N

N

Pneumococcal vaccination in patients with systemic
lupus erythematosus: A multicenter placebo-controlled
randomized double-blind study
Sophie Grabar, Matthieu Groh, Mathilde Bahuaud, Véronique Le Guern,
Nathalie Costedoat-Chalumeau, Alexis Mathian, Thomas Hanslik, Loic

Guillevin, Frédéric Batteux, Odile Launay

» To cite this version:

Sophie Grabar, Matthieu Groh, Mathilde Bahuaud, Véronique Le Guern, Nathalie Costedoat-
Chalumeau, et al.. Pneumococcal vaccination in patients with systemic lupus erythematosus: A
multicenter placebo-controlled randomized double-blind study. Vaccine, 2017, 35 (37), pp.4877-4885.
10.1016/j.vaccine.2017.07.094 . hal-03811560

HAL Id: hal-03811560
https://hal.sorbonne-universite.fr /hal-03811560

Submitted on 12 Oct 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.sorbonne-universite.fr/hal-03811560
https://hal.archives-ouvertes.fr

10

11

12

13

14

15

16

17

18

19

20

Pneumococcal vaccination in systemic lupus erythematosus

Pneumococcal Vaccination in Patients with Systemic Lupus
Erythematosus: a Multicenter Placebo-Controlled Randomized Double-

Blind Study

Running title: Pneumococcal vaccination in systemic lupus erythematosus

Sophie Grabar*®”", Matthieu Groh®"®, Mathilde Bahuaud®, Véronique Le Guern®, Nathalie
Costedoat-Chalumeau®, Alexis Mathianf, Thomas Hanslik®, Loic Guillevin®, Frédéric Batteux®

and Odile Launay ™ for the VACCILUP study group

& Université Paris Descartes, Sorbonne Paris Cité AP-HP, Unité de Biostatistique et

Epidémiologie, Groupe Hospitalier Cochin Broca Hétel-Dieu, Paris, France.

Y INSERM, UPMC Université Paris 06, Institut Pierre Louis d’¢épidémiologie et de Santé

Publique (IPLESP UMRS 1136), F75013, Paris, France.

¢ Université Paris Descartes, Sorbonne Paris Cité AP-HP, Service de Médecine Interne,
Centre de Référence National pour les Maladies Auto-Immunes Rares (Vascularites et

Sclérodermie Systémique), Paris, France.

4 Université Paris Descartes, Sorbonne Paris Cité AP-HP, Département d’Immunologie

Biologique, Groupe Hospitalier Cochin Broca Hoétel-Dieu, Paris, France.

¢ Inserm, CIC 1417, Paris, France.

1/24



21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Pneumococcal vaccination in systemic lupus erythematosus

" Université Pierre et Marie Curie, Sorbonne Paris Cité AP-HP, Service de Médecine Interne
2, Centre de Référence National pour le Lupus et le Syndrome des Antiphospholipides,

institut E3M, Paris, France.

9 Université Versailles Saint-Quentin-en-Yvelines, APHP, Service de Médecine Interne,

Hopital Ambroise Paré, Boulogne-Billancourt, France.

" Université Paris Descartes, Sorbonne Paris Cité AP-HP, Groupe Hospitalier Cochin Broca

Hotel-Dieu, Fédération d'Infectiologie, Paris, France.
"Inserm, F-CRIN I-REIVAC.
“Dr Grabar and Dr Groh contributed equally to this work.

S Present address: Université Pierre et Marie Curie, Sorbonne Paris Cité AP-HP, Department

of Internal Medicine, Hépital St Louis, Paris, France.

Correspondence and requests for reprints to: Pr. Odile Launay, Fédération d'Infectiologie,
Hopital Cochin, 27 rue du Faubourg St Jacques, 75679 Paris cedex 14, France. Phone: +33
(0)1 58412858 ; Fax : +33 (0)1 58 41 29 10; E-mail : odile.launay@aphp.fr.

Word count: 3463 words, 49 References, 4 Tables, 2 Figures

Funding: Supported by a grant from the “Programme Hospitalier de Recherche Clinique”,

French Ministry of Health (PHRC 2007-A0OMO06008).

