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The vaccine coverage and vaccine
immunity status and risk factors of non-
protective levels of antibodies against
vaccines in children with juvenile idiopathic
arthritis: cross-sectional Russian tertiary
Centre study
Mikhail M. Kostik1,2* , Natalia A. Lubimova2, Irina V. Fridman3, Olga V. Goleva3 and Susanna M. Kharit3

Abstract

Background: Immunosuppressive drugs, incomplete vaccine coverage, immune system dysregulation might be
factors of a low level of anti-vaccine antibodies in JIA patients. The study aimed to evaluate vaccine coverage, post-
vaccine immunity, and risk factors of non-protective levels of antibodies against measles, mumps, rubella, hepatitis
B, and diphtheria in JIA patients.

Methods: A cross-sectional study included 170 children diagnosed with JIA aged 2 to 17 years who received
routine vaccinations against measles, rubella, mumps (MMR), diphtheria, and hepatitis B national vaccine schedule.
In all patients, the levels of post-vaccination antibodies (IgG) for measles, rubella, mumps, hepatitis B, and diphtheria
were measured with ELISA.
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Results: Protective level of antibodies were 50% against hepatitis B, 52% - diphtheria, 58% - measles, 80% - mumps,
98% rubella. MMR’s best coverage had patients with enthesitis-related arthritis-85%, compared to oligoarthritis-70%,
polyarthritis-69%, systemic arthritis-63%. Diphtheria coverage was 50, 51, 46, 63%, respectively. Incomplete MMR
vaccination had 39% patients, treated with biologics, 22% with methotrexate and 14% with NSAID (p = 0.025), and
61, 46, 36% for diphtheria (p = 0.021). Incomplete vaccination was a risk factor of non-protective level of antibodies
against measles (HR = 2.03 [95%CI: 1.02; 4.0], p = 0.042), mumps (HR = 6.25 [95%CI: 2.13; 17.9], p = 0.0008) and
diphtheria (HR = 2.39 [95%CI: 1.18; 4.85], p = 0.016) vaccines, as well as JIA category, biologics, corticosteroids and
long-term methotrexate treatment for distinct vaccines. One-third part of JIA patients continued vaccination against
MMR and diphtheria without serious adverse events and JIA flare. There were no differences between patients who
continued MMR vaccination or denied in the means of JIA category and treatment options. Patients, continued
diphtheria vaccination rare received methotrexate (p = 0.02), biologics (p = 0.004), but had higher levels of anti-
diphtheria antibodies (p = 0.024) compare who omitted vaccination. Methotrexate (OR = 9.5 [95%CI: 1.004; 90.3]) and
biologics (OR = 4.4 [95%CI: 1.6; 12.1]) were predictors of omitted diphtheria revaccination.

Conclusion: Children with JIA may have lower anti-vaccine antibody levels and required routine checks, especially
in children with incomplete vaccination, biologics, systemic arthritis, and long-term methotrexate treatment.
Revaccination of JIA patients was safe and effective.

Keywords: juvenile idiopathic arthritis, measles, mumps, rubella, diphtheria, hepatitis B, vaccines, protective level of
antibodies against vaccines

Key messages

� Children with JIA have decreased protective levels of
antibodies against vaccines.

� Vaccine coverage in JIA children is lower than in
healthy peers.

� Incomplete vaccination, biologics, JIA category, and
long-term methotrexate treatment are the main fac-
tors of non-protective levels of antibodies against
vaccines.

Introduction
Patients with JIA are at greater risk of infections than
healthy children due to their aberrant immunity and the
use of immunosuppressive drugs [1]. Infection episodes
are the main reason for hospital admissions (e.g., pneu-
monia or sepsis), as well as missing biologics and metho-
trexate with subsequent JIA flares, impaired JIA
remission, and outcomes [2, 3]. Vaccinations can de-
crease the number of infection episodes, maintain treat-
ment of the disease, and restrain remission [4].
However, many children with PRD stop vaccinating
when a diagnosis of rheumatic disease is established [5].
Moreover, many practising paediatricians and pediatric
rheumatologists continue to believe that the immune re-
sponse of JIA patients is disrupted by immunosuppres-
sive drugs and does not lead to the proper level of
seroprotection, or they fear that vaccines may cause a
persistent autoimmune response, lead to severe disease
or relapse for existing diseases [5, 6]. As a result, we
have a rather large cohort of immune-compromised
children with incomplete vaccination. People with

