
Original article

Safety and immunogenicity of BNT162b2 mRNA
COVID-19 vaccine in adolescents with rheumatic
diseases treated with immunomodulatory
medications
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Abstract

Objectives. Adolescents with juvenile-onset autoimmune inflammatory rheumatic diseases (AIIRDs) could be at

risk for disease flare secondary to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection or to

withholding anti-inflammatory therapy. While vaccination can protect against coronavirus disease 2019 (COVID-19),

safety and immunogenicity data regarding anti-SARS-CoV-2 vaccines among adolescents with AIIRDs are limited.

This international, prospective, multicentre study evaluated the safety and immunogenicity of the BNT162b2 anti-

SARS-CoV-2 vaccine among adolescents and young adults with juvenile-onset AIIRDs, 80% of whom are on

chronic immunomodulatory therapy.

Methods. Vaccine side effects, disease activity and short-term efficacy were evaluated after 3 months in 91

patients. Anti-spike S1/S2 IgG antibody levels were evaluated in 37 patients and 22 controls 2–9 weeks after the

second dose.

Results. A total of 91 patients and 40 healthy controls were included. The safety profile was good, with 96.7%

(n¼88) of patients reporting mild or no side effects and no change in disease activity. However, three patients had

transient acute symptoms: two following the first vaccination (renal failure and pulmonary haemorrhage) and one

following the second dose (mild lupus flare vs viral infection). The seropositivity rate was 97.3% in the AIIRD group

compared with 100% among controls. However, anti-S1/S2 antibody titres were significantly lower in the AIIRD

group compared with controls [242 (S.D. 136.4) vs 387.8 (57.3) BAU/ml, respectively; P< 0.0001]. No cases of

COVID-19 were documented during the 3 month follow-up.

Conclusion. Vaccination of juvenile-onset AIIRD patients demonstrated good short-term safety and efficacy and a

high seropositivity rate but lower anti-S1/S2 antibody titres compared with healthy controls. These results should

encourage vaccination of adolescents with juvenile-onset AIIRDs, even while on immunomodulation.
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Introduction

Preventing the spread of coronavirus disease 2019

(COVID-19) infection through vaccinations is a world-

wide goal. The BNT162b2 (Pfizer-BioNTech) vaccine is

based on delivery of messenger RNA (mRNA) encoding

the severe acute respiratory syndrome coronavirus-2

(SARS-CoV-2) spike glycoprotein [1]. This vaccine was

shown to have a favourable safety profile, immunogen-

icity and short-term efficacy in preventing COVID-19 in

healthy individuals >16 years of age [2] and in healthy

adolescents ages 12–15 years [3], leading to US Food

and Drug Administration (FDA) and European Medicines

Agency [4] approval for these age groups. Recently,

expanded approval for use in children ages 5–11 years

has been issued by the FDA [5] and the Centers for

Disease Control [6].

Although children and adolescents generally have a

milder COVID-19 disease course than adults, severe illness

can occur in this population [7], especially among those

with underlying comorbidities, such as obesity [8], cardio-

vascular disease, chronic lung disease, diabetes and

asthma [9–11]. In addition, multisystem inflammatory syn-

drome in children (MIS-C) is a serious complication related

to recent SARS-CoV-2 exposure [12, 13]. Long-term

COVID-19 manifestations or post-COVID syndrome have

been described in both children and adults [14].

With immunization of adults increasing, young adoles-

cents and children account for an increased proportion

of COVID-19 infections and may play an important role

in SARS-CoV-2 transmission [15, 16].

Preliminary data from the EULAR COVID-19 Database

regarding short-term outcomes of COVID-19 in children

with pre-existing rheumatic diseases shows that COVID-

19 presents mostly as a mild disease, with no need for

hospitalization of most children with a rheumatic dis-

ease. However, severe, systemic rheumatic diseases,

such as SLE and vasculitides, as well as obesity are risk

factors for hospitalization [17].

Viruses are a well-recognized trigger for flare of

rheumatic diseases and a recent publication reported

that patients with JIA in remission can experience a flare

following SARS-CoV-2 infection [18]. In addition, in the

case of SARS-CoV-2 infection, it is usually advised to

consider withholding some of the anti-inflammatory ther-

apy, which also imposes a risk for disease flare. It is

therefore crucial to try and prevent COVID-19 by vacci-

nating adolescents with autoimmune inflammatory

rheumatic diseases (AIIRDs).

