.6) years. In the cohort, 14 (34.1%) received conventional DMARDs

(cDMARDs), 16 (39%) received biologic DMARDs (bDMARDs) and 11 (26.8%) received a combined therapy

(cDMARDs and bDMARDs). Patients treated with combined therapy [median 4695 (IQR 2764–26 491)] had signifi-

cantly lower median titres of anti-RBD IgG than those receiving only cDMARDs.

Conclusion. Paediatric rheumatic diseases patients receiving immunomodulatory treatments were able to mount

an effective humoral response after two dose regimens of BNT162b2 mRNA vaccine safely without interrupting

their current treatments.
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Introduction

The outbreak of coronavirus disease 2019 (COVID-19),

caused by severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2), with significant implications for health-

care, social services and economy, is the most crucial

public health problem in the world at this time [1, 2]. It is

responsible for �250 million infections, 5 million of which

have been fatal (2.1%), and therefore remains a worldwide

hazard [1]. Although the disease course in children is
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humoral response.

. Postvaccination disease activity remained stable and the vaccine had a good safety profile.
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milder than in adults, 0.1–2.0% of all paediatric COVID-19

cases require hospitalization, and approximately one in

four of these hospitalized patients require paediatric inten-

sive care [1, 3, 4]. With the declaration of the COVID-19

pandemic on 11 March 2020, scientists started investiga-

tions into vaccines and drugs against SARS-CoV-2 [5].

With extraordinary efforts in this area, favourable outcomes

in vaccination trials have arisen in far less than a year.

Vaccines have saved humanity from many pandemics

with great success by controlling disease transmission and

accordingly reduce morbidity and mortality. Likewise, with

the emergent approval of the BNT162b2 mRNA vaccine in

December 2020, vaccination has again become a beacon

of hope for children and adults. Vaccination of children is

of great importance for slowing down the pandemic and

subsequently restraining multisystem inflammatory syn-

drome in children (MIS-C) [6]. After the vaccine was deter-

mined to be safe for adults, first it was approved for use in

children aged �15 years and afterwards in June 2021, for

children aged �12 years, by the World Health Organization.

Children with rheumatic diseases may be at risk of

serious infections because of the immunological dysre-

gulation and immunomodulatory drugs they receive. The

humoral response to many vaccines may be inadequate

and/or their antibody titres may decrease rapidly after

vaccination as well [7, 8]. In the literature, insufficient

serological response to regular vaccines was reported in

children with inflammatory diseases [9–12]. When tested

in healthy individuals, the SARS-CoV-2 mRNA vaccine

revealed high immunogenicity; however, this study did

not involve children with rheumatic diseases [13].

The Centers for Disease Control and Prevention state

that ‘Patients with underlying autoimmune/autoinflamma-

tory diseases can be vaccinated with mRNA vaccines, but

careful follow-up after vaccination is also recommended for

these patient categories’. After this disclosure, the humoral

and T cell specific responses to SARS-CoV-2 vaccines

were examined in adults with immune dysfunction and the

vast majority of patients developed a significant humoral

response following administration of the second dose of

the BNT162b2 mRNA vaccine [14–16].

In September 2021, children aged 12–18 years with the

diagnosis of paediatric rheumatic diseases had the op-

portunity to voluntarily participate in vaccination cam-

paigns organized by the government. The primary aim of

this study was to examine the vaccine antibody response

of children and adolescents with rheumatic diseases in

relation to confounding factors. The secondary objective

was to evaluate the systemic and local side effects of the

BNT162b2 mRNA vaccine in children with paediatric

rheumatic diseases.

