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Highlights

What are the main findings?

• A subset of patients exhibited low baseline hepatitis B and measles antibody titers
even before the initiation of bDMARD therapy.

• During follow-up, a measurable decline in measles antibody levels was observed in a
small number of patients, while protective titers for pneumococcus and hepatitis B
were largely preserved.

What are the implications of the main findings?

• The study highlights the importance of screening vaccine antibody levels before and
during bDMARD therapy to detect children at risk of waning immunity.

• Implementing tailored vaccination and timely booster strategies—particularly for
measles and hepatitis B—may enhance long-term protection in immunosuppressed
pediatric patients.

• This work contributes novel pediatric data on vaccine responsiveness under bi-
ologic therapy, emphasizing the need for routine immunological monitoring in
clinical practice.

Abstract

Background/Objectives: Patients with rheumatic diseases have an increased burden of
infection owing to biological disease-modifying antirheumatic drug (bDMARD) therapy.
Therefore, vaccination is crucial for the prevention of infection in these patients. In this
case–control study, we aimed to evaluate vaccine response to hepatitis B, pneumococcus,
and measles using antibody titers in patients undergoing biological therapy. Methods:
This study included 16 patients aged 5–18 years of age who received bDMARD treatment
and 20 healthy controls. Serum samples of the patients were collected at baseline and
subsequently on the 3rd and 6th months after bDMARD therapy, and IgG antibodies
against pneumococcal capsular polysaccharide antigen (PCP), measles, and hepatitis B were
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measured. Results: There were no statistically significant differences in mean anti-HBsAg,
anti-PCP, and anti-measles antibody titers between the study and control groups. The
percentages of patients with anti-HbsAg, anti-PCP, and anti-measles protective antibodies
were 68.8% (n = 11/16), 100% (n = 16/16), and 56.25% (n = 9/16), respectively. There were
no statistically significant differences in the mean antibody titers at baseline and 3rd month.
Only the anti-measles IgG titer level decreased below 200 (mIU/mL) in one patient in
the 3rd month and in two patients in the 6th month. Conclusions: Patients with low or
declining hepatitis B and measles antibody titers before or during bDMARD treatment
may require close monitoring to ensure adequate protection against vaccine-preventable
diseases. Regular screening and follow-up are essential in this patient population.

Keywords: anti-HbsAg; anti-PCP; anti-measles IgG; bDMARD; pediatric rheumatic disease

1. Introduction
Patients with rheumatic diseases have an increased burden of infections, which can

be attributed to the underlying immune dysregulation or the immunosuppressive effects
of biological disease-modifying antirheumatic drug therapy (bDMARD) [1]. bDMARDs
are immunomodulatory agents and classes of drugs are indicated for the treatment of
inflammatory rheumatic diseases and are typically used after the failure of conventional
therapies. Agents such as tumor necrosis factor (TNF) inhibitors (e.g., infliximab, adal-
imumab, etanercept), interleukin-6 inhibitors (e.g., tocilizumab), T cell co-stimulation
modulators (e.g., abatacept), and B cell–depleting agents (e.g., rituximab) exert selective
effects on cytokine signaling pathways. While these therapies improve disease control,
they may also compromise immune defense mechanisms [2]. The current “treat-to-target”
strategy promotes intensive immunosuppressive therapy to achieve remission. How-
ever, this approach also emphasizes the importance of preventive strategies—including
vaccination—to mitigate infection risks in immunosuppressed children [3].

At the same time, this approach highlights the importance of preventive strategies—including
vaccination—to mitigate infection risks in immunosuppressed children. The European
League Against Rheumatism (EULAR) and the Pediatric Rheumatology European Society
(PRES) both emphasize that children with autoimmune and inflammatory diseases should
complete recommended immunizations before starting immunosuppressive therapy when-
ever possible and should undergo regular assessment of vaccine-induced immunity during
treatment [3,4].

Among vaccine-preventable infections, hepatitis B and measles are of particular con-
cern in immunosuppressed children. Hepatitis B virus reactivation has been reported in
patients receiving immunosuppressive or biologic therapy, leading to potentially severe out-
comes such as fulminant hepatitis. Similarly, measles can cause prolonged viral shedding,
severe pneumonia, or encephalitis in immunocompromised hosts, and outbreaks have been
increasingly reported in regions with declining vaccine coverage. Monitoring immunity to
these infections is therefore critical in pediatric patients treated with bDMARDs.