The ACR Vaccination Taskforce and the Paediatric

Rheumatology European Society recommended prioritiz-

ing COVID-19 vaccination for patients with AIIRDs [19,

20]. Data from adults with AIIRDs who received the

BNT162b2 vaccine demonstrated safety and immuno-

genicity in most, with up to 86% seropositivity and

mostly mild and transient adverse events [21]. In add-

ition, a large cohort of adults with RA showed no signifi-

cant association between COVID-19 vaccines and

arthritis flare [22]. However, antibody titres to the spike

S1/S2 protein were significantly lower among patients

with AIIRDs compared with healthy controls [21, 23].

While data on adult patients are accumulating, infor-

mation on the safety and immunogenicity of COVID vac-

cines among adolescents with AIIRDs are limited.

Therefore there is still hesitancy among patients and

caregivers, with resultant suboptimal vaccination rates.

The current study explored the safety and immunogen-

icity of the mRNA COVID-19 vaccine among adoles-

cents with juvenile-onset AIIRDs treated with

immunomodulatory medications and compared it with

the results among healthy children.

Methods

This international, prospective, multicentre study was

conducted between April and November 2021, at the

Pediatric Rheumatology Clinics of Dana-Dwek

Children’s Hospital (Tel Aviv), Meir Medical Center (Kfar

Saba) and Rambam Medical Centers (Haifa), in Israel,

and at the University of Ljubljana Children’s Hospital in

Slovenia. The study was approved by the Institutional

Review Board (IRB) of Tel Aviv Sourasky Medical Center

(coordinating centre) and by the IRBs of the participating

centres. Written informed consent was obtained from all

participants.

Study endpoints

The primary endpoints of the study included evaluation

of short-term side effects of the vaccination in adoles-

cents with AIIRDs compared with controls, the impact of

vaccination on clinical disease activity in adolescents

with AIIRDs and immunogenicity of the BNT162b2

mRNA vaccine in adolescents with AIIRDs measured 2–

9 weeks after the second vaccine dose compared with

controls.

Rheumatology key messages

. An international study evaluated the safety and immunogenicity of mRNA COVID-19 vaccine among adolescents
with juvenile-onset rheumatic diseases.

. Vaccination demonstrated good safety and efficacy and a high seropositivity rate but lower anti-S1/S2 titres
compared with controls.

. Results should encourage vaccination of adolescents with juvenile-onset rheumatic diseases, even while on
immunomodulatory therapy.
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The secondary endpoint was evaluation of vaccination

efficacy, defined as prevention of COVID-19 disease,

confirmed by PCR testing.

Study population

The study population included adolescents (ages

12–18 years) and young adults (ages 18–21 years) with

juvenile-onset of the following AIIRDs: JIA according to

the EULAR 2001 classification criteria [24]; SLE accord-

ing to the 1997 ACR or 2012 SLICC criteria [25]; system-

ic vasculitis, i.e. ANCA-associated vasculitis, including

granulomatosis with polyangiitis (GPA), according to the

Chapel Hill Consensus Conference definitions [26];

Behçet disease, idiopathic uveitis, IBD-related arthritis,

systemic or localized scleroderma or juvenile dermato-

myositis according to the EULAR/ACR classification cri-

teria [27]; or autoinflammatory syndromes. Patients were

instructed to continue all medications during the vaccin-

ation period.

The patient cohort included 91 patients evaluated for

safety data. Among them, 37 patients who provided

serum samples were checked for immunogenicity. A

group of 40 healthy adolescents served as controls for

comparison of vaccination side effects and COVID-19

rates, with immunogenicity data checked in 22 individu-

als who provided serum samples. Importantly, there was

no difference in the demographic or clinical data be-

tween the cohorts who provided serum samples and

those who did not. Patients were recruited from the four

medical centres, with 64 (70%) from Israel and 27 (30%)

from Slovenia. Healthy controls were recruited from

Dana Dwek Children’s Hospital (coordinating centre).

Exclusion criteria were previous COVID-19 infection and

a history of an AIIRD or immunosuppressive treatment

for controls.

All study participants were vaccinated with two doses

of BNT162b2 mRNA vaccine (30 lg per dose, adminis-

tered intramuscularly 3 weeks apart, as indicated by the

national guidelines of Israel).

Safety and clinical assessment of the AIIRD

The participants were contacted by phone 2 weeks fol-

lowing the first vaccination and within 2–4 weeks follow-

ing the second dose and completed a questionnaire

regarding local and systemic side effects.

