
RESEARCH PAPER

Immunogenicity and persistence of a prime-boost re-vaccination strategy
for pneumococcal vaccines in patients with rheumatoid arthritis

Mathilde Bahuaud a, Constance Beaudouin-Bazireb, Marine Hussona, Anna Moltob, Odile Launayc, Fr�ed�eric Batteuxa,
and Maxime Dougadosb

aPlateforme d’Immunomonotoring Vaccinal, Laboratoire d’Immunologie, Groupe hospitalier Cochin-Broca-Hôtel Dieu, AP-HP, Paris, France; bService de
Rhumatologie B, Groupe hospitalier Cochin-Broca-Hôtel Dieu, APHP, Paris, France; cCentre d’Investigation Clinique Cochin-Pasteur (CIC1417), Groupe
hospitalier Cochin-Broca-Hôtel Dieu, AP-HP, Paris, France

ARTICLE HISTORY
Received 16 November 2017
Revised 16 January 2018
Accepted 3 February 2018

ABSTRACT
Objectives: Patients with rheumatoid arthritis (RA) are at an increased risk of Pneumococcal infections.
Immunogenicity and persistence of a prime-boost revaccination strategy using 13-valent/23-valent anti-
pneumococcal vaccines was evaluated in patients with RA treated by Methotrexate (MTX) and anti-TNF.
Method: Twenty-four patients with RA received one dose of PCV13 (Prevenar13� ; Pfizer) followed two
months later by one dose of PPV23 (Pneumovax�, Merck). Concentrations of IgG specific for 7 serotypes
common to both vaccines and 3 uncommon serotypes, included only in the PPV23 were measured by
ELISA and Opsonophagocytic Assay (OPA) at baseline and after 4, 12 and 24 months post-vaccine.
Results: Similar percentages of protection were found at 4 months (63% vs. 55%), 12 months (54% vs. 50%)
and 24 months (52% vs. 55%) for the 7 common and 3 uncommon serotypes when antibody titers were
assayed by ELISA. Based on functional antibody measurements by OPA, a decrease of protected patients
was observed 24 months after vaccine with only 19% of patients protected compared to 29% at baseline.
Conclusion: Although the combined pneumococcal revaccination strategy induces good protection in the
short term in RA patients, this protection does not persist beyond two years with levels of functional
antibody decreasing below pre-vaccine levels. We did not observe a higher efficacy of the conjugate
vaccine compared to the polysaccharide vaccine. Our results clearly question the advantage of the prime-
boost strategy as it highlight the possible hyporesponse induced by PPV23 against the immune response
elicited by the primo-injection of the PCV13 vaccine.
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Introduction

Rheumatoid arthritis (RA) is the most common inflamma-
tory joint disease, affecting approximately 1% of the popula-
tion worldwide. Patients with rheumatoid arthritis (RA) are
at an increased risk of some serious vaccine-preventable
infections.17-3 Pneumococcal infections are one of the most
prevalent vaccine-preventable infectious diseases that have
been associated with increased hospitalizations and/or death
among patients with RA.4,5 Nowadays, two types of pneu-
mococcal vaccines are available: a 23-valent polysaccharide
vaccine and conjugated vaccines with serotypic coverage
from 7 to 13. The 23-valent pneumococcal polysaccharide
vaccine (PPV23) has been licensed in 1983 and has a
large serotypic coverage with 23 pneumococcal serotypes.
This vaccine is less immunogenic than the newly developed
conjugated vaccines (PCV10, PCV13).6 These new vaccines
due to T-cell dependent immune responses induce high
level of memory B-cells to trigger an immunological
memory.7

Although a class of biologic disease-modifying anti-rheu-
matic drugs (bDMARDs) has significantly improved the
treatment of RA, these drugs are immunomodulator and

thus associated with an increased risk of several types of
infections.8 and with a potential impact on vaccine
efficacy.9,10 In line with these observations, a lower
vaccine-specific IgG levels has been observed following
pneumococcal vaccination in arthritis patients treated with
methotrexate compared to those on TNF inhibitors, to
those without DMARD and to healthy controls.11-13 With
respect to non-TNF biologics, rituximab or abatacept but
not tocilizumab may also impair antibody responses to
pneumococcal conjugated vaccine.14-17 In view of these data
highlighting the increased risk of infectious diseases in RA
patients especially for those receiving immunosuppressive
treatments and the awareness and performance of vaccina-
tions, clear recommendations for vaccinations under the use
of biological agents are needed.

