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Antibody responses to the infecting serotype in children who are vaccinated with pneumococcal conju-
gate vaccine (PCV) after having invasive pneumococcal diseases (IPD) have not been fully investigated.
Of 56 children diagnosed with IPD between October 2009 and April 2013 in whom the infecting serotype
was confirmed, 17 who were vaccinated with PCV7 following IPD were tested to determine the geomet-
ric mean concentration of serotype-specific immunoglobulin G (IgG) and the geometric mean titers of
opsonization indices (Ols) using paired sera obtained at the onset of IPD and after PCV doses following
the resolution of IPD. The geometric mean concentrations of serotype-specific IgG for all PCV7 serotypes
other than serotype 6B were significantly increased after the last PCV7 dose compared with those at
the time of IPD onset (P<0.01), as were the geometric mean titers of Ols for all PCV7 serotypes. In 14
children with IPD caused by PCV7 serotypes for whom both IgG and Ol results were available, the Ols
for the infecting serotype at the time of IPD onset were <8, although the IgG levels varied between from
<0.2 to >5.0 wg/ml. After the last PCV7 dose, the Ols for the infecting serotype remained <8 for six (43%)
of 14 children. In these six children, hyporesponsiveness to PCV7 was specific for the infecting serotype.
Hyporesponsiveness was found for serotypes 6B (n=5) and 23F (n=1). No difference was found between
the responders (n=38) and the hyporesponders (n=6) with regard to any clinical characteristics. Our data
suggest that hyporesponsiveness to the infecting serotype may occur in children vaccinated with PCV7
following IPD.

© 2014 Published by Elsevier Ltd.

1. Introduction

meningitis [1]. Antibodies to pneumococcal capsular polysac-
charide (CPS) and complement provide protection against

Streptococcus pneumoniae is a major worldwide cause of mor- pneumococcal strains with homologous or cross-reactive capsular
bidity and mortality resulting from pneumonia, bacteremia, and serotypes {2]. The introduction in 2000 of the seven-valent pneu-

* Corresponding author. Tel.: +81 3 5285 1111; fax: +81 3 5285 1129.
E-mail address: oishik@nih.go.jp (K. Oishi).

mococcal conjugate vaccine (PCV7; Prevenar®, Pfizer) for children
in the United States younger than 2 years and children aged 2-4
years in a high-risk category was effective, dramatically reducing
the incidence of invasive pneumococcal disease (IPD) [3.4]. The

0264-410X/$ - see front matter © 2014 Published by Elsevier Ltd.
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lowered rate of hospitalization for childhood and adult pneumo-
nia has been sustained during the decade since the introduction of
PCV7 [5].

In Japan, PCV7 was licensed in October 2009, the Japanese gov-
ernment began to subsidize it for children less than 5 years of age
in November 2010. PCV7 for children under 5 years of age was sub-
sequently included in the routine immunization schedule at public
expense in April 2013,

Vaccine-induced protective immunity is currently esti-
mated by measuring the concentrations of serotype-specific
immunoglobulin G (IgG) using enzyme-linked immunosorbent
assay (ELISA) [6] and the opsonization index (OI) using a multiplex
opsonophagocytic assay (MOPA) [7]. The World Health Organiza-
tion (WHO) working group reported that antibody concentrations
of 0.2-0.35 pg/ml measured with the ELISA using serum without
serum absorption with 22F polysaccharide, correlated best with an
OI of 8, which in turn correlated best with protective efficacy {8].
Henckaerts et al. proposed a protective threshold concentration
of 0.20 pg/ml assessed with ELISA using serum absorption with
22F polysaccharide as a measure of the serotype-specific efficacy
of the pneumococcal conjugate vaccine against IPD among infants
less than 1 year of age {8}, with an exception of 19F [10]. We
recently reported that the Ols for the infecting serotypes in sera of
children with IPD were almost undetectable during acute phase
of IPD, although the levels of serotype-specific IgG were higher
than 0.20 wg/ml [11}]. Based on this finding, it was necessary
for us to examine whether children with IPD could develop
antibody response to the infecting serotype after vaccination
with PCV7.