Disclosure statement: MG, OL.: research grant from Pfizer. All other authors have declared

no conflicts of interest.

2/24



44

45

46

47

48

49

50

Pneumococcal vaccination in systemic lupus erythematosus

Trial registration: www.clinicaltrials.gov, NCT NCT00611663

3/24



o1

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Pneumococcal vaccination in systemic lupus erythematosus

Abstract

Background: Invasive pneumococcal disease and respiratory tract infections are both frequent
and severe in patients with systemic lupus erythematosus (SLE). This study aimed to compare
the immunological efficacy and safety of pneumococcal vaccination with the 23-valent
polysaccharide (PPS) vaccine alone to a sequential immunization with the 7-valent
pneumococcal conjugate (PnCj) vaccine followed by PPS in patients with SLE and stable

diseaase.

Methods: Multicenter randomized placebo-controlled double-blind trial: PPS vaccine alone
(placebo-PPS group) or PnCj vaccine followed by PPS vaccine (PnCj-PPS group) 24 weeks
later. The primary endpoint was the rate of responders at week 28 to at least 5 of the 7
serotypes (4, 6B, 9V, 14, 18C, 19F and 23F) shared by both PPS and PnCj. Pneumococcal

IgG antibodies’ opsonophagocytic activity (OPA) were also assessed.

Results: Twenty-five patients in the placebo-PPS group and 17 in the PnCj-PPS group were
included in a modified intention-to-treat analysis. The primary endpoint was reached in72%
(18/25) in the placebo-PPS and 76% (13/17) in the PnCj-PPS group (p = 0.75). There was no
difference in the rates of responders with OPA. At week 52, 13/18 (72%) patients in the
placebo-PPS group and 10/13 (77%) patients in the PnCj-PPS group (p=0.77) that met the
primary endpoint at week 28 were still responders to > 5/7 serotypes shared by both PPS and
PnCj vaccines. Nine SLE flares were reported in 6 patients (4 in the placebo-PPS and 2 in the

PnCj-PPS groups respectively, p=0.70).

Conclusion: Sequential administration of PnCj vaccine followed by PPS vaccine is safe and
shows short-term immunological efficacy in patients with SLE but was not superior to the

PPS vaccine alone.
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Keywords: Systemic lupus erythematosus; conjugate pneumococcal vaccine; pneumococcal

polysaccharide vaccine, Immunosuppression.

1. Introduction

Despite improvement of survival over the last decades, patients with systemic lupus
erythematosus (SLE) have an increased mortality rate as compared with the general
population [1,2]. Infections are one of the leading causes of death in this context [2-4]. The
excess risk of infections reported during the course of SLE is likely to be multifactorial, with
factors (e.g. lymphopenia, functional asplenia) inherent to SLE [5] and others (e.g. the use of
glucocorticoid and/or immunosuppressants) [6,7] acquired during the course of the disease.
Both retrospective [8—11] and prospective studies [7] underline that invasive pneumococcal
disease and respiratory tract infections are both frequent and severe in the context of SLE.
Moreover, pneumonia is the leading cause of avoidable hospitalizations in this setting [12].

Preventing infections is necessary in order to improve both short and long-term prognoses.

Pneumococcal immunization is recommended in immunocompromised hosts [13,14]
and in patients with autoimmune inflammatory rheumatic diseases (including SLE),
regardless of their level of immunosuppression [15,16]. Previous studies have shown that the
23-valent pneumococcal polysaccharide (PPS) vaccine alone is safe in SLE patients [17—-24]
but data regarding the short-term immunogenicity of such vaccination are conflicting, and
some studies report on a decreased rate of responders among SLE patients as compared to the
general population. Moreover, since polysaccharide antigens induce specific antibody

production in a T-lymphocyte-independent manner, the 23-valent PPS vaccine is associated
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with poor long-term immunogenicity and is unable to prime a booster response in case of
subsequent re-exposure [25]. The pneumococcal conjugate (PnCj) vaccine, initially developed
for children aged < 2 years (who fail to mount an adequate immune response to the 23-valent
vaccine alone), has led to a significant decrease of pneumococcal infections in young infants
[26]. In the latter vaccine, polysaccharide antigens are linked to a protein-carrier that
stimulates T-helper cells and thus enhances the vaccine’s immunogenicity. Previous studies in
immunocompromised hosts (e.g. HIV infection, Hodgkin’s lymphoma, solid organ
transplantation) [27-31] have shown that the PnCj vaccine was associated with increased

immunogenicity as compared to vaccination with the PPS vaccine alone.