Since 2013, French vaccine recommendations committee
considered as the best strategy for immune-suppressed
patients, previously vaccinated by one dose of PPV23, a
revaccination three years after by a prime-boost strategy
consisting in a primo-vaccination by PCV13 (Prevenar13�)
followed by a revaccination at 8 weeks by PPV23
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(Pneumo23�) to enlarge the serotypic coverage.18 To our
knowledge, no information was available with respect to the
short (4 months) and long term (12 and 24 months) effi-
cacy of the prime-boost strategy PCV13CPPV23 vaccines in
immunocompromised patients in particularly MTX C anti-
TNF-treated RA patients.

Material and methods

Study population

Twenty-four adults patients with rheumatoid arthritis (RA)
treated by methotrexate (MTX) and anti-TNF were enrolled in
this study for routine-vaccination against Streptococcus pneu-
moniae. All patients signed written informed consent. All
patients received a previous vaccination by the pneumococcal
polysaccharide vaccine PPV23, at least three years before enrol-
ment. Patients were enrolled between September 2014 and Sep-
tember 2015 in Rheumatology B department, Cochin Hospital,
Paris (Fig. 3).

Vaccination

RA patients were included after having received one dose of
PCV13 (Prevenar13�; Pfizer) followed two months later by one
dose of PPV23 (Pneumovax�, Merck) during routine-visits
according to recommendations. Blood samples were obtained
at baseline, 4 months, 12 months and 24 months following
PCV13 immunization.

Serological evaluation

We evaluated antibody concentrations for ten serotypes (4,
6B, 9V, 14, 18C, 19F, 23F, 10A, 12F and 15B) by ELISA
and seven (4, 6B, 9V, 14, 18C, 19F, 23F) by OPA. For the
evaluation of the combined strategy, we selected 7 serotypes
included in both vaccines (seven serotypes that were tested
routinely in our laboratory: 4, 6B, 9V, 14, 18C, 19F, 23F).
To see the impact of the PPV23 vaccination only, we
selected 3 serotypes included only in the polysaccharide
vaccine: 10A, 12F and 15B. These three serotypes were also
known to be responsible of invasive pneumococcal infection
in France.19

ELISA
IgG antibody concentrations for ten serotypes (4, 6B, 9V,
14, 18C, 19F, 23F, 10A, 12F and 15B) were determined
using a modified enzyme linked immunosorbent (ELISA).20

previously described.21 Patient’s sera were pre-absorbed
with a solution containing 5 mg/ml pneumococcal C-poly-
saccharide (Statens Serum Institut, Copenhagen, Denmark)
and 10 mg/ml serotype 22F capsular polysaccharide (Ameri-
can Type Culture Collection). Anti-pneumococcal antibody
levels were determined in each specimen by analysis of lin-
ear regression plots compared with the reference serum
(007sp) (National Institute for Biological Standards and
Control (NIBSC)).

There is in the paediatric population a threshold of protec-
tion commonly admitted by 0.35 mg/ml, which serves as a

reference for all pneumococcal immunogenicity studies in chil-
dren. Currently, there are no validated correlates of pneumo-
coccal vaccine protection in adults. Several studies have defined
a response criteria for pneumococcal vaccine particularly
adapted for evaluation of long-term protection in immunocom-
promised patients.22,23 Based on recommendations of the
American Academy of Allergy, Asthma & Immunology and as
used in previous study in RA patients, an at least two-fold
increase in antibody level was an indicator of positive antibody
responsive to the vaccine (i.e., ratio of post-vaccination and
pre-vaccination antibody levels) and a concentration � 1.3 mg/
ml, an indicator of protection. Patients developing an immuno-
logical response (two-fold increased) toward at least 70% of
serotypes at four months were considered as Responders. For
the evaluation of the long-term protection, patients with an
IgG-concentration � 1.3 mg/ml for at least 70% of the serotypes
were considered as Protected.