A previous study demonstrated that most children respond
to PCV7 following resolution of IPD, but suggested that IPD
caused by particular serotypes in children could result in hypore-
sponsiveness to the infecting serotype [12]. However, limited
information is available in regards to the immune respomse
in children vaccinated with PCV following IPD because the
serotype-specific Ols have never been evaluated. We, there-
fore, conducted the present study to determine antibody
response to PCV7 vaccine serotypes by measuring the Ols as
well as the IgG levels in children vaccinated with PCV7 following
IPD.

2. Materials and methods
2.1. Patients

Children under 9 years of age, who had infection caused by
S. pneumoniae, which was isolated from normally sterile body
sites such as blood or cerebrospinal fluid, were enrolled in this
study when their attending doctors requested the measure-
ment of the antipneumococcal antibodies in their sera. Fifty-six
children were enrolled between October 2009 and April 2013
at 41 hospitals in Japan. All of the pneumococcal isolates were
serotyped at the Department of Bacteriology I, National Institute
of Infectious Diseases, by agglutination tests with rabbit antisera
(Statens Serum Institute, Copenhagen, Denmark). Serotype 6C was
confirmed by an in-house antiserum [13]. Because the OI for the
infecting serotype was assumed to be low after the onset of IPD,
we determined the antibody response after vaccination with PCV7
vaccination following the resolution of IPD. Of 56 children with
IPD, 21 received PCV7 vaccination following the resolution of IPD
(Fig. 1). One child who died of IPD and the other 34 children did
not receive PCV7 vaccination. Paired sera collected at the onset
of IPD (the first blood sample) and after PCV7 vaccination (the
second blood sample) were collected from 17 children of the 21

Children who had
received 21 PCV7 doses
(n=31)

.~

[ Onset of IPD (n = 56)

‘_“"_ﬂ Fatal case (n=1)
A
N

[21 PCV7 doses after lPDJ [No PCV7 doses after IPD

Children who had
never received PCV7
(n=25)

(n=21) (n=34)

Exclusion from antibody response study (n = 4)
*Hypogammaglobulinemia (n = 2)
*Lack of serum collection (n = 2)

A4

Antibody response study (n=17)
*Infection with vaccine type (n = 14)

*Infection with nonvaccine type (n = 3)

Fig. 1. Flow diagram of this study of children with invasive pneumococcal disease.

children who received PCV7 vaccination following the resolution
of IPD. The other four children were excluded from this study
was not collected at the time of IPD (two children) or they had
comorbid hypogammaglobulinemia (two children). Fourteen of
the 17 children were infected with a PCV7 serotype, and three
were infected with a non-PCV7 serotype. As children received
one to three doses of PCV7 after their episode of IPD, we defined
the PCV7 dose before the second blood sampling as the last PCV7
dose. The median number of days (range) from IPD onset to the
first blood sampling and from the last PCV7 dose to the second
blood sampling was 0 (0-11) and 32 (27-120), respectively. The
median number of days (range) from the IPD onset to the last PCV7
dose was 132 (15-633). Sera from children were submitted to the
Research Institute for Microbial Diseases (RIMD), Osaka University,
Japan, for determination of the IgG levels by ELISA and the Ols by
MOPA.

Data collected from these patients included age at iliness, clini-
cal manifestations, outcome, comorbid conditions, and vaccination
history. Clinical manifestations were divided into two categories:
meningitis and non-meningitis. The non-meningitis categories
included clinical manifestations of sepsis and sepsis with focal
signs other than meningitis. The schedule of immunization with
PCV7 was implemented according to a previous guideline {3]. The
standard schedule is for infants aged 2-6 months: 3 doses as a pri-
mary series and the fourth (booster) dose at age 12-15 months.
The catch-up schedules are for children aged >7 months: 2 doses
as primary series and 1 dose as a booster for infants aged 7-11
months, 2 doses for children aged 12-23 months, and a single-dose
for children aged >24 months. Furthermore, some of the chil-
drenreceived more PCV7 doses than the age-appropriate schedules
after treatment for IPD, if the parents or guardians agreed with
additional booster doses of PCV7. Breakthrough infection was
defined as IPD in a child who had received =1 PCV7 dose and
for which the pneumococcal isolate was a PCV7 serotype, and
vaccine failure was defined as the subset of breakthrough infec-
tion in which the patients had completed the vaccine schedule
{3,14,15L
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This study was reviewed and approved by the Ethics Committee
of RIMD, Osaka University, and conducted according to the princi-
ples expressed in the Declaration of Helsinki.