A previous study demonstrated that vaccine-induced antibody responses were lower
in children with juvenile idiopathic arthritis than in healthy controls, likely reflecting
incomplete vaccination or the use of immunosuppressive drugs such as biologic agents [4].
There are limited data on immune responses to hepatitis B, pneumococcal, and measles
vaccines in children with rheumatic diseases receiving bDMARD therapy [5–8].

This case–control study aimed to evaluate antibody titers against hepatitis B, pneu-
mococcus, and measles in children receiving bDMARD therapy compared with healthy
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controls. We hypothesized that, despite complete vaccination, some patients would display
suboptimal baseline immunity and a potential decline in antibody titers during follow-up.

2. Materials and Methods
This prospective case–control study was conducted between September 2021 and

April 2022, at Istanbul University, Istanbul Faculty of Medicine, Türkiye. Pediatric patients
aged 5–18 years diagnosed with rheumatic diseases who were scheduled to start bDMARD
therapy were enrolled. All patients had previously received conventional treatments
(prednisolone, methotrexate, colchicine, or non-steroidal anti-inflammatory drugs) without
sufficient clinical response. The control group comprised 20 age- and sex-matched healthy
children who attended the hospital for routine health check-ups and had no chronic illnesses
or ongoing immunosuppressive therapy. All participants received two doses of MMR
(Measles, Mumps, Rubella), three doses of hepatitis B, and four doses of pneumococcal
13-valent conjugate vaccine (PCV13) vaccines. Children whose primary vaccinations were
completed according to Public Health Organization recommendations were included in
this study. The vaccination status was assessed by checking the vaccination card (manual
or e-card). Children with incomplete vaccination records, chronic infections (e.g., hepatitis
B, hepatitis C, or HIV), or missing clinical data were excluded. Demographic and clinical
features of the patients were prospectively evaluated using their medical records.

2.1. Sample Collection and Detection of PCP–Measles–Hepatitis B Specific IgG Antibodies

Serum samples were collected from patients before and at 3 and 6 months after the
initiation of bDMARD therapy and stored at −20 ◦C until analysis. Specific IgG antibodies
against pneumococcal capsular polysaccharide antigen (PCP), measles, and hepatitis B
were measured using enzyme-linked immunosorbent assay (ELISA). All samples were
analyzed in duplicate, and inter-assay and intra-assay variation was monitored using
manufacturer-provided control sera. Details of the commercial kits and analyzers used for
antibody detection are provided in the Supplementary Material (Table S1).

For measles, IgG values < 150 and >200 mIU/mL were considered seronegative and
seropositive, respectively; values between 150 and 200 mIU/mL were considered equivo-
cal. The seroprotection cutoff was defined as >120 mIU/mL, based on the World Health
Organization (WHO) 3rd International Standard (NIBSC 97/648) [9,10]. The anti-PCP IgG
kit measures antibody responses to 23 pneumococcal polysaccharides representing approx-
imately 80% of virulent Streptococcus pneumoniae serotypes. The assay quantification
range was 3.3–270 mg/dL. The protective anti-HBs level was defined as ≥10 mIU/mL.

2.2. Statistical Analysis

Statistical data were analyzed using SPSS version 21 (SPSS Inc., Chicago, IL, USA).
Values for numerical variables are presented as the mean ± standard deviation, depend-
ing on the normal distribution. Categorical variables were presented as numbers and
percentages. The conformity of the data to the normal distribution was evaluated using
the Shapiro–Wilk test. All antibody titer data were tested for normal distribution before
statistical analysis. Comparisons between groups (patients vs. controls) were performed
using the independent-samples t-test for continuous variables and the χ2 test or Fisher’s
exact test for categorical variables. Temporal changes in antibody titers across three time
points (baseline, 3rd month, and 6th month) were evaluated descriptively using mean ± SD
and 95% confidence intervals (CI) to illustrate variability. Given the small sample size, no
correction for multiple comparisons was applied, and the results should be interpreted
as exploratory. Statistical significance was set at p < 0.05. Missing follow-up data from
patients who did not return for sampling were excluded from longitudinal analyses.
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2.3. Ethics Committee Approval

This study was approved by the Istanbul University Clinical Research Ethics Commit-
tee (13 August 2018, 2018/1052). Written informed consent was obtained from the parents
or legal guardians of all participants. All procedures were performed in accordance with
the ethical standards of the Declaration of Helsinki.

