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Human immunology

Abstract

Children with rheumatic disease and compromised immune system have an increased risk of 

infection. Streptococcus pneumoniae is a frequent pathogen and immunization is recommended. In 

this study we investigated if immunocompromised children with rheumatic disease do respond to 

pneumococcal immunization with 13-valent pneumococcal conjugate vaccine followed by 23-valent 

pneumococcal polysaccharide vaccine. 

The study was conducted at two tertiary referral hospitals in Denmark from 2015–2018. Patients with 

rheumatic disease and compromised immune system aged 2–19 years were eligible. Patients were 

vaccinated with 13-valent pneumococcal conjugate vaccine followed by 23-valent pneumococcal 

polysaccharide vaccine. A blood sample was collected before vaccination and after each vaccination. 

IgG antibodies were quantified for twelve serotypes. Seroprotection for each serotype was defined as 

IgG ≥0.35 µg/ml.

A total of 27 patients were enrolled. After the conjugate vaccine an increase in antibody titres 

compared to pre-vaccination was found for all serotypes and 9/12 were significant. After the 

polysaccharide vaccine the antibody titres for all serotypes but one was seen to increase but none 

reached significance. The proportion of patients protected before immunization ranged from 20.8–A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

100% for the individual serotypes. Odds ratio for achieving seroprotection after the conjugate vaccine 

was >1 for 10/12 serotypes but only significant for three serotypes. After the polysaccharide vaccine 

the odds ratio was >1 for 9/12 serotypes but none reached significance. 

In conclusion, children with rheumatic disease and compromised immune system respond to 

pneumococcal immunization with 13-valent pneumococcal conjugate vaccine and maintain antibody 

levels upon subsequent immunization with 23-valent pneumococcal polysaccharide vaccine.

Key words: paediatric, vaccination, pneumococcal

Introduction

The risk of invasive infections is increased in children with rheumatic disease and compromised 

immune system(1,2). Streptococcus pneumoniae (S. pneumoniae) is one of the most frequent 

pathogens(1,3) and it is known to cause severe infections(1–3). Therefore, immunization is 

recommended with pneumococcal conjugate vaccine(4) and pneumococcal polysaccharide 

vaccine(5,6).

For some rheumatic diseases in children, the underlying disease increases the risk of infection(2,7) 

and the risk might be further increased by immunosuppressive medicine(8,9). A recent European 

pharmacovigilance study of children with juvenile idiopathic arthritis (JIA) treated with DMARDS 

and/or bDMARDS found that infections were the most common adverse event with a frequency of 

about 30%, but only about 10–30% of the infections were regarded as serious infections(10). The 

knowledge about response to pneumococcal immunization in children with rheumatic disease and 

compromised immune system is sparse. Previous studies of children with systemic lupus(11) and 

JIA(12,13) have shown a response to immunization although it may be dampened in patients treated 

with TNF-alpha inhibitors(12). It is difficult to compare the serologic response to pneumococcal 

immunization between studies due to different vaccine regimens and definitions of response. Some 

studies investigated the response to the pneumococcal conjugate vaccine exclusively(12), others the 

response to the pneumococcal polysaccharide vaccine(13), and some a combination of both(11). A 

recent meta-analysis of response to pneumococcal immunization in adults treated with 
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immunosuppressive agents showed an impaired initial antibody response compared to controls(14). It 

is likely that the same holds true for children but the evidence supporting this notion is sparse.

Our aim was to investigate the response to pneumococcal immunization with 13-valent pneumococcal 

conjugate vaccine (PCV13) followed by 23-valent pneumococcal polysaccharide vaccine (PPV23) in 

children with rheumatic disease and compromised immune system.  

Materials and methods

Study design and participants

Patients were prospectively recruited from two tertiary referral hospitals in Denmark from 2015–

2018. Children with rheumatic disease and presumed compromised immune system, aged 2–19 years 

were eligible for inclusion. Immunosuppression was assessed by the clinician and was caused by the 

rheumatic disease itself and/or the medical treatment. Disease activity was stable at time for 

vaccination.

Vaccination

Patients were vaccinated according to the guidelines for pneumococcal immunization in patients with 

increased risk of invasive pneumococcal disease in Denmark(15): Sequential vaccination with one 

dose of PCV13 followed by one dose of PPV23 with an interval of at least eight weeks. 

The vaccines used were Prevenar 13®, Pfizer, Belgium and Pneumovax®, MSD, the Netherlands. 