2.2. ELISA

Antipneumococcal IgG antibodies were measured with the
WHO-approved ELISA using standard reference sera (89-SF and
007sp) and absorptions with C-polysaccharide and 22F polysac-
charide, as previously described [5,16]. The cutoff for the assay was
0.05 pg/ml for all serotypes. The levels of serotype-specific IgG for
the infecting serotypes, comprising serotypes 4, 6B, 9V, 14, 18C,
19F, and 23F, were determined according to the WHO protocol
(available at www.vaccine.uab.adu/ELISA protocol).

2.3. MOPA

The MOPA for the infecting serotype, based on antibiotic-
resistant target bacteria, was performed as previously described
[7]. The quality-control serum was prepared from pooled sera of
adults vaccinated with the PPV23, and this was used in each assay.
The OI was defined as the serum dilution that killed 50% bacteria,
and Ols were determined using opsotiter3 software according the
WHO protocol (at www.vaccine.uab.edu/UAB-MOPA). The cutoff
for all serotypes was a serum dilution of 1:4, and the value below
the cutoff value was represented as <1:4. The serotypes for which
we determined Ols in this study were serotypes 4, 6B, 9V, 14,18C,
19F, and 23F.

2.4. Statistics

Chi-square analysis was used for comparison between children
who had never received PCV7 and children who had received at
least one dose of PCV7. The O was logarithmically transformed for
statistical analysis. Wilcoxon matched-pairs signed-ranks test was
used to assess the increase in the levels of serotype-specific IgG
and the Ols from pre to post vaccination. Chi-square analysis and
Mann-Whitney U test were used to assess the differences in clinical
characteristics between the responder group and the hyporespon-
der group. All the analyses were performed with SPSS version 15.0
(SPSSInc., Chicago, IL, USA). P-values less than 0.05 were considered
significant.

3. Results

Of 56 the children with IPD enrolled in this study, 31 had
received at least one dose of PCV7 at the time of onset of IPD, while
25 children had never received PCV7. Of the 31 patients who had
received at least one dose of PCV7, only 5 (9%) had received the full
standard schedule of PCV7. The median age (range) in months at the
onset of illness for the 56 children with IPD was 17 (3-67). Thirteen
children (23%) had comorbid ilinesses including hypogammaglob-
ulinemia (n=2), asplenia (n=1), Mondini dysplasia (1= 1), bilateral
inner ear malformation with cochlea implant (n=1), chronic oti-
tis media (n=1), pulmonary artery stenosis (n=1), chromosomal
abnormality and craniosynostosis (n=1), hydrocephalus with VP
shunt (n=1), asplenia and single ventricle (n=1), a deficit of the
base of skull (n=1), chromosomal abnormality and tetralogy of
Fallot (n=1), and deficiency of interleukin-1 receptor-associated
kinase 4 (n=1). Only one fatality was noted: a patient with chro-
mosomal abnormality and tetralogy of Fallot who had received one
dose of PCV7 at 2 years of age.

In the 56 children with IPD, the most common infecting serotype
was 6B (n=15), followed by 19A (n=10), 6C (n=6), 23F (n=4), 19F
(n=4), 14 (n=4), and others (n=13). Twenty-eight children (50%)
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Fig. 2. Comparison of serotype-specific IgG concentrations between the time of
onset of invasive pneumococcal disease (IPD) and after PCV7 vaccination in 17 chil-
dren following the resolution of IPD. The IgG concentrations at the time of onset of
IPD and after the last dose of PCV7 are shown as ‘pre’ and ‘post’ for each serotype.
Bars indicate geometric mean concentrations (GMCs) with 95% confidence intervals.
"P<0.01 (‘pre’ vs. ‘post’),  P<0.001 (‘pre’ vs. ‘post’), P> 0.05 (‘pre’ vs. ‘post’).

had IPD that were attributable to PCV7 serotype. Of the 28 chil-
dren with IPD caused by vaccine serotypes, eight had received at
least one dose of PCV7. Of these eight children, three (all with
serotype 6B) were defined as vaccine failure, and five were defined
as breakthrough infection (three with serotype 6B, two with 23F).
The frequency (26%) of IPD caused by PCV7 serotypes was signifi-
cantly lower in 31 patients who had received at least one dose of
PCV7 than in the 25 children who had never received PCV7 (80%)
(P<0.001).