chronic diseases could have a significant risk of prevent-
able superinfection after or during a COVID-19 infec-
tion without specific vaccination. An uncontrolled
infection outbreak is a disaster for the healthcare system,
for the economy, and for social life [7, 8]. We conducted
our study to evaluate vaccine coverage, post-vaccine im-
munity, and the risk factors of non-protective levels of
antibodies against measles, mumps, rubella, hepatitis B,
and diphtheria in JIA patients.

Patients and methods
Study design and patient selection
A cross-sectional pilot study included data from 170
children diagnosed with juvenile idiopathic arthritis -
JIA (55 boys and 115 girls). Study inclusion lasted from
2019 to 2020 years.
Inclusion criteria: i) the willingness to take part of pa-

tients or parents in the study; ii) age from 2 to 17 years;
iii) the diagnosis of JIA based on the ILAR criteria
(1997) [9]; iv) routine vaccinations against measles, ru-
bella, mumps (MMR) and diphtheria before JIA onset.
Exclusion criteria: i) missing data about vaccines; ii)

incomplete vaccination before JIA due to any reasons;
iii) scheduled vaccination against measles, mumps, ru-
bella, diphtheria, hepatitis B less than 6 months before
study inclusion; iv) recipients of plasma, intravenous im-
munoglobulin or other similar sources of antibodies in
the last 12 months; v) using any other cytotoxic medica-
tions or non-biologic DMARDS, except the methotrex-
ate; vi) psoriatic and undifferentiated arthritis due to few
patients. The data about the JIA course and treatment
obtained from the patient’s charts. We selected an

Kostik et al. Pediatric Rheumatology          (2021) 19:108 Page 2 of 10



oligoarticular course (less than five active joints), a poly-
articular course (extended oligoarthritis, RF-positive, and
RF-negative polyarthritis), systemic arthritis, enthesitis-
related arthritis. The following classes of immunosup-
pressive medications used by the patients during study
recruitment were taken into account: corticosteroids,
methotrexate, biologics.

National vaccine schedule
Russian national vaccine schedule supposes diphtheria-
tetanus-pertussis vaccination in 3, 4½, 6, and 18months
and further diphtheria-tetanus vaccination in 6–7 and
14 years and MMR vaccine at the age of 1 year and 6
years, and hepatitis B vaccination in 0, 1, 6 months. De-
pending on the number of scheduled vaccines for subse-
quent analysis, patients цуre divided into two groups
with complete and incomplete vaccination. According to
the national vaccine schedule, incomplete vaccination
means fewer vaccines or vaccine doses to age.

Assessment of the levels of antibodies against vaccines
In all patients, the levels of post-vaccination antibodies
(IgG) for measles, rubella, mumps, hepatitis B, and diph-
theria were measured ELISA during study inclusion. IgG
concentrations were determined from calibration curves
constructed using Dynex Technologies Inc. software
(USA). The protective level of antibodies was established
in accordance with the criteria specified in the manufac-
turer’s instructions: for measles IgG - 0.18 IU/ml (coeffi-
cient of variation, CV, 8%; analytical sensitivity 0.07 IU/
ml), for antibodies to rubella - 10 IU/ml (8%; 2 IU / ml),
for hepatitis B (anti-HBs antibodies) - 10 mIU / ml (8%;
2 mIU/ml), for diphtheria - 0.09 IU / ml (7, 5%; 0.004
IU/ml). The minimal protective level of IgG against
mumps was established with a positivity coefficient > 1.0.
To detect measles, rubella, mumps, and hepatitis B anti-
bodies, we used the commercial kit created by Vector-
Best JSC, Russia, and IBL International GMBH
(Germany) for diphtheria antibodies. Information about
the scheduled vaccination against MMR, hepatitis B, and
diphtheria obtained from the personal vaccine
certificates.

