UNIVERSITY OF LEEDS

This is a repository copy of Immunogenicity, safety and tolerability of anti-pneumococcal
vaccination in systemic lupus erythematosus patients: An evidence-informed and PRISMA
compliant systematic review and meta-analysis.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/145041/

Version: Accepted Version

Article:

Adawi, M, Bragazzi, NL, McGonagle, D et al. (12 more authors) (2019) Immunogenicity,
safety and tolerability of anti-pneumococcal vaccination in systemic lupus erythematosus
patients: An evidence-informed and PRISMA compliant systematic review and
meta-analysis. Autoimmunity Reviews, 18 (1). pp. 73-92. ISSN 1568-9972

https://doi.org/10.1016/j.autrev.2018.08.002

© 2018 Published by Elsevier B.V. Licensed under the Creative Commons Attribution-Non
Commercial No Derivatives 4.0 International License
(https://creativecommons.org/licenses/by-nc-nd/4.0/).

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’'t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Invited. Autoimmunity Reviews

I mmunogenicity, safety and tolerability of anti-pneumococcal vaccination in systemic lupus
erythematosus patients: an evidence-informed and PRISM A compliant systematic review and

meta-analysis

Nicola Luigi BragazZi™", Dennis McGonagk’, Samaa Watad Mohammad Adawi®, Naim
Mahroun?’8 Giovanni Damiarfit®*, Rosalynn Coni¢, Charlie Bridgewootf Hussein
Mahagn&’® Luca Giacomell?, Roberto Eggenhoffne, Mahmud Mahamitf*, Paolo Daniele

Maria Pigatté®, Howard Amitaf’8 Abdulla Watad® '8

!Postgraduate School of Public Health, Department of Healign&s (DISSAL), University of

Genoa, Genoa, Italy.

2Section of Musculoskeletal Disease, Leeds InstitutMotecular Medicine, University of Leeds,

NIHR Leeds Musculoskeletal Biomedical Research Unit, Ahalterton Hospital, Leeds, UK.
3Department of Statistics and Operations Research, Tel Biviiversity, Tel Aviv, Israel.
4Azrieli Faculty of Medicine, Bar-llan University, Zefdsrael.

*Padeh and Ziv Medical Centers, Zefat, Israel.

®Department of Medicine 'B', Sheba Medical Center,Hathomer, Israel.

Zabludowicz center for Autoimmune Diseases, Sheba MeQiater, Tel-Hashomer, Israel.
8Sackler Faculty of Medicine, Tel-Aviv University, Tel-Hasher, Israel.

%Young Dermatologists Italian Network (YDIN), GISED, Bergamolylta



%Dipartimento di Fisiopatologia Medico-Chirurgica e deifiaati, Universita degli Studi di Milano,
Unita Operativa di Dermatologia, IRCCS Fondazione Ca’ Granda, Ospedale maggiore Policlinico,

Milano, Italy.

Clinical Dermatology, Department of Biomedical, Surg@atl Dental Sciences, IRCCS Galeazzi

Orthopaedic Institute, University of Milan, 20126, Milan, Italy.
2Department of Dermatology, Case Western Reserve Uniye@éveland, Ohio, USA.

BDipartimento di Scienze chirurgiche e Diagnostiche Iraeg(DISC) Universita degli Studi di

Genova, Genova, Italy

“Endoscopy Unit of the Nazareth Hospital EMMS, Nazarethgels

"Equal contribution

"Corresponding Author: Dr. Nicola Luigi Bragazzi,

Postgraduate School of Public Health,

Department of Health Sciences (DISSAL),

University of Genoa, Genoa 16132, Italy

Short running title: Immunogenicity and safety of anti-pmeaoccal vaccine in lupus



Abstract

The immunological perturbations associated with systdapus erythematosus (SLE) puts many
patients at higher risk of infections including pneumocbpoaumonia. However, the uptake and
utility of anti-pneumococcal vaccines in SLE patiertash controversial and not completely agreed
on. Indeed, several epidemiological studies of anti-pneatcal vaccine safety and efficacy in SLE
have reported short term immunogenicity with elevated-pam@umococcal antibody titres but
inconsistent long term findings with some studies finding pesponses, mainly for long-term
immune protection. Moreover, the safety and efficacghefpneumococcal vaccine in SLE patients
remains controversial due to the different types ofméumococcal vaccines, and the heterogeneity
of SLE patients. Several reviews addressing anti-pneurnatwaccination in SLE patients exist,
however, to the best of our knowledge, the present is 8iesfistematic review and meta-analysis.
To better understand the efficacy and safety of pneumolceaoeination in SLE, a comprehensive
literature search was performed identifying 18 studies irptheent systematic reviews and meta-
analysis. All studies were designed as longitudinal investiggttwo, in particular, were of high
guality, being randomized, double-blind trials (RCTs). Four studielscontrol groups. Sample size
ranged from 12 to 204 participants. Vaccine immunogenicity in tefnssibjects with protective
antibody titers ranged from 36.0% to 97.6%. According to oetanalysis high erythrocyte
sedimentation rate (ESR), older earlier SLE, higleaks activity, and immunosuppressive therapy
were predictors of poor immunogenicity, although belimumab feasd to have no significant
impact. With regard to safety, no serious adverse evengsfawand, with up to third of cases reporting

mild/low-grade and complaints.

In conclusion, due to the high risk of pneumococcal infacitioSLE patients and given the safety
and, at least patrtial, effectiveness according our studuch patients, preventive strategies mainly
by immunization are required in all age groups and in those me@dmunosuppressive therapy,

immunization should be given prior the initiation of theatment.
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Introduction

Systemic lupus erythematosus (SLE) is a prototypic chronitti-organ autoimmune disease
characterized by immune complex deposition and vasculopathytherefore, can affect any organ
and tissue of the human body. As a complex autoimmiseask (1), it is characterized by clinical
heterogeneity, more common among women (2) and withtema¢ed prevalence of 20 to 150 cases
per 100,000 population (3, 4). The pathogenesis of SLE is ipufuderstood and believed to be a
result of a complex interplay between genetic susceptifil) and environmental factors in subjects
with primary dysregulation in both innate and adaptive imenslystem with dysregulation of type -

1 interferon being a common denominator (6-9).

In the face of autoimmune diseases, SLE patients aneevghat paradoxically, at higher risk of
infections, in particular bacterial infections, re@mting one of the leading causes of morbidity and
mortality in disease (10). Infections account for 25-50%wvefrall mortality and half of SLE patients
may experience severe infection, with more than 20Begpitalizations being due to infections (11-

14).

The higher rate of infections in SLE can be attributed tauarfactors including the disease itself
characterized by aberrant immune respgnsomplement dysregulation, and immunosuppressant
therapy such as corticosteroids and cytotoxic drugs comnusely in SLE management (10, 15).
Streptococcus pneumoniae (S. pneumoniae or Pneumococcus) is a gram-pbgltcoccus
bacterium and the most frequent pathogen to involve theagsry tract in SLE patients and remains
an important cause of morbidity and mortality in patievita SLE (15, 16). SLE patients are, indeed,
highly susceptible to S. pneumoniae. Invasive pneumococcal infd@®man estimated incidence
ranging from201/100.000 to 236/100,000 patient-years among SLE patients, an incl@etices

higher with respect to the general population (17, 18).



Therefore, according to the European League Against Rhenm@EdLAR), vaccinaton status
should be assessed in the initial workup of patients withraaotone conditions including SLE (19).
However, controversy concerning the vaccination coveeffieacy and safety in patients with SLE
has existed for over 50 years. There are two types oipmeoccal vaccines available, pneumococcal

conjugate vaccine or PCV and pneumococcal polysaccharidegamncPPSV (20).

The 13-valent PCV or PCV13 includes the most common pathogeapsular polysaccharides:
namely, 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23Bf alhich are conjugated with the
carrier protein CRM197, a non-toxic diphtheria toxin mutdB¢cause of the carrier protein
conjugation, the vaccine is able to induce a T-cell dependantnological reaction, including

higher affinity antibodies and an immunological memory.

The PPSV is a vaccine derived from a capsular polysadeh#ine polysaccharide antigens are used
to induce type-specific antibodies that can enhance opsionizgthagocytosis, and killing of S.
pneumoniaeThe PPSV is, indeed, able to activate B-cells and ta @licell independent immune
responses, but is not able to induce mucosal immunity arsdicas has negligible impact on naso-
pharyngeal carriageThe PPSV is widely recommended and used in high-risk adaltgrevent
invasive pneumococcal disease. The 4-valent PPSV wasdheaccine introduced, replaced in the
1970's by the 14-valent formulation, further evolved imte 23-valent preparation in the eighties
(21). There are currently two 23-valent PPSPV23 formulations used in the United States and in
Europe (Pneumovax® 23) and one used in Europe and Canadan(@n&3). In 2000, a further

formulation was licensed: the protein conjugate heptavadadinve (PCV7).

With regard to anti-pneumococcal agents in SLE, sevgralemiological studies have been
conducted to assess their safety and efficacy witheperting of inconsistent findings. Indeed,
various studies found poor and impaired responses in terargibbdy titers, mainly for long-term

immune protection following pneumococcal immunization in laents (22-24), whereas others

found anti-pneumococcal vaccines to be immunogenic witlo Ui®.2% having relevant protective



antibody ttres (25, 26). Furthermore, the safety of the pneum@d@eccine in SLE patients remains
controversial due to the different types of anti-pnecmecal vaccines, and the heterogeneity of SLE

patients.

Several reviews addressing anti-pneumococcal vaccinati®bk patients exist, however, to the best
of our knowledge, the present is the first systematieweand meta-analysis. The review and meta-
analysis by Pugés and coworkers (27) was derived from datectextrfrom only three studies. To
get a better understanding of the efficacy of pneumotanraunization as well as their safety in

patients with SLE, a comprehensive literature searclpedsrmed.

M aterial and methods

Systematic review and meta-analysis protocol and development

The present systematic review and meta-analysis has dwmrefucted in compliance with the
“Preferred Reporting Items for Systematic Reviews and Meta-analyses” (PRISMA) guidelines (28).
The study protocol has been devised according to the “PRISMA-Protocol” (PRISMA-P) guidelines

(29) and is available upon request to the corresponding author.