Neither immunization with the PnCj vaccine nor the sequential administrations of both
PnCj and PPS vaccines (combined strategy) have been assessed in patients with SLE. The
primary objective of this study was, in adult patients with SLE and stable disease, to compare
the immunological efficacy and safety of pneumococcal vaccination with the PPS vaccine

alone to a vaccination schedule combining PnCJ and PPS vaccines.

2. Patients and methods

2.1. Study population

Patients aged between 18 and 75 years with SLE (defined by the 1997 American
College of Rheumatology classification criteria) [32] and stable disease (i.e. no modification
of the treatment within 2 months before inclusion) were enrolled. Eligible patients had to be
treated with at least one of the following drugs: 1) hydroxychloroquine, 2) > 5 mg of daily
prednisone or equivalent, 3) systemic glucocorticoids at any dose in combination with at least

one immunosuppressant (mycophenolate mofetil, azathioprine or methotrexate). Patients were

6/24



120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

Pneumococcal vaccination in systemic lupus erythematosus

excluded if they met one of the following criteria: HIV, HBV or HVC infection; medical
history of allergy to any vaccine component; pneumococcal vaccination in the 5 past years;
vaccination (any vaccine) in the previous month; intravenous immunoglobulin infusion within
three months; splenectomy; bleeding disorders with contraindication to intramuscular
injections; active malignancy; cirrhosis; acute infection in the previous month; treatment with
rituximab in the previous year. Women of childbearing age without contraception, with a
positive urine B-hCG test before vaccination or with a desire of pregnancy within 7 months

after inclusion were excluded.

2.2. Study design

The Vaccination in Lupus (VACCILUP, ClinicalTrials.gov NCT00611663) study was
a Phase 1lb multicenter randomized double-blind placebo-controlled trial comparing two
pneumococcal vaccination strategies in patients with SLE. Patients were centrally randomized
(1:1) to receive either 1) sequential administration of both the 7-valent PnCj vaccine at
baseline followed by the 23-valent PPS vaccine at week 24 (PnCj-PPS group) or
2) vaccination with placebo at baseline and the 23-valent PPS vaccine at week 24 (placebo-
PPS group). Randomization was stratified by centers, by the use of immunosuppressants
(other than glucocorticoids) and by chronic kidney disease (defined by an estimated GFR
<80ml/mn). The “Unité de Recherche Clinique” centrally managed the randomization that
was established using a computerized generator that used block size of 4. The study was
conducted in 8 rheumatology and internal medicine departments in France. The protocol
complied with the Declaration of Helsinki and French law for biomedical research and was

approved on the 16™ October 2007 by the national Ethic Committee “Comité de Protection
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des Personnes lle-de France I1I” (approval n°® 2477). Written informed consent was obtained
from each patient.

Patients underwent physical examination at inclusion, weeks 4, 24, 28 and 52. Disease
activity was assessed using Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)
[33] and physician’s global disease assessment. Blood samples were collected from all
patients at each study visit and tested for routine biochemical, hematological tests (including
CD4/CD8 cell counts) and analysis of the immune response induced by the pneumococcal

vaccination.

2.3. Vaccines

Either Pneumo 23® or Pneumovax 23® (Sanofi Pasteur MSD) were used as 23-valent
PPS vaccines targeting serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B,
17F, 18C, 19F, 19A, 20, 22F, 23F and 33F of Streptococcus pneumoniae. The PnCj vaccine,
Prevenar® (Pfizer), is a pneumococcal 7-valent vaccine targeting serotypes 4, 6B, 9V, 14,
18C, 19F, 23F of Streptococcus pneumoniae in which antigens are conjugated to mutant
diphtheria protein CRMyg7. Vaccines and placebo (serum glucose 5%, 0.5 mL) were

administered by intramuscular injections in the deltoid muscle.