Methods

Study design and participants

This was a single-centre, prospective, observational

study conducted in children with paediatric rheumatic

diseases receiving conventional DMARDs (cDMARDs)

and/or biologic DMARDs (bDMARDs). Patients were

invited to the research by phone call, and they were

informed about the study. Parents who agreed to give

their children the BNT162b2 mRNA vaccine and who

were hesitant about the vaccination were welcomed at

the hospital and given detailed information about the

vaccine and the study protocol by the paediatric

rheumatologist. These patients were included in the

study provided that their parents gave a written

informed consent. Participants were vaccinated with the

BNT162b2 mRNA vaccine according to the guidelines

provided by the Turkish Ministry of Health between

September 2021 and December 2021 (two doses of

30mg administered 3–4 weeks apart). Patients with a his-

tory of COVID-19 and/or known allergic reactions to the

components of the BNT162b2 mRNA vaccine were

excluded. Participants diagnosed with COVID-19 in the

interval between the baseline antibody evaluation and

7 days after the second dose of vaccination were also

excluded from the study. SARS-CoV-2 RT-PCR was not

tested prior to vaccination.

The demographic and clinical data were abstracted from

the patients’ files. Age, gender, current diagnosis, treatment

regimens of the last 6 months and the disease activity

scores (DAS) were recorded. Approval for the study was

obtained from the Ethics Committee of Istanbul

University, Istanbul Faculty of Medicine (approved:

September 2021–1710).

Study procedures

Patients involved in the study had a routine rheumato-

logic visit and their disease activities were recorded.

The Autoinflammatory Disease Activity Index (AIDAI) was

used to determine the disease activity in children with

periodic fever syndrome (PFS), SLEDAI in patients with

JSLE, the Iranian Behçet’s disease dynamic activity

measure (IBDDAM) in patients with Behçet’s disease, ju-

venile arthritis DAS 27 (JADAS-27) in patients with JIA,

childhood myositis assessment scale (CMAS) in patients

with JDM and Physician Global Assessment (PGA) in

patients with chronic recurrent multifocal osteomyelitis

(CRMO) and localized scleroderma.

Peripheral blood was collected before vaccination at

baseline (up to 10 days) and, then after the second dose

(after 3–4 weeks) from the patients who had no known

history of infection or previous laboratory-confirmed

SARS-CoV-2 infection. After the first blood sample was

taken, the families were told to schedule a vaccination

appointment within 10 days via the central appointment

system.

To measure antibody levels to SARS-CoV-2 spike

subunit 1, the SARS-CoV-2 IgG II Quant kit (Abbott,

Sligo, Ireland) based on the chemiluminescent micropar-

ticle immune assay method that detects IgG antibodies

developed against the S1/Receptor-binding domain

(RBD) of the SARS-CoV-2 spike protein were used.

Serum samples taken from patients diagnosed with

paediatric rheumatic diseases were stored at –20�C until

analyses. They were tested in the Architect i2000SR
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(Abbott, Ireland) device in accordance with the manufac-

turer’s recommendations. The results of the SARS-CoV-

2 IgG quantitative test, the analytical measurement

range of which is determined between 21–40 000 AU/ml

by the manufacturer, was interpreted according to the

cut-off value of 50.0 AU/ml. Patients who had the SARS-

CoV-2 IgG antibody �50 IU were considered

seropositive.

The safety of the vaccine was assessed by using a

structured questionnaire addressing local or systemic

side effects at the first clinical visit after completion of

vaccine regimen. In order to follow-up the side effects

accurately, patients were given detailed information

about the expected side effects at the pre-vaccine visit.

A telephone call was made in the interval between ad-

ministration of the two vaccine doses to monitor whether

relevant safety issues ensued. Parents were advised to

keep a diary to record their children’s complaints and to

bring their children in for control measures if necessary.

Statistical analysis

Data were analysed using SPSS software (IBM SPSS

Statistics) for Windows, V.26, (IBM, Armonk, NY, USA,

2020). All statistical tests were bilateral and statistical sig-

nificance was described as a P-value <0.05. Continuous

variables were appraised for normal distribution using

histogram, Kolmogorov-Smirnov or Shapiro–Wilk, Q-Q

plots and reported as median and interquartile range

(IQR). Categorical variables were summarized as frequency

and percentage. Categorical variables were reported as

numbers and ratios, while continuous variables including

antibody titres, except age, were reported as the median

and IQR. The results were evaluated with non-parametric

statistical inference tests. Comparisons between groups

(>2) were evaluated with the Kruskal–Wallis test, while the

Mann–Whitney U test with Bonferroni correction was used

for pairwise comparisons. The v2 test was used for cat-

egorical variables.