This systematic review and meta-analysis has been esgistin the International Database
PROSPERO of the Centre for Reviews and Disseminatioredfdtk’s University (UK; registration

code 10360p.

Search strategy

For the comprehensive literature search a string made uywbkds such as SLE, S. pneumoniae
vaccine and immunization properly connected by Booleans opevasutilized. This string was
adapted according to the database searched. Target journalsawdssearched and reference list of

each included study was scanned in order to increase thescbigetting potentially related articles.



In accordance with the Cochrane recommendatithe grey literature was also independently mined
via Google Scholar. No time or language filters were appliedbds¢s were searched from inception
and mined in any language. Studies were according based oriatenip PICOS criteria: P (SLE
patients with a diagnosis according to the ARA/ACR oa)e | (administration of an anti-
pneumococcal vaccine), C (comparisons between vaccinatedp8&lients and healthy controls;
between SLE patients and SLE subjects who have refusedhthunization), O (outcomes, anti-
pneumococcal vaccine safety, tolerability and immunogeracitgng SLE patients), and S (original
investigation reporting sufficient quantitative details)tiédes devised as case-report, case-series,
editorial, letter to editor, expert opinion, commentaeyjew article were excluded. Further details

concerning to the literature search strategy adopted poeed in Table 1.

Two authors (NLB, AW) independently extracted the followinfgrimation using an ad hoc designed
spreadsheet: surname of first author, year of publicatiamtiog study design, type of vaccine (7-
13-, 14- or 23-valent vaccine), sample size, drop-out catetrol group and type of controls (if
present), mean duration of disease, activity of diseasssessed by the SLEDSELENA-SLEDAI

or SLEDAI-2K score, drugs administered, safety concerngeims of adverse events (AES),
immunogenicity (in terms of protective antibody titepedictors of safety and/or immunogenicity,

and main observations and conclusions.

Quality assessment

Quality of each included study was critically appraised using the Down & Black’s modified checklist,
which includes three main sections: reporting, external aednal validity. Quality appraisal was
performed by two authors (NLB, AW) independently. Interfratgreement was excellent (Cohen's

k >0.90.

Meta-analysis



Meta-analyses were carried out using the commercial softwadCdlc Statistical Software version
16.8.4 (MedCalc Software bvba, Ostend, Belgium; https://www.medcg] 2016) and

Comprehensive Meta-Analysis CMA v3.

Prevalence ratios were calculated as effect size éBi8pates. The 95% confidence intervals (CIs)
were also generated. More in detall, the logit transéion (I) approach was utilized in the current
meta-analysis, being one of the possible approaches fongdoljether raw prevalence data. The

following equation was used to compute [

where p is the prevalence proportion.
Variance was computed using the equation:

1 N 1
N:-p N-(1-p)

Var(l) =

where N is the population size.

The pooled | was subsequently back-transformed to a propading the equation:

Statistical heterogeneity has been assessed using statistic. ¥ more than 50% was regarded as
substantial heterogeneity. To identify sources of vanatfurther stratification was performed
relative to study quality and to performance of confirmatests. In addition, for the sensitivity
analyses, the stability of the pooled estimate with i@gpesach study was investigated by excluding
individual studies from the analysis. Concerning publicatios, lmatential publication bias has been
extensively investigated in the current systematic reviewnaetd-analysis. First, we have visually

inspected the funnel plot, looking at asymmetry of thelyréf asymmetry was present based on



visual assessment, we performed exploratory analysesdstigate and adjust this using the Duval
and Tweedie’s trim-and-fill analysis. In addition, the probability of publicat bias has been tested

using the Egger’s linear regression test.

Results

The initial search yielded in a pool of 9,031 items. After titedethe duplicates, 8,910 unique results
were retained. After the screening of the title and/oratist8,850 items were discarded. The full-
text of 60 investigations was assessed and 14 texts weueleaalith reasons (as reported in Table
2) (21, 26, 27, 30-40). Finally, 22 articles were included (4 ssuldad overlapping populations) in

the present systematic reviews.

It should be, however, noticed, that some of these stadiefllow-up studies and investigated, at
least partially, overlapping patients cohorts. Table 3 pesvallist of these redundant investigations
(18, 21, 37-42), that have been utilized in the systematewepart but excluded in the meta-analysis.
For this reason, data represent the synthesis of 18 igs#ests (k=18), from 22 articles (18-21, 37-

58). Their main features are tabulated in Tables 4 and 5.

Studies retained in the present systematic review havecbeedncted between 1979 and 2018. Eight
and two studies were undertaken in the USA and in Israpkcteely, three further investigations
in France and other two in Russia, with one study in Atige, Brazil, Iran, Hungary, Mexico, and
Sweden. One study was a multi-center collaboration, pertbimearious countries of the North

America and Europe.

Quality of retained studies as assessed with the modified Down & Black’s checklist was generally
good, with scores ranging front@10 (median 8.5)Concerning the different sections, reporting was

generally good while external and internal validity were gbethg higher for the RCTs.



All studies were designed as longitudinal investigations, 4 (1&#2%ll included studies), in
particular, were of high quality, being randomized, double-bliradst(RCTs)— Chatham et al.

(49), Grabar et al. (52), Klippel et al. (53), and Lipnicklet5x).

Drop-out rate ranged from 0.0% to 25.0%. Study follows-up/timingge@ from few days to 3 years:
in particular, most studies investigated the short-teammmunological protection, with few

investigations addressing the long-term protection. One stssyssed the antibody titer after 6
months, 3 after 1 year, and 1 study after 2 years. Adurstudy explored the immunological

protection 3 years after the vaccine administration.

Fourteen studies had control groups: more in detail, 3 studiésDonald et al. (42), Nagel et al.
(56) and Tarjan et al. (58) utilized healthy volunteers, whereas 2 investigatio@oft et al. (50)
and Jarrett et al. (22) both SLE patients and healthy controls. Alyasin et al. (ifzed asthmatic
children as control group. All studies were conducted among St&ltpatients, except for Alyasin
et al. (47) and Gonzalez et al. (51), who investigated pedtients. Sample size ranged from 12
to 86 participants with a total of 601 subjects. Female pegenteent from 76.7% to 100.0%.

Patients under immunosuppressive therapy ranged from 38.0%386.58.

Concerning disease activity index, most studies utilized LiEED3I score, apart from two studies,
which used the SELENA-SLEDAI and the SLEDAI-2K, respectiv@lybaseline, the mean disease
activity score went from 2.5 to 9.2. Mean disease duratoied from 3.2 to 10.5 years. Disease was
inactive in 49.4-100.0% of recruited SLE patients. The SLEBBLENA-SLEDAI/SLEDAI-2K
score remained stable before and after immunization. fBettep et al. (48) documented a mild
increase in the score in 8% of cases, whereas stablesvahd a decrease in the score were observed

in 84% and in 8% of patients, respectively.

Most studies (15/22) investigated the administration of thea®3av anti-pneumococcal vaccine.

Five and three studies evaluated the administration oflthe and 13-valent formulations,



respectively. Only one study investigated the administratitimeo-valent formulation. Two studies
assessed the concurrent administration of the anti-pmsaooal vaccine with the Haemophilus
influenzae type b (HIB) vaccine and/or the tetanus toxoid, whereasstudies investigated the
sequential administration of different anti-pneumocbeeacines (two various formulationsach

one administered as a single dose at 8-week injerval

Concerning immunogenicity of the anti-pneumococcal vaccmeng SLE patients in terms of
protective antibodies titre determinations, 15 (68.2%) stuglidged found a general good
immunological response, whereas 7 (31.8%) studies reported amotoygical impairment or a poor
response. Among the latter studies, McDonald et al. (42) reptrée 57.9% of immunized SLE
patients had protective antibody titer 3 years afterivimgpthe anti-pneumococcal vaccine. With
respect to controls, 2-year post-immunization antibody wias lower for serotypes 4 (p<0.025), 7F
(p<0.005), 18C (p<0.025), 3-year post-immunization was lower fostyges 1 (p<0.05), 7F
(p<0.0025), 9N (p<0.01), 18C (p<0.025). Tarjan et al. (58) reportectiigen-specific IgM and
IgG responses against Pneumococcus 6B and 23F serotypes wege ameang SLE patients with
respect to healthy controls. From a quantitative standp@®n?% of patients had 2-fold increase in
IgM titer against 6B. serotype, 33.3% of them reacted tals2gB8F serotype and 50% had two-fold
increase in IgG titer against 6B and 23F serotypes. Amongateots, 50% reported a 4-fold
increase in IgG antibody titer against 6B, while 83.3% refddnigh IgG titers against 23F, while
IgM response to vaccine was not different from that of phtents (50% and 16.7%, respectively,

of controls reacted to 6B and 23Mrakash et al. (46) found a good immunological response to

vaccine only in 40% of SLE patients versus 60% of the stsbje¢he control group with statistically
significant differences specifically concerning Pneumocoamretypes 51 and 4 (p=0.05 and
p=0.025, respectively). A 2-fold increase in the antiboay titas observed in 20% of SLE patients

versus 50% of controls.



Overall, immunogenicity of the vaccine went from 36.0% to 97 @pending also on the technique
used and the timing when the assessment was performed. Agdor&itkayam et al. (25, 41), 20.8%

of SLE patients responded to either none or only 1 of theeumococcal polysaccharides.

Stratifying immunogenicity based on the anti-pneumocoaratdlation administered, one third of
the studies on the 13-vakent and another third of the studi28-valent vaccine found poorly

immunogenic responses.

It should be, incidentally, noticed that the antibathetwhich is a proxy of the seroprotection against
S. pneumoniae, can be measured with different laboratorysaasdyutilizing different cut-offs and
criteria. This may contribute to explain, at least iplyt the heterogeneity found. More in detalil,
most studies utilized enzyme immunoassays, whereas Craft €50) and Lipnick et al. (54)
exploited radioimmunoassays and Jarrett et al. (22) anDokkld et al. (42) used radial
immunodiffusion assays. Chatham et al. (49) and Nagal. €66) utilized multiplex fluorescent
microsphere immunoassays (MFMIs). Furthermore, Gralar €82), Nagel et al. (56) and Tarjan et
al. (58) investigated also the opsonophagocytic activityjan et al. (58) performed also cellular

assays on blood lymphocyte populations. Further detailbedmund in Table 5.