3. Results
Demographic characteristics and antibody concentrations of the study cohort are pre-

sented in Table 1. A total of 16 patients were included, with a mean age of 11.8 ± 3.3 years
(range: 5.5–16.5); 8 (50%) were female and 8 (50%) were male. There were no statisti-
cally significant differences between the patient and control groups in terms of age or sex
(p = 0.76, 1.00, respectively). There were no statistically significant differences in the mean
antibody titers of anti-HbsAg, anti-PCP, or anti-measles between the study and control
groups (p = 0.74, 0.17, 0.93).

Table 1. Characteristics of patient and control group demographics and a comparison of antibody titers.

Characteristics Patients No. (%) Control No. (%) p

Age (y)
5–11 8 (50) 11 (55)

12–18 8 (50) 9 (45) 0.76

Sex
Female 8 (50) 10 (50) 1.00

Male 8 (50) 10 (50)

Diagnosis
Jia 11 (68.8)

Uveitis 5 (31.3)

Pre-treatment
Mix ˆ 8 (50)

Mtx 4 (25)
Other * 4(25)

Treatment Adalimumab 7 (43.8)
Etanercept 9 (56.3)

Anti-HbsAg (mIU/mL)
≥10 11 (68.8) 10 (50)
<10 5 (31.3) 10 (50) 0.257

Anti-PCP(Mg/dL) 3.3–270 16 (100) 20 (100)

Anti-Measles (mIU/mL)
<150 4 (25) 6 (30)

150–200 3 (18.8) 1 (5)
>200 9 (56.3) 13 (65) 0.21

Susceptible (according to WHO) 2 (12.5) 5 (25)

Duration of diseases
(y, mean) 2.57 ± 2.26(0.25–7)

Mean antibody titers
(mean ± SD [95% CI])

Anti-HbsAg 125.14 ± 290.56
[–29.66–279.94]

67.90 ± 124
[9.87–125.93] 0.74

Anti-PCP 59.10 ± 49.91
[32.51–85.69]

97.01 ± 93.01
[53.48–140.54] 0.178

Anti-Measles 641 ± 94
[4.77–1279.11]

389.63 ± 351.70
[225.03–554.23] 0.937

Jia: juvenile idiopathic arthritis, Mtx: methotrexate, * Nonsteroidal anti-inflammatory drug, colchicine or pd,
ˆ Mtx plus Prednisolone, y: year. 95% confidence intervals were calculated using the formula mean ± t (0.975, df)
× (SD/

√
n). For patients, n = 16 (df = 15, t = 2.131); for controls, n = 20 (df = 19, t = 2.093). Because of the small

sample size, the intervals are wide and should be interpreted with caution.

According to seroprotective antibody levels mentioned study design; The percentage
of patients whose had protective antibody levels for anti-HbsAg and anti-PCP was 68.8%
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(n = 11), 100% (n = 16). For measles IgG, four (25%) patients were seronegative, three (18.8%)
were equivocal, and nine (56.3%) were seropositive. According to the WHO-defined cutoff
(<120 mIU/mL), two (12.5%) patients were considered susceptible to measles infection.

The baseline, 3rd and 6th month mean antibody titers for anti-HbsAg, anti-PCP, and
anti-measles are shown in Table 2. At baseline, mean antibody titers for anti-HBsAg, anti-
PCP, and anti-measles did not differ significantly between the study and control groups
(p = 0.19, 0.61 and 0.11, respectively). Confidence intervals (95% CI) were calculated for
each mean antibody titer (anti-HBsAg, anti-PCP, and anti-measles) to better illustrate the
variability of the data. These intervals are presented alongside the mean ± SD values in
Table 2.

Table 2. Comparison of Mean Antibody Titers (mean ± SD, 95% CI).