Results

Demographic and clinical characteristics of the
participants

Of 231 patients invited, 57 patients met the baseline in-

clusion criteria to participate in the study. Eight patients

were excluded as they had an incomplete vaccination

schedule. Five patients preferring inactive-based vac-

cines and three patients who had SARS-CoV-2 infection

during the study period prior to completion of the vac-

cine regimen were also excluded. Finally, the study was

conducted with 41 patients, as shown in Fig. 1.

The mean age of the cohort was 15.4 6 1.5, and 15

(36.6%) were girls. The median disease duration was

4.3 (IQR 3.5–5.6) years.

The diagnoses of the patients included: 25 (60.9%)

patients with JIA; 10 (24.4%) patients with PFS, of

whom 1 was diagnosed with CRMO, 1 with hyperimmu-

noglobulinemia D syndrome, while the other 8 were

diagnosed with colchicine resistant FMF; and 4 (9.8%)

patients with CTD, of whom 2 were diagnosed with

JSLE, 1 with JDM, and 1 with localized scleroderma.

Two (4.8%) patients diagnosed with vasculitis had

Behçet’s disease. The baseline demographic and clinical

characteristics of the patients were shown in Table 1.

In the cohort, 14 (34.1%) patients were receiving

cDMARDs, 16 (39%) were receiving bDMARDs and 11

(26.8%) were receiving combined therapy (cDMARDs and

bDMARDs). One patient with JSLE under MMF and HCQ

treatment had prednisolone 10 mg/day concomitantly.

Of the 41 patients, 15 (36.5%) had baseline SARS

CoV-2 spike protein antibody seropositivity and were

considered as having silent infection, and their further

analyses were carried out separately.

Antibody response against SARS-CoV-2 vaccine

Markedly elevated anti-RBD IgG titres (median:

20 474 AU/ml, IQR: 6358–34 578 AU/ml) were observed

in all patients after the second dose of the vaccine with

a median of 24 days. There was no correlation between

anti-RBD IgG titres and gender or duration of follow-up

(P¼0.4, P¼0.9).

Although not reaching statistical significance, the me-

dian anti-RBD IgG titres measured after the completion

of the vaccine regimen was higher in patients seroposi-

tive before the first vaccine than in the seronegative

patients (P¼ 0.20). The baseline seropositivity was more

common in boys (P¼ 0.003), and there was no differ-

ence according to age in terms of baseline seropositivity

(P¼0.84) (Table 1).

In the cohort, the median anti-RBD IgG titres were

measured as 25 272 AU/ml in PFS (IQR 2764–25 272),

15 368 AU/ml in JIA (IQR 5439–30 482), 29 202 AU/ml in

CTD (IQR 19 774–39 390) and 21 770 AU/ml in Behçet’s

disease (IQR 15 287–28 254) (Fig. 2). The median anti-

RBD IgG titres were similar across diagnoses (P¼0.60).

FIG. 1 Patient flowchart

Flowchart indicates patients who met the basic inclusion

criteria in our study, the reasons for exclusion, and the

pre-vaccine antibody responses of the included

patients.
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The second dose successfully boosted anti-RBD IgG

titres in patients under three specific treatment modal-

ities (cDMARDs, bDMARDs and combined therapy).

While the median anti-RBD IgG titres following the se-

cond dose of BNT162b2 mRNA vaccine were similar be-

tween patients receiving cDMARDs [median 25 876 (IQR

18 385–40 000)] and bDMARDs [median 19 674 (IQR

10 438–35 364), P¼0.35], patients treated with com-

bined therapy [median 4695 (IQR 2764–26 491)] had sig-

nificantly lower median titres of anti-RBD IgG than those

receiving only cDMARDs (P¼0.04) (Fig. 3). While the

most commonly received biological therapies were anti-

IL-1 [median 17 672 (IQR 2400–38 075)] and anti-TNF

agents [median 11 440 (IQR 4647–27 327)] in this cohort,

the median antibody titres of patients receiving these

therapies were similar (P¼ 0.38).