Concerning safety, no serious AEs were reported: they gesrerally mild/low-grade and with 8-
88% of the participants reporting such reactions. SLEedlavere rarely reported and only by two
studies. Jarrett et al. (22) reported 3 subjects complainingjof olmical flares necessitating major
immunosuppressant therapy 1 year after the vaccine etiration. Three deaths (due to myocarditis;
persistent fever, central nervous system disease aaoh Gegative sepsis; nephrotic syndrome)
occurred among SLE vaccireedOn the other hand, in the non-vaccinated SLE control grdup,
patients developed clinically major flares, once hav@oephritis and another one severe hemolytic
anemia. Furthermore, one death occurred secondary tce gmmkumococcal meningitis

(Pneumococcus serotype l14fcrabar et al. (52) reported nine SLE flares (including mild



polyarthritis) occurred in 6 patients (4 in the placé®S and 2 in the PnCj-PPS groups respectively,

statistically not significant with a p-value of 0.70).

Only 7 studies investigated the changes in auto-antibodmisd&DNA) after anti-pneumococcal
immunization among SLE patients, showing no changes bafa@fter immunization. Pisoni et al.
(57) reported an increase of anti-dsDNA antibodies5&8of the studied population. Lipnick et al.
(54) reported a 10% increase in 8% and 16% of patientsiad $ months versus 10% and 15% of

controls, respectively.

Other auto-antibodies (anti-Sm, anti-Ro/SSA, anti-cdipgin IgM, anti-RNP, anti-nuclear antibodies
or ANA) have been investigated only by Elkayam et al. (2h, Bie same study documented that a

single patient developed aCL IgG and another one turnedRNIP negative.

Concerning complement levels, which represent an impobiamarker of SLE activity, only 8
studies addressed this topic and documented stability of corapie before and after vaccination.
Battafarano et al. (48), Croft et al. (5&lkayam et al. (25), Elkayam et al. (41), Grabar et al. (52),
and Jarrett et al. (22) reported no statistically significhfiftrences between and after vaccination
Pisoni et al. (57) reported a post-immunization decreésetal complement activity measured as
CH50 in 5.7% of SLE patients. Tarjan et al. (58) found ttgaa C4 levels significantly decreased
13 days after vaccine administration: more in detail, C3edsed from 1.29 g/L down to 1.14 g/l (p=
0.0082), whereas C4 from 0.24 g/L down to 0.20 g/l (p= 0.004). On theha@thdr Mercado (55)

documented a statistically significant increase in C3l$gyest immunization (p=0.019).

Few studies— including Mercado (55) and Tarjan et al. (58)assessed the changes in
immunoglobulin levels before and after immunization, Wwhieere found to be generally stable. For
example, Tarjan et al. (58) found that in SLE vaccirssgam total IgG and IgA levels diminished
by Day 28 compared to Day 0 in which immunization was givenstatstically significant way

(I9G levels decreased from 12.9 g/L down to 12.22 g/l, p=0.047; lgAsleeskreased from 2.57 g/L



down to 2.37 g/l, p=0.0003), even though all the values remained moth®&l rangeOn the other
hand, Mercado (55) documented a statistically significantredse in the IgG levels after

immunization (p=0.0193).

Concerning cellular immunological parameters, Tarjaralet(58) found that different cellular
populations (namely, CD8+, CD21+, CD3+/DR+, CD4+, CD19+ and CD56+ lymgdocy

populations) remained practically unchanged before and aétentirpneumococcal vaccination.

Regarding opsonophagocytic activity, the few available dsmgo suggest that anti-pneumococcal

vaccination does not impair it.

Predictors of poor immunogenicity were found to be highheoglyte sedimentation rate (ESR
differing between poor and good responders in a statistisglhificant fashion with a p-value of
0.04, and correlating with pre-immunization antibody fite0.4, p=0.03) (47), older age (correlating
with post-immunization antibody titer, r=0.30, p=0.02) (48LE onset (correlating with post-
immunization antibody titer, r=0.43, p=0.02, in other wagddier disease onset was associated with
poorer immunological response) (47high SLEDAI/SELENA-SLEDAI/SLEDAI-2K score,
immunosuppressive therapy (more in detail, prednisolone dos#iggmab or mycophenolate

mofetil) (24, 45, 46, 51, 56)

Concerning immunosuppressive therapy, Rezende et al. (24) dot®dra seroconversion response
rate in the range 43.7-77.7% in the patients under immunosspptesversus 52.3-90.0% in the
group without immunosuppressive therapy, and, similarly, adiificiease in the range 25.0-57.1%
in the patients under immunosuppressants versus 38.4-73.0% ein gtbup without
immunosuppressive therapy). According to Tratenberg é4%), Prakash et al. (46), and Gonzalez
et al. (51), treatment with mycophenolate mofetil intedewith immunization. Nagel et al. (56)
found that prednisolone dosage was statistically associatdd leww antibody response to

Pneumococcus serotype 9V. On the contrary, according tsttldees of Chatham et al. (49) and



Nagel et al. (56), Belimumab treatmeld not impair immunological response to anti-pneumoabcc
vaccination. The former investigation found an immunoldgiesponse of 97.6% in the belimumab

cohort versus 97.0% in the pre-belimumab cohort.

However, only few studies managed to obtain statisticafjpifstant determinants, whereas the

majority of studies failed to report any significant potoli. Sacre et al. (23) found that B-cell defects
(altered germinal centres, impaired production of immunadiled) predict poor response, whilst a

lower IgG2 serum level and a higher ratio of pre-germinal/gestinal centre B cells are predictive

of short-term protection. Interestingly, the same gr®@8) found that Pneumococcus 19F serotype
IgG titer measured 2 months after the administrationhef I3-valent vaccine was a predictive

biomarker of immunogenicity, with a sensitivity of 100% 9861 47.8-100] and a specificity of

91.7% [95%CI 61.599.8]).

No evidence of publication bias could be found, both by inspedtimdunnel plot and conducting

the Egger’s linear regressiion test.

Discussion

Initially, rheumatologists and immunologists were relatta vaccinate SLE patients (59), especially
after the first reports of autoimmune disorders diagdas worsened after vaccinations (60-62), even
though the causal link could have not been established. Howeaaination is a well-accepted
strategy in SLE based on studies showing a decreased tislection following vaccination. Our
analysis proves that anti-pneumococcal vaccination fe #a SLE patients and generally
immunogenic, even though a fraction of subjects could ireomprotected against S. pneumoniae. A
recently published meta-analysis carried out by Puges anth@aitars (27) has proven that, among
SLE patients, the pneumococcal vaccine against Pneumasc@8€ serotype has a good preserved

immunogenicity.



Determinants of immunological response to the-pndumococcal vaccination are poorly known.
However, according to our study high ESR levels, high SLEDAI/SEAISNEDAI/SLEDAI-2K
score, some immunological parameters such as B cedctdefind immunosuppressive therapy
(rituximab, mycophenolate mofetil, or prednisolone/prednisare found to be predictors of low

immunogenicity

The mechanism by which rituximab, an anti CD20, increasiagly commonly used for diverse
autoimmune conditions, such as SLE and primary systensiculias (63, 54), can induce low
immunogenicity may be related to its mechanisms of adtioough the achievement of complete
peripheral blood B cell depletion for a relatively longipe (65, 66). In one study, following
rituximab therapy, 34% patients had I1gG <6 g¢/L (63, 64). HoweVvegher rates of
hypogammaglobulinaemia have been reported in patients treaidd rituximab due to
lymphoproliferative disorders, especially in those receiviiigximab in combination with
chemotherapy (67, 68). A study of Oren et al. (69) aimeddesaghe impact of rituximab on the
efficacy of Influenza vaccination in patients with rhetoid arthritis showing response to the vaccine
was significantly lower among rituximab-treated patieAtsother study conducted on ITP patients,
showed that 21.4% of patients treated with rituximab failede$pond to vaccines by any criteria
(70). Therefore, extra vigilance for infection in the 8ath window post starting rituximab in SLE

patients is required by physicians and patients (71).

Interestingly, belimumab also exerts on B cellsa human monoclonal antibody directed against the
B-cell activating factor, also known as B-lymphocytensiator, approved worldwide for the
treatment of SLE (72, 73). However, in contrast to rituxintad former seems to have no significant
impact on the immunogenicity of anti-pneumococcal vacdm&4 E patients. In one study assessing
the effect of belimumab on antibodies levels agamfiiénza, pneumococcal, and tetanus vaccines
in patients with SLE found no significant effect (74). $anresults were found in another study

evaluating the impact of belimumab on the response to premgroal vaccination in SLE patients



showing no significant differences between thelrEmumab and belimumab-concurrent cohorts

(45).

However, only few studies have found statistically significaredictors of anti-pneumococcal
vaccine immunogenicity, and, moreover, determinants ofipgaunological response have not been
replicated by other studies. As such, there is a deardliable information concerning biomarkers

of immunogenicity and future studies should try to addresstinsad question.

SLE patients are at high risk for developing pneumococoaumonia (75). According to a
retrospective survey conducted on data from 3 healthcamasclrepositories, rates of all-cause
pneumonia among subjects aged 18 years and older with chrogdical conditions were
approximately 3 times the rates in age-matched healthyot®(76). SLE represented an additional

at-risk condition for pneumococcal disease (76).

As such, among SLE patients, anti-pneumococcal vacocmaticonsidered of crucial importance in
all age groups, in that it mitigates the burden relatedfactions and co-morbidities. It prevents
invasive pneumococcal disease and improves the quality afflf.E patients. For instance, in a
nationwide study, Mehta and collaborators (32) analyzextah of 193,293 SLE adult patients. Of
these, 1,755 (0.91%) patients received pneumococcal vacoindtiong the hospitalization.
Mortality rates among the non-vaccinated lupus neptpdigents was 1.2% (208 out of 16,824),
whereas no deaths were reported in the vaccinated pa#etutal of 3,390 (1.75%) SLE patients
died during hospitalization, 3,380 patients had not receivednpyeaccal vaccination. Mortality
percentage of SLE patients who did not receive vaccmatias 1.76% (3,380/191,538) whereas
mortality percentage in patients who received vaccinati@s 0.56% (10/1,755), (p<0.001).
Pneumococcal vaccination was associated with decreadembpital mortality in SLE and lupus
nephritis patients (32). Thus, immunization against pneoouat agents is required in SLE patients

regardless treatment and diseases activity due to thertaghlity rate reported in such patients .