Baseline
(Mean ± SD

[95% CI])

3rd Month
(Mean ± SD

[95% CI])

6th Month
(Mean ± SD

[95% CI])
p

Anti-HBsAg
(mIU/mL)

125.14 ± 290.56
[–29.66–279.94]

82.17 ± 166.44
[–6.50–170.84]

64.66 ± 118.66
[1.44–127.88] 0.19

Anti-PCP
(mg/dL)

59.10 ± 49.91
[32.51–85.69]

61.80 ± 52.31
[33.93–89.67]

60.81 ± 50.43
[33.94–87.68] 0.61

Anti-Measles
(mIU/mL)

641.94 ± 1196
[4.77–1279.11]

703.60 ± 1187
[71.23–1335.97]

585.22 ± 934
[87.63–1082.81] 0.11

95% confidence intervals were calculated using the formula mean ± t (0.975, df = 15) × (SD/
√

n). Because of the
small sample size (n = 16), the intervals are wide and should be interpreted with caution.

The distribution of antibody titers over time is illustrated in Figure 1, which presents
box-and-whisker plots of mean antibody titers (mean ± SD) for anti-HBsAg, anti-PCP, and
anti-measles in pediatric patients receiving bDMARD therapy.

Figure 1. Box-and-Whisker Plots of Mean Antibody Titers in Children Receiving bDMARD Therapy
(mean ± SD).

The patients’ mean antibody titers and protective antibody levels at baseline at 3rd
and 6th month are shown in Table 3. At the 3rd and 6th month follow-ups, none of the
patients had anti-HbsAg protective titer levels below 10 mg/dl or anti-PCP level below
3.3 (Mg/L).

However, the anti-measles IgG titer decreased to below 200 mIU/mL in one patient
(187 mIU/mL) in the 3rd month and in two patients (119 and 99 mIU/mL) in the 6th month.
Three patients with a mean age of 14 ± 1.32 years, 2 (12.5%) male and 1 (6.25%) female, all
of whom had juvenile idiopathic arthritis (JIA), received etanercept, and prior treatment
was methorexate with prednisolone. No statistically significant differences were identified
between patients whose titers decreased and those whose titers remained stable.
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Table 3. Mean antibody titers and protective antibody response of patients in baseline, 3rd and 6th
months (mean ± SD, 95% Cl, n/%).

Mean Antibody
Titer

Protective
Antibody Levels Patients (No.%)

Anti-HbsAg
(mIU/mL)

Baseline
125.14 ± 290.56
[−29.66–279.94]

≥10 11 (68.8)
<10 5 (31.25)

3rd *
82.17 ± 166.44
[−6.50–170.84]

≥10 11 (68.8)
<10 5 (31.25)

6th
64.66 ± 118.66
[1.44–127.88]

≥10 11 (68.8) *
<10 5 (31.25)

Anti-PCP
(Mg/dL)

Baseline 59.10 ± 49.91
[32.51–85.69] 3.3–270 16 (100)

3rd 61.80 ± 52.31
[33.93–89.67] 3.3–270 16 (100)

6th 71.44 ± 34.18
[33.94–87.68] 3.3–270 16 (100)

Anti-Measles
(mIU/mL)

Baseline
641.94 ± 1196
[4.77–1279.11]

<150 4 (25)
150–200 3 (18.75)

>200 9 (56.25)

3rd 703.60 ± 1187
[71.23–1335.97]

Decrease in titer
(<200) 1 (6.25)

6th 585.22 ± 934
[87.63–1082.81]

Decreases in titer
(<200) 2 (12.5)

* Four patients had decreased titers compared to baseline but were still >10 mg/dL. 95% confidence intervals (CI)
were calculated using the formula mean ± t (0.975, df = 15) × (SD/

√
n). Because of the small sample size (n = 16),

the intervals are wide and should be interpreted with caution.