2.4. Immunogenicity assessments

Immunogenicity measurements were performed in a central laboratory (Cochin
hospital) blinded to the trial arm. IgG antibody concentrations for the 7-pneumococcal
serotypes shared by both PPS and PnCj vaccines (4, 6B, 9V, 14, 18C, 19F and 23F) were
measured at each study visit using a modified enzyme linked immunosorbent

[www.vaccine.uab.edu] [34]. Briefly, 96-well plates (Corning, Inc., Corning, NY) were

coated with a serotype-specific pneumococcal polysaccharide antigen (American Type
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Culture Collection, Manassas, VA) and incubated 5 hours at 37°C. Reference sera (007sp),

quality control sera, or patient specimens were pre-absorbed with 5pug/ml pneumococcal C-

polysaccharide (Statens Serum Institut, Copenhagen, Denmark) and 10 ug/ml serotype 22F

capsular polysaccharide (American Type Culture Collection) for 30 minutes at room
temperature before being serially diluted. After washing plates, serially diluted serum was
added and plates were incubated at room temperature for 2 hours. Plates were then washed,
and alkaline phosphatase-conjugated goat anti-human immunoglobulin G (IgG; Southern
Biotech, Birmingham, AL) was added. After another 2-hour incubation and washing,
substrate (p-nitrophenyl phosphate in diethanolamine buffer, pH 9.8) was added to the plates.
After a final incubation, the optical density was measured at 405 nm. Anti-pneumococcal
antibody levels were determined in each specimen by analysis of linear regression plots
compared with the reference serum (007sp).

Opsonophagocytic activities (OPA) were measured at baseline and at week 28 by a

multiplexed opsonophagocytic killing assay (MOPA, [www.vaccine.uab.edu] [35]. All serum

samples were incubated at 56°C for 30 min before being tested. Sera were serially diluted in
round-bottom 96-well plates (Corning Inc., Corning, NY). Frozen aliquots of target
pneumococci were thawed, washed twice, diluted to the proper bacterial density, and added to
the plates. After 30 min of incubation at room temperature with shaking at 700 rpm,
complement and HL60 cells (ATCC) that had been differentiated to phagocytes were added to
each well. Plates were incubated in a tissue culture incubator (37°C, 5% CO2) with shaking at
700 rpm. After a 45-min incubation, plates were placed on ice for 20 min. Ten pl of each well
were spotted onto four different Todd-Hewitt broth-yeast extract agar plates. After application
of an overlay agar containing one of four antibiotics to each agar plate and overnight

incubation at 37°C, the number of bacterial colonies in the agar plates was enumerated.
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Opsonization titers were defined as interpolated reciprocal serum dilution that kills 50% of
the bacteria in the assay. The lowest titer of opsonophagocytic antibody that could be
measured by our method was 8, based on the dilution of undiluted serum in the incubation
well. Serum specimens not demonstrating a 50% reduction of CFU in the OPA at the lowest

serum dilution (1:8) were assigned a titer of 4, enabling statistical analyses of the data sets.

2.5. Safety assessments

Diary cards were provided to patients in order to record injection-site- (pain, erythema,
edema, skin nodule) and systemic- (fever, asthenia, headache, arthralgia, myalgia) adverse
events (AE) that occurred within 5 days after vaccination. In addition, all AE with a medically
attended visit up to 52 weeks after baseline evaluation were recorded at each study visit.
Disease activity was assessed at each visit using the SLEDAI score. A flare of SLE was
defined as an increase of >3 points of the SLEDAI score requiring treatment intensification.
An adjudication committee of independent physicians blinded to the trial arm graded the
severity of all AE and reviewed all cases of disease flares. SLE flares that occurred after an
obvious trigger (i.e. treatment non-adherence, tapering of immunosuppression within 2
months prior to the flare, sun exposure) or >12 weeks after the vaccine injection were

considered likely not to be related to the vaccination protocol.