However, despite the importance of gmieumococcal immunization, vaccine coverage among SLE
patients remains low and unsatisfactory. For exampée ctbss-sectional analysis of the German
long-term study (LuLa cohort) has analyzed the vacanattatus of 579 SLE patients. Vaccination
uptake was low for pneumococcus, being 32.2%. Older age was fobadotedictive of receiving
anti-pneumococcal vaccination (28). According to the eyrearried out by Malysheva and
coworkers (77), only 12 patients (19%) of the total sampde3@r6 in the age group greater than 60

years have ever received the pneumococcal vaccination.

Innovative approaches to improve the vaccine uptake have dmexioped and implemented,
including, for example, the use of Electronic Health ReédBest Practice Alert or pre-visit and
counselling, especially among SLE paediatric patients (78,Ft@her initiatives and techniques

should be explored.

Strengths and limitations

The present systematic review and meta-analysis haslzenoifrstrengths, including its novelty and
its comprehensive literature search, free from any imklanguage constraints, and conducted in a
rigorous, transparent and reproducible fashion. It has to plasized that also the gray literature
has been systematically mined and that both fully publishediiamablished/partially published (in
congress proceedings) findings have been collected. Thisrabled us to overcome any potential

publication bias.

On the other hand, it is not without any limitations, whicbusdth be properly acknowledged. The
main shortcoming is given by the high amount of hetereijgamong studies, which calls for caution

in interpreting results.



Conclusions

To the best of our knowledge, the present systematic reviewreeta-analysis, synthesizing 22
primary studies, represents the first comprehensive reagelnessing the topics of immunogenicity,

safety and tolerability of anti-pneumococcal vaccinaio8LE patients.

According to our findings, anti-pneumococcal vaccires loe safely administered in SLE patients.
They confer good immunological protection, even though anagligible percentage of vaccinees
remains unprotected against pneumococcal bacterium. Detan®iof poor response are still
unknown with known relevant risk factors including older dggher disease activity index, low
complement levels, low immunoglobulins levels, and lyngyt® function being poorly evaluated in
the available studies. Given the above-mentioned limitafifurther high-quality RCTs investigating
more immunogenic products are needed. It is, however, highlynmeaded to immunize SLE
patients prior the initiation of immunosuppressive ther&uythermore, coverage rate among SLE
patients remains still low and unsatisfactory: physicians vankers in the field of preventive
medicine and public health should elaborate new stratfegipsomoting anti-pneumococcal vaccine

uptake.

Due to the high risk of pneumococcal infection in SLEgrdat and given the safety and, at least
partial, effectiveness in such patients preventivdesi@s mainly by immunization are required in

all age groups of SLE patients.



Tables.

Table 1. The search strategy adopted in the present systematic review and meta-analysis.

Search strategy item Details

String of keywords (systematic lupus erythematosus OR SLE)
AND (Streptococcus pneumoniae OR S.
pneumoniae OR pneumococcal OR anti-
pneumococcal) AND (vaccine OR vaccinatio
OR immunization)

Databases searched PubMed/MEDLINE, Scopus, ISI/Web of
Science, DOAJ, Google Scholar

Inclusion criteria P: SLE patients
I: immunized against pneumococcal pathoge

C: between cases and controls (if a control
group is available)

O: safety, immunogenicity

S: original research

Exclusion criteria Case-report, case-series, editorial, letter to
editor, expert opinion, commentary, review
article

Original research not meeting with inclusion
criteria as stated by PICOS

Time filter None
Language filter None
Hand-searched target journals Arthritis and Rheumatism; Autoimmunity;

Autoimmunity Reviews; Clinical Infectious
Diseases; Human Vaccines and
Immunotherapeutics; Journal of Autoimmunit
Journal of Rheumatology; Lupus;
Rheumatology (Oxford); Scandinavian Journ
of Rheumatology; Vaccine

Abbreviations. DOAJ (Directory of Open Access Journals){li&titute of Scientific Information);
PICOS (Patients; Intervention/exposure; C: Comparatdd(sputcome(s); S: Study design); SLE
(systemic lupus erythematosus).



Table 2. List of articles excluded with reason and reason for exclusion.

Excluded article with reason

Reason for exclusion

Azoicai et al., 2018 (30)
Bragazzi et al., 2017 (31)

Chehab et al., 2018 (32)

Elkayam et al., 2007 (26)

Krasselt et al., 2017 (33)

Lawson et al., 2015 (34)

Mathian et al., 2018 (35)

Mehta et al., 2014 (36)

Murdaca et al., 2014 (37)
Murdaca et al., 2016 (38)
Puges et al., 2016 (27)

Rakoczi et al., 2017 (21)

Tarasova et al., 2014 (39)

Yazdany et al., 2010 (40)

Review article/expert opinion/commentary
Review article

Not pertinent with the scope of the present
systematic review

Review article

Not pertinent with the scope of the present
systematic review

Not pertinent with the scope of the present
systematic review

Review article

Not pertinent with the scope of the present
systematic review

Review article
Review article
Review article
Review article

The group includes 2 SLE paediatric patients
together with children suffering from diverse

rheumatologic disorders, but it is not possible
to extrapolate data related to SLE only

Not pertinent with the scope of the present
systematic review

Abbreviations. SLE (systemic lupus erythematosus).



Table 3. Overlapping studies.

Original study

Overlapping with

Elakayam et al., 2002 (25)
Jarrett et al., 1980 (22)
Tarasova et al., 2016 (43)

Tratenberg et al., 2015 (45)

Elkayam et al., 2005 (41)
Mcdonald et al., 1984 (42)
Tarasova et al., 2018 (44)

Prakash et al., 2017 (46)




Table 4. The main features of studiesincluded.

Authors Study Study Country  Type of Sample Drop-out Age Inclusion criteria Exclusion Female SLE score Discase Drugs Changesin Other Control Immunogenicity Safety Study Predictor s of Main
year  design vaccine size rate criteria (%) duration auto- immunological group follow- safety/immunogenicity observations/conclusions
antibodies parameters before up
after vaccine  and after vaccine
Alyasin et 2016 Longitudinal Iran 23-valent 30 None 13.2 [3-18] 1997 revised ACR- Fever, 76.7% 6.6 [0-22], NR 3.2 Hydroxychloroquine 53.3% high Hypocomplementemi: 30 sex- 1 antibody titer No AEs 3w ESR (p=0.04 between Generally immunogenic
al. (47) case-control SLE diagnosis pregnancy, post-immunization [0.25- (83%), prednisolone levels of anti- in 33.3% of SLE and age- from 68.8 [5.79- poor and good in children, even though
(convenient recent 15] (100%), azathioprine dsDNA patients matched  326.59]to 244.7 responders; r=0.4, small group may exhibit
sampling) immunization, (10%), methotrexate asthmatic [27.58-687.3] p=0.03 with pre- impaired immunological
history of . . . (16.7%), children versus 71.88 immunization antibody response.
revious Active disease in cyclophosphamide [6.13-269.74] to titer), age (r=0.30 Immunogenicity of anti-
P 36.7%, active yclophosp NR after 8,3% abnormal Ig ) ' _ ge L g y
pneumococcal T (16.7%), cellcept . . 341.6 [22.7- p=0.02 with post- pneumococcal
S proteinuria in o immunization level . : — . o
vaccination, (10%), Rituximab 964.6] in the immunization antibody vaccination among SLE
. 13.3% of SLE ) . ; .
history of atients (13.3%). control group titer), SLE onset and asthmatic patients is
hypersensitivity P Prednisolone was (r=0.43, p=0.02 with comparable.
reaction to consumed 5.8 post-immunization Immunosuppressive
vaccination, mg/day [1.25-15]. antibody titer), therapy does not impair
Mean fold : ;
platelet level Methotrexate was increase in SLEDAI score (8.9 immunological response
<50,000, mixed consumed 6 . . [1.1-33.4] in low to anti-pneumococcal
. antibody titer of o
connective mg/week [2.5-20]. SLEDAI sub-group vaccination
. : . 7.01[1.13-33.4] .
tissue disorders Prednisolone <10 versus 9.6 [1.3- versus 3.2 [1.25-9.7] in
and intra- mg/day 90%, >10 o the high SLEDAI sub-
47.4] in the
venous mg/day 10% group, p=0.012)
. . control group
immunoglobulin
injection in the
last 3 mo
Mean increase in
antibody titer
175.8 [7.8-649.3]
versus 269.7
[13.05-820.5] in
the control group
77.8% (two-fold
response
criterion), 63.0%
(three-fold
response
criterion), 55.6%
(four-fold
response
criterion) versus
86.2%, 72.4%,
65.5% in the
controls after 3
w
Battafarano 1998 Longitudinal USA 23-valent 73 Out of 81 43 [18-76] Revised ACR-SLE Immunization  94.5% 2.5, 1.8 post NR Antimalarials (48%), <« anti- — C3 None 74% (two-fold No serious AEs: in 12 w No significant Anti-pneumococcal
et al. (48) (consecutive vaccine eligible diagnosis within 6 mo. No immunization (after NSAIDs (34%), dsDNA response 8% mild/low-grade predictors vaccination is safe and
patients) administered patients, 6 exclusion based 12 w). Mild prednisone (74%), < C4 criterion), 59%  (local tenderness, immunogenic among SLE




Chatham et 2012 Phase lll,
randomized,
double-blind,
placebo-
controlled

al. (49)

trial

Croftetal. 1984 Longitudinal

(50)

North
America,
Europe
(from
136
medical
centers)

USA

simultaneously
with tetanus
toxoid and

HIB vaccines

23-valent

14-valent

patients lost
at the
follow-up
(7.4%), 2
declined
participation
(2.5%). In
total, 9.9%
of subjects
not taking
part into the
full study

86 forthe 10 (12.7%) 42.0(41.6
on-study  withdrew for the on-
part (from (patient study part)
a 204 request,
cohort) n=3; AE,

n=3; lost to

follow-up,

n=2; other,

n=2)