To investigate the antibody responses induced in children by
PCV7 vaccination following the resolution of IPD, we compared the
serotype-specific IgG concentrations and the serotype-specific Ols
of 17 children atIPD onset(‘pre’) and following IPD after the last PCV
dose (‘post’) (Figs. 2 and 3). This group included no patients who
had been given intravenous immunoglobulin for treatment of IPD
or who had a comorbid condition that might influence the antibody
response after PCV7 vaccination. The geometric mean concentra-
tions (GMCs) of IgG specific for all of PCV7 serotypes other than
serotype 6B were significantly higher after the last PCV7 dose fol-
lowing IPD than those at the onset of IPD (P<0.01, Fig. 2). The
geometric mean titers (GMTSs) of log, Ols after the last PCV7 dose
were significantly higher than those at the onset of IPD for all the
PCV7 serotypes (P<0.01, Fig. 3), although the GMT of logyo OI for
serotype 6B was lower after the last PCV7 dose than for the other
serotypes.

Of the 17 children, three were infected with a nonvaccine
serotype. Therefore, we were not able to determine the serotype-
specific IgG concentrations and Ols for the infecting serotype for
these children. The serotype-specific IgG concentrations and Ols
for the infecting serotype at the onset of IPD and after the last PCV7
dose are shown for the remaining 14 children with IPD infected
with a vaccine serotype (Table 1).

Of these 14 children, four had received one or three doses of
PCV7 before the onset of IPD. At the onset of IPD, the Ols for the
infecting serotypes were <8 for all 14 children, although the lev-
els of serotype-specific 1gG varied between 0.17 and 5.62 p.g/ml
The OIs for the infecting serotypes remained <8 after the last PCV7
dose for six (43%) of the 14 patients. Therefore, the 14 children
were classified into two groups: a responder group (n=8) and a
hyporesponder group (n=6). Six children were hyporesponsive to
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Table 1

Clinical characteristics including antipneumococcal antibodies of paired serum for infecting serotype in fourteen children.

Case Sex Comorbid Clinical category Infecting Age Age (months) at which Time (days) Time (days) IgG concentration and
condition serotype (months) at PCV7 administered from IPD from the 01 for the infecting
IPD onset onset to the last PCV7 serotype
first blood dose to the
sampling second
blood
sampling
At the first blood At the second blood
sampling sampling
Before IPD After IPD 18G (pg/ml) 0l I1gG (pg/ml) of
1 F None Non-meningitis* 23F 11 6,7,and 8 15 0 30 034 <4 0.13 <4
2 M None Meningitis 6B 21 18 22 and 24° 0 46 1.81 7 143 <4
3 F None Non-meningitis® 6B 31 26 35% [ 120 1.18 <4 0.39 <4
4 M None Non-meningitis® 6B 30 28 34" and 0 30 0.53 <4 0.32 <4
451:
5 F None Meningitis 6B 12,137 None 13,14, and 0% 103 0.78 <4 2.80 <4
3%
6 M Nene Non-meningitis® 68 14 None 16,18, and 11 32 0.22 <4 0.15 <4
20"
7 M None Non-meningitis® 23F 12 None 13 0 27 0.36 <4 262 19
8 F None Non-meningitis® 6B 16 None 18 and 19 0 28 5.62 <4 237 562
9 F None Non-meningitis” 23F 18 None 19and 22 0 31 0.72 <4 827 5491
10 M None Non-meningitis®” 6B 14,17 None 31 3¢ 37 1.78 <4 1.18 17,946
11 M None Non-meningitis® 19F 35 None 36 0 28 0.68 <4 3.73 85
12 M None Non-meningitis® 14 13.16 None 16and 18 0% 42 2.09 5 9.61 4040
13 F None Non-meningitis” 14 15 None 36 0 31 175 <4 3.55 5266
14 M Mondini Meningitis® Y 67 None 68 1 44 0.17 <4 2.65 491
dysplasia

Ol, opsonization index; F, female; M, male.

# Septic arthritis.
b Bacteremia.

€ Bacteremic pneumonia.

¢ Bacteremia with otitis media.
€ Meningitis with otitis media.