OPA
Opsonophagocytic activities (OPA) were measured for seven
serotypes (4, 6B, 9V, 14, 18C, 19F, 23F) at baseline, 4 months,
12 months and 24 months by a multiplexed opsonophagocytic
killing assay (MOPA), [www.vaccine.uab.edu] previously
described.21 Opsonization titers (OT) were defined as interpo-
lated reciprocal serum dilution that kills 50% of the bacteria in
the assay. The assay sensitivity is the lowest dilution of sera
tested (limit of detection LOD), which is normally 4 for undi-
luted sera, and is the same for each serotype. However, to quan-
tify functional antibodies with more precision, the lower limit
of quantification (LLOQ) was determined for each serotype-
specific assay during assay validation. The LLOQs for the vari-
ous serotypes were: serotype 4: 24; serotype 6B: 131; serotype
9V: 38; serotype 14: 85; serotype 18C: 47; serotype 19F: 74 and
serotype 23F: 30.

For OPA titers higher than the LLOQ were considered accu-
rate and their values were reported. Titers below the LLOQ
were set to a value of 2 (half of LOD).24 In our study, patients
developing an immunological response (four-fold increased)
toward at least 70% of serotypes at four months were consid-
ered as Responders. For the evaluation of the long-term protec-
tion, patients with an OT � LLOD for at least 70% of the
serotypes were considered as Protected.

Statistics analysis

For each serotype, the geometric mean concentrations
(GMC) and titers (GMT) and the corresponding 95% confi-
dence intervals (CI) were calculated. Primary endpoint was
the proportion of patients developing an immunological
response toward at least 70% of serotypes at four months in
ELISA. Patient characteristics were compared using Mann-
Whitney’s Ranksum test for quantitative variable and Fish-
er’s exact test for categorical variable. The percentages of
responders are provided together with their 95% confidence
interval (95%CI). Quantitative variables were compared
using Student’s t-test and categorical variables were com-
pared using the chi-square test. All tests were 2-sided at the
level of 0.05. All analyses were performed using Graph Pad
Prism 5.0 software (GraphPad, San Diego, CA).
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Results

Pneumococcal serotype-specific Ig concentrations
and determination of immune response to vaccination

Serotype-specific IgG response was evaluated for 7 common
polysaccharides (4, 6B, 9V, 18C, 14, 19F, and 23F) contained in
both PCV13 and PPV23 vaccine. At four months post immuni-
zation (M4), 33% of patients (8/24) were considered responders
as defined by a two-fold increase in the IgG-concentration from
baseline toward at least 70% of serotypes (Fig. 1). For the res-
ponders-group, geometric mean of concentrations (GMC) with
95% Confidence interval (CI) at four months increased for all
serotypes compared to baseline but differences were significant
for only serotypes 4 (GMC: 0.6 mg/ml (CI: 0.3–1.3) at baseline
vs 1.8 mg/ml (1–3.4) at M4, p D 0.0379) and 19F (3.5 mg/ml
(1.7–7.3) at baseline vs 12.8 mg/ml (3.9–41.3) at M4, p D
0.0281) (Table 1). Antibody levels decreased drastically one
year after immunization as only two patients’ remains respond-
ers after 12 months (8%). These patients were still responder
2 years after vaccination. Functional activity of polysaccharides
specific-antibodies was tested by MOPA. Same percentages of
responders were found (29% at M4, 14% at M12 and 10% at
M24) indicating the production of functional antibodies
(Table 2).

Serotype-specific IgG response was evaluated for 3 poly-
saccharides (10A, 12F and 15B) contained only in PPV23
but not in PCV13 vaccine in order to evaluate the specific
impact of the PPV23 vaccination performed two months
after the PCV13 vaccine. Because of lack of sera, two
patients could not be tested for these three uncommon
serotypes. Four months post immunization, 36% of patients
(8/22) were considered responders (Fig. 1). Interestingly,
only 4 of them were responders for the 7 common sero-
types tested. For the responders-group, geometric mean of
concentrations at four months increased for all serotypes
compared to baseline but differences was significant for
only serotype 10A (1.4 mg/ml (0.6–3.2) at baseline vs

6.7 mg/ml (2.4–18.9) at M4, p D 0.0148). One year after
immunization, half of the responders at M4 (18%) had
enough antibodies to be still considered as responders. The
decrease of antibody levels was stable since these 4 patients
were still responders 2 years after vaccination.