Statistical analysis
Statistical analysis was performed with the software
STATISTICA, version 10.0 (StatSoft Inc., USA) and
MedCalc (MedCalc Software, Belgium). The sample size
was not calculated. All continuous variables were
checked by the Kolmogorov-Smirnov test, with no nor-
mal distribution identified. The quantitative variables
were done with median and percentiles (25; 75) for con-
tinuous variables and absolute meanings and percentages
for categorical variables. For comparison, the categorical
variables Pearson’s χ2 test or the Fisher’s exact test in

case of expected frequencies < 5 was used, and compari-
son of two quantitative variables was carried out using
the Mann-Whitney test. Survival analysis in each group,
with a non-protective level of antibodies against vaccine
as the event of interest, was conducted using the
Kaplan-Meier method. The log-rank test compared sur-
vival curves. Factors significantly associated with a time
when the non-protective level was detected or not then
tested in a Cox proportional hazards regression model,
calculating the Hazard-ratio (HR). P-value < 0.05 was
considered statistically significant.

Ethics
Written consent has been obtained according to the dec-
laration of Helsinki. The Saint Petersburg State Pediatric
Medical University’s local Ethics Committee approved
the trial protocol (protocol number 9/2 from
02.09.2019).

Results
Demographics and vaccine coverage
The characteristics of patients with JIA included in the
study are presented in Table 1. We included patients of
different ages and JIA categories in evaluating vaccine
coverage. The distribution of the JIA categories in the
studied population was similar to the JIA distribution in
the department. A high proportion of children received
corticosteroids (25%), and nearly half received biologics:
etanercept – 44%, adalimumab – 29%, tocilizumab –

Table 1 Demographic characteristics of patients with JIA

Parameter Results (n = 170)

Girls, n (%) 115 (67.7)

Onset age, years 6.0 (3.7; 9.0)

Study inclusion age, years, (min-max) 2; 17

Median (25%; 75%) 11.4 (7.6; 14.8)

JIA duration, years 3.8 (1.9; 6.5)

JIA categories, n (%):

Oligoarthritis 73 (42.9)

Polyarthritis 61 (35.9)

Systemic 5arthritis 16 (9.4)

Enthesitis-related arthritis 20 (11.8)

Treatment, n (%)

Corticosteroids, n (%) 43 (25.3)

Methotrexate, n (%) 154 (90.6)

Methotrexate duration, years. 2.5 (1.1; 5.3)

Biologics, n (%) 82 (48.2)

Biologic duration, years 1.3 (0.1; 4.2)

Footnotes: continues variables were presented as median and quartiles (25%;
75%), categorical variables in absolute meanings and percentages, n (%).
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20% and abatacept – 7%. Sixteen children (9.4%) re-
ceived more than one biologic drug, consequently.

Incomplete vaccination
The majority of patients had been given a restricted
number of vaccines, which can explain why a relatively
high proportion of the JIA patients were without non-
protective levels of antibodies. In the studied population,
170 (100%e) had received one MMR vaccine, and 95
(55.9%) had received two MMR vaccines. Moreover, 82
(48.3%) had received 1–4 vaccines against diphtheria,
and 88 (51.7%) had received 5–6 vaccines.
The protective level of antibodies in the whole studied

population of JIA patients ranged from 50% (against
hepatitis B) to 98.2% (rubella). Among patients with JIA,
50 (42%) had an incomplete complex of vaccines against
MMR and 85 (50%) against diphtheria. All patients re-
ceived a whole complex of vaccines against hepatitis B.
The time between the last vaccination and study recruit-
ment was relatively long and ranged from an average of
6.0 (4.1; 9.6) years for diphtheria to 10.9 (7.1; 14.3) years
for hepatitis B. The mean level of antibodies against
hepatitis B was 9.3 (0.03; 41.9) mIU/ml. The highest
MMR vaccine coverage was in patients with enthesitis-
related arthritis (85%), followed by patients with oligoar-
thritis (70%) and polyarthritis (69%), and the lowest
coverage was in patients with systemic arthritis (63%).
The highest vaccination coverage against diphtheria was
in patients with systemic arthritis (63%); lower coverage
was in patients with oligoarthritis (51%), enthesitis-
related arthritis (50%), and polyarthritis (46%). Compar-
ing children with complete and incomplete vaccinations
showed lower levels of antibodies against mumps and
diphtheria in the latter. Thus, incomplete vaccination