The DAS and side effects

The median DAS of the patients in the initial visit were

as follows: SLEDAI of patients with JSLE was 1, AIDAI

of PFS patients was 2, JADAS-27 of JIA patients was

TABLE 1 Assessment of patients according to age, gender, diagnosis, treatment and antibody titres

Pre-vaccine
antibody-positive

group (silent
infection)

(n 5 15, 36.6%)

Pre-vaccine
antibody-negative

group
(n 5 26, 63.4%)

P-valuea Data of all
patients
(n 5 41)

P-valueb

Age (years), mean 6 S.D. 15.3 6 1.7 15.4 6 1.5 P¼0.84c 15.4 6 1.5 P¼0.97d

Gender female, n (%) 1 (6.7%) 14 (53.8%) P¼0.003e 15 (36.6) P¼0.41d

Age at diagnosis (years), median (IQR) 13.9 (9.4–15.1) 9.6 (6.8–13.1) 10.8 (7.4–14.5)
Diagnosis, n (%) P¼0.60f

Periodic fever syndrome 5 (33.3) 5(19.2) 10 (24.4)

HIDS – 1 (3.8) 1 (2.4)
CRMO 1 (6.7) – 1 (2.4)

Colchicine-resistant FMF 4 (26.7) 4 (15.4) 8 (19.5)
CTD – 4(15.4) 4 (9.8)
JSLE – 2 (7.7) 2 (4.8)

JDM – 1 (3.8) 1 (2.4)
Localized scleroderma – 1 (3.8) 1 (2.4)

JIA 10 (66.7) 15(57.7) 25 (61)
Behçet’s disease – 2 (7.7) 2 (4.9)

Treatment, n (%) P¼0.36e P¼0.04g

cDMARDs (n¼14) 4 (26.7) 10 (38.5) 14 (34.1)
MTX 4 (26.7) 4 (15.4) 8 (19.5)
Salazopyrin – 1 (3.8) 1 (2.4)

MMF – 3 (11.5) 3 (7.3)
AZA – 2 (7.7) 2 (4.9)

bDMARDs (n¼16) 8 (53.2) 8 (30.8) 16 (39.0)
Etanercept 4 (26.7) 1 (3.8) 5 (12.2)
Adalimumab – 2 (7.7) 2 (4.9)

Anakinra 1 (6.7) 2 (7.7) 3 (7.3)
Canakinumab 3 (20.0) 3 (11.5) 5 (12.2)

Abatacept – 1 (3.8) 1 (2.4)
Combined treatment (n¼11)
(cDMARDs vs bDMARDs)

3 (20.0) 8 (30.8) 11 (26.8)

Etanercept þMTX – 2 (7.7) 2 (4.9)

Etanercept þ salazopyrin 1 (6.7) 2 (7.7) 3 (7.3)
Etanercept þ LEF 1 (6.7) – 1 (2.4)
Adalimumab þMTX 1 (6.7) 3 (11.5) 4 (9.8)

Canakinumab þMTX – 1 (3.8) 1 (2.4)
Antibody titres after completing the

vaccination schedule, median (IQR)
25 422h

(11 440–36 151)
15 327.5

(4372.2–33 991.5)
P¼0.2b 20 474

(6358–34 578)
Patients with a diagnosis

period over 48 months, n (%)
10 (66.7) 11 (42.3) P¼0.13e 21 (51.2) P¼0.79d

aComparison between prevaccine anti-S/RBD antibody-negative and -positive groups according to age, gender, antibody
titres and diagnosis time. bComparison of the effect of age, gender, diagnosis, duration of diagnosis and treatment on anti-