2.6. Sample size and statistical analysis

The primary endpoint was the proportion of responders at week 28 to at least 5 of the
7 tested pneumococcal serotypes. The response to a specific serotype was defined as both a 2-
fold increase of pneumococcal IgG antibody titers (ELISA) between baseline and week 28

and an antibody titer > 1 pg/mL at week 28. Secondary efficacy endpoints included: serotype-
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specific IgG titers at week 28, the rates of patients responding to either 0; 1 or 2; 3or 4;5to 7
serotypes, and the rates of responders to each serotype as assessed by OPA. For the latter, the
response to a specific serotype was defined by both at- least a four-fold increase of the
opsonization index (Ol, defined by the serum dilution killing 50% of the bacterial inoculum)
between baseline and week 28, and an OI > 8 at week 28. Data were analyzed following a
modified intention-to-treat analysis including all patients who received at least the first
vaccine or placebo dose. Patients with missing data were considered as non-responders.
Based on the results of the PNEUMOVAC study in HIV-infected patients, we
hypothesized that the combined strategy would lead to an increase of 30% of the rate of
responders at week 28 (70% vs. 40%) [29]. Taking into account early study discontinuations,
with 80% of statistical power and a two-sided alpha risk of 0.05, 53 patients had to be
enrolled in both trial arms. Data were analyzed blinded to the trial arm. Patient characteristics
are reported as the number and percentage for categorical variables and as the median (IQR)
for continuous variables. The percentages of responders in both arms are provided together
with their 95% confidence interval (95%CI). Quantitative variables were compared using
Student’s t-test and categorical variables were compared using the chi-square test. All tests
were 2-sided at the level of 0.05. All analyses were performed using SAS version 9.3 (SAS

Institute, Inc., Cary, North Carolina, USA).

3. Results
3.1. Study patients

Forty-seven patients were included between May 2008 and November 2011 among
which 46 underwent randomization (Figure 1): 27 in the placebo-PPS group and 19 in the

PnCj-PPS group. One patient in the placebo-PPS group (blood coagulation disorders) and 2
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patients in the PnCj-PPS group (consent withdrawal) did not receive any vaccine. One patient
started immunoglobulin infusions after vaccination with placebo but before receiving PPS.
Overall, 25 patients in the placebo-PPS group and 17 patients in the PnCj-PPS group were

included in a modified intention-to-treat analysis.

The demographic and clinical characteristics of the 2 groups were well balanced and
are described in Tablel. SLE was diagnosed with a median (IQR) of 7.3 [3.7-15.1] years and
SLEDAI score was > 4 for 76% of the patients. Overall, 39 (93%) patients were under
treatment with antimalarials (hydroxycholoquine or chloroquine) at study entry, 36 (86%)
received glucocorticoids (among which 10 (24%) received >10mg of daily prednisone) and 16
(38%) were treated with immunosuppressants (mycophenolate mofetil n=8; azathioprine n=5;

methotrexate n=3).

3.2. Immunogenicity according to antibody titers (ELISA)

Four weeks after the first injection (placebo or PnCj vaccine), the rates of responders
to at least 5 serotypes shared by both PPS and PnCj vaccines were 0% (0/25) in the placebo-
PPS and 35% (6/17) in the PnCj-PPS group (p=10"%), while the rates of responders to all 7
serotypes were 0% (0/25) in the placebo-PPS group and 12% (2/17) in the PnCj-PPS group

(p=0.08) (Table 1).

At week 28 (i.e.4 weeks after the PPS injection in both groups), the proportion of
responders to at least 5 serotypes shared by both PPS and PnCj vaccines (primary endpoint)
was 72% (18/25; 95% CI, 51-88) in the placebo-PPS group and 76% (13/17; 95% CI, 50-93)
in the PnCj-PPS group (p=0.75) (Table 2). Patients showing no response to any of the 7-
shared serotypes were 16% (4/25) in placebo-PPS group and 18% (3/17) in PnCj-PPS group

(p=0.24). Likewise, there was no difference between groups in the rates of responders to the 7
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serotypes shared in both vaccines (24% (6/25; 95% CI, 9-45) in the placebo-PPS group and
41% (7/17; 95% ClI, 18-67) in PnCj-PPS group (p=0.24)). When using a modified threshold
of 0.35ug/ml for antibody titers, the latter definition improved the rates of vaccine response
(76.0% in the placebo-PPS versus 76.5% in the PnCj-PPS group, p=1.0) but there was again
no difference in between both study groups (Supplemental Tables 1 and 2). Next, there were
no differences between the rates of responders in patients (regardless of their vaccine
schedule) treated with and without immunosuppressants (75% and 73% respectively, p=1.0),
and in those receiving <10mg and >10mg of baseline daily prednisone (69% and 90%

respectively, p=0.25).