Evaluation of protective level of Pneumococcal serotype-
specific Ig after immunization

For the evaluation of the protection, a second criterion was
applied where an IgG-concentration � 1.3mg/ml in ELISA and
�Lower limits of quantifications (LLOQ) in OPA for at least
70% of the serotypes was required to be considered protected.22

At baseline, in ELISA, 33% of patients were considered
protected for the 7 common serotypes and 32% of patients
for the 3 uncommon serotypes. After vaccination, protec-
tion for the 7 common reached 63% of patients versus 55%
for the 3 uncommon. Despite a more severe decrease 12-
month after immunization for the 7 common serotypes
(54% of patients protected compared to 63% at M4 versus
50% for the 3 uncommon compared to 55% at M4), the
protection remains stable over the years, with similar per-
centage of protection 2 years after vaccination (52% for the
7 common serotypes versus 55% for the 3 uncommon sero-
types), indicated no higher efficacy of the PCV13 for long
term protection on the PPV23.

Although the Opsonophagocytic Assay showed similar per-
centage of patients protected at baseline and four months after

Figure 1. Percentages of responders patients for pneumococcal vaccine at 4, 12
and 24 months after immunization in ELISA (white) and in OPA (black). Note: Res-
ponders patients for each serotype at a specific time point were defined as a two-
fold increase of IgG anti-PS compared to baseline by ELISA (in white) and a titer
four-fold increase from baseline of Ig anti-PS by OPA (in black) for each serotype.
Patients were assigned as responders when more than 70% of serotypes tested fit
with those criteria.

Table 1. Geometric mean (95% CI) Concentrations by ELISA of IgG Antibody at
baseline, 4, 12 and 24 months after immunization.

Serotypes Baseline M4 M12 M24

4 NR 0.6 (0.4–0.9) 0.9 (0.5–1.4) 0.7 (0.4–1.2) 0.7 (0.3–1.6)
R 0.6 (0.3–1.3) 1.8$ (1–3.4) 1.2 (0.6–2.3) 1.8 (0.7–4.3)

6B NR 1.6 (0.8–3.1) 2 (1.1–3.8) 1.6 (0.8–3.3) 2.0 (0.8–4.6)
R 1.9 (0.7–5.4) 6.6 (2.3–18.3) 3.7 (1.3–10.1) 3.7 (1.0–14.4)

9V NR 1.1 (0.6–2.2) 1.7 (0.9–3.2) 1.5 (0.8–2.9) 1.6 (0.6–4.5)
R 2.6 (0.9–7.3) 6.5# (2.5–17.2) 3.6 (1.1–11.8) 2.9 (0.5–16.3)

14 NR 6.3 (2.7–15) 10 (4.5–22.1) 8.7 (3.3–22.4) 6.9 (1.7–28.2)
R 4.4 (1.5–13) 9.9 (3.7–26.6) 8.4 (3.-22.6) 8.2 (3.2–21.4)

18C NR 1.2 (0.7–2.1) 2.1 (1.3–3.4) 1.6 (0.9–2.9) 1.8 (0.6–5.2)
R 3.2# (1.4–7.3) 9.4# (3.9–23) 6.3# (2.6–14.9) 2.6 (0.6–15.3)

19F NR 1.7 (0.9–3.1) 2.3 (1.5–3.5) 2 (1.1–3.6) 3.1 (1.1–8.2)
R 3.5 (1.7–7.3) 12.8$,# (3.9–41.3) 8.2# (2.7–24.7) 2.5 (0.6–10.6)

23F NR 1.3 (0.6–3) 1.6 (0.7–3.5) 1.2 (0.5–2.9) 1.2 (0.4–3.3)
R 1.1 (0.4–3.4) 3.7 (1.1–13) 2.5 (0.8–7.7) 1.2 (0.2–5.6)