Prevenar 13® 0.5 ml per dose contains 2.2 µg of the capsular polysaccharides 1, 3, 4, 5, 6A, 7F, 9V, 

14, 18C, 19A, 19F and 23F, and 4.4 µg of 6B. Pneumovax® 0.5 ml per dose contains 25 µg of the 

capsular polysaccharides 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 

19F, 20, 22F, 23F and 33F. The injections were administered intramuscular in the deltoid muscle. 

Serological testing

A blood sample was collected before vaccination, and after each vaccination with PCV13 and PPV23, 

respectively. The post-vaccine blood samples were collected at the first routine blood sampling from 

day 28 after vaccination and onwards. IgG antibodies were quantified using Luminex technology for 

twelve serotypes (1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F) with results in µg/ml based on 

the method described by Lal et al.(16).

Immunogenicity

Seroprotection for each serotype was defined as IgG ≥0.35 µg/ml(17). A
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Statistical analysis

Quantitative data are presented as median values with inter quartile range (IQR) or as geometric mean 

concentration (GMC) with 95% confidence intervals (95% CI). Categorical data are presented as 

counts (%). A linear mixed model was used to estimate the increase in antibody levels for each 

serotype after immunization with PCV13 and PPV23, respectively. In this model, timing was treated 

as a fixed categorical variable and a random intercept was included for each participant. To 

investigate whether increases in antibody levels differed across the serotypes, the linear mixed models 

for each serotype were combined in a large mixed model with the interaction between serotype and 

timing as fixed variables and a random intercept for each patient and a random intercept for each 

serotype within each patient (nested random effects). This model was used to test whether the 

increases after PCV13, respectively PPV23, were identical for all serotypes.  

Seroprotection as binary outcome variable was analysed using logistic regression with timing as 

categorical variable and inference based on generalized estimating equations with unstructured 

working correlation matrix(18). A p-value was considered significant at the <0.05 level and 

Bonferroni correction for multiple testing was used. 

Data was analysed using SAS version 9.4.

Results

A total of 35 patients were vaccinated against S. pneumoniae. One patient receiving Rituximab had 

antibody levels that differed substantially from the remaining patients. Therefore, we excluded the 

three patients receiving Rituximab to obtain a homogeneous group. 27 patients were enrolled in the 

study (figure 1). The median age was 15.6 years and 55.6% had a systemic connective tissue disorder 

(table 1). The median time from blood sampling to administration of PCV13 was 31 days (IQR 0–56). 

The median time from administration of the vaccine to follow up blood sample was 77 days (IQR 70–

109) for PCV13, and 71 days (IQR 65–101) for PPV23. 

The GMC before immunization and after PCV13 and PPV23, respectively, are shown for each 

serotype in table 2. After PCV13 an increase in the antibody titres compared to pre-vaccination was 

found for all serotypes, and for nine out of twelve serotypes the increase was significant (table 3). 

After PPV23 all serotypes except serotype 23F was seen to increase compared to post-PCV13 but 
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none of the increases reached significance. No difference in increase of antibodies between the twelve 

serotypes was found after PCV13 (p=0.14) respectively PPV23 (p=0.92). 

The proportion of children, who were seroprotected before immunization ranged from 20.8–100% for 

the individual serotypes (table 4). Odds ratio (OR) for achieving seroprotection after PCV13 was >1 

for all serotypes except 19A and 19F but the OR was only significant for the serotypes 4, 5 and 6B. 

OR for achieving seroprotection after PPV23 was >1 for 9/12 serotypes but none reached 

significance.  

Discussion

In our cohort of immunocompromised children with rheumatic disease we found an increase in 

antibody levels after immunization against S. pneumoniae.

The GMC before immunization was in the range 0.19–1.93 µg/ml for each serotype. The pre-

vaccination GMC could be affected by previous infections caused by pneumococcal serotypes 

included in the vaccines or vaccinations against S. pneumoniae but only one patient was born after the 

pneumococcal conjugate vaccine was introduced in the Danish childhood immunization program. Our 

pre-vaccination GMC does not differ from the pre-vaccination GMC of 0.05–1.30 µg/ml found in 

unvaccinated healthy children aged 2–6 years(19). 