At week 52, 13/18 (72%) patients in the placebo-PPS group and 10/13 (77%) patients
in the PnCj-PPS group (p=0.77) that otherwise met the primary endpoint at week 28 were still
responders to at least 5 serotypes shared by both PPS and PnCj vaccines. Overall, at week 52,
the rates of responders for > 5 serotypes were 52% (13/25) in the placebo-PPS group and 59%

(10/17) in the PnCj-PPS group (p=0.66).
3.3. Immunogenicity according to functional antibody titers (OPA)

OPA titers at baseline and at week 28 are reported in Figure 2.At week 28, although
there was for some serotypes (e.g. serotypes 6B, 9V, 18C and 23F) a trend towards better
immunogenicity induced by the PnCj-PPS group, the rates of responders to at least 5
serotypes shared by both PnCj and PPS were similar in the two groups: (28% (7/25) in the

placebo-PPS group vs. 35% (6/17) in the PnCj-PPS group; p = 0.38).

3.4. Safety

No respiratory tract infection was reported over the study period. At least one AE was

reported in 19 patients (76%) of the placebo-PPS group and in 15 patients (88%) of the PnCj-
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PPS group (p=0.32). Sixty percent of patients had at least one expected site injection AE,
among which pain was the most frequent (Table 3). Forty-eight percent of patients had at

least one general AE among which headache was the most frequent.

During follow-up, 9 SLE flares were reported in 6 patients (4 in the placebo-PPS
group and 2 in the PnCj-PPS group, p=0.70). Such flares occurred within week 24 in 3 and 0
patient(s) in the placebo-PPS and PnCj-PPS groups, respectively (p=0.14) and between weeks
24 and 52 in 2 patients each (p=0.68). A single SLE flare in the placebo-PPS group was
considered possibly related to the vaccination protocol. The latter consisted of mild
polyarthritis occurring 71 days after vaccination with PPS and resolved after the increase of
glucocorticoids. Of note, the rate of patients with SLEDAI scores > 4 and both complement

and anti-dsDNA levels remained stable in both groups over the study period (Table 4).

4. Discussion

Reducing the burden of infections is a major concern for physicians treating patients
with SLE. Means to do so include tapering glucocorticoid [36] and/or immunosuppressant
doses, promoting the prescription of antimalarials [8] and timely vaccinations. Current
guidelines regarding the prevention of infections of both immunocompromised hosts [13] and
patients with autoimmune inflammatory rheumatic diseases [15,16] recommend that
pneumococcal immunization be performed. In the present study, sequential administration of
the 7-valent PnCj vaccine followed by the 23-valent PPS vaccine was compared to the PPS
vaccine alone in patients with SLE and stable disease. Four weeks after the PPS vaccine
injection, the rate of responders to at least 5 serotypes of the 7 serotypes shared by both PPS
and PnCj vaccines (primary endpoint) was 72% in the placebo-PPS group and 76% in the

PnCj-PPS group. After one year, these rates decreased and dropped to 52% in the placebo-
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PPS group and 59% in the PnCj group. Hence, unlike previous studies in
immunocompromised hosts [29,31] but in line with the study of Tobudic et al in 62 renal
transplant patients [37] and that of Penaranda in 202 HIV-infected patients [38], we were
unable to confirm in our population of SLE patients the potential benefit of a strategy

combining the sequential administration of both PnCj and PPS vaccines.

Despite the lack of difference between the rates of responders in the two vaccination
groups, it is important to underscore that this trial is the first to assess the safety and efficacy
of the PnCj vaccine in patients with SLE. As reported previously in patients with SLE
undergoing influenza [39,40] or routine vaccinations [41], pneumococcal vaccination with a
conjugated vaccine was safe and did not trigger SLE flares. Next, although there is a time
shift between the two vaccination groups, the effects of both PnCj (week 4 of the PnCj-PPS
group) and PPS (week 28 of the placebo-PPS group) vaccines alone 4 weeks after
immunizations can be compared. Hence, our results suggest that the PnCj vaccine alone was
not more immunogenic than the PPS vaccine alone in patients with SLE (Table 2). The

results with OPA led to the same conclusion (data not shown).