Medical history and the use of medications were

recorded. Data regarding disease activity up to 3 months

before vaccination were retrieved from the patients’

medical records. Post-vaccination disease activity was

assessed by an in-person clinical examination

�3 months after the first vaccine dose. The following

disease activity indices were included: Juvenile Arthritis

Disease Activity Score (JADAS) 10 for JIA [28], SLEDAI

for SLE and patients’ and physicians’ global assess-

ments (PGA, PhGA), using a visual analogue scale of

0–10 mm, for JIA, SLE, vasculitis, inflammatory myositis,

scleroderma, uveitis and autoinflammatory syndromes.

Vaccine immunogenicity

Vaccine immunogenicity was evaluated for a subgroup

of the patients and controls by measuring serum IgG

antibody levels against SARS-CoV-2 trimeric spike S1/

S2 glycoproteins 2–9 weeks after the second vaccine.

We used the FDA authorized LIAISON (DiaSorin,

Sallugia, Italy) quantitative assay. The assay provides an

indication for the presence of neutralizing IgG antibodies

against SARS-CoV-2 and has a clinical sensitivity and

specificity >98% [29]. A value of >15 binding antibody

units (BAU) was considered positive according to the

manufacturer’s instructions.

Vaccine efficacy

Participants were queried for evidence of COVID-19 in-

fection following each vaccine dose and electronic med-

ical records were reviewed for evidence of infection

3 months following vaccination. As the Israeli electronic

medical records system provides access to laboratory

tests performed outside of the hospital setting, the

results of SARS-CoV-2 PCR tests were available for

review.

Statistical analysis

Differences between continuous variables were tested

for significance using the independent-samples t-test.

Differences between categorical variables were tested

for significance using the chi-squared test or Fisher’s

exact test. All tests applied were two-tailed and a P-

value �0.05 was considered statistically significant. The

data were analysed using R version 4.0.5 (R Foundation

for Statistical Computing, Vienna, Austria).

Results

Study sample

A total of 91 children with AIIRDs and 40 healthy con-

trols vaccinated with two doses of BNT162b2 mRNA

vaccine were enrolled (Table 1). The mean age at time

of enrolment was 15.9 years (S.D. 2.1) and 14 years (S.D.

1.2) in the AIIRD and control groups, respectively. There

was 47% and 48% females in the AIIRD and control

groups, respectively. JIA was the most common dis-

ease, found in 42 (46%) patients, followed by 13 (14%)

with SLE. The mean disease duration was 4.9 years (S.D.

4.4), with a median of 3.1 years (range 0.3–18).

A total of 73 (80.2%) adolescents with AIIRDs were

treated with immunomodulatory medications (Table 2).

Conventional synthetic DMARDs (csDMARDs) were

used by 36 (39.7%) patients and as monotherapy by 18

(19.8%). Biologic DMARDs (bDMARDs) were used by 34

(37.4%) patients and as monotherapy by 23 (25.3%).

Glucocorticoids [GCs at a mean prednisone dose of

10 mg/day (S.D. 9.8)] were used by 13 (14.3%). Janus

kinase inhibitors (JAKis) were used as monotherapy or

in combination with csDMARDs by 6 (6.6%) and 3 (3%),

Safety and Immunogenicity of COVID vaccine in adolescents with rheumatic diseases
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respectively, and 4 (4.4%) were treated with CD20-

depleting (anti-CD20) therapies.

Safety of the BNT162b2 vaccine

The prevalence of mild adverse events was similar in

patients with AIIRDs and controls. Local pain at the in-

jection site was the most common side effect, with a

prevalence of 79% in both cohorts following the first

vaccine and 73% and 75%, respectively, following the

second vaccine (Table 3). Some adverse events were

more frequent in the adolescents with AIIRDs compared

with controls, including fever following the first vaccine

(6% vs 3%), fatigue following the second vaccine (33%

vs 20%) and myalgia and arthralgia following the second

vaccine (22% vs 10% and 11% vs 5%, respectively).

However, none reached statistical significance.

Two AIIRD patients were hospitalized following the

first vaccine and one patient presented to an emergency

department (ED) following the second vaccine dose. The

two patients hospitalized following the first vaccine both

had systemic vasculitis (GPA); both were treated with rit-

uximab and were 17 years old. The first patient was a

female who was diagnosed at the age of 14 years. She

was treated with azathioprine in addition to rituximab.