A significant rise in the antibody levels for nine out of twelve serotypes was observed after 

immunization with PCV13. An increase in antibodies was also seen after immunization with PPV23 

except for one serotype but the increase was not significant. Although the evaluation of the vaccine 

response was performed differently, this is in line with recent studies of paediatric lupus patients(11) 

and adults with rheumatoid arthritis(20). Both studies showed a response to pneumococcal 

immunization but also a higher response after PCV13 than PPV23. During the last decades 

hyporesponsiveness after vaccination with pneumococcal polysaccharide vaccine has been an area of 

concern(21,22). A recent review of immunogenicity after vaccination with PPV23 in adults did not 

find evidence of hyporesponsiveness after sequential vaccination with PCV followed by PPV23, nor 

after repeated vaccination with PPV23 when doses were given with intervals ≥5 years(23).  

In our study we used a cut-off for seroprotection of 0.35 µg/ml. This cut-off is widely used for the 

pneumococcal conjugate vaccine although it is based on efficacy studies in children younger than two 

years(17), whereas for the polysaccharide vaccine a higher cut-off of 1 to 1.5 µg/ml or a fold increase A
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has often been used as indication of protection(24). It is previously shown that the chance of 

achieving a two-fold increase is decreased when the antibody levels are high before vaccination(25) 

and therefore it will be more difficult to detect a significant increase after PPV23. As the patients 

were vaccinated with PCV13 before PPV23 and all the measured serotypes were included in both 

vaccines, we chose to use the cut-off for the first given vaccine in all analysis. Before immunization 

the proportion of patients protected against each individual pneumococcal serotype ranged from 20.8–

100%. The OR for achieving seroprotection after immunization with PCV13 was >1 for most 

serotypes but only three reached significance. After immunization with PPV23 the OR was >1 for 

nine of twelve serotypes, but the results were non-significant. However, the high proportion of 

patients being seroprotected before vaccination reduced the chance of finding a high OR as only the 

unprotected patients were available for a shift to a protective status. In line with this, we found that 

after immunization with both PCV13 and PPV23 the proportion of patients protected against each 

individual serotype had increased to above 64% for all serotypes. Our study did not include a control 

group for direct comparisons but the proportion of patients protected against each serotype appeared 

lower after immunization with PCV13 as related to previous findings in healthy children where 

protection was above 88% for all serotypes(19). Our findings are supported by the results from 

previous studies which have shown that the vaccines are immunogenic in patients with JIA after 

immunization with PCV7(12) and PPV23(13) although patients treated with TNF-alpha inhibitors had 

a lower increase in antibodies after PCV7(12). Also the aforementioned study focusing on children 

with lupus after immunization with PCV13 and PPV23 showed a lower response compared to healthy 

controls(11). 

It has been shown that persons with a high antibody response to one serotype also tend to have a high 

response to other serotypes(26). This is in line with our findings that no difference in increase of 

antibodies between the single serotypes was seen.  

The pneumococcal conjugate vaccine was implemented in the Danish childhood vaccination program 

in 2007 and the coverage has increased to 96% of all children born in year 2017(27). Coverage data 

for children with rheumatic disease is not available but our impression is that it is in line with the 

general population. Since the implementation the occurrence of IPD has followed a decreasing trend 

in the Danish population(27). The occurrence of the serotypes comprised by the PCV has declined A
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and the occurrence of the non-vaccine serotypes has increased (27). In 2019 the most dominant 

serotype (26% of all IPD) in Denmark was serotype 8 followed by serotype 3(27). Serotype 8 is 

comprised by the PPV23, and serotype 3 (primarily seen among elderly people and extremely rare 

among children) is comprised in both PCV13 and PPV23.   

The patients in our study were suffering from various rheumatic diseases and several different 

combinations of medication were used. However, the centres participating in this study are 

responsible for the care of about two thirds of the secondary immunocompromised children with 

rheumatic disease in Denmark and therefore, we believe our study is representative for 

immunocompromised children with rheumatic disease. Further, all patients invited to the study 

accepted to participate.

The study has some limitations. Due to the limited number of children included we were not able to 

analyse the response to vaccination for each disease or combination of medication separately. 

Immunosuppression was not clearly defined by objective parameters but rather an overall assessment 

by the clinician. Disease activity was stable before vaccination, but an evaluation of flare after 

vaccination was not performed routinely. The follow up blood samples were collected beyond 28 days 

after vaccination and the antibody levels could have started to decline after the initially peak. This 

would underestimate the response to vaccination in our study. Finally, with respect to the concern 

about hyporesponsiveness assessment of functional antibody levels would have added extra 

information, and an additional antibody measurement at a later timepoint would have yielded 

information about the long-term response. Unfortunately, this was not possible. 