body titres of all patients. cStudent’s t-test; dMann–Whitney U test; ev2 test; fKruskal–Wallis test; gKruskal–Wallis test with
Bonferroni adjusted; hAU/ml (unit). cDMARDs: conventional DMARDs; bDMARDs: biologic DMARDs; CRMO: chronic recur-
rent multifocal osteomyelitis; HIDS: hyperimmunoglobulin D syndrome; IQR: interquartile range; RBD: Receptor-binding

domain.
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2.4 and CMAS of the JDM patient was 46. Median PGA

of patients diagnosed with CRMO and localized sclero-

derma was 2. The follow-up time after completion of the

COVID-19 immunization schedule was 62 days (619.9)

and none of the patients had significant increase in the

DAS during study or follow-up duration. Disease activity

scores at follow-up after two doses of vaccine regimen

are given below in order: SLEDAI of patients with JSLE

was 2, AIDAI of PFS patients was 2, JADAS-27 of JIA

patients was 2.3, CMAS of the JDM patient was 45, and

PGA of patients with CRMO and localized scleroderma

was 3.

The major local side effect after the first and the se-

cond dose of vaccine was pain at the injection site

(58.5% vs 48.8%), and the most common systemic side

effect was fatigue (31.7% vs 29.3%). Only one patient

after the first dose of vaccine and two patients after the

second dose received NSAIDs due to headache and

FIG. 2 Profile of anti-RBD IgG titres after the second dose according to diagnosis

The upper end line of the box is IQR 75, the lower end line of the box is IQR 25, the thick line in the middle of the

box indicates the median value, the upper line of the thin horizontal lines indicates the maximum value, and the lower

line indicates the minimum value. PFS: periodic fever syndrome; RBD: Receptor-binding domain; IQR: interquartile

range.

FIG. 3 Profile of anti-RBD IgG titres according to treatments

The upper end line of the box is IQR 75, the lower end line of the box is IQR 25, the thick line in the middle of the

box indicates the median value, the upper line of the thin horizontal lines indicates the maximum value, and the lower

line indicates the minimum value. cDMARDs: conventional DMARDs; bDMARDs: biologic DMARDs; Combined ther-

apy: both cDMARDs and bDMARDs therapy; RBD: Receptor-binding domain; IQR: interquartile range.

Humoral response and safety of BNT162b2 mRNA vaccine in children with rheumatic diseases
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myalgia. None of the patients had anaphylaxis or serious

side effects requiring hospitalization. Systemic side

effects after the first dose of vaccine and both local

(Fig. 4) and systemic side effects (Fig. 5) after the se-

cond dose were significantly higher in girls (P¼ 0.013,

P¼0.005, P¼ 0.002, respectively).

Discussion

Vaccines play a critical role in controlling the ongoing

COVID-19 pandemic and data on the humoral response

and safety of novel mRNA vaccines convened exped-

itiously. However, knowledge about immunogenicity and

safety of the vaccines in immunocompromised children

is insufficient to draw a conclusion. Exclusion of children

followed with the diagnosis of paediatric rheumatic dis-

eases from the phase III clinical vaccine trials necessi-

tated the presentation of vaccine-related real-life data

without delay. When we evaluated the results of the hu-

moral immune response to the BNT162b2 mRNA vac-

cine in children with paediatric rheumatic diseases, it

was noticed that all participants achieved an effective

immune response after the second dose of vaccine. Our

findings indicate that the BNT162b2 mRNA vaccine was

successful in inducing antibody response in children

receiving cDMARDs and/or bDMARDs. The current

results strengthen the safety data of the BNT162b2

mRNA vaccine as it did not cause a disease flare and

unmanageable serious side effects.

Even though the frequency of COVID-19 among chil-

dren remains questionable, the rate of seropositivity in

the general paediatric population is reported as 3–5%

[17–19]. Walters et al. reported the rate of seropositivity

as 13% in children with paediatric rheumatic diseases

[20]. In our study, the rate of antibody seropositivity prior

to the two-dose vaccine regimen was found to be

36.5%. This difference between seropositivity rates may

be attributable to the changing course of the pandemic

with the corresponding waves. The absence of evidence

of infection in the previous interrogations of children in

our cohort may be an indicator of silent carriage.