She presented to the ED a few hours after the vaccine

with acute symptoms of fever, cough and vomiting with

dehydration. Laboratory results showing elevated CRP

of 54 mg/dl (normal value <5) and acute renal failure

(creatinine level increased from 1.19 mg/dl at baseline to

1.7 mg/dl). She was hospitalized and treated with i.v. flu-

ids and i.v. antibiotics. She was discharged 2 days later

with no change in her regular anti-inflammatory medica-

tions. The second patient was diagnosed with GPA at

age 16.5 years after presenting with renal failure and

pansinusitis. He was treated with rituximab and prednis-

one, with the first rituximab dose given 9 days after the

second vaccine dose. Seven days after the first vaccine

he presented with disease exacerbation and new-onset

pulmonary haemorrhage. However, his symptoms began

a few weeks prior to his first vaccine, when he

presented with suspected otitis media, labyrinthitis and

high inflammatory markers. The third patient, who pre-

sented to an ED following the second vaccine was a 14-

year-old female diagnosed with SLE 6 months before

receiving the first COVID-19 vaccine. She was treated

with HCQ monotherapy due to low disease activity

(SLEDAI score of 2), with SLE manifestations, including

polyarthritis, pericarditis and leucopenia. She presented

to the ED with fever, headache, vomiting and arthralgia

1 day after the second vaccine dose. She had normal in-

flammatory markers and was discharged on low-dose

steroids, which were tapered over 2 weeks, with no

change in her disease activity score.

BNT162b2 vaccine effect on disease activity in
patients with AIIRDs

Post-vaccination disease activity remained stable in 85

(94.4%) of the adolescents with AIIRDs following the first

vaccine and in 89 (98.8%) following the second dose

(n¼90) (Fig. 1).

During the study period, changes in immunomodula-

tory drugs were reported in 8 (9.2%) patients, 4 after the

first dose and an additional 4 after the second dose

(Fig. 1).

PGA and PhGA were available for 65 and 47 patients,

respectively. The mean PGA remained stable or

improved following the two-dose vaccine, at 0.89 and

0.77 pre- and post-vaccines, respectively, with a mean

decrease of �0.08 (S.D. 0.97) (n¼ 65). Similarly, the

mean PhGA scores pre- and post-vaccination were 0.67

and 0.6, respectively, with a mean decrease of �0.21

(S.D. 0.97) (n¼ 47) (Fig. 2). In patients with JIA and SLE,

the post-vaccination indices of disease activity remained

stable as well, with a mean clinical JADAS of 1.52 and

1.68 pre- and post-vaccine, a mean change of �0.09

(S.D. 1.53) for 23 JIA patients and a mean SLEDAI of 3.3

and 2.8 pre-and post-vaccine, with a mean change of

�0.2 (S.D. 2.9) for 10 SLE patients (Fig. 2).

TABLE 1 Baseline characteristics of adolescents with AIIRDs and controls

Characteristics AIIRDs (n 5 91) Controls (n 5 40) P-value

Age, mean (S.D.), years 15.9 (2.1) 14.0 (1.2) <0.0001

Female, n (%) 43 (47) 19 (48) 1
Country, n (%)

Israel 64 (70) 40 (100) 0.0003

Slovenia 27 (30) 0 (0) 0.0003
Disease duration, mean (S.D.), years 4.85 (4.4)

JIA, n (%) 42 (46)
SLE, n (%) 13 (14)
Autoinflammatory diseases, n (%) 7 (8)

Scleroderma, n (%) 5 (5)
Vasculitis, n (%) 6 (7)

Uveitis, n (%) 6 (7)
Myositis, n (%) 4 (4)
Other, n (%) 3 (3)
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Immunogenicity of the BNT162b2 vaccine

A total of 37 patients and 22 controls were evaluated

for immunogenicity. The seropositivity rate was 97.3%

(n¼36) in patients with AIIRDs compared with 100%

(n¼22) in controls (P¼ 1). However, the anti-S1/S2 anti-

body levels were significantly lower in patients with

AIIRDs compared with controls [mean 242 BAU/ml (S.D.

136.4)] vs 387.8 (57.3); P< 0.0001]. Analysis of the anti-

S1/S2 antibody levels for the subgroups of 12–15 years

and 16–21 years showed similar results, with mean lev-

els of 241.8 BAU/ml (S.D. 133) and 242.5 (149.7),

respectively.