was associated with lower levels of antibodies against
mumps and diphtheria (Table 2).
Incomplete vaccination is a risk factor for a non-

protective level of antibodies against measles (HR = 2.03
[95%CI:1.02; 4.0], p = 0.042), mumps (HR = 6.25 [95%CI:
2.13; 17.9], p = 0.0008), and diphtheria (HR = 2.39
[95%CI:1.18; 4.85], p = 0.016), which was confirmed
using Cox proportional regression models (Fig. 1). In-
complete vaccination was strongly associated with the
severity of arthritis and the degree of immunosuppres-
sion. Incomplete MMR vaccination had 39% of patients
treated with biologics, 22% with MTX, 14% with NSAID,
and 61, 46, and 36%, respectively, for diphtheria. Positive
correlation between biologics and incomplete vaccin-
ation against MMR (r = 0.2, p = 0.008) and diphtheria
(r = 0.22, p = 0.006) was observed. No correlation be-
tween incomplete vaccination and methotrexate or corti-
costeroids was found.

Risk factors of non-protective levels of antibodies against
vaccines
The possible factors that might influence the level of
antibodies against the vaccine were the JIA category,
treatment modalities, vaccine coverage, and time since
the last vaccination, so the best options were time-
dependent statistical methods. In survival analysis, we
have found differences in patients with protective and
non-protective levels of antibodies only against hepatitis
B (LogRank test, p = 0,018). The lowest probability of
having a protective level of antibodies was observed in
systemic arthritis compared to oligoarthritis (p = 0.008)
and polyarthritis (p = 0.005).
JIA patients with non-protective levels of antibodies

against measles had more extended methotrexate treat-
ment (2.8 [1.3; 6.4] vs. 2.2 [0.9; 3.9] years, p < 0.05) and

Table 2 Levels of antibodies against vaccines in JIA patients depend on vaccine coverage

Parameters MMR vaccination for age p*

Whole group (n = 170) Incomplete (n = 50) Complete (n = 120)

Anti-measels IgG, IU/ml 0.2 (0.04; 0.53) 0.2 (0.0; 0.5) 0.2 (0.09; 0.6) 0.181

Patients with anti-measles protective IgG level, n (%) 98 (57.7) 25 (50) 73 (60.8) 0.193

Anti-mumps IgG, IU/ml 2.7 (1.2; 5.3) 1.9 (0.0; 5.1) 2.9 (1.3; 5.3) 0.101

Patients with anti-mumps protective IgG level 136 (80,0) 35 (70.0) 101 (84.2) 0.035

Anti-rubella IgG, IU/ml 79.1 (43.0; 185.1) 69.9 (36.9; 119.6) 87.3 (45.3; 198.3) 0.173

Patients with anti-rubella protective IgG level, n (%) 168 (98.2) 49 (98.0) 119 (99.2) 0.520

Time since the last MMR vaccination, years 7.3 (5.0; 10.3) 5.5 (4.0; 7.5) 7.6 (4.9; 10.6) 0.156

Diphtheria vaccination p*

Whole group (n = 170) Incomplete (n = 85) Complete (n = 85)

Anti-diphtheria IgG, IU/ml 0.12 (0.04; 0.31) 0.07 (0.03; 0.22) 0.2 (0.06; 0.4) 0.001

Patients with anti-diphtheria protective IgG level, n (%) 88 (51,8) 34 (40.0) 54 (63.5) 0.002

Time since last diphtheria vaccination, years 6.0 (4.1; 9.6) 5.4 (4.1; 9.0) 6.1 (4.8; 9.3) 0.468
*no data due to complete hepatitis B vaccination
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Fig. 1 The survival of protective antibody levels against measles (A), mumps (B), diphtheria (C) in JIA patients regarding the completeness of
distinct vaccines

Fig. 2 The survival of protective antibody levels against measles (A), mumps (B), diphtheria (C), and hepatitis B (D) in JIA patients regarding the
treatment options
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an increased application of the biologics (76% vs. 52%,
p < 0.05) compared to the patients with protective levels
of antibodies. Patients treated with biologics had the
lowest probability of having protective antibody levels
against measles, mumps, hepatitis B, and diphtheria than
MTX and NSAID (Fig. 2).
Patients with non-protective antibodies against mumps

had lower vaccine coverage (56% vs. 67%, p < 0.05). Pa-
tients with non-protective levels of antibodies against
diphtheria had lower vaccine coverage as well (38% vs.
61%, p < 0.01) and longer duration of methotrexate (3.3
[1.4; 6.7] vs. 1.8 [1.0; 2.9] years, p < 0.01) and biologic
treatment (3.1 [1.1; 5.4] vs. 0.9 [0.0; 1.9] years, p < 0.05)
compared to patients with protective levels. The main
risk factors to have non-protective levels of antibodies
against specific vaccines are in Table 3.