10A NR 1.2 (0.3–4.9) 1.7 (0.4–7.4) 1.7 (0.4–7.1) 2.0 (0.7–534)
R 1.4 (0.6–3.2) 6.7$,# (2.4–18.9) 3.9 (1.4–10.4) 6.2 (1.1–35.9)

12F NR 0.4 (0.1–1.3)) 0.5 (0.1–1.9) 0.6 (0.2–1.7) 0.6 (0.2–2.1)
R 0.6 (0.3–1.1) 2.1 (0.7–6.2) 1.4 (0.5–3.9) 1.0 (0.4–2.6)

15B NR 2.8 (0.5–15.9) 3.3 (0.5–20.1) 3.1 (0.5–19.5) 3.5 (0.7–18.1)
R 4 (1.5–10.4) 11.3 (3.4–38.1) 8 (2.5–25.7) 5.6 (1.0–32.4)

Note: Responders at four month were defined as at least an IgG- two fold increased
from baseline by ELISA. Data are in geometric means: antibody concentrations
are in mg/ml (95% confidence limits). R: Reponders group, NR: Non-reponders
group,

$p<0.05 vs. baseline
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vaccination (respectively 29% and 71%), protection did not stay
stable over the time as found for ELISA, and decreased drasti-
cally 2 years post immunization with only 19% patients still
protected in OPA, a rate inferior than baseline (29%)(Fig. 2).

Population data

Twenty-four patients with RA were recruited for the study
(Fig. 3). All patients were treated with combined Metho-
trexate (MTX) C anti-TNF. The time of introduction of
MTX treatment was similar in Protected patients and Non
Protected patients with medians respectively at 11.7 years
for the Non Protected patients and 10.5 years for the Pro-
tected patients. No differences were observed in the time of

introduction of anti-TNF treatment with medians at
5.8 years for Non Protected patients and 6.2 years for the
Protected patients. The median age of the study population
was 62.5 years (range 32–71) with 18 females (75%) and 6
males (25%) (Table 3). There were no differences between
the median age and gender of the Protected patients com-
pared to the Non Protected patients. Previous pneumococ-
cal vaccination times were similar in both groups with
medians respectively at 5.25 years for Non Protected and
5.11 years for the Protected patients. Interestingly, the pres-
ence of Rheumatoid Factor (RF) in sera of more Protected
patients compared to Non-Protected patients (respectively
79% versus 56%) seems to have a positive impact in protec-
tion. In opposite, presence of antibody anti-citrullinated
protein (CCP) seems to be a negative indicator for protec-
tion, as we found more antibody anti-CCP in Non-Pro-
tected patient’s sera patients (78% versus 64% for Protected
patients). There were no significantly differences observed
between the two groups for the other biological or clinical
data tested (ESR, CRP, IgG, IgA, IgM, DAS28). None of
our patients developed any type of pneumococcal disease
during the 24 months of the study.

Discussion

Here, we evaluated in a pilot study the immunogenicity of the
prime-boost revaccination strategy using PCV13 vaccination
followed by PPV23 vaccination 8 weeks later in 24 patients
with Rheumatoid Arthritis (RA) treated by Methotrexate
(MTX) and anti-TNF. The persistence of a protective immunity
for two years after revaccination was also evaluated in our
population.

We chose to evaluate RA patients treated with MTX because
this drugs is the most common DMARD used first line.25 and
because a lower vaccine-specific IgG levels has been observed
following pneumococcal vaccination in arthritis patients

Table 2. Geometric mean (95% CI) Titer by OPA of Ig Antibody at baseline, 4, 12 and 24 months after immunization.