4. Discussion
In bDMARD therapy, although the degree of immunosuppression may vary among

different drugs, patients who receive these drugs are at risk of serious bacterial and viral
infections [8,11]. Infectious diseases remain a major concern in immunosuppressed children.
The EULAR/PRES 2021 update emphasized the need for proactive vaccination strategies
in pediatric rheumatic diseases [4]. Although routine childhood vaccination schedules
and coverage vary among countries, in several studies, vaccination rates in children with
pediatric rheumatological diseases have been found to be lower than those in healthy chil-
dren [12]. In a study of children with JIA, every third patient was incompletely vaccinated,
and another study reported that complete vaccination coverage in 52% of patients was
lower than that in healthy controls [13,14]. In our study, all participants received hepatitis
B, MMR, and PCV13 vaccines. Non-live vaccines, as noted in many studies, are safe and
recommended for this patient group [4,12]. Our findings showed comparable mean anti-
body levels between patients and controls, but a subset of both groups lacked protective
antibody titers for measles and hepatitis B at baseline. This observation highlights an
important finding of the study—some fully vaccinated children exhibited low baseline
antibody levels, suggesting waning immunity or an inadequate vaccine response despite
full immunization.

The immunogenicity of the hepatitis B vaccine may be attenuated in patients receiving
anti-TNF therapy, although relatively higher antibody responses have been observed
with etanercept [15,16]. In our study, a mild decline in hepatitis B antibody titers was
observed during follow-up. While not statistically significant, this trend has potential
clinical relevance: booster vaccination may be warranted for children receiving long-term
bDMARD therapy to maintain protective antibody levels.

PCV immunogenicity was measured using post-vaccination antibody titers against
the serotypes of each vaccine. However, the protective titer varies according to age and
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pneumococcal disease [17]. Streptococcus pneumoniae is a leading human pathogen with
high mortality, morbidity, and treatment costs. The EULAR/PRES recommends that those
who are not vaccinated in this group, based on vaccine safety and immunogenicity studies,
should be vaccinated with PCV10/13 [4]. In some studies, rituximab and MTX reduced
the immunogenicity of pneumococcal vaccines, whereas other biologics (TNF- and IL-6
inhibitors) did not [16]. Children using anti-TNF had an equal seroprotective antibody
compared with controls but had lower antibody concentrations in one study [18,19]. In our
study, although the titers decreased in two patients after treatment, all titers were within
the determined limits.

In a multicenter study, Uziel et al. demonstrated that live attenuated MMR booster
vaccines were safe for children with rheumatic diseases who were receiving immunosup-
pressive therapies (including MTX and other biologics) [20]. In a study, it was shown
that fully vaccinated children on anti-TNFα treatment maintained seroprotection rates
and antibody titers against but detected accelerated antibody loss for measles compared
with the control [21]. On the other hand, in another study, no difference was observed
in anti-measles antibody levels compared to the control group [6]. In patients with pedi-
atric rheumatological disease, there may be a decrease in disease-related or drug-related
antibody titers [22], and all vaccine-specific memory B cells may be preserved in patients
with a measles booster [23]. In our study, we detected decreases in antibodies with sero-
protective levels in one patient at the 3rd month and in two patients at the 6th month.
Notably, genetic factors may also contribute to reduced measles antibody persistence. HLA
polymorphisms affecting measles vaccine-induced immunity have been reported which
could partly explain interindividual variability in seroprotection [24].

This may help explain why a subset of fully vaccinated children in our study showed
low baseline antibody titers. However, because of the short follow-up period, it was
difficult to evaluate antibody decline significantly. Similarly, although the MMR vaccine
maintains its immunogenicity for a long time in children with JIA who mostly receive anti-
TNF, protective antibody titers have been shown to decrease over time in those receiving
bDMARDs [25]. Surprisingly, there were cases of low baseline antibody levels in both the
control and the patient groups that were fully vaccinated. In our study, there were cases of
low hepatitis B and measles antibody titers before bDMARDs.

This study has several limitations, including its single-center design, small sample
size, and short follow-up duration, which limit the generalizability of the results. The
cohort included mainly JIA patients, and prior methotrexate or corticosteroid exposure
may have influenced immune responses. Another limitation of this study was that follow-
up sampling could not be performed in the control group. Although additional blood
collection was initially planned, only a few participants returned for follow-up, and the
limited number of samples was not sufficient for a meaningful statistical comparison.

5. Conclusions
Our findings highlight that antibody levels may be suboptimal even before the ini-

tiation of bDMARD therapy. Therefore, screening antibody status before and during
treatment is essential to identify children at risk for inadequate vaccine-induced protection.
Regular monitoring and timely booster vaccination should be considered to sustain ade-
quate immunity and reduce the risk of vaccine-preventable infections in pediatric patients
undergoing immunosuppressive therapy. Larger, multicenter studies with longer obser-
vation periods are needed to evaluate long-term vaccine-induced immunity in children
receiving bDMARDs.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/children12111526/s1, Details of the commercial kits and analyzers
used for antibody detection are provided in the Supplementary Material Table S1.