Vaccination during JIA
According to the national vaccine schedule between JIA
onset and study inclusion, 58 patients required MMR
scheduled revaccination and 76 diphtheria revaccin-
ation. Nineteen patients (32.8%) received MMR revac-
cination and 25 (32.9%) diphtheria, but others omitted
vaccination. All patients were vaccinated during the re-
mission without any serious adverse events or JIA flares.
Patients who continued vaccination had the only higher
age of inclusion in the study at 11.6 (10.7; 15.7) years vs
8.9 (7.0; 11.9) years (p = 0.007) and longer JIA duration
of 6.9 years (6.3; 11.6) vs 5.5 (3.2; 8.8) years (p = 0.03),
but no differences in anti-vaccine antibody levels were
detected. No predictors (e.g., JIA course and treatment)
influencing whether patients were revaccinated against
MMR were identified. No differences in the levels of

antibodies against measles, mumps, rubella, or the num-
ber of patients with protective titers of these antibodies,
according to revaccination were found. Patients who
continued diphtheria revaccination rarely received
methotrexate (84% vs 98%, p = 0.02) and biologics (40%
vs 60%, p = 0.004), but had higher levels of anti-
diphtheria antibodies (p = 0.024) and a higher propor-
tion of the patients had protective levels of antibodies
against diphtheria (60% vs 35.3%, p = 0.041). Methotrex-
ate (OR = 9.5 [95%CI: 1.004; 90.3]) and biologics (OR =
4.4 [95%CI: 1.6; 12.1]) were predictors of omitted diph-
theria revaccination.

Discussion
Our study aimed to describe vaccine coverage status and
vaccine immunity status in JIA patients in the Russian
tertiary centre. The launch of vaccination drastically de-
creased infections around the world and prevented many
deaths [10]. The European Alliance of Associations for
Rheumatology recommended the national guidelines for
PRD vaccination, but many adult patients with auto-
immune inflammatory rheumatic diseases still have an
increased risk of vaccine-preventable infections [11, 12].
It is necessary to have a very high proportion (> 95%) of
the population have adequate protective antibody levels
to achieve herd immunity and block the virus’s circula-
tion for measles, mumps, and rubella [13].

Vaccine immunity against MMR
According to the official statistics in Saint Petersburg,
97.4–99.6% of the population of varying ages has re-
ceived the MMR vaccination, but the number of people
without protective antibodies in 2019 is higher and

Table 3 Risk factors associated with non-protective levels of antibodies against measles, mumps, rubella, diphtheria, and hepatitis B
vaccines (proportional hazard Cox regression models)

Parameters Measles Mumps Rubella Diphtheria Hepatitis B

HR (95%CI) р HR (95%CI) р HR (95%CI) р HR (95%CI) р HR (95%CI) р

soJIA, yes 1.84 (0.84;
4.03)

0.128 1.43 (0.53;
3.95)

0.492 0.99 (0.05; 18.6) 0.995 2.04 (0.91;4.59) 0.08 2.52 (1.27; 5.0) 0.008

GCS, yes 1.54 (0.91;
2.61)

0.104 0.31 (0.45;1.84) 0.799 0.736 (0.11;
4.88)

0.736 1.89 (1.1; 3.24) 0.02 1.34 (0.77;
2.32)

0.295

МТХ, yes 0.86 (0.39;
1.88)

0.703 1.55 (0.49;
4.88)

0.453 1.53 (0.08;
28.64)

0.776 2.02 (0.71;
5.76)

0.187 0.6 (0.31; 1.15) 0.122

Biologics, yes 2.02 (1.22;
3.32)

0.006 1.76 (0.98;
3.15)