It is unclear why the basal level of antibodies against pneumococcal polysaccharides
are found elevated at a level upper than 0,35 [1g/ml and even 1[][Jg/ml in the lupus

population (Supplemental Table 2). A report has hypothesized that some anti-dsDNA

antibodies might cross-react with bacterial polysaccharides [42] but in our hands we were
unable to show any correlation between the levels of antinuclear or anti-phospholipids
autoantibodies (data not shown). Moreover, others have already reported such an increase in
the basal levels of antibodies against pneumococcal polysaccharides in both SLE [22] and

HIV+ [43] pneumococcal vaccine-naive patients. As pneumococci are commensal bacteria
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that can colonize the oropharynx, one might speculate that they might induce subclinical

immunization in immunocompromised patients.

Measurement of antibody concentrations with ELISA is the recommended method for
market authorization of pneumococcal vaccines. Yet, OPA is considered as the reference
method for assessing the protective efficacy of pneumococcal antibodies [44-46]. To our
knowledge, the present study is the first to report on OPA titers after pneumococcal
vaccination of patients with SLE. Although there was for some serotypes (i.e. serotypes 6B,
9V, 18C and 23F) a trend towards better immunogenicity for the PnCj-PPS group (Figure 2),
there was no overall significant difference at week 28 in the rates of responders for > 5

serotypes assessed by OPA.

Some discrepancies regarding outcomes have been reported in previous studies when
both functional antibody levels (OPA) and antibody titers (ELISA) were assessed. In the
study of Kumar et al, 60 kidney transplant patients received either a single dose of 23-valent
PPS vaccine or the 7-valent PnCj vaccine. Although there was a trend towards increased
immunogenicity in the PnCj vaccine group with ELISA, no such significant difference was
found with OPA [30]. Next, the fact that such differences between ELISA and OPA titers
could vary according to the different serotypes of S. pneumoniae further brings complexity in
the interpretation of data of pneumococcal vaccination trials [28]. Yet, in line with recent
studies of allogenic stem cell transplant recipients and HIV-infected patients [43,47], analysis
of serotype-specific immune responses in the present study were concordant between both
laboratory techniques. Moreover, the rates of responders were lower in both groups with OPA
than with ELISA, and neither ELISA nor OPA titers showed a clear superiority of the PnCj-

PPS group over the placebo-PPS group.
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Our study has some limitations. First, we were not able to enroll the expected number
of patients and consequently the study power to detect significant differences between
vaccination groups was decreased. Despite growing evidence regarding both the burden of
infections and the safety of non-live vaccines in patients with autoimmune inflammatory
rheumatic diseases, it is likely that there continues to be an increased risk perception of
vaccination by both patients and physicians in this context [48,49]. Next, our results cannot be
extrapolated to patients with SLE treated with other biologics (namely B-cell and IFNa-
targeted therapies) and/or immunosuppressants (e.g. cyclophosphamide or calcineurin
inhibitors) that were not included in the present survey. Last, the 7-valent PnCj vaccine was
recently replaced in both infants [50], elderly [51] and immunocompromised hosts [13] by a
13-valent PnCj vaccine. Yet, this study is the first to report in patients with SLE on the safety
and efficacy of a conjugated vaccine, and to report on vaccines’ immunogenicity with the

functional OPA.

In conclusion, our results demonstrate the safety and short-term immunological
efficacy of both PPS and PnCj vaccines in the context of SLE. Hence, our findings further
support the fact that pneumococcal vaccination should be performed in this setting. Yet,
priming with PnCj vaccine before PPS vaccine was not superior to PPS vaccine alone in both
ELISA and OPA. Last, since more than 40% of patients failed to mount memory immune
responses at week 52, our findings underline the need of future studies with new vaccines
and/or innovative schedule designs in order to enhance protection of patients with SLE

against pneumococcal infections.
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