Vaccination of both immunocompetent and immunocom-

promised children is considered a public health concern,

as silent carriers can play a critical role in the spread of

infection. As a social issue, during the pandemic, inter-

mittent school closures have both disrupted children’s

learning and cut a crucial line of communication for vul-

nerable children to access help [21]. Vaccination, as the

major cost-effective way to prevent infectious diseases,

could allow children and adolescents to reintegrate into

society, which is an especially important outcome given

the severe mental health effects of COVID-19 pandemic

[22]. In order to expand the emergency use authorization

to include children �12 years of age and make a critical

step towards achieving herd immunity, and defining the

humoral response, immunogenicity and safety profile of

BNT162b2 mRNA vaccine, a phase III clinical vaccine

trial was designed [23].

The BNT162b2 mRNA vaccine in 12- to 15-year-old

children showed a favourable safety profile, produced a

greater immune response than in young adults and was

highly effective against COVID-19.

Children with paediatric rheumatic diseases are more

prone to infections than their healthy peers due to their

underlying disease and the immunomodulatory therapy

they receive. However, these patients may have lower

immunogenicity to the vaccines and in addition, their

disease may be activated after vaccinations [24–26]. In

a multicentre study of children with paediatric rheumatic

diseases receiving bDMARDs, a worsening in the course

of both COVID-19 and current disease was not noticed

under bDMARDs, but the course of COVID-19 was more

severe in children with comorbidities [27].

Studies evaluating the relationship between the

BNT162b2 mRNA vaccine immunogenicity and age have

shown higher humoral response in younger subjects.

According to a phase III clinical vaccine trial, the

BNT162b2 mRNA vaccine produced a greater immune

response in 12- to 15-year-old recipients than in young

adults, and it was found to be highly effective against

COVID-19 [23]. With the approval of the BNT162b2

mRNA vaccine in children �12 years of age, the ques-

tion regarding the immunogenicity of vaccine in children

with paediatric rheumatic diseases has arisen. While

FIG. 4 Local side effects after the first and second vac-

cine doses

FIG. 5 Systemic side effects after the first and second

vaccine doses
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post-vaccine seropositivity after two doses of mRNA

vaccine has been reported at 36–47% in adult kidney

transplant recipients, a higher seropositivity rate of 63%

has been reported in adolescent and young adult kidney

transplant recipients after two doses of vaccination [28–

30]. Correspondingly, our cohort had high antibody titres

after completion of BNT162b2 mRNA vaccine schedule,

the relationship between age and antibody titres was

not evaluated as adults were not involved in our study.

It was observed that the humoral response was 100%

after two doses of vaccination in adults with psoriasis

who received immunosuppressive therapy; however,

after the first dose none of the patients was serocon-

verted fully [28]. Similarly, in our patients treated with

immunomodulators, a 100% seroconversion rate was

observed after completion of two doses of BNT162b2

mRNA vaccine regimen, but we have no data regarding

antibody titres after the first dose of vaccine. In another

study, it was determined that 98% seropositivity was

achieved in adult patients with inflammatory arthritis

after two doses of mRNA vaccine, although the median

anti-spike IgG titres of these patients were lower than

those of healthy controls [29]. During our study period,

approval for the vaccination of healthy children between

the ages of 12 and 15 years according to the vaccination

protocols of the Ministry of Health has not yet been

issued and we could not include healthy peers for the

comparison. Nevertheless, a direct comparison with

phase III clinical vaccine trial data was not possible as

different testing systems were used [23].

It is questionable whether low titres could be trans-

lated to lower levels of protection [30]. Based on the as-

sumption that high titres of anti-RBD IgG would be

protective against new COVID-19 variants, the humoral

response of our patients gave us hope that they could

be highly protected from SARS-CoV-2.