Serotypes Baseline M4 M12 M24

4 NR 9.8 (4.4–21.5) 41.7 (25–69.4) 18.7 (7.7–45.4) 32.2 (11.8–88)
R 4.2 (1.2–15.2) 120.4 (28.8–503.2) 42.2 (12.2–146.1) 14.5 (3.0–71.2)

6B NR 31 (10.9–88.6) 132.2 (63.8–274.2) 96.9 (44–213.1) 60.5 (15.7–234)
R 13.9 (1.2–166.2) 178.1 (26.1–1216) 119.9 (27.1–530) 29.7 (1.3–705.2)

9V NR 27.2 (11.1–66.6) 58 (27.6–122) 31.7 (11.1–90.8) 41.9 (11.8–148.6)
R 15.6 (2.5–99.2) 79.2 (16.7–375.5) 41.1 (6.8–248.8) 17.2 (1.5–199)

14 NR 86.1 (31.3–236.6) 145.5 (63.8–331.6) 124 (49–314) 59.1 (12.3–284.4)
R 11.2 (1.2–102.9) 137.6 (24.3–779.7) 61.3 (6.3–598.5) 25.8 (2.2–302.5)

18C NR 55.7 (20.4–152.3) 89.7 (36.6–220) 74.4 (29.1–190.2) 51.2 (8.8–298.5)
R 9.3 (1.4–61.5) 118.1 (18.4–758.9) 23.2 (2.2–244.8) 13.1 (0.9–186.3)

19F NR 57.2 (26.5–123.3) 188.7$ (89.5–397.5) 125.1 (62.5–250.2) 87.2 (18.8–405.6)
R 28.5 (11.8–68.8) 200.5$ (68.9–582.9) 131.8$ (35.1–494.7) 46.2 (4.5–475.8)

23F NR 19 (7.1–51.2) 29.1 (9.2–91.7) 27.8 (8.6–89.3) 18.5 (3.2–107.5)
R 5.4 (1–29) 45.3 (7.1–287.1) 12.6 (2.5–63.8) 4.7 (1.1–20.7)

Note: Responders at four month were defined as at least a four-fold increased from baseline. Data are in geometric means: Opsonisation titer (95% confidence limits). R:
Reponders group, NR: Non-reponders group,

$p<0.05 vs. baseline

Figure 2. Percentages of protected patients for pneumococcal vaccine at baseline,
4, 12 and 24 months after immunization in ELISA (white) and in OPA (black). Note:
Protected patients for each serotype at a specific time point were defined as at
least a concentration of IgG anti-PS � 1.3mg/ml in ELISA (in white) and a titer of Ig
anti-PS � LLOQ in OPA (in black) for each serotype. Patients were assigned as pro-
tected when more than 70% of serotypes tested fit with those criteria.
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treated with methotrexate alone or in combination with anti-
TNF compared to those on TNF inhibitors alone, to those with-
out DMARD and to healthy controls.11,12,26

Based on recommendations of the American Academy of
Allergy, Asthma & Immunology.22 and as used in previous
study evaluating pneumococcal vaccine in RA patients, an at
least two-fold increase in antibody level was an indicator of

positive antibody responsive to the vaccine and an antibody
concentration � 1.3 mg/ml as protection. Patients developing
an immunological response toward at least 70% of serotypes
were considered as responders and patients developing an
immunological protection toward at least 70% of serotypes
were considered as protected. In contrast with previous studies
evaluating pneumococcal vaccine in RA patients that evaluated
the serologic response by testing antibodies concentrations
against 2 serotypes (6B and 23F) included in both PCV13 and
PPV23, we have tested antibodies concentrations against ten
different polysaccharides. Seven were contained in both PCV13
and PPV23 vaccine and three only contained in PPV23. The
lack of control groups is a limitation of our study that is coun-
terbalanced by the large number of anti-PS antibodies tested
here that allows us to compare in a same group of immuno-
compromised patients the antibody response and protection
elicited by the combination of PCV13 and PPV23 vaccine
against the seven common serotype versus the response elicited
by the PPV23 alone using the 3 uncommon serotype.

Four months post immunization, we observed 33% of res-
ponders patients to the seven common serotypes and 36% to
the three uncommon serotypes included in the PPV23 only
(10A, 12F and 15B). Our results are in line with previous obser-
vation evaluating PPV23 and PCV7 vaccine. Indeed, the per-
centage of responder evaluated by a two-fold increase in
antibody concentration versus baseline were 40% for serotype
23F and 20% for serotype 6B upon PCV7 vaccine.11 and 53%
for 23F and 45% for 6B after PPV23 vaccination in patients

Figure 3. Flow chart illustrating the study population. Note: All Patients were recruited in Rhumatology B Department, Cochin Hospital, AP-HP, Paris, France.

