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IgG concentration) in treatment groups and controls
after PCV and PPV23 are shown in Fig. 2. PCV13 +
PPV23 compared to single-dose PCV13 resulted in an
increased number of serotypes with positive responses in
the ABT (p = 0.016), cDMARD (p = 0.013), and control
groups (p = 0.007). Compared to controls, the numbers
of serotypes with positive response after PCV + PPV23
were reduced in all patients groups (p < 0.001).

Putative protective levels
In the RTX group, the number of serotypes with puta-
tive protective antibody level (specific IgG concentration
≥ 1.3 μg/mL) increased slightly pre- to post-PCV (me-
dian 2 to 3, p = 0.03), but no further increase was seen
post-PPV23 (p = 0.98, Fig. 3). In the ABT group, there
was a pre- to post-PCV13 increase from median 2 to 6
serotypes with protective level (p < 0.001), but no
changes were seen post-PPV23 (p = 0.63). The number

of serotypes ≥ 1.3 μg/mL in the cDMARD group in-
creased pre- to post-PCV13 (median 1 to 4, p < 0.001)
and post-PPV23 (median 4 to 7, p = 0.03). Comparing
treatment groups with controls, no significant differ-
ences in the number of serotypes with protective levels
before vaccination were found. Post-PCV protective
levels in the RTX, ABT, and cDMARD groups were
reduced compared to controls (p < 0.001, p = 0.02, and
p = 0.002). Post-PPV23 protective levels were reduced in
all groups compared with controls (RTX, p < 0.001; ABT,
p < 0.001; and cDMARD, p < 0.001).

Predictors of positive antibody response to prime-boost
pneumococcal vaccination
A multivariate linear regression model was derived in a
stepwise selection procedure, where gender, age, CRP,
and prednisolone dose were omitted each in turn
because they were not associated with the outcome

Fig. 2 The number of serotypes with positive antibody response after PCV13 and PCV13 + PPV23 in treatment groups and controls
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(likelihood test, all p ≥ 0.10), i.e., the number of serotypes
with positive antibody response (Table 3). Rituximab was
found to be an independent risk factor associated with a large
reduction and abatacept and cDMARD with a moderate
reduction in number of serotypes with positive antibody
response (Table 3). Within the RTX group, the number of
responding serotypes was not associated with rituximab treat-
ment duration (data not shown). In a separate, multivariate
regression model of positive antibody response in RA pa-
tients, DAS28 was not associated with the outcome (p= 0.61).

Opsonophagocytosis of pneumococcal serotypes 6B and
23F
In the rituximab group, functionality of antibodies for
pneumococcal serotypes 6B (Pn6B) and 23F (Pn23F), as
measured by OPA assay, neither increased after PCV
prime nor PPV23 boost immunization, and post-PPV23
OPA was reduced compared to controls (both serotypes

p < 0.001, Fig. 4). In the abatacept group, OPA increased
after immunization with PCV (Pn6B, p = 0.002 and
Pn23F, p = 0.008) but did not increase further after
PPV23, and post-PPV23 OPA for Pn23F was reduced
compared to controls (p = 0.020). In the cDMARD
group, OPA increased after PCV for Pn6B (p = 0.017)
but did not increase further after PPV23. In this group,
PCV13 + PPV23 resulted in increased OPA (p = 0.003)
for Pn23F, and post-PPV23 OPA for Pn23F was similar
to controls. There were no differences between post-
PCV13 and post-PPV23 OPA in the control group.

Discussion
In this study, we found that ongoing rituximab treat-
ment in patients with inflammatory rheumatic disease
was associated with a markedly impaired antibody re-
sponse to the prime-boost pneumococcal vaccination
strategy. Previous studies have shown reduced

Fig. 3 The number of serotypes with putative protective levels (i.e., specific IgG concentration ≥ 1.3 μg/mL) after PCV13 and PCV13 + PPV23 in
treatment groups and controls
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immunogenicity of either single-dose PPV23 or PCV13
in RA patients with RTX [19–21], and here we observed
no improvement of IgG response or opsonophagocytosis
with prime-boost vaccination compared to PCV during
RTX treatment. This could be expected since rituximab
(anti-CD20) causes almost total depletion of B cells (> 95%)
in the circulation, and B cells start replenishing 6–9months
after treatment is stopped, but these are mostly naïve
or transitional B cells [22]. One year after RTX
treatment, 80% of CD27+ memory B cells were still
depleted and their recovery can be delayed up to 5 years
[23]. Our findings strongly support the recommen-
dation to complete pneumococcal vaccination before
initiating RTX.

Prime-boost vaccination strategy resulted in positive
antibody response to median 9 serotypes, compared to 7
serotypes after single-dose PCV, in IRD patients treated
with conventional DMARDs, i.e., MTX, AZA, and
MMF. Several groups have previously published reports
of reduced immunogenicity of pneumococcal vaccines
during MTX treatment [24]. When an early start of
MTX treatment is necessary, i.e., in new-onset RA
patients with high disease activity, the current results
suggest that the prime-boost vaccination strategy is more
likely to elicit a strong antibody response compared to
single-dose PCV13.
Although antibody response improved with PCV13 +

PPV23 compared to only PCV13 in the ABT group, the

Table 3 Predictors of the number of serotypes (0–12) with positive antibody response, i.e., ≥ 2-fold increase from prevaccination
serotype-specific [IgG], after prime-boost vaccination

Stepwise selection of exposure variables, p of likelihood ratio test Multivariate linear regression model

Predictors: 1 2 3 4 Coefficient estimate 95% CI p

Intercept (control) 11.2 10.3, 12.1 < 0.001

Rituximab (yes/no) < 0.001 < 0.001 < 0.001 < 0.001 − 8.6 − 9.8, − 7.4 < 0.001

Abatacept (yes/no) 0.008 0.009 0.009 0.007 − 1.9 − 3.2, − 0.6 0.005

cDMARD (yes/no) < 0.001 < 0.001 < 0.001 < 0.001 − 1.8 − 2.8, − 0.8 < 0.001

Gender 0.11 0.13 0.13 0.10 Goodness of fit: multiple R2 = 0.69

Age (years) 0.59 – – –

CRP (mg/L) 0.38 0.39 0.36 –

Prednisolone dose (mg/day) 0.56 0.63 – –

Fig. 4 Proportion of phagocytes with uptake of pneumococcal serotype 6B (a) and serotype 23F (b)
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