As the literature is quite sparse about response to pneumococcal vaccination in immunocompromised 

children with rheumatic disease, we believe that the study add knowledge to the treatment of these 

patients. 

In conclusion, this study indicates that children with rheumatic disease who are immunocompromised 

due to underlying disease or medical treatment do respond to pneumococcal immunization with 

PCV13 and maintains antibody levels upon subsequent immunization with PPV23. 
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Figure legend

Figure 1. Flow-chart of participants in the study
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Table 1. Characteristics of study participants 

Characteristics Patients 

(n=27) 

Age, years 15.6 (12.0–17.3) 

Male sex 9 (33.3) 

Age at onset of symptoms
† 12.9 (10.0–14.3)  

Age at diagnosis
‡ 13.6 (10.8–15.4)  

Systemic connective tissue disorders  

    Granulomatosis with polyangiitis 1 

    Juvenile dermatomyositis 1 

    Mixed connective tissue disease 5 

    Scleroderma 1 

    Sjogren syndrome 1 

    Systemic lupus erythematosus 6 

JIA – ILAR criteria  

    Oligoarthritis 3 

    Polyarthritis (RF-negative) 3 

    Enthesitis-related arthritis 1 

Other  

    Lupus erythematosus tumidus 1 

    Behchet’s disease 1 

    Ankylosing spondylitis 1 

    Uveitis 1 

    Sarcoidosis 1 

Medication  

    TNFα inhibitor 1 

    TNFα inhibitor + methotrexate 4 

    Glucocorticoid + mycophenolate mofetil + hydroxychloroquine 6 

    Glucocorticoid + methotrexate 1 

    Glucocorticoid + azathioprine 1 

    Mycophenolate mofetil + hydroxychloroquine 1 

    Mycophenolate mofetil 1 

    Methotrexate + hydroxychloroquine 2 

    Hydroxychloroquine 2 

    Methotrexate 4 A
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    None 4 

Data are median (interquartile range) or No. (%). 

Abbreviations: ILAR: International League of Associations for Rheumatology. JIA: Juvenile idiopathic arthritis.  

†
Information missing from 1 patient. 

‡
Information missing from 3 patients.  
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Table 2. Geometric mean concentration (GMC) for pneumococcal serotypes before and after immunization. 

Pneumococcal 

serotype 

GMC pre-vaccination 

(n=24) 

GMC post-PCV13 

(n=21) 

GMC post-PPV23 

(n=25) 

1 0.30 (0.19–0.48) 0.59 (0.33–1.07) 1.02 (0.52–2.03) 

3 0.19 (0.13–0.26) 0.41 (0.24–0.72) 0.51 (0.02–13.33) 

4 0.20 (0.14–0.29) 0.99 (0.43–2.27) 1.49 (0.71–3.16) 

5 0.22 (0.14–0.35) 0.59 (0.26–1.32) 0.99 (0.51–1.92) 

6B 0.27 (0.17–0.42) 0.97 (0.42–2.25) 1.62 (0.81–3.24) 

7F 0.72 (0.44–1.17) 2.06 (1.04–4.09) 2.16 (1.25–3.74) 

9V 0.39 (0.25–0.59) 1.29 (0.65–2.56) 1.93 (1.01–3.66) 

14 0.72 (0.39–1.31) 3.07 (1.35–6.99) 5.53 (2.64–11.59) 

18C 0.32 (0.22–0.45) 1.07 (0.53–2.17) 1.83 (0.99–3.40) 

19A 1.17 (0.69–1.97) 1.56 (0.61–4.01) 2.34 (0.91–5.99) 

19F 1.93 (1.32–2.81) 3.28 (1.75–6.13) 6.14 (3.41–11.07) 

23F 0.49 (0.32–0.76) 1.79 (0.86–3.71) 1.42 (0.75–2.68) 

Abbreviations: GMC: geometric mean concentration 

Data are GMC (95% CI)  
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Table 3. Percentage increase in antibody titres after immunization with PCV13 and PPV23 