18 None 34.8+10

Active
autoantibody-
positive SLE
(antinuclear
antibody titer >1:80
or anti-dsDNA
antibodies >30
IU/ml) with

SLEDAI score >6,
receiving a stable
regimen of standard
therapy for >30
days; immunization
within 5 years

ACR-SLE diagnosis

on disease
activity or
demographic
parameters

Severe active 94.6%

lupus nephritis  (90.7%
or central for on-
nervous system study
lupus part)
NR 94.4%

increase in
SLEDAI observed
in 8% of cases,
stable values in
84% of cases, a
decrease was
observed in 8% of
patients

9.2 (8.7 for the on- NR

study part)

NR

<> disease activity
before and after
immunization

NR

azathioprine (10%),
cyclophosphamide
(10%), methotrexate
(1%). Prednisone
<10 mg/day 63%,
>10 mg/day 11%

Standard therapy + NR
belimumab 1 mg/kg
(38.2%) or 10 mg/kg
(30.9%) versus

placebo (30.9%);

58.3% with
immunosuppressive
therapy (59.3% for

the on-study part)

Prednisone 83.3%, NR
azathioprine 22.2%.
Mean dose

consumed of

prednisone was

18.9+16 mg/day [O-

60 mg/day]. Mean

dose consumed of
azathioprine was
81.3+20 mg/day

NR

<> complement levels

(three-fold
response
criterion), 47%
(four-fold
response
criterion)

97.6% in the
belimumab
cohort versus
97.0% in the pre-
belimumab
cohort Over
85% of patients
in both cohorts
responded to >10
of serotypes,
approximately
80% responded
to >12 serotypes,
and
approximately
two-thirds
responded to >16
serotypes.

Increase of
antibody titer
from 238.3+273
to 1,661.4+1,252
in the immunized
group versus
increase from
273.4+254 to
1,704.1+693 in
the immunized
controls versus
335.7+264 to
394.74272 in the
SLE non
immunized

group

erythema, fever,
malaise)

No serious AEs
eight (23.5%)
patients
experienced a
treatment-related
AE in the pre-
belimumab cohort
and four (8.9%) in
the belimumab-
concurrent cohort;
seven patients
experienced non-
fatal serious AEs
(pre-belimumab
cohort, 11.8%
[n=4]; concurrent-
belimumab cohort,
6.7% [n=3]). N
deaths were
reported

No AEs

4w NR
4-6 w No significant
predictors

patients. Simultaneous
immunization with other
vaccines does not
exacerbate SLE disease
activity and does not
result into AEs

Treatment with
belimumab does not
impair immunological
response to anti-
pneumococcal
vaccination

SLE patients appear to
have a specific antibody
response to antigenic
stimulation with
pneumococcal
polysaccharide




Elkayam et 2002
al. (25)

Elkayam et 2005
al. (41)

Longitudinal
(consecutive
patients)

Longitudinal
(consecutive
patients)

Israel

Israel

23-valent

23-valent

24

24

None

None

39.0 [23-
58]

39.0 [23-
58]

ACR-SLE diagnosis Pregnancy, a 83%

Revised ACR-SLE Pregnancy, a 83%

diagnosis

4.41+2.92
history of past

vaccination 4.47+43.22 after
allergy, and 2mo

previous

pneumococcal

vaccination.

4.41+2.92

history of past

vaccination, 4.47+3.22 after 2
allergy and mo

previous

pneumococcal

vaccination

6.9 [1-
20]

6.9 [1-
20]

Prednisone 62.4%
(<10 mg/day 45.8%,
>10 mg/day 16.6%),
NSAIDs 8.3%,
methotrexate 16.7%,
azathioprine 16.7%,
cyclophosphamide
4.2% and
hydroxychloroquine
66.7%. Mean weekly
dose consumed of
methotrexate was
11.6 mg/week [7-5
15.0]

Prednisone 62.4%
(<10 mg/day 45.8%,
>10 mg/day 16.6%),
NSAIDs 8.3%,
methotrexate 16.7%,
azathioprine 16.7%,
cyclophosphamide
4.2% and
hydroxychloroquine
66.7%. Mean weekly
dose consumed of
methotrexate was

NR — C3
— C4
> Ig

< anti-Sm — C3

<~ anti- — C4
dsDNA

— Ig
<~ anti-RNP

<~ anti-

Ro/SSA

<>

anticardiolipin
IgM

Age- and
institution-
matched
controls

Age- and
institution-
matched
controls

Polyclonal B cell
activation as
response to
pneumococcal
vaccination

36-86%
according to
vaccine serotype

Fold increase in
antibody titer
was significant
only for serotype
2 (2.51, p<0.05).
Geometric mean
concentration
increase in
antibody titer
was significant
only for serotype
8 (3.95, p<0.05)

Serotype 14
appeared to be
the most
immunogenic
and serotype 4
the least
immunogenic

20.8% responde

to either none or
only 1 of the 7
pneumococcal
polysaccharides

NR

No serious AEs,
only 1 patient
complained of
clinical pleuritic
pain

No serious AEs

2 mo

2 mo

No significant
predictors

NR

Generally safe and
immunogenic, even
though a fraction of SLE
patients may remain
unprotected

Clinical safe, not
triggering the formation
of auto-antibodies




Gonzalez
et al. (51)

Grabar et
al. (52)

Jarrett et
al. (22)

2017

2017

1980

Longitudinal

Phase Ilb
randomized
placebo-
controlled
double-blind
trial

Longitudinal

USA

France
(multi-
center
study)

USA

13-valent

23-valent or 7-
valent + 23-
valent
(sequential

20
pediatric
SLE
patients

17 SLE
patients
(PnCj7-
PPS23

administration) cohort)

14-valent

38 SLE
patients
for the
analysis at
4 w; 31
SLE
patients
for the

None

Out of 47
patients
initially
screened, 1
patient was
not
randomized,
2 withdrew
consent, 1
had
bleeding
disorders, 1
started Ig
infusions, 1
subject lost
in the
control
group
(12.8%)

None at 4
w; 18.4% at

ly

NR

41.4
[36.4-
50.7]

33

NR

1997 ACR-SLE
diagnosis, aged 18-
75y, with stable
disease (no
modification of
treatment within 2
mo), being treated a
least with
hydroxychloroquine,
5mg or more of
daily prednisone or
equivalent, systemic
glucocorticoid in
combination at least
with an
immunosuppressani
(mycophenolate
mofetil, azathio-
prine or
Methotrexate)

ARA-SLE diagnosis

NR NR

HIV, HBV or 82%
HCV infection,
medical history
of allergy to
vaccine
contents,
immunization
within 5y or
any vaccine
received in the
previous mo,
intravenous
immunoglobulin
infusion within
last 3 mo,
splenectomy,
bleeding
disorders, active
malignancy,
cirrhosis, acute
infection in the
previous mo,
treatment with
rituximab in the
previous vy,
pregnancy

NR 97.4%

NR NR

18% with SLEDAI
>4, 82% with
SLEDAI <4.
SLEDAI remained
stable over the time

7.6 [3.1-
18.6]

No patient with NR
major disease

activity. Disease
inactive in 73.7% al

the period of
immunization,

renal disease in

63.2% of cases

11.6 mg/week [7-5
15.0]

Some patients undet
rituximab or
mycophenolate

41% with
immunosuppressive
therapy, anti-
malarials 88%,
corticosteroids 82%.
Mean daily
prednisone was 7+2
mg/day. Prednisone
>10 mg/day 29%

Prednisone alone
76.3%, prednisone +
azathioprine 23.7%.
Mean daily dose
consumed of
prednisone was 14-
20 mg/day. Mean
daily dose consumec

A single
patient
developed
aCL IgG and
another one
turned anti-
nRNP
negative

NR NR

— C3

<> anti-

dsDNA
— C4

<> anti- — C3

dsDNA
— C4

None

25 in the
placebo
group
(placebo-
PPS23
cohort)

23 non
vaccinated
SLE
patients +
17 healthy
volunteers
used in a
previous
study + 5

75% after 4 w

76% in the
PnCj7-PPS23
cohort versus
72% in the
placebo-PPS23
cohort after 28
w; 58.8% in the
PnCj7-PPS23
cohort versus
52.0% in the
placebo-PPS23

cohort after 52 w

73.7% (2-fold
response
criterion) in
cases versus
82.4% (2-fold
response
criterion) in
controls, after 4
w

NR 4w
with rituximab or
higher dose

mycophenolate failed t

achieve protective
antibody level)

No serious AEs. At 28-52 w
least 1 mild/low-
grade AE (pain,
headache) reportec
by 88% of cases.
Nine SLE flares
(including mild
polyarthritis) were
reported in 6
patients (4 in the
placebo-PPS and 2
in the PNnCjPPS
groups
respectively,
p=0.70)

No significant
predictors

No serious AEs, Outcomes Not significant
however 3 subjects assessed predictors
reported fever after at4 w

immunization, 3 intervals,

patients developed up to 24

major clinical flares w; 4 w-1

necessitating major y

immunosuppressar

therapy after 1y. 3

Therapeutics (patients Generally immunogenic

in the pediatric SLE
population

The sequential
administration of anti-
pneumococcal vaccines i
safe but not superior to
the administration of a
single vaccine alone.
Furthermore, the
immunosuppressive
therapy does not impair
the immunological
response to anti-
pneumococcal
vaccination

SLE patients have a lowe
and impaired
immunological response
to anti-pneumococcal
vaccination with respect
to healthy controls.
Vaccine is generally safe




Klippel et
al. (53)

Lipnick et
al. (54)

1979

1985

Randomized
controlled
double-blind
trial

Longitudinal
randomized
controlled
double-blind
study

USA

USA

14-valent

14-valent

analysis at
ly

20 SLE
patients

38 SLE
patients

None

None

32 [14-61]

36 [9-71]

ACR-SLE diagnosis NR 97.5%

Revised ACR-SLE Pregnancy, 94.8%
diagnosis, doses of history of

prednisone less thar surgical

0.5 mg/kg/day, splenectomy,

doses of recent acute or

azathioprine or chronic
cyclophosphamide infection
less than 4

mg/kg/day

NF NR

Inactive disease in
49.4%, mild in
41.6%, moderate-
severe in 9.1% of
SLE patients

of azathioprine was
78 mg/day

Corticosteroids
77.5%, NSAIDs
50%, antimalarials
42.5%. Mean daily
dose of consumed
prednisone was less
than 25 mg/day