Author Contributions: A.D. and S.H.T. contributed to the study conception and design. Material
preparation, data collection, and analysis were performed using A.D., E.D., N.M.A., Ö.K. and D.B.A.K.
Clinical follow up of the patients and data interpretation were carried out by M.A.D., M.Ö., A.A.
and A.S. The first draft of the manuscript was written by A.D., and all authors commented on the
previous versions of the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was supported by the Istanbul University Science Research Project Foundation
(number TSA-2019-32381).

Institutional Review Board Statement: This study was approved by the Istanbul University Clinical
Research Ethics Committee (13 August 2018, 2018/1052).

Informed Consent Statement: Written informed consent was obtained from all the patients.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy or ethical restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

bDMARD biological disease-modifying antirheumatic drug
PCP Pneumococcal capsular polysaccharide antigen
EULAR The European League Against Rheumatism
MMR Measles, Mumps, Rubella
WHO World Health Organization
JIA Juvenile idiopathic arthritis
PCV13 Pneumococcal 13-valent conjugate vaccine
MTX Methotrexate
Anti-TNF Anti-Tumor Necrosis Factor
PRES Pediatric Rheumatology European Society

References
1. Sepriano, A.; Kerschbaumer, A.; Bergstra, S.A.; Smolen, J.S.; van der Heijde, D.; Caporali, R.; Edwards, C.J.; Verschueren, P.; de

Souza, S.; Pope, J.; et al. Safety of synthetic and biological DMARDs: A systematic literature review informing the 2022 update
of the EULAR recommendations for the management of rheumatoid arthritis. Ann. Rheum. Dis. 2023, 82, 107–118. [CrossRef]
[PubMed]

2. Benjamin, O.; Goyal, A.; Lappin, S.L. Disease-Modifying Antirheumatic Drugs (DMARD) [Updated 3 July 2023]. In StatPearls;
StatPearls Publishing: Treasure Island, FL, USA, 2025. Available online: https://www.ncbi.nlm.nih.gov/books/NBK507863/
(accessed on 10 August 2023).

3. Furer, V.; Rondaan, C.; Heijstek, M.W.; Agmon-Levin, N.; van Assen, S.; Bijl, M.; Breedveld, F.C.; D’Amelio, R.; Dougados,
M.; Kapetanovic, M.C.; et al. 2019 update of EULAR recommendations for vaccination in adult patients with autoimmune
inflammatory rheumatic diseases. Ann. Rheum. Dis. 2020, 79, 39–52. [CrossRef]

4. Jansen, M.H.A.; Rondaan, C.; Legger, G.E.; Minden, K.; Uziel, Y.; Toplak, N.; Maritsi, D.; van den Berg, L.; Berbers, G.A.M.;
Bruijning, P.; et al. EULAR/PRES recommendations for vaccination of paediatric patients with autoimmune inflammatory
rheumatic diseases: Update 2021. Ann. Rheum. Dis. 2023, 82, 35–47. [CrossRef]

5. Kostik, M.M.; Lubimova, N.A.; Fridman, I.V.; Goleva, O.V.; Kharit, S.M. 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. Pediatr. Rheumatol. Online J. 2021, 19, 108. [CrossRef]

6. Heijstek, M.W.; van Gageldonk, P.G.; Berbers, G.A.; Wulffraat, N.M. Differences in persistence of measles, mumps, rubella,
diphtheria and tetanus antibodies between children with rheumatic disease and healthy controls: A retrospective cross-sectional
study. Ann. Rheum. Dis. 2012, 71, 948–954. [CrossRef]

https://www.mdpi.com/article/10.3390/children12111526/s1
https://www.mdpi.com/article/10.3390/children12111526/s1
https://doi.org/10.1136/ard-2022-223357
https://www.ncbi.nlm.nih.gov/pubmed/36376026
https://www.ncbi.nlm.nih.gov/books/NBK507863/
https://doi.org/10.1136/annrheumdis-2019-215882
https://doi.org/10.1136/annrheumdis-2022-222574
https://doi.org/10.1186/s12969-021-00594-2
https://doi.org/10.1136/annrheumdis-2011-200637


Children 2025, 12, 1526 9 of 9

7. Alyasin, S.; Adab, M.; Hosseinpour, A.; Amin, R.; Babaei, M. Immunogenicity of 23-Valent Pneumococcal Vaccine in Children
with Systemic Lupus Erythematosus. Iran. J. Immunol. 2016, 13, 204–219.