Pneumococcal 

serotype 

post-PCV13 p-value post-PPV23 

 

p-value 

1 150.0 (41.9–340.7) 0.0022* 51.3 (-13.5–164.5) 0.14 

3 125.3 (28.5–295.0) 0.0056 22.8 (-29.4–113.8) 0.46 

4 410.4 (151.6–935.1) <0.0001* 53.9 (-23.4–209.3) 0.22 

5 202.9 (67.7–447.1) 0.0005* 61.9 (-9.6–189.9) 0.10 

6B 324.1 (120.6–715.1) <0.0001* 52.3 (-20.0–190.0) 0.19 

7F 205.8 (65.5–465.2) 0.0006* 7.6 (-41.3–97.3) 0.81 

9V 282.2 (125.7–547.2) <0.0001* 44.6 (-13.9–142.9) 0.16 

14 450.6 (178.7–987.9) <0.0001* 71.2 (-12.5–234.9) 0.11 

18C 271.5 (109.4–559.1) <0.0001* 63.4 (-7.2–187.6) 0.09 

19A 60.4 (-34.4–292.1) 0.29 33.9 (-44.6–223.5) 0.51 

19F 85.4 (5.2–226.7) 0.03 77.3 (1.3–210.0) 0.05 

23F 277.8 (92.9–639.9) 0.0003* -11.8 (-54.6–71.1) 0.70 

Abbreviations: PCV13: 13-valent pneumococcal conjugate vaccine; PPV23: 23-valent pneumococcal polysaccharide vaccine. 

Data are % (95% CI). 

For each serotype, a linear mixed model was used to estimate the increases after immunization with PCV13 and PPV23. 

*Only p-values <0.004=0.05/12 were considered statistically significant after Bonferroni correction for multiple testing.  
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Table 4. Seroprotection before immunization and after immunization with PCV13 and PPV23 

Pneumococcal 

serotype 

Pre- vaccination 

Seroprotection† 

(n=24) 

Post-PCV13 

Seroprotection† 

(n=21) 

Post-PCV13 

OR ‡ 

 

p-value Post-PPV23 

seroprotection† 

(n=25) 

Post-PPV23 

OR ‡ 

 

p-value 

1 12 (50.0) 12 (57.1) 1.3 (0.4–3.9) 0.69 19 (76.0) 2.6 (0.9–7.9) 0.09 

3 6 (25.0) 11 (52.4) 3.0 (0.9–9.4) 0.05 16 (64.0) 1.4 (0.8–2.7) 0.23 

4 7 (29.2) 14 (66.7) 6.8 (2.3–19.7) 0.0004* 21 (84.0) 2.5 (0.9–6.8) 0.08 

5 5 (20.8) 11 (52.4) 6.4 (2.1–19.7) 0.0013* 18 (72.0) 1.8 (0.8–4.3) 0.17 

6B 9 (37.5) 15 (71.4) 5.4 (1.9–14.9) 0.0013* 21 (84.0) 1.9 (0.6–6.5) 0.27 

7F 19 (79.2) 18 (85.7) 1.5 (0.3–7.9) 0.66 23 (92.0) 1.8 (0.3–12.5) 0.53 

9V 14 (58.3) 16 (76.2) 4.0 (1.4–11.8) 0.01 21 (84.0) 1.4 (0.7–2.9) 0.36 

14 16 (66.7) 19 (90.5) 5.7 (1.1–30.6) 0.04 23 (92.0) 1.1 (0.2–7.2) 0.89 

18C 10 (41.7) 16 (76.2) 3.6 (0.9–15.0) 0.08 19 (76.0) 0.8 (0.4–1.5) 0.39 

19A 19 (79.2) 15 (71.4) 0.6 (0.2–2.6) 0.53 18 (72.0) 1.0 (0.3–3.2) 0.97 

19F 24 (100) 20 (95.2) - - 25 (100) - - 

23F 16 (66.7) 17 (80.9) 2.4 (0.7–8.6) 0.18 21 (84.0) 1.4 (0.4–4.6) 0.62 

Abbreviations: PCV13: 13-valent pneumococcal conjugate vaccine; PPV23: 23-valent pneumococcal polysaccharide vaccine; OR: odds ratio. 

†Seroprotection was defined as antibody level ≥0.35 µg/ml. 

‡For each serotype, a logistic regression model was used to estimate the odds ratio for achieving seroprotection after immunization with PCV-13 

and PPV-23, respectively.  

The calculation of the OR was not possible when one of the proportions was 100%.  

*Only p-values <0.004=0.05/12 were considered statistically significant after Bonferroni correction for multiple testing.  
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35 children vaccinated 
against S. pneumoniae  
     

8 children discontinued:  
    5 follow-up blood samples were missing  
    3 treated with Rituximab      
 

27 enrolled in the study 
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