Prednisone (66.2%),
cyclophosphamide
(6.5%), azathioprine
(3.9%),
cyclophophamide
and azathioprine
(11.7%). Mean daily
dose of consumed
prednisone was 16
mg/day [6-30] taken
every day in 31.2%
of patients. Mean
daily dose of
consumed
prednisone was 14
mg/day [4-40] taken

< anti-
dsDNA

A 10%
increase was
reported in
8% and 16%
of patients at
1 and 6 mo,
versus 10%
and 15% of
controls,
respectively

Hypocomplementemi
in 32.5% of SLE
patients

controls
from
laboratory

20 SLE
patients
treated
with
placebo

39 SLE
patients
treated
with
placebo

deaths
(myocarditis;

Increase (_)f persistent fever,
antibody titer CNS disease and
9184405 versus  Gram negative
1,787+694 in sepsis; nephrotic
controls versus syndrome) have
1,871in occurred among
laboratory vaccinees
controls after 4

W

Immunological
response against
serotypes 3, 9N,
12F, 19F did not
differ between
cases and
controls

Antibody titer
778.5in SLE
patients versus
1,340in
laboratory
controls

No serious AEs,
mild/low-grade in
85% of cases

With respectto  NR 1-6 mo
placebo,

antibody titer

increased

significantly

against each

Pneumococcus

serotype

Increase of
antibody titer (2-
fold response
criterion) in 72%
of patients at 1
mo, in 54% of

NR

No significant
predictors

Immunosuppressive
therapy does not impair
with immunological
response to anti-
pneumococcal
vaccination among SLE
patients

Immunosuppressive
therapy does not impair
with immunological
response to anti-
pneumococcal
vaccination among SLE
patients




Mcdonald
et al. (42)

Mercado
(55)

1984

2013

Longitudinal

Longitudinal

USA

Mexico

14-valent

23-valent
administered
together with
HIB conjugate
vaccine

19 (21 None NR
patients
being a
sub-group
of the
population
studied
initially

by Jarrett
et al.,
1980)

11 (outof 8.3% at4w; 31.8[17-
12 25.0% at8 55]
potentially mo

eligible

patients)

at4w; 9

patients at

8 mo

ACR-SLE diagnosis NR

ACR-SLE diagnosis NR

NR

100.0%

NR

NR

| Mex-SLEDAI
(p=0.0002)

NR

8 [1-14]

on alternate days in
35.1% of patients

NR NR

Prednisone (mean <« anti-
18.1 mg, range-50 dsDNA
mg per day). 2

patients were

receiving
cyclophosphamide,
danazol, 4 anti-

malarials, 5 NSAIDs

NR

1 C3 (p=0.019)

| IgG (p=0.0193)

5 healthy
volunteers

None

patients at 6 mo
versus 5% and
6%, respectively
in the placebo
group

57.9% after 3y

With respect to
controls, 2y
post-
immunization
antibody titer
was lower for
serotypes 4
(p<0.025), 7F
(p<0.005), 18C
(p<0.025), 3y
post-
immunization
was lower for
serotypes 1
(p<0.05), 7F
(p<0.0025), 8l
(p<0.01), 18C
(p<0.025)

Increased
antibodies titer
from
412.1+202.5 to
1,255+1 472.4
after 4 w
(p=0.0005)

45.5% with an
increase
antibody titer (4-
fold response
criterion) at 4 w

No protective
antibodies at 8
mo

1 IgG antibody
titer from
143.7+£189.1 to
674.0+472.2
(p=0.0033)
against

No serious AEs, 1-2-3y NR
one patient

developed

pneumonia after 3y

No AEs 4w-8 mo NR

Immunological response
to anti-pneumococcal
vaccine is not persistent
throughout time, SLE
patients may remain
unprotected against S.
pneumonia

Concurrent administratiot
of various vaccines,
including anti-
pneumococcal vaccine, it
safe among SLE patients

Increases in antibodies
titer and decreases in the
Mex-SLEDAI score were
observed. However,
protective antibody titer
was short-lived




Nagel etal. 2017

(56)

Pisoni et
al. (57)

2003

Longitudinal Sweden 13-valent 47
(some

consecutive

and some

randomly

chosen

patients)

Longitudinal Argentina 23-valent 35

None

2 patients
lost at
follow-up
(5.4%)

50.8 [19.3- ACR-SLE

81.3]

diagnosis, never
received vaccine or
before 5y

40.0+£13.02 ACR-SLE

(42 [17-
80])

diagnosis, with a
disease activity of at
least 1y

Pregnancy, 93.6% 1.9 [0-8]
ongoing

infection or

known

hypersensitivity

to the vaccine

contents

SLEDAI greater 100.0% <« SLEDAI

than1s,
diabetes, 5.42+3.54 [4, O-

transplantation, 15].54, 4.82+3.41
HIV [4, 0-12] after 12w

16.1 [0-
58]

NR

Prednisolone 68.1%, NR NR
no DMARDs
14.9%,, belimumab
23.4%,
hydroxychloroquine
only 21.3%,
azathioprine or
DMARDs other than
hydroxychloroquine
19.1%, azathioprine
+
hydroxychloroquine
21.3%

Anti-malarials 1 anti-dsDNA
37.1%, NSAIDs (in 8.5% of
31.4%, no treatment cases)
17.1% of cases

cases)

— ANA

| CHS0 (in 5.7% of

21 sex-
and age-
matched
healthy
volunteers

None

Pneumococcus
serotype 1

1 IgG antibody
titer from
78.5+76.4 to
572.6+607.4
(p=0.020)
against
Pneumococcus
serotype 12

1 IgG antibody
titer from
146.8+158.8 to
577.4+584.4
(p=0.035)
against
Pneumococcus
serotype 6

1 IgG antibody
titer from
57.0£31.4 to
214.5+182.8
(p=0.0094)
against
Pneumococcus
serotype 14

Increased
antibodies titer
upon
vaccination,
decreased after
vaccination

Increase in
antibodies titer
from
82.34+62.39 (73,
[9-270]) in

No serious AEs
(pain, redness
around injection
site, fever,
headache), only
one case of
diarrhea, nausea
and leucopenia

No serious AEs,
mild/low-grade
(pain, local
erythema, fever,
dysphonia,

12 w

Older age (associated
with lower antibody
levels post-
immunization,
p<0.001), prednisolone

Treatment with
belimumab does not
impair immunological
response to anti-
pneumococcal

dosage (associated wit vaccination among SLE

antibody response to
Pneumococcus serotyg
9V)

NR

patients. Vaccine is safe
and well-tolerated

Generally immunogenic,
persistent throughout tim
and safe




Prakash et 2017
al. (46)

Rezende et 2016
al. (24)

Sacre etal. 2018
(23)

Longitudinal USA

Longitudinal, Brazil
prospective
open-label
(consecutive
patients)

Longitudinal, France
prospective

study

(consecutive

patients)

23-valent

23-valent

13-valent+

21 SLE
patients

54

21 SLE

23-valent after patients

8w

(out of 37)

None NR

None 39.3

8 refused 40.0 [25-
the 75]
vaccination,

7 patients

lost in the

follow-up, 1

refused the
vaccination

NR

ACR-SLE
diagnosis, age
greater than 18 y

ACR-SLE
diagnosis, treatment
administered at a
stable dose for at
least 3 mo, receiving
steroids (for
example, >7.5
mg/day of
prednisone for more
than 3 mon),
immunosuppressive
drugs or biologics

NR

NR

Immunization
against
Pneumococcus
within 5y

NR

90.7%

85.7%

NR NR

Median 4 in the 10.5
immunosuppressive
therapy patients

and median 0 in

those not receiving
immunosuppressive
therapy [0-15]

«— SLEDAI-2K
score before and
after immunization

Median in the
range 0-2 [0-4] 32]

9.7 [1-

Mycophenolate
mofetil, prednisone
(generally <10
mg/day)

51.9% with
immunosuppressive
therapy

Glucocorticoids in

90.5% of patients for

5[0.5-26] years.
57.1% were stil

receiving prednisone
at a daily dose of 10

[7-15] mg at study
time. 71.4% had
received
immunosuppressive
drugs for 4 [1-14]
years and 42.9%
patients were still
under

NR

NR

NR

NR

NR

NR

12 SLE
controls

None

None

85.0% of cases lipothymia) in

25.7% of cases

40% in the cases NR
group versus
60% in the
control group
with statistically
significant
differences
concerning
serotypes 51 anc
4 (p=0.05 and
p=0.025,
respectively).

2-fold increase
was observed in
20% of cases
versus 50% of
controls

1 1gG response No AEs 4w, 6w
to

Pneumococcus

serotupes

(p<0.001)

38.8%

29.6% (four-fold
response
criterion)

81.0% after 2
mo, 57.1% after

ly

No AEs 2mo,1ly

Immunosuppressive
therapy

Immunosuppressive
therapy (seroconversio
response rate in the
range 43.7-77.7% in th
patients under
immunosuppressants
versus 52.3-90.0% in
the group without
immunosuppressive
therapy; 4-fold increase
in the range 25.0-57.19
in the patients under
immunosuppressants
versus 38.4-73.0% in
the group without
immunosuppressive
therapy)

B-cell defects,
immunosuppressive
therapy, serotype 19 F
IgG titer measured 2
mo after the
administration of the
13-valent (sensitivity of
100% [95%CI 47.8
100]; specificity of
91.7% [95%CI 61.5
99.8])

Immunosuppressive
therapy impairs the
immunological response
to anti-pneumococcal
vaccine among SLE
patients

Poorly immunogenic,
especially among SLE
patients under
immunosuppressive
therapy

Poorly immunogenic,
impaired long-term
immune protection
against S. pneumoniae
following sequential
vaccine administration
among SLE patients.