0.057 2.26 (0.5; 9.87) 0.293 1.67 (0.99; 2.8) 0.053 1.2 (0.75; 1.92) 0.453

> 1 biologics, consequent,
yes

1.57 (1.13; 2.2) 0.007 1.4 (0.93; 2.09) 0.104 1.82 (0.71; 4.7) 0.213 1.4 (0.98; 2.0) 0.062 1.11 (0.78;
1.58)

0.572

Incomplete vaccination, yes 2.02 (1.02; 4.0) 0.042 6.25 (2.13;
17.9)

0.00008 na* na* 2.39 (1.18;
4.85)

0.016 na* na*

Footnotes: CI confidence interval, GCS glucocorticosteroids, HR hazard ratio, MTX methotrexate, na not applicable, soJIA systemic onset of juvenile idiopathic
arthritis. * Data was not calculated due to a small number of patients with a non-protective level of antibodies against rubella and no patients with incomplete
vaccination against hepatitis B.
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ranged from 6.3 to 17.9% in children and 5 to27.1% in
adults (18–49 years) [14]. In our study, only 57.7% of JIA
patients had protective antibodies against measles [15].
Non-protective levels of antibodies against measles
found in 47 patients with completed MMR vaccinations
were associated with a higher frequency of systemic cor-
ticosteroids (34% vs. 16%, p = 0.026), biologics (53% vs.
34%, p = 0.040), and proportion of JIA patients who have
had the disease more than 3 years (63% vs. 41%, p =
0.019). In the whole group, incomplete vaccination,
treatment with corticosteroids, biologics, and longer JIA
duration affected the antibodies’ level against measles
(Figs. 1 and 2, Table 3). The absence of serious adverse
events and JIA flare in our study and literature strongly
encourages the routine check of antibody levels in pa-
tients with risk factors of non-protective titer and rec-
ommends an additional vaccination in 12–14 years for
low titer [16, 17].
Eighty per cent of our JIA children had protective anti-

body levels against mumps, which is lower than local
epidemiological data [14]. The proportion of rubella
seronegative subjects in the population of Saint Peters-
burg in 2019 ranged from 2.1 to 4.8% in children and
3.0 to 8.2% in adults (18–49 years) and was similar in
JIA patients (1.8%) [14]. High protective levels of anti-
bodies against rubella could be measured after 20 years,
even after one vaccine dose [15]. Vaccination against
MMR in our cohort was safe and effectively similar to
children on immunosuppressive therapies from literature
(e.g., methotrexate and biologics) [16, 17].
In 400 JIA patients, lower level of antibodies against

mumps (OR = 0.4; 95% CI 0.3 to 0.6) and rubella (OR =
0.4; 95CI: 0.3 to 0.7) were detected but not against measles
(OR = 1.4; 95%CI: 0.8 to 2.5) compared to 2176 healthy
controls with follow-up time lasting 12months [18]. The
lowest levels of antibodies against measles (p = 0.025),
mumps (p = 0.018), and rubella (p = 0.077) were detected
in cases of systemic JIA. The seroprotection rate among
JIA patients was 93.9% for measles, 85.1% for mumps, and
89.8% for rubella, compared to healthy controls: 87.4, 85.0
and 90.3%, respectively. Glucocorticoids and methotrexate
did not significantly affect the antibody levels.
In our cohort, incomplete vaccination and treatment

with biologics were the main predictors of the nonpro-
tective level against measles and mumps. Biologics af-
fected the anti-measles antibodies’ primarily protective
level, while incomplete vaccination predominantly dis-
turbed the anti-mumps antibodies’ protective level (Figs.
1 and 2, Table 3).

Vaccine immunity against diphtheria
In Saint Petersburg in 2019, the protective antibodies
against diphtheria were present in 96.9% of healthy
children and 94.1–94.9% of adults, according to the

official data [14]. The protective level of antibodies
against diphtheria was detected in 51.8% of our JIA
patients, which was lower compared to the local
population data. In 400 JIA patients, the level of anti-
bodies against diphtheria and tetanus was lower com-
pared to 2176 healthy controls [18]. In 26/29 (89.7%)
of patients (2–5 years) with polyarticular JIA who re-
ceived subcutaneous abatacept, the protective levels of
antibodies against diphtheria were detected. Metho-
trexate and low-dose corticosteroids did not affect the
antibody level in both studies [18, 19]. In our study,
incomplete vaccination, duration of methotrexate, and
biologics applied affected the level of antibodies
against diphtheria. Booster revaccinations against
diphtheria increased the proportions of subjects with
seroprotection in our JIA patients and healthy popula-
tion and were safe for JIA patients [18, 20].