In our cohort, patients receiving combined therapy had

significantly lower anti-RBD IgG titres than patients

receiving cDMARDs, and yet non-statistically significantly

lower those of than the patients receiving bDMARDs. In

a recent study of paediatric patients with inflammatory

bowel disease treated with anti-TNF therapy, the group

of patients receiving infliximab, the group of patients

receiving infliximab combined with MTX or AZA, and the

healthy adult control group mounted similar humoral

responses 3 months after the first dose of BNT162b2

mRNA vaccine [31]. In our cohort, although not reaching

statistical significance, patients diagnosed with PFS had

lower antibody responses compared with patients diag-

nosed with JIA. PFS patients were receiving only bio-

logical therapy; however, most of the patients with JIA

were under combined therapy. This may be an explan-

ation for the higher antibody titres in PFS patients. The

most commonly received biological therapies were anti-

IL-1 and anti-TNF agents, and the median antibody titres

of patients receiving these therapies were similar; how-

ever, the small number of patients limits the ability to a

conclusion about the impact of medications.

In a multicentre, observational study evaluating the im-

munogenicity and safety of two-dose BNT162b2 mRNA

vaccine regimen in adult patients with autoimmune inflam-

matory rheumatic diseases, factors like older age, treat-

ment with glucocorticoids, rituximab, MMF and abatacept

were stated to be associated with reduced BNT162b2-

induced immunogenicity [32]. In the literature, vaccine-

induced humoral response was low in patients receiving

rituximab, CYC, MTX, MMF and abatacept; however, in

our study, since the cohort was small, comparison of dif-

ferent therapeutic targets was not feasible [33–36]. Even

so, post-vaccine anti-RBD IgG titres of one patient receiv-

ing abatacept, three patients receiving MMF, and one pa-

tient receiving 10 mg/day glucocorticoid were similar to

the rest of the patients’ antibody titres.

In our cohort, the BNT162b2 mRNA vaccine showed

a good safety profile and patients’ disease activity

remained stable without any disease exacerbations,

similar to a recent study evaluating BNT162b2 mRNA

vaccine safety objectives in patients with paediatric

rheumatic diseases [37]. Vaccine safety data can be

supported by our study, as there were no unmanage-

able serious side effects requiring hospitalization in the

cohort. While there are recommendations for the

COVID-19 vaccine program in adult patients with rheum-

atic and musculoskeletal diseases, as evidence-based

data are lacking, vaccination recommendations for chil-

dren with paediatric rheumatic diseases have not yet

been fully elucidated [38]. Since high antibody titres

were achieved without interrupting immunomodulatory

treatment of the patients in our cohort, it may be specu-

lated that cDMARDs, bDMARDs and combined thera-

pies do not seem to interfere with the development of

vaccine antibody response. These findings strengthen

the data on vaccine humoral antibody response and

safety, may call attention to the revision of the recom-

mendations for continuing cDMARDs and/or bDMARDs

therapy during vaccination in children, and may be a

counterargument against the need to discontinue ther-

apy just before vaccination.

Our study has some limitations. Our patients aged 12–

15 years with a diagnosis of paediatric rheumatic dis-

eases had the opportunity to participate voluntarily in

vaccination campaigns organized by the Ministry of

Health, but their healthy peers could not have this oppor-

tunity simultaneously, so we do not have a control group

in the study design. The low number of patients may limit

the impact of the study, especially for comparison of the

effects of vaccination among different therapy modalities.

The post-vaccine follow-up period may be extended to

reach a clear-cut conclusion about vaccine efficacy, im-

munogenicity and safety in our cohort.

Conclusion

In conclusion, this is the first preliminary study showing

that paediatric rheumatic diseases patients receiving

immunomodulatory therapies are able to elicit an

Humoral response and safety of BNT162b2 mRNA vaccine in children with rheumatic diseases
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effective humoral response after two doses of

BNT162b2 mRNA vaccine, with a good safety profile.

Our results demonstrate that although patients receiving

combined therapy had lower antibody titres, they are

fully seroconverted. Real-life data with larger series eval-

uating vaccine safety and immunogenicity in immuno-

compromised children with paediatric rheumatic

diseases are needed to shed light on optimal vaccine

strategies for these patients.
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