Tarjan et
al. (58)

2002

Longitudinal
(random-
chosen
patients)

Hungary 23-valent

18

None

43 [25-66]

ACR-SLE
diagnosis, mild
stable SLE

SLE diagnosed 88.9%

within one year,
daily steroid
dose above 20
mg, SLEDAI
higher than 20,
recent lupus
flare defined as
an acute 3 point
increase of the
SLEDAI score
and the
existence of an
actual infection

5.56 [0 -18]

— SLEDAI after
immunization

Disease inactive in
100.0% of patients

immunosuppressive
drugs at study time.
All patients were
treated with daily
hydroxychloroquine..
No patient under
rituximab

Methylprednisolone <« anti-
dose: 5.9 mg (0-20), dsDNA
azathioprine 100

mg/day administerec

to 2 patients

1 C3

1 C4

< immune-
complexes

<> CD8+ lymphocytes

«— CD21+
lymphocytes

«— CD3+/DR+
lymphocytes

<> CD4+ lymphocytes

«— CD19+
lymphocytes

«— CD56+
lymphocytes

<> opsonophagocytic
activity

| serum total IgG
levels, remaining
however within
normal ranges

| serum total IgA
levels, remaining
however within
normal ranges

9 healthy
volunteers
(some data
collected
on 6
subjects)

Data collected or
6 patients

Antigen-specific
IgM and 1gG
responses again
Pneumococcus
serotype 6B and
23F were weaker
among SLE
patients with
respect to
healthy controls

66.7% of
subjects had 2-
fold increase in
IgM titer against
6B. 33.3% of
patients reacted
to 23F. Among
the controls,
50% and 16.7%,
respectively,
responded to 6B
and 23F

0% and 50% had
two-fold increase
in IgG titer
against 6B and
23F. Among the
controls, 50%
reported a 4-fold
increase in
antibody titer
against 6B, while
83.3% reported

No serious AEs, 6d 13d
generally low/mild- and 28 d
grade AEs (pain

and/or swelling at

the site of injection,
low-grade fever

under 38.0 C, new

or worsened

arthralgia, myalgia,

facial edema,

vomitus, headache,

axillary pain

without lymph

node enlarge-
ment).Symptoms

other than local

pain or swelling

were reported by

1/3 of patients. No

clinical flares

Immunological
parameters such as a
lower 1gG2 serum level
and a higher ratio of
pre-germinal/post-
germinal centre B cells
are predictive of short-
term protection

NR

No short-term

immunological effect of

anti-pneumococcal

vaccination among SLE

patients, with striking

individual differences in

terms of protective

antibodies titer. Vaccine

is generally safe




Tarasova et 2016
al.

Tarasova et 2018
al.

Tratenberg 2015
et al. (45)

Longitudinal

Longitudinal

Longitudinal

Russia

Russia

USA

23-valent

23-valent

23-valent

24

30

8 SLE
patients

None

None

None

19-62

19-62

NR

NR

NR

NR

NR

NR

NR

91.7%

90.0%

NR

Low activity in

75% moderate in
12.5% and
remission in 12.5%
of cases

2 [2-4], 2 [0-4]
post-immunization.
Low activity in,
high in 3.3%,

moderate in 13.3%,

low in 66.7% of
cases. 16.7% of
patients in
remission

NR

Glucocorticoids NR NR
95.8%, biological

DMARDs 33.3%

(rituximab 20.8%,

belimumab 12.5%)

Glucocorticoids <> anti- —C3
96.7%, dsDNA
hydroxychloroquine «C4

76.7%, cytostatics
46.7%, biological
DMARDs 30.0%
(rituximab 13.3%,
belimumab 16.7%)

Methotrexate, NR NR
hydroxychloroquine

None

None

3 SLE
patients

high titers
against 23F

66.7% of
controls
responded only
to one antigen

NR

NR

40% in the cases
group versus
60% in the
control group
with statistically
significant
differences
concerning
serotypes 51 anc
4 (p=0.05 and
p=0.025,
respectively).

2-fold increase
was observed in
20% of cases
versus 50% of
controls

No serious AEs, ly
well-tolerated in
41.7% patients

No serious AEs. ly
Pain was reported

by 63.3% of

patients. One

patient developed
hypersensitivity
reaction (Arthus
phenomenon-type)

NR 8w

NR

NR

Immunosuppressive
therapy

Generally immunogenic,
safe and well-tolerated
among SLE patients

Generally immunogenic,
safe and well-tolerated
among SLE patients

Immunosuppressive
therapy impairs
immunological response
to anti-pneumococcal
vaccination.
immunization should be
given prior to initiation of
immunosuppression

Abbreviations. ACR (American College of Rheumatology); ANA (anti-tear antibodies); ARA (American Rheumatism
Association); CD (cluster of differentiation); d (day/dgyDMARDs (disease-modifying anti rheumatic drugs); dsDNA
(double-strand DNA); HIB (Haemophilus influenzae type b); Ig: immunadiojomo (month/months); NR (not reported);
NSAIDs (nonsteroidal anti-inflammatory drugs); SELENA (Safet Estrogens in Lupus National Assessment); SLEDAI
(systemic lupus erythematosus disease activity index); SLEBAsystemic lupus erythematosus disease activity index
2000); w (week/weeks); y (year/years).



Table 5. Quality assessment using the modified Downs & Black’s checklist.

Reference Item [tem [tem [tem [tem [tem [tem [tem Item Item
1 2 3 6 I 10 11 12 18 20

Alyasinet 1 1 1 1 1 1 0 0 1 1
al., 2016
(47)
Battafarano
et al., 1998
(48)
Chathamet 1 1 1 1 1 1 1 1 1 1
al., 2012
(49)

Croft et al.,
1984 (50)
Elkayam et
al., 2002
(25)
Elkayam et
al., 2005
(41)
Gonzalez 1 1 1 1 1 1 0 0 1 1
et al., 2017

(51)

Grabaret 1 1 1 1 1 1 1 1 1 1
al., 2017

(52)

Jarrett et 1 1 1 1 1 1 0 0 1 1
al., (22)
Klippel et
al., 1979
(53)
Lipnicket 1 1 1 1 1 1 1 1 1 1
al., 1985

(54)

Mcdonald 1 1 1 1 1 1 0 0 1 1
et al., 1984

(42)

Mercado, 1 1 1 1 1 1 0 0 1 1
2003 (55)

Nagel et 1 1 1 1 1 1 1 0 1 1
al., 2017

(56)

Pisoni et 1 1 1 1 1 1 0 0 1 1
al., 2003

(57)

Prakash et 1 1 1 1 1 1 0 0 1 1
al., 2017

(46)
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Rezende et 1 1 1 1 1 1 1 0 1 1
al., 2016

(24)

Sacreetal. 1 1 1 1 1 1 1 0 1 1
2018 (23)

Tarjanet 1 1 1 1 1 1 1 0 1 1
al., 2002

(58)

Tarasova el 1 1 1 1 1 1 0 0 1 1
al., 2016

(43)

Tarasova el 1 1 1 1 1 1 0 0 1 1
al., 2018

(44)

Tratenberg 1 1 1 1 1 1 0 0 1 1
et al., (45)
Foot note.

Section Reporting. Item 1. Is the hypothesis/aim/objectitbe study clearly described? Item 2. Are
the main outcomes of the study clearly described? Iteme3tide characteristics of the patients
included in the study clearly described? Item 6 Are thenrimagdings of the study clearly described?
Item 7 Does the study provide estimates of the random Migiabithe data for the main outcomes?
Item 10 Have actual probability values been reported (e0g50rather than <0.05) for the main
outcomes except where the probability value is lessQiGO1?

Section External validity. Item 11 Were the subjects dstigarticipate in the study representative
of the entire population from which they were recruité@®™ 12 Were those subjects who were
prepared to participate representative of the entire populxtm which they were recruited?

Section Internal validity. Item 18. Were the statistitests used to assess the main outcomes
appropriate? Item 20 Were the main outcome measures usgdtaqwalid and reliable)?



Table 6. Relevant laboratory assays performed in the studiesincluded in the present systematic
review and meta-analysis and definitions of immunogenicity used by the authors.

Reference

Laboratory assay

Immunogenicity definition

Alyasin et al., 2016 (47)

Battafarano et al., 1998 (4¢

Chatham et al., 2017 (49)

Croft et al., 1984 (50)

Elkayam et al., 2002 (25)

Elkayam et al., 2005 (41)

Gonzalez et al., 2017 (51)

Grabar et al., 2017 (52)

Jarrett et al., (22)

Klippel et al., 1979 (53)

Lipnick et al., 1985 (54)

Mcdonald et al., 1984 (42)

Mercado, 2003 (55)

Enzyme immunoassay

Enzyme immunoassay

Microsphere-based multianalyte
immunoassay

Radioimmunoassay

Enzyme immunoassay

NA

Enzyme assay

Enzyme immunoassay,
opsonophagocytic activity

Radial immunodiffusion assay

Radioimmunoassay

Radial immunodiffusion assay

Enzyme immunoassay (EIA)

Fold increase

Only total antibody levels, fold-
increase

Antibody levels for each
Pneumococcus serotype

Only total antibody levels
reported

Antibody levels for each
Pneumococcus serotype, cutoff .
png/mL

NA

Antibody levels for at least70% c
Pneumococcus serotypes >1.3

po/dl

Responders to at least 5 serotyp
responders to all 7 serotypes,
responders by number of
serotypes, titer >1 pg/mL, ratio
titer/week 0 >2

Antibody levels for each
Pneumococcus serotype, fold
increase

Antibody levels for each
Pneumococcus serotype, fold
increase

Antibody levels for each
Pneumococcus serotype, fold
increase

Total antibody level against S.
pneumoniae, fold increase (4-fol




Nagel et al., 2017 (56)

Pisoni et al., 2003 (57)

Prakash et al., 2017 (46)

Rezende et al., 2016 (24)

Sacre et al., 2018 (23)

Tarjan et al., 2002 (58)

Tarasova et al., 2016 (43)

Tarasova et al., 2018 (44)

Tratenberg et al., (45)

Multiplex fluorescent microsphere

Immunoassay, opsonophagocytic
assay

Enzyme immunoassay

Enzyme immunoassay

Enzyme immunoassay

Enzyme immunoassay

Enzyme immunoassay, phagocyte
chemiluminescence, cellular assa

on blood lymphocyte populations

Enzyme immunoassay

Enzyme immunoassay

Enzyme immunoassay

response criterion),rptective
antibody titer > 1:40

Fold-increase

Only total antibody levels
reported

Antibody titers or >1.3 pg/mL or
either a 4-fold, 3-fold, or 2-fold
increase in the stimulation index
(post-immunization titer/pre-
immunization titer) for 70% of the
14 pneumococcal polysaccharid

Antibody titers >1.3 pug/mL, fold-
increase (4-fold response
criterion)

Antigen-specific IgG
concentration >1.3 pg/mkL for at
least 70% of 7 pneumococcal
serotypes (4,6 B, 9V, 14, 18 C,
19F, 23 F)

Antibody levels against S.
pneumoniae

Antibody levels against S.
pneumoniae

Antibody concentration
>1.3ug/mL in at least 70% of the
14 pneumococcal serotypes, folc
increase




Table 7. Synthesis of the major methodological features and outcomes studied in the present
systematic review.

