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Objective: The aim of this study is to determine a development of humoral response after COVID-19 vaccination
in persons with secondary progressive multiple sclerosis (pwSPMS) on siponimod, compared to healthy controls
(HC).Methods: In 13 pwSPMS taking siponimod and 11 HC, testing for SARS-CoV2 antibodies was performed
after vaccination against COVID-19.Results: pwSPMS taking siponimod had a significantly lower titer of SARS-
CoV2 antibodies compared to healthy controls (19.4 (0-250) vs. 250 (250), p>0.001). Two (15.4%) pwSPMS on

siponimod had unmeasurable titers of SARS-CoV2-2 antibodies, while all HC had positive titers.Conclusion:
Although the results of this study are limited by a small sample size, results have consistently shown low titers of
SARS-CoV-2 IgG after COVID-19 vaccinations in pwSPMS on siponimod.

1. Introduction

Compared to relapsing-remitting multiple sclerosis (RRMS), sec-
ondary progressive multiple sclerosis (SPMS) is characterized by older
age, higher level of disability, and higher occurrence of cardiovascular
comorbidities (Cree et al., 2021). This is of particular importance in the
light of COVID-19 pandemics, as real-world studies published so far
identified age and cardiovascular comorbidities as independent risk
factors for poor COVID-19 outcomes, with level of neurological
disability and progressive multiple sclerosis (MS) phenotypes addition-
ally increasing this risk (Sormani et al., 2021; Salter et al., 2021;
Arrambide et al., 2021; Louapre et al., 2020). More and more data also
suggest an attenuated humoral response after SARS-COV-2 infection and
after COVID-19 vaccination in people with RRMS, depending on the
disease modifying therapies used (Habek et al., 2021; Achiron et al.,
2021).

As of recently, Siponimod—a sphingosine 1-phosphate receptor
modulator—has been approved for the treatment of the active SPMS
(Anon, 2021). As limited data exist on response to vaccination in people
with SPMS (pwSPMS) treated with siponimod, the aim of this study is to
determine a development of humoral response after COVID-19 vacci-
nation in pwSPMS on siponimod, compared to healthy controls (HC).

2. Methods

In 13 pwSPMS taking siponimod and 11 HC, testing for SARS-CoV2
antibodies was performed after vaccination against COVID-19. Elec-
sys® Anti-SARSCoV-2 S assay (Roche Diagnostics Int, Rotkreuz,
Switzerland) was used per the manufacturer’s instructions, (Anon,
2021) using Cobas e 801 analytical unit for immunoassay tests (F.
Hoffmann-La Roche Ltd.). Antibody titer >0.8 U/mL was considered
positive, as recommended by the manufacturer (The WHO International
Standard for COVID-19 serological tests conversion factor (BAU/mL) =
1.288; 1 U/mL equals 1.288 BAU/ml (Infantino et al., 2021)). All

https://doi.org/10.1016/j.msard.2021.103435

pwSPMS treated in our center, who were on treatment with siponimod
for at least 6 months and who received both doses of COVID-19 vaccine,
were invited to participate during their monthly visits to the clin-
ical—administrative visits due to siponimod reimbursement. HC were
aged and sex matched healthcare workers who received both doses of
COVID-19 vaccine, without any neurological or immune related
condition.

The study was approved by the Ethical Committee of the University
Hospital Center, Zagreb (02/21 AG).

Statistical analysis was performed with the IBM SPSS v25 software.
The data distribution was tested with the Kolmogorov-Smirnov test. The
differences between qualitative variables were tested with the Chi-
square test. The differences between the quantitative variables were
tested with the parametric independent sample t-test and non-
parametric Mann-Whitney test. P-values less than 0.05 were consid-
ered significant.

3. Results

Demographic characteristics, vaccination status, and SARS-CoV2 IgG
titer after vaccination are presented in Table 1. pwSPMS taking siponi-
mod had a significantly lower titer of SARS-CoV2 antibodies compared
to healthy controls (19.4 (0-250) vs. 250 (250), p<0.001) (Fig. 1). Two
(15.4%) pwSPMS on siponimod had unmeasurable titers of SARS-CoV2-
2 antibodies, while all HC had positive titers.

4. Discussion

This study has shown blunted humoral response after COVID-19
vaccination in pwSPMS on siponimod.

Siponimod is a sphingosine-1-phosphate (S1P) receptor modulator,
which binds with high affinity to both S1P receptors 1 and 5. Its effects
on MS are a consequence of reduction of the lymphocyte count, which
may lead to compromised immune response function and thus
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Table 1
Demographic characteristics, vaccination status and SARS-CoV2 IgG titer after
vaccination.

pwSPMS (N = HC (N = p value
13) 11)
Baseline characteristics
Sex (females) 5 (38.5%) 3(27.3%) 0.679
Age (years) 52.8 £9.7 50.7 £9.9 0.604
Disease duration (years) 21.5+9.8 NA -
EDSS (median, range) 6.5 (3.0-7.0) NA -
Treatment duration (months) 145+6 NA -
Vaccination characteristics
Type of vaccine 0.298
Comirnaty® 8 9
Spikevax® 3 0
Vaxzevria® 2 2
Time between vaccination and blood 93.5 +41.8 73.1 + 0.252
sampling (days) 42.9
Vaccination response
SARS-CoV2 IgG titer (U/mL) median 19.4 (0-250) 250 (250) p<0.001

(range)

potentially limit the effectiveness of vaccinations. In a randomized,
placebo-controlled study, siponimod treatment had no relevant effect on
antibody response to Pneumococcal vaccination. However, blunted
humoral response was seen after Influenza vaccination (Ufer et al.,
2017).

While no data on response to COVID-19 vaccination are available so
far for pwSPMS on siponimod, several publications have shown blunted
antibody response to COVID-19 vaccinations in fingolimod treated pa-
tients (Achiron et al., 2021; Bigaut et al., 2021). In the study by Achiron
and colleagues, only 1 out of 26 participants (pwMS treated with fin-
golimod) had an antibody response that was above the cut-off value for a
positive response (Achiron et al., 2021). In another study, pwMS treated
with S1P receptor modulator had lower median SARS-CoV2 IgG index,
compared to pwMS receiving other or no DMT (Bigaut et al., 2021).
Furthermore, one study has shown that Spikevax® vaccine elicits
3.25-higher antibody response compared to Comirnaty® vaccine, sug-
gesting that Spikevax® vaccine may be preferentially considered for
patients under fingolimod (Sormani et al., 2021).
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Despite all these studies showing blunted humoral response in pa-
tients treated with S1P receptor modulators, one should bear in mind
that the majority of pwMS on these therapies make an unremarkable
recovery from COVID-19, implying that innate and T-cell responses are
functional. Based on this, these patients are likely to benefit from pro-
tective or at least partially protective T-cell responses to the vaccine
(Giovannoni et al., 2021).

Although the results of this study are limited by a small sample size,
results have consistently shown low titers of SARS-CoV-2 IgG after
COVID-19 vaccinations in pwSPMS on siponimod. These results may
have significant implications for management of pwSPMS in the light of
the recent EMA update of 3rd dose mRNA COVID-19 vaccines in people
with weakened immune systems (Anon, 2021). As a personal opinion of
the authors, in all pwSPMS treated with siponimod, 3rd dose of the
Comirnaty® or Spikevax® should be recommended.

Financial & competing interest disclosure

MKS: received consultation and/or speaker fees from: Sanofi Gen-
zyme, Roche.

DR: Reports no conflict of interest.

IL: Reports no conflict of interest.

DS: Reports no conflict of interest.

MH: Participated as a clinical investigator and/or