Anti-S1/S2 antibody titres were highest in patients

with JIA [mean 288 BAU/ml (S.D. 114), n¼ 6], followed

by vasculitis [243 BAU/ml (S.D. 221), n¼2] and SLE

[229.5 BAU/ml (S.D. 159), n¼10].

Analysis of immunogenicity according to the medica-

tion used showed that anti-S1/S2 antibody titres were

highest among patients treated with HCQ or DMARDs

as monotherapy [mean 300 BAU/ml (S.D. 172) and 305.5

(146.7), respectively] and lowest in patients treated with

MMF as monotherapy [24 BAU/ml (S.D. 1.5)] or in com-

bination with other treatments [142 BAU/ml (S.D. 139.6)]

(Table 4). Patients on csDMARDs and bDMARDs devel-

oped anti-S1/S2 antibody titres similar to the general

mean of the AIIRD group, with a level of 250 BAU/ml

(S.D. 144.8) for any csDMARD and 238.4 (119.4) and

265.8 (98.5) for any bDMARD or bDMARD monother-

apy, respectively (Table 4).

Nineteen (20.9%) patients were treated with MTX; 7

provided serum samples for immunogenicity. They had

a 100% seropositivity rate and mean anti-S1/S2 level of

244.6 BAU/ml (S.D. 153). With respect to CD20-depleting

therapies, 4 (4.4%) patients were treated with rituximab.

Three provided serum samples, with a 100% seroposi-

tivity rate. The mean anti-S1/S2 level was 232.7 BAU/ml

(S.D. 145; median 155; range 143–400). The interval be-

tween the last rituximab dose and the first COVID-19

vaccine dose was 6 months for two patients and

5 months for the third. The first patient, with a diagnosis

of GPA, received rituximab every 6 months for 3 years

prior to the COVID-19 vaccine, in addition to azathio-

prine, with a cumulative rituximab dose of 10 g. The se-

cond patient, with a diagnosis of SLE nephritis, started

rituximab 6 months prior to the vaccine, in addition to

MMF, with a cumulative dose of 2 g. This patient’s B

cell count returned to normal prior to the COVID vac-

cine, with a total CD-19 count of 450/cm3 (normal range

116–613/cm3). Importantly, for these two patients, N

antibodies were checked and found to be negative, i.e.

there was no evidence of previous COVID-19 infection.

The third patient, with a diagnosis of systemic sclero-

derma 5 years prior to the vaccine, had received rituxi-

mab every 6 months for 1 year, in addition to MMF, with

a cumulative dose of 2.5 g.

Only one patient tested seronegative following the

two vaccines. She was 17 years old with SSc diag-

nosed at the age of 6 years and is treated with MMF

and HCQ.T
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TABLE 3 Side effects of the BNT162b2 mRNA COVID-19 vaccines in adolescents with juvenile-onset AIIRDs and

controls

Side effects Following first vaccine Following second vaccine

AIIRDs (n 5 90) Controls (n 5 39) P-value AIIRDs (n 5 88) Controls (n 5 40) P-value

No symptoms, n (%) 15 (17) 7 (18) 1 18 (20) 5 (12) 0.4019

Local reactions, n (%)
Pain 71 (79) 31 (79) 1 64 (73) 30 (75) 0.957
Swelling 11 (12) 6 (15) 0.8381 8 (9) 3 (8) 1

Erythema 3 (3) 2 (5) 1 2 (2) 1 (2) 1
Itching 4 (4) 0 (0) 0.4328 3 (3) 0 (0) 0.5813

Pruritus 0 (0) 0 (0) 1 (1) 0 (0) 1
Systemic reactions, n (%)

Fever 5 (6) 1 (3) 0.775 14 (16) 7 (18) 1

Vomiting 0 (0) 2 (5) 0.1647 2 (2) 2 (5) 0.7841
Nausea 4 (4) 1 (3) 0.9908 6 (7) 3 (8) 1

Runny nose 3 (3) 0 (0) 0.6047 4 (5) 1 (2) 0.9509
2 (2) 0 (0) 0.871 3 (3) 1 (2) 1

Muscle aches 9 (10) 3 (8) 0.9327 19 (22) 4 (10) 0.1819

Joint pain 4 (4) 1 (3) 0.9908 10 (11) 2 (5) 0.4135
Chills 3 (3) 2 (5) 1 11 (12) 3 (8) 0.5929