Studied outcome Number of studies References
Study design
Longitudinal- convenience 1 Alyasin et al., 2016 (47)
sample
Longitudinal- consecutive 5 Battafarano et al., 1998 (48)
patients

Elkayam et al., 2002 (25)
Elkayam et al., 2005 (41)
Rezende et al., 2016 (24)

Sacre et al., 2018 (23)

Longitudinal- random-choser 1 Tarjan et al., 2002 (58)
patients
Longitudinal- consecutive + 1 Nagel et al., 2017 (56)

random-chosen patien
Longitudinal- no better specifiec 11 Croft et al., 1984 (50)

Gonzalez et al., 2017 (51)
Jarrett et al., 1980 (22)
Lipnick et al., 1985 (54)
McDonald et al., 1984 (42)
Mercado, 2003 (55)
Pisoni et al., 2003 (57)
Prakash et al., 2017 (46)
Tarasova et al., 2016 (43)
Tarasova et al., 2018 (44)
Tratenberg et al., 2015 (45)

Longitudinal- RCT 4 Chatham et al., 2017 (49)
Grabar et al., 2017 (52)

Klippel et al., 1979 (53)




Lipnick et al., 1985 (54)
Case-contro 14 Alyasin et al., 2016 (47)
Battafarano et al., (48)
Croft et al., 1984 (50)
Elkayam et al., 2002 (25)
Elkayam et al., 2005 (41)
Grabar et al., 2017 (52)
Jarrett et al., 1980 (22)
Klippel et al., 1979 (53)
Lipnick et al., 1985 (54)
McDonald et al., 1984 (42)
Nagel et al., 2017 (56)
Prakash et al., 2017 (46)
Tarjan et al. 2002 (58)
Tratenberg et al., 2015 (45)

Study follow-up/timing

6 days 1 Tarjan et al., 2002 (58)
13 days 1 Tarjan et al., 2002 (58)
3 weeks 1 Ayasin et al., 2016 (47)
4 weeks/1 montt 8 Chatham et al., 2017 (49)

Croft et al., 1984 (50)
Gonzalez et al., 2017 (51)
Jarrett et al., 1980 (22)
Lipnick et al., 1985 (54)
Mercado, 2003 (55)
Rezende et al., 2016 (24)

Tarjan et al. 2002 (58)




6 weeks

8 weeks/2 month:

12 weeks/3 month
6 months

28 weeks/7 month
8 months

1 year

52 weeks/13 month
2 years
3 years

Anti-pneumococcal vaccine
formulation

7-valent

13-valent

14-valent

H

Croft et al., 1984 (50)
Rezende et al., 2016 (24)
Elkayam et al., 2002 (25)
Elakayam et al., 2005 (41)
Sacre et al., 2018 (23)
Tratenberg et al., 2015 (45)

Pisoni et al., 2003 (57)
Lipnick et al., 1985 (54)

Grabar et al., 2017 (52)
Mercado, 2003 (55)
Jarrett et al., 1980 (22)
McDonald et al., 1984 (42)
Sacre et al., 2018 (23)
Tarasova et al., 2016 (43)
Tarasova et al., 2018 (44)
Grabar et al., 2017 (52)
McDonald et al., 1984 (42)

McDonald et al., 1984 (42)

Grabar et al., 2017 (52)
Gonzalez et al., 2017 (51)
Nagel et al., 2017 (56)
Sacre et al., 2018 (23)
Croft et al., 1984 (50)
Jarrett et al., 1980 (22)
Klippel et al., 1979 (53)

Lipnick et al., 1985 (54)




23-valent 15

Anti-pneumococcal vaccine
administration

Single administratior 11

McDonald et al., 1984 (42)
Alyasin et al., 2016 (47)
Battafarano et al., 1998 (48)
Chatham et al., 2017 (49)
Elkayam et al., 2002 (25)
Elkayam et al., 2005 (41)
Grabar et al., 2017 (52)
Mercado, 2003 (55)

Pisoni et al., 2003 (57)
Prakash et al., 2017 (46)
Rezende et al., 2016 (24)
Sacre et al., 2018 (23)
Tarasova et al., 2016 (43)
Tarasova et al., 2018 (44)
Tarjan et al., 2002 (58)

Tratenberg et al., 2015 (45)

Alyasin et al., 2016 (47)
Chatham et al., 2017 (49)
Elkayam et al., 2002 (25)
Elkayam et al., 2005 (41)
Pisoni et al., 2003 (57)
Prakash et al., 2017 (46)
Rezende et al., 2016 (24)
Tarasova et al., 2016 (43)

Tarasova et al., 2018 (44)




Tarjan et al., 2002 (58)
Tratenberg et al., 2015 (45)
Simultaneous administration « 2 Battafarano et al., 1998 (48)

various vaccines
Mercado, 2003 (55)

Sequential administration ¢ 2 Grabar et al., 2017 (52)
various anti-pneumococci
vaccines Sacre et al., 2018 (23)
Safety and tolerability
Mild/low-grade AEs 20 Alyasin et al., 2016 (47)

Battafarano et al., 1998 (48)
Chatham et al., 2017 (49)
Croft et al., 1984 (50)
Elkayam et al., 2002 (25)
Elkayam et al., 2005 (41)
Jarrett et al., 1980 (22)
Klippel et al., 1979 (53)
Lipnick et al., 1985 (54)
McDonald et al., 1984 (42)
Mercado, 2003 (55)

Nagel et al., 2017 (56)
Pisoni et al., 2003 (57)
Prakash et al., 2017 (46)
Rezende et al., 2016 (24)
Sacre et al., 2018 (23)
Tarjan et al., 2002 (58)
Tarasova et al., 2016 (43)
Tarasova et al., 2018 (44)

Tratenberg et al., 2015 (45)




SLE flares and major AE< 2

Stability of auto-antibody levels 7

Stability of complement levels 8

Immunogenicity

Immunogenic 15

Grabar et al., 2017 (52)
Jarrett et al., 1980 (22)
Battafarano et al., 1998 (48)
Elkayam et al., 2005 (41)
Grabar et al., 2017 (52)
Jarrett et al., 1980 (22)
Mercado, 2003 (55)

Tarjan et al., 2002 (58)
Tarasova et al., 2018 (44)
Battafarano et al., 1998 (48)
Croft et al., 1984 (50)
Elkayam et al., 2002 (25)
Elkayam et al., 2005 (41)
Grabar et al., 2017 (52)
Jarrett et al., 1980 (22)
Mercado, 2003 (55)

Tarasova et al., 2018 (44)

Alyasin et al., 2016 (47)
Battafarano et al., 1998 (48)
Chatham et al., 2012 (49)
Croft et al., 1984 (50)
Elkayam et al., 2002 (25)
Elkayam et al., 2005 (41)
Gonzalez et al., 2017 (51)
Grabar et al., 2017 (52)

Klippel et al., 1979 (53)




Lipnick et al., 1985 (54)
Mercado, 2003 (55)
Nagel et al., 2017 (56)
Pisoni et al., 2003 (57)
Tarasova et al., 2016 (43)
Tarasova et al., 2018 (44)

Poorly immunogenic 7 Jarrett et al., 1980 (22)
McDonald et al., 1984 (42)
Prakash et al., 2017 (46)
Rezende et al., 2016 (24)
Sacre et al., 2018 (23)
Tarjan et al., 2002 (58)
Tratenberg et al., 2015 (45)

Predictors of immunogenicity
Age 2 Alyasin et al., 2016 (47)

Nagel et al., 2017 (56)

Clinical chemistry 1 Alyasin et al., 2016 (47)
Disease activity- 1 Alyasin et al., 2016 (47)
SLEDAI/SELENA-

SLEDAI/SLEDAI-2K score

Disease onse 1 Alyasin et al., 2016 (47)

Immunosuppressive theray 4 Nagel et al., 2017 (56)
Prakash et al., 2017 (46)
Rezende et al., 2016 (24)

Tratenberg et al., 2015 (45)

Abbreviations. AE (adverse event); RCT (randomized-ctlett trial); SELENA (Safety of
Estrogens in Lupus National Assessment); SLEDAI (Systdmigus Erythematosus Disease
Activity Index); SLEDAI-2K (Systemic Lupus ErythematoddDisease Activity Index 2000).



Table 8. Take-home messages.

M ain conclusions

Anti-pneumococcal vaccination is generally safe among gatients.
SLE flares after anti-pneumococcal vaccination Haaen rarely reported.
Anti-pneumococcal vaccination is generally immunogenicragr®LE patients.

Immunization should be given prior initiation of immunosugpree therapy (treatment wil
rituximab, prednisone/prednisolone high doses, and mycophenuldedil).

Treatment with belimumab does not interfere with th@munological response to an
pneumococcal vaccination.

Sequential administration of anti-pneumococcal vaccioh@ss not seem to confer particu
benefits in terms of immunological protection.

Although a minority, a certain fraction of SLE patiergmain unprotected against S.
pneumoniae. More immunogenic vaccines should be produced

Predictors of poor immunological response to anti-pneunmate@ccination remain unknown
and further researches should explore this aspect

Coverage rate among SLE patients remains still low andisfasabry

Physicians and workers in the field of preventive medisiauld elaborate new strategies for
promoting anti-pneumococcal vaccine uptake

Abbreviations. SLE (systemic lupus erythematosus).



Figures.

Figure 1. Flowchart of the process of search strategy adopted in the present systematic review
and meta-analysis.
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