8. Beukelman, T.; Xie, F.; Baddley, J.W.; Chen, L.; Delzell, E.; Grijalva, C.G.; Mannion, M.L.; Patkar, N.M.; Saag, K.G.; Winthrop,
K.L.; et al. Brief report: Incidence of selected opportunistic infections among children with juvenile idiopathic arthritis. Arthritis
Rheum. 2013, 65, 1384–1389. [CrossRef]

9. Quach, H.Q.; Ovsyannikova, I.G.; Grill, D.E.; Warner, N.D.; Poland, G.A.; Kennedy, R.B. Seroprevalence of Measles Antibodies in
a Highly MMR-Vaccinated Population. Vaccines 2022, 10, 1859. [CrossRef] [PubMed]

10. WHO. Manual for the Laboratory-Based Surveillance of Measles, Rubella, and Congenital Rubella Syndrome. Chapter 9.
Laboratory Testing for Determination of Population Immune Status. Available online: https://cdn.who.int/media/docs/default-
source/immunization/vpd_surveillance/lab_networks/measles_rubella/manual/chapter-9.pdf (accessed on 10 February 2023).

11. Singh, J.A.; Cameron, C.; Noorbaloochi, S.; Cullis, T.; Tucker, M.; Christensen, R.; Ghogomu, E.T.; Coyle, D.; Clifford, T.; Tugwell,
P. Risk of serious infection in biological treatment of patients with rheumatoid arthritis: A systematic review and meta-analysis.
Lancet 2015, 386, 258–265. [CrossRef] [PubMed]

12. Bizjak, M.; Heshin-Bekenstein, M.; Jansen, M.H.A.; Ziv, A.; Angevare, S.; Uziel, Y.; Wulffraat, N.M.; Toplak, N.; PReS Vaccination
Working Party. Vaccinology in pediatric rheumatology: Past, present and future. Front. Pediatr. 2023, 10, 1098332. [CrossRef]

13. Minden, K.; Niewerth, M.; Borte, M.; Singendonk, W.; Haas, J.P. Impfungen bei rheumatischen Erkrankungen des Kindes- und
Jugendalters [Immunization in children and adolescents with rheumatic diseases]. Z. Fur Rheumatol. 2007, 66, 111–120. [CrossRef]
[PubMed]

14. Morin, M.P.; Quach, C.; Fortin, E.; Chédeville, G. Vaccination coverage in children with juvenile idiopathic arthritis followed at a
paediatric tertiary care centre. Rheumatology 2012, 51, 2046–2050. [CrossRef]

15. Gisbert, J.P.; Villagrasa, J.R.; Rodríguez-Nogueiras, A.; Chaparro, M. Efficacy of hepatitis B vaccination and revaccination and
factors impacting on response in patients with inflammatory bowel disease. Am. J. Gastroenterol. 2012, 107, 1460–1466. [CrossRef]

16. Friedman, M.A.; Curtis, J.R.; Winthrop, K.L. Impact of disease-modifying antirheumatic drugs on vaccine immunogenicity in
patients with inflammatory rheumatic and musculoskeletal diseases. Ann. Rheum. Dis. 2021, 80, 1255–1265. [CrossRef]

17. van Aalst, M.; Langedijk, A.C.; Spijker, R.; de Bree, G.J.; Grobusch, M.P.; Goorhuis, A. The effect of immunosuppressive agents on
immunogenicity of pneumococcal vaccination: A systematic review and meta-analysis. Vaccine 2018, 36, 5832–5845. [CrossRef]

18. Banaszkiewicz, A.; Targońska, B.; Kowalska-Duplaga, K.; Karolewska-Bochenek, K.; Sieczkowska, A.; Gawrońska, A.;
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