Feeling unwell 10 (11) 3 (8) 0.7841 24 (27) 8 (20) 0.5089
Headaches 8 (9) 5 (13) 0.7167 22 (25) 8 (21) 0.7469
Hospitalization within
2 weeks post-vaccine

2 (2) 0 (0) 0.8727 1 (1) 0 (0) 1

Allergic reaction 0 (0) 0 (0) 0 (0) 0 (0)

Weakness 9 (10) 4 (10) 1 25 (29) 10 (25) 0.8229
Tiredness 15 (17) 5 (13) 0.7722 29 (33) 8 (20) 0.1977

Exacerbationa 5 (6) 0 (0) 0.315 1 (1) 0 (0) 1

aWorsening of rheumatic disease symptoms.

FIG. 1 Disease activity and treatment change post-COVID-19 vaccines in percentages
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Efficacy of the BNT162b2 vaccine

No COVID-19 cases were detected among AIIRD

patients or controls during the 3 month post-vaccine fol-

low-up.

Discussion

This prospective, multicentre, international study eval-

uated the safety and immunogenicity of mRNA-based

anti-SARS-CoV-2 vaccine in a cohort of adolescents

with juvenile-onset AIIRDs. Current COVID-19 vaccine

recommendations do not specifically address children

and adolescents with juvenile-onset AIIRDs and the

guidelines rely mainly on data from adults with AIIRDs

[19]. Therefore the current study supports the Paediatric

Rheumatology European Society recommendations

regarding COVID-19 vaccinations [20].

The safety profile of the vaccine was good, with min-

imal or no side effects in 88 (96.7%) individuals and se-

vere transient adverse events in 3 (3.2%). The two

vasculitis patients who were hospitalized had transient

disease exacerbation following the first vaccine. Both

recovered rapidly and received the second vaccine with

no side effects. Furthermore, we did not observe a

FIG. 2 Change in disease activity scores before/after COVID-19 vaccines (N¼ 91)
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TABLE 4 Seroconversion rate of BNT162b2 mRNA vaccine among adolescents with AIIRDs, categorized by immunomo-

dulatory treatment

Immunomodulatory treatment Seropositivity rate, n (%) Serum anti-S1/S2 antibody titre,
mean (S.D.), BAU/ml

Any csDMARD 16 (94) 250.02 (144.8)
csDMARD monotherapy 8 (100) 305.5 (146.7)
Any bDMARD 16 (100) 238.38 (119.4)

bDMARD monotherapy 9 (100) 265.84 (98.5)
Glucocorticoids 5 (100) 187.14 (140.5)

HCQ 9 (90) 252.41 (150.5)
HCQ monotherapy 3 (100) 300.67 (172.1)
MTX 7 (100) 244.62 (153.1)

MTX monotherapy 3 (100) 400 (NA)
MMF 7 (88) 142.23 (139.6)

MMF monotherapy 2 (100) 23.95 (1.5)
TNF inhibitor 13 (100) 239.81 (119.6)
TNF inhibitor monotherapy 9 (100) 265.84 (98.5)

Anti-CD20 3 (100) 232.67 (145.1)

Anti-CD20: anti-CD20 monoclonal antibodies; NA: not available.
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negative impact of the vaccine on disease activity,

which remained stable following the second dose, with

no changes in treatment, except in 9% of the patients.

Our results are compatible with a recently published

article that demonstrates an acceptable side-effect pro-

file in adolescents with AIIRDs [30].

In addition, we found that BNT162b2 mRNA vaccine

was immunogenic and induced a humoral immune re-

sponse in adolescent patients at comparable rates to

healthy controls (seropositivity rate of 97.3% vs 100%,

respectively). Except for one patient with systemic

scleroderma treated with MMF, all patients had anti-S1/

S2 antibody titres above the cut-off level defined as

seropositive. The observed seropositivity rates in our

study are higher than those previously demonstrated for

adults with AIIRD [21, 23] and might be explained by

younger age, which is associated with better immuno-

logic response to COVID-19 vaccines [3], shorter dis-

ease duration and medication use. However, similar to

studies in adults with AIIRDs, the mean anti-spike S1/S2

IgG antibody level was significantly lower in adolescents

with AIIRDs compared with controls.