T This patient had IPD at 12.0 and 13.9 months of age after the first dose of PCV7 at 13.0 months of age.
& Patient who had two episodes of IPD. Serum was obtained during the first episode of IPD.

" Additional booster dose of PCV7.
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Fig. 3. Comparison of serotype-specific opsonization index (OI) between the time
of onset of invasive pneumococcal disease (IPD) and after PCV7 vaccination in 17
children following the resolution of IPD. The logip Ol at the time of onset of IPD and
after the last dose of PCV7 are shown as ‘pre’ and ‘post’ for each serotype. Bars indi-
cate the geometric mean titers of log;o Ols with 95% confidence intervals. "P<0.01
(‘pre’ vs. ‘post’), " P<0.001 (‘pre’ vs. ‘post’).

serotypes 6B (n=5) and 23F (n=1). Five children (Cases 2, 3, 4,
5 and 6) remained hyporesponsive to the infecting serotype
although they received one or two additional booster doses of
PCV7. .

To clarify whether the hyporesponsiveness was specific to the
infecting serotype, the levels of serotype-specific IgG and Ols
are shown for all the PCV7 serotypes at the time of IPD onset
and after the last PCV7 dose in the six hyporesponsive children
(Table 2). In these six children, the serotype-specific IgG levels
and Ols increased for most of the noninfecting PCV7 serotypes,
so the hyporesponsiveness was specific to the infecting serotype.
Although we compared the clinical characteristics of two groups
(responder and hyporesponder) within 14 children with IPD, no
significant difference was found for the frequency of female sex
(P=0.64), meningitis (P=0.35), presence of comorbid conditions
(P=0.37), age at the onset of IPD (P=0.70) or at the first PCV7
dose (P=0.15), and days from the IPD onset to the last PCV7 dose
(P=0.25).

4. Discussion

This study included 56 children with IPD in whom the infecting
serotype was confirmed. As this study included a period of 1 year
before the Japanese government started to subsidize the PCV7 (in
November 2010), 25 (45%) of the children had never received PCV7
at the time of IPD onset. The significant difference found in this
study in the frequency of IPD with PCV7 serotypes between children
who had received at least one dose of PCV7 and PCV7-naive children
is in agreement with a recent report by Harboe et al. {17}. In 17
children who were vaccinated with PCV7 following the resolution
of IPD, a significant increase was found after the last PCV7 dose in
the level of IgG for all the PCV7 serotypes except serotype 6B and
in the OIs for all the PCV7 serotypes.

In all 14 children who had IPD caused by PCV7 serotypes, the Ols
to the infecting serotype were <8 at the time of IPD onset, although
most patients had IgG levels >0.20 wg/ml (Table 2). This finding is
consistent with results of our previous study { 1 1}. Importantly, here
we found that six (43%) of 14 children remained hyporesponsive
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Table 2

Serotype-specific IgG concentrations and opsonization indices (OIs) of six children who were unresponsive to PCV7 for the infecting serotype.

Serotype-specific 1gG concentration (jug/ml) and OI for PCV7 serotype

Age (months)

Infecting
serotype

Case

K. Tamura et al. / Vaccine 32 (2014) 1444-1450

9V 14 18C 19F 23F

6B

PCV7 doses Blood

IPD onset

sampling

Ol

IgG

(0}

1gG

Ol

1gG

ol

1gG

ol

IgG

o1

12G

Ol

1gG

6,7.8,15

11

23F

18,22,24

21

6B

26,35

31

6B

30 28,34,45

6B

13,14,32

12,13

6B

14
21

16,18,20

14

6B

The values in the gray columns are those after the PCV7 dose.
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(OI<8) to the infecting serotype after the last PCV7 dose, although
the other eight children showed variable responses to the infect-
ing serotype based on increased Ols (Ol=19-17,946). We could
not identify any clinical characteristic of the six children that was
associated with their specific hyporesponsiveness to the infecting
serotype after the last PCV7 dose.

A lack of a significant increase in IgG specific for serotype 6B
after PCV7 vaccination in 17 children with IPD could partly be
explained by the relatively weak immunogenicity of serotype 6B.
Previous studies have demonstrated no marked increase in anti-
6B IgG in children after one or two doses of PCV {18-20]. As the
hyporesponsiveness found in this study in children vaccinated with
PCV7 following the resolution of IPD was specific to the infecting
serotype, nonspecific immunosuppressing factors or genetic fac-
tors of the host are unlikely to contribute to this phenomenon.