Table 3. Comparison of Demographic and disease status pre-vaccination for the
Protected and Non Protected Patients.

Protected Non Protected
Characteristic (n D 15) (n D 9) p

Age; years, median SD (range) 56 (32–71) 64 (50–70) 0.2959
Sex; % female 73 78 0.5108#

DAS28 2.29 2.79 0.2866
RF titer; mg/l, median 31.67 16 0.6818
RF; % of positive 79� 56 0.0008#

anti-CCP titer; median 71.62 50.75 0.8981
anti-CCP; % of positive 64� 78 0.0423#

ESR; mm/hour, median 13.76 7.9 0.5906
CRP; mg/l, median 2.83 1.65 0.0628
IgG 11.19 10.77 0.5928
IgA 2.18 2.55 0.3672
IgM 1.03 1.28 0.5931
Previous PPV23 vaccination; years, median 5.11 5.25 0.5144

Note: comparison of biological values for Protected patients group versus non-Pro-
tected patients group at baseline. DAS28D Disease Activity Score; ESR D Erytho-
cyte Sedimentation Rate; CRP D C Reactive Protein, Ab anti-CCP D Anti–
citrullinated protein antibody, PPV23 D 23-valent anti-pneumococcal vaccine. #
referred to Fisher’s exact test; others p values were calculated by Mann-Whit-
ney’s Ranksum test
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treated with MTXCanti-TNF.12 However, no significant differ-
ence in the efficacy of both vaccines could be observed.27 This
conclusion is consistent with studies in immunocompetent
patients.28,29 who found no differences between the combined
strategy versus PCV alone in healthy adults aged 50–80. More-
over, pneumococcal vaccines elicit a poor antibody response in
RA patients compared to healthy patients. Indeed, Melmed
et al found 84% of responders to one dose of PPV23 in healthy
controls.30 and different studies showed percentage of respond-
ers after one injection of PCV7 from 72% to 84% depending on
the serotype.31,32

Interestingly, more patients positive for anti-cyclic citrul-
linated peptide (CCP) antibody were found in our non-pro-
tected compared to protected patients. In opposite, more
protected patients were found positive for rheumatoid factor
(RF) than the non-protected patients. Anti-CCP antibody
positivity is an established diagnostic factor for severe dis-
ease activity and joint damage and a prognostic factor for
aggressive disease in rheumatoid arthritis (RA) wich is not
the case for RF. Thus, the association of poor vaccine
response in patients positive for anti-CCP may be related to
the less immunogenicity of the vaccine in the more severe
and agressive forme of RA.33,34

To our knowledge, this is the first study describing the
long-term evolution of the anti-polysaccharides antibody
response after pneumococcal vaccination especially in the
case of a prime boost strategy. If the percentage of protec-
tion is quite equivalent for the seven common and the three
uncommon serotype, the more intense drop in antibody
response for the seven common serotype compared to the
three uncommon may suggest a negative impact of the
PPV23 vaccine on the PCV13 response. Inferior rate found
in OPA at 2 years post-immunization compared to baseline
(19% at 24 months versus 29% at baseline) improves this
hypothesis of a negative impact. Such phenomenon has
been extensively described and called hyporesponsiveness
and may be due to the toxicity of polysaccharides contained
in PPV23 vaccine against anti-PS memory B cells generated
after PCV13 vaccination.35,36

The prime boost strategy combining conjugated and uncon-
jugated pneumococcal vaccine is recommended for immuno-
compromised patients and thus particularly indicated in RA
patients treated with MTX because of the poor immunogenicity
of both type of pneumococcal vaccine in this case. Our results
clearly question the advantage of the prime-boost strategy ver-
sus PPV23 or PCV13 alone as it highlight the possible hypores-
ponse induced by PPV23 against the immune response elicited
by the primo-injection of the PCV13 vaccine.
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