When considering vaccine immunogenicity according

to the immunomodulatory treatments used, this study

highlights several differences between adolescent and

adult patients. Our results regarding lower anti-S1/S2

antibody titres in patients treated with MMF suggest a

trend towards reduced humoral response and are con-

sistent with the immunogenicity of the COVID-19 mRNA

vaccine described in adults with AIIRDs [21, 23] and in

the solid organ transplant population [31]. However, the

seropositivity rates for patients receiving MTX (either as

monotherapy or combination treatment) in our juvenile-

onset cohort were 100%; significantly higher than the

84% in a large adult rheumatology cohort [21]. Similarly,

while anti-CD20 treatment was shown to significantly

impair vaccine immunogenicity in adults, with a sero-

positivity rate of 39% [21], all three patients in our

juvenile-onset cohort treated with anti-CD20 tested

seropositive. These differences can be potentially attrib-

uted to patient age, with a more robust immune re-

sponse in younger patients, as well as disease and

treatment durations.

Factors that were shown to have the potential to im-

pair humoral response to COVID-19 in adults with

AIIRDs treated with rituximab are the interval from the

last medication dose to the vaccine administration [21],

dose/duration of therapy and the degree of B cell recov-

ery at the time of vaccination [32]. This was recently

shown to be the most predictive marker of humoral re-

sponse to the COVID-19 vaccine, regardless of the dose

or duration of rituximab treatment [32]. As the juvenile

cohort is smaller than the adult cohort, more data are

needed to confirm these observations, and information

on cellular response could potentially assist in

interpretation.

Importantly, our study addresses ‘vaccine hesitancy’

and concerns of patients and families regarding the

safety and efficacy of COVID-19 vaccine. These con-

cerns pose a barrier to successful vaccination in many

communities. Our results should provide reassurance to

physicians, patients and families with AIIRDs regarding

the short-term safety and immunogenicity of the mRNA

COVID-19 vaccine, even while on immunomodulatory

therapy. Encouraging this unique population to vaccin-

ate will probably protect them against COVID-19 and

from potentially harmful COVID-19 effects, including an

increased risk for viral-induced disease flare.

The strength of this study is the inclusion of a hetero-

geneous international cohort exposed to widely diverse

immunomodulatory treatments. Moreover, a quantitative,

standardized FDA-authorized COVID-19 serology assay

was used for measurement of the serum IgG antibody

levels against SARS-CoV-2 spike S1/S2 glycoproteins. It

has clinical sensitivity and specificity >98%. The

patients’ treating paediatric rheumatologists, who were

all acquainted with their disease course, evaluated

AIIRD activity and adverse events.

There are some limitations to this study. Due to the di-

versity of rheumatic diseases and medications included

in this juvenile-onset cohort, it was not possible to draw

significant conclusions regarding the impact of immuno-

modulatory medications and type of disease on the anti-

S1/S2 titres. In addition, the matching by age was not

optimal, as the control group was younger than the pa-

tient group, with mean ages of 14.0 vs 15.9 years, re-

spectively. However, this might actually strengthen our

findings of high seropositivity rates, as younger control

children could have more robust immune activity.

It is important to note that currently there are limited

data demonstrating correlations between anti-spike anti-

body levels and vaccine efficacy [33], therefore caution

is advised when instructing patients how to conduct

themselves following serology testing or the significance

of the results. The significantly lower antibody levels in

our juvenile-onset patient cohort and the uncertainty

regarding the meaning of the antibody titres support the

rationale to continue following these patients clinically

and serologically as planned and to assess whether

antibody titres correlate with clinical outcomes (vaccine

efficacy). Ongoing collection of longitudinal data can

also assist in planning the appropriate timing for vaccine

booster doses, which might be needed after a shorter

time span in adolescents with juvenile-onset AIIRDs.

Neither patients nor controls developed COVID-19 dur-

ing our short-term, 3-month follow-up, but the small

numbers can only be descriptive and not conclusive

regarding efficacy.

In conclusion, immunization is the most efficient inter-

vention to control the COVID-19 pandemic. The current

study provides evidence of good short-term vaccine

safety and adequate humoral immune response in the

unique population of adolescents with juvenile-onset

AIIRDs. Nevertheless, further studies are needed to de-

termine the safety of the vaccine over time, the duration

of the vaccine-induced immune response and its actual

Merav Heshin-Bekenstein et al.
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correlation with COVID-19 prevention in our patients.

Ideally, additional studies could focus on assessing the

impact of certain rheumatic diseases or medications on

the humoral and cellular immune response and explore

the effects of the mRNA COVID-19 vaccine on a

younger cohort of children with AIIRDs.
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