Borrow et al. reported that eight of 107 children with IPD failed
to develop an IgG response to their infecting serotype { 12]. For all of
these children, the IgG levels for the infecting serotypes were less
than 0.35 p.g/ml (range: 0.01-0.34 p.g/ml). The authors speculated
that this phenomenon could be explained by an immune paralysis
because of a large load of pneumococcal polysaccharide during the
episode of IPD and/or to a potential genetic basis for hyporespon-
siveness to individual serotypes. In contrast, in our study, the igG
levels for the infecting serotypes ranged from 0.13 to 2.80 pug/ml
in the six children in our study who were hyporesponsive to the
infecting serotype after the last PCV7 dose. Although the IgG lev-
els exceeded 0.35 pg/ml for three of these six children, the Ols for
all six were less than 8. Therefore, an OI <8, but not an IgG level
<0.35 ug/ml, is a sufficient criterion to define children who are
hyporesponsive to PCV7.

Recent studies reported that pneumococcal carriage in the
nasopharynx of children resulted in serotype-specific hypore-
sponsiveness to PCV {21,22]. The hyporesponsiveness following
pneumococcal carriage may be attributable to the binding of the
circulating pneumococcal polysaccharides to serotype-specific B
cells in the marginal zone of the spleen in infants where CD21-
expressing cells are scarce {23} Furthermore, a recent study has
demonstrated that B cell receptor crosslinking with a T cell-
independent type Il antigen (TI-2 Ag) does not activate IgG+
memory B cells, but rather induces tolerance of these cells {24}].
This may support the hypothesis of immune paralysis to the infect-
ing serotype proposed by Borrow et al., because a pneumococcal
polysaccharide is known to be a TI-2 Ag.

Hyporesponsiveness to serotype 6B after PCV7 immunization
lasted for more than 1 year in two children in our study (Cases 4
and 5). Dagan et al. similarly demonstrated that hyporesponsive-
ness lasted for several months, and was only partially overcome
by the 12-month booster {21}. Follow-up of the hyporesponders is
necessary to determine whether their hyporesponsiveness can be
overcome with time.

Two previous studies demonstrated that children unimmunized
against polyribosylribitol phosphate-tetanus protein conjugate
vaccine (PRP-T) developed a low or undetectable PRP antibody after
invasive Haemophilus influenzae type b infection, and that addi-
tional doses of PRP-T conjugate vaccine were required to elicit a
protective immune response in these children {25,26}].

The limitations of our study are the small number of IPD cases
examined and the variable periods between the onset of I[PD and
the last PCV7 dose and between the last PCV7 dose following IPD
and the second blood sampling. Another limitation is that children
with IPD were enrolled from 41 hospitals when their attend-
ing doctors requested the measurement of the antipneumococcal
antibodies in their sera, which may have resulted in a selection bias.

In conclusion, a significant increase in the serotype-specific
1gG for PCV7 serotypes, except for serotype 6B, and in the Ols
for all PCV7 serotypes was found in sera from 17 children who

were vaccinated with PCV7 following the resolution of IPD. Of
14 children with IPD caused by PCV7 serotypes, six were iden-
tified on the basis of the OI to be specifically hyporesponsive to
the infecting serotype after PCV7 vaccination. Although the pre-
cise mechanisms of hyporesponsiveness to the infecting serotype
remain uncertain, the clinician should be aware of possible hypore-
sponsiveness to the infecting serotype in children who were
vaccinated with PCV following IPD. Because of a small number of
IPD cases in the present study further studies for hyporespon-
siveness to the infecting serotype after the resolution of IPD are
required.
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Pneumococcal polysaccharide vaccination in
rheumatoid arthritis patients receiving tocilizumab

therapy

Shunsuke Mori," Yukitaka Ueki,? Yukihiro Akeda,® Naoyuki Hirakata,® Motohiro Oribe,*
Yoshiki Shiohira,> Toshihiko Hidaka,® Kazunori Qishi’

ABSTRACY

Objectives We assessed the impact of tocilizumab
{TCZ), a humanised monoclonal anti-interleukin-8 receptor
antibody, on antibady respense following administration
of the 23-valent pneumocaccal polysaccharide vaccine
(PPV23).