Vaccine immunity against hepatitis B
The protective level of anti-HBs antibodies had 50% of
our studied JIA group, and all patients had complete
vaccination due to the earliest course (before 6 months).
In our group, the main predictors affecting antibodies
against hepatitis B were a systemic-onset category of JIA
and biologics treatment. In the Polish study, 60.7% of
JIA patients with similar ages had protective antibody
levels against hepatitis B. Girls and patients with polyar-
ticular JIA had the lowest antibody levels [21]. Only half
of the patients with different PRD receiving immunosup-
pressive treatment had a protective anti-HBs level com-
pared to controls – 4% [21]. According to Maritsi D.
et al., in 89 patients with a different JIA form, only 55%
had a protective level of anti-HBs antibodies and 92% in
healthy controls [22].
The vaccine against hepatitis B (HB) is recombinant and

may be recommended for vaccination to all immune-
compromised children because of safety and efficacy [23–
25]. The Japanese College of Rheumatology and the Japa-
nese College of Hepatology considered anti-HB vaccin-
ation for unimmunised patients with JIA as soon as JIA
has been under control for 3 months [24, 25].

Vaccine coverage
Many patients (near 40%) who developed arthritis early
(before 6–7 years) often miss other scheduled vaccina-
tions, e.g., measles, mumps, diphtheria, tetanus [26].
Usually, most oligoarthritis patients and half of the RF-
negative polyarthritis patients risk incomplete vaccin-
ation due to younger onset age [27]. About 42 and 50%
of our patients had incomplete MMR and diphtheria
vaccination, respectively. The risk factors of incomplete
MMR vaccination include onset age of less than 4 years
(OR = 12.2 (5.0; 29.9), p = 0.0000001), duration of JIA >
3 years (OR = 4.4; (2.0; 9.9) and biologics treatment
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(OR = 2.5 (1.3; 4.9), p = 0.008). Incomplete diphtheria
vaccination was related to the onset age of less than 4
years (OR = 1.9 (0.9; 3.8), p = 0.08), duration of JIA > 3
years (OR = 3.4; (1.8; 6.5), p = 0.0002), and biologic treat-
ment (OR = 2.4 (1.3; 4.4), p = 0.006).
In a Slovenian study, 35% of 187 PRD children had in-

complete vaccination. Hepatitis B and the second dose
of MMR were the most often omitted vaccines, similar
to our group [5]. In 200 JIA Canadian children, 48, 32,
and 39% of patients at 2.5 years, 10.5 years, and their last
clinic visit, respectively, had incomplete vaccination (at
least one vaccine from MMR, diphtheria, tetanus, per-
tussis, meningococcus C, hepatitis B, pneumococcus,
Haemophilus influenza type B missed) [6]. Measles was
the most often omitted vaccine in 42, 23, and 17% of the
patients in the same time points, but not mumps, ru-
bella, and diphtheria/tetanus [6].
Near one-third of 715 German JIA patients had in-

complete vaccination, mainly due to physicians’ sugges-
tions. The vaccination coverage in preschool children
was similar to healthy matches and lower in adolescents
(24–79% for diphtheria and tetanus and 60–75% for
MMR) with JIA. More incomplete vaccination cases
were among patients with polyarticular and systemic JIA
who received immunosuppressive therapy rather than
oligoarticular and children without immunosuppression
[28]. Our patients with immunosuppression therapy (bi-
ologics, methotrexate) had minimal vaccine coverage
over patients with NSAID alone (Table 3).
Fear of parents or the recommendation of the physi-

cians were the main reasons for incomplete vaccination
in Canada (38%) and Brazil (43.5%), similar to our study
[29, 30]. There are many concerns from patients, their
parents, and healthcare providers about vaccinations’
safety and efficacy in immunocompromised children, for
example, JIA [9, 10, 31]. Many physicians had concerns
and uncertainty about vaccines’ role in the JIA flares,
which lead to the vaccine practice’s interruption or dis-
cordance. Physicians make some delays in the scheduled
vaccination before a certain period (e.g., stabilising the
disease or having a more prolonged remission) or neg-
lect some vaccines [5, 32]. Unfortunately, our primary
care physicians and some pediatric rheumatologists
acted in the same way, despite the vaccines’ high safety
profiles to JIA flares [16, 17]. Usually, vaccine coverage
negatively correlated with the patient’s age. Older chil-
dren have more omitted vaccines [5].

Vaccine safety and efficacy
Children with PRD may have reduced levels of anti-
vaccine antibodies against measles, mumps, rubella,
diphtheria, tetanus, and hepatitis B compared to age-
matched healthy controls due to the effect of anti-
rheumatic drugs on B-cells and memory B-cells [19,

25]. Several studies in PRD patients showed a similar
response to healthy controls, but sometimes, the anti-
body levels might be lower [33, 34]. Several studies
showed a contradictory effect of immunosuppressive
medications on antibody production and maintenance
against measles, mumps, rubella, diphtheria, and tet-
anus. Thus, these articles’ main benefit is a confirm-
ation of vaccine safety in JIA and PRD patients [16,
17, 19, 20, 22–24, 35].
Revaccination of JIA patients is effective and safe and

should be encouraged, especially in patients with incom-
plete vaccination or low anti-vaccine antibody levels. In
the randomized study, the level of antibodies against
measles was higher in the JIA patients, who received re-
vaccination, compared to JIA patients who omitted re-
vaccination. No cases of measles, mumps, and rubella
were detected after the revaccination [17]. In Australia,
the flare rate during 90 days after vaccination was lower
than patients’ baseline risk (RR = 0.59 (95% CI 0.39–0.89,
p = 0.012). The authors explained the reduced risk by
the fact that “children may be healthier than usual” by the
time of vaccination; a vaccine was delayed before the time
“free of viral infection,” and so on [31]. No increased flare
risk related to vaccination against influenza, MMR, vari-
cella, human papillomavirus, and hepatitis B in JIA pa-
tients was identified [17, 31, 36]. We recommend
administering booster MMR vaccinations to patients with
a non-protective level of anti-measles antibodies if they
are at least 1 year in remission. According to EULAR rec-
ommendations and published data about vaccine status,
we can strongly recommend routinely checking patient’s
vaccine schedule, and in patients with incomplete vaccin-
ation and patients having a risk of non-protective levels of
antibodies, the physician should routinely check the anti-
vaccine antibody levels and encourage patients and their
families to continue vaccination with an individual vaccin-
ation program [11, 37, 38]. We suppose that a realistic
time interval for antibody assessment in a cost-effective
manner is 3 years. It is necessary to provide simple algo-
rithms to primary care physicians regarding the manage-
ment of vaccinations and routine checking of antibodies
[36, 39]. Our study’s results found that the data related to
vaccination safety and efficacy strongly support the need
for missed vaccinations, especially the MMR booster.
Interdisciplinary communication between rheumatolo-
gists, immunologists, primary care physicians, and health-
care providers is still required to improve JIA patients’
vaccine coverage.

Limitations of the study
The present study’s main limitations are related to JIA
patients’ differences in age, JIA categories, treatment ap-
proaches, and the time gap between the last vaccination
and study recruitment. The differences in onset ages and
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the duration of the disease before obtaining the samples
were additional factors that influenced antibodies’ sur-
vival in the pathogenesis and treatment of diseases. A
relatively small sample size leads to the borderline sig-
nificance of subgroup analysis.

Conclusion
Children with JIA have lower antibody levels, and many JIA
patients have non-protective levels of antibodies and re-
quire a routine check. Incomplete vaccination, JIA categor-
ies, biologics, corticosteroids, and long-term methotrexate
treatment can be supposed to be the risk factors of aberrant
vaccine immunity. Individual vaccination schedules are re-
quired for JIA patients without protective antibody levels
and should be tailored individually with antibody level sam-
pling. It is necessary to decrease the level of apprehension
among Russian parents and healthcare providers regarding
vaccinations. Further studies on the safety and efficacy of
vaccinations in JIA patients are required.
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