Methods A total of 190 patients with rheumatoid
arthritis {RA) received PPV23. Patients were classified
into TCZ (n=>50), TCZ + methotrexate (MTX} (n=54),
MTX {n=62} and RA control {n=24} groups. We
measured serotype-specific IgG concentrations of
pneumacoccal serotypes 6B and 23F using ELISA and
functional antibody activity using a multiplexed
opsonophagocytic killing assay, reported as the
opsonisation indices (Ols), before and 4-6 weeks after
vaccination. Positive antibody response was defined as a
2-fold or more increase in the IgG concentration or as a
>10-fold or more increase in the Ol

Results IgG concentrations and Ols were significantly
increased in all treatment groups in response to
vaccination. The TCZ group antibody response rates were
comparable with those of the RA control group for each
serotype. MTX had a negative impact on vaccine efficacy.
Multivariate logistic analysis confirmed that TCZ is not
associated with an inadequate antibody response to
gither seratype. No severe adverse effect was observed
in any treatment group.

Conclusions TCZ does not impair PPV23
immunogenicity in RA patients, whereas antibody
responses may be reduced when TCZ is used as a
combination therapy with MTX.

INTRODUCTION

Streptococcus preymonige {pneumococcus) infection
is responsible for substantial mortality and morbid-
ity among adults aged >65 years or those with
underlying chronic or immunosuppressive condi-
tions. The CDC Advisory Committee on
Immunization Practice has recommended the use of
the 23-valent pneumococcal polysaccharide vaccine
(PPV23) for prevention of invasive pneumococcal
disease in at-risk populations.! Patients with
rheumatoid arthritis (RA) are at an increased risk of
contracting infectious diseases because of immuno-
logical changes that are intrinsic to RA and that
result from immunosuppressive agents, and thus it
is likely that pneumococcal vaccination can benefit
this patient population.

Tocilizumab (TCZ), a humanised monoclonal
antibody against the interleukin-6 (IL-6) receptor, is
effective and generally well tolerated when admi-
nistered either as monotherapy or in combination
with methotrexate (MTX) in patients with moder-
ate to severe RA. 1L-6 was originally identified as a
factor essential for B cell differentiation into
antibody-producing plasma cells,? and IL-6-deficient
mice had reduced antigen-specific IgG following
immunisation with a T-cell-dependent antigen.”
PPV23  induces serotype-specific IgG in a
T-cell-independent polysaccharide antigen pathway,
which can enhance pneumococcal opsonisation,
phagocytosis and killing by phagocytic cells.*
PPV23 immunogenicity is often impaired in certain
groups of immunocompromised patients,’ but evi-
dence of PPV23 efficacy and safety is lacking in RA
patients receiving TCZ.

The objective of the present study was to evalu-
ate the influence of TCZ therapy on antibody
response to PPV23 in RA patients. We determined
the serum concentrations of serotype-specific IgG
using ELISAs and the functional antibody activity
using multiplexed opsonophagocytic killing assays
(OPAs) in RA patients being treated with TCZ,
MTX or TCZ and MTX, and in control RA
patients who received neither drug.

METHGDS

Patients

RA patients who were receiving TCZ therapy (at
least the first dose of an intravenous infusion of
8 mg/kg every 4 weeks) and/or MTX (4-18 mg per
week) for >12 weeks at our rheumatology out-
patient clinics were invited to participate in this
open-label study. RA patients who had been treated
with bucillamine or salazosulfapyridine were also
included as RA controls. All participants fulfilled
the 1987 American College of Rheumatology cri-
teria for RA diagnosis. Exclusion criteria were
current prednisolone use (=10 mg/day), current use
of immunosuppressive antitheumatic drugs other
than MTX (such as tacrolimus, cyclosporine, leflu-
nomide, cyclophosphamide and azathioprine), a
recent history (within 6 months) of pneumococcal
infection and a history of pneumococcal vaccin-
ation. Patients who had changed treatments during
the follow-up period or those who had received bio-
logical agents other than TCZ were also excluded
from this study.

Ann Bheum Dis 2013;72:1362-1366. doi:10.1136/anntheumdis-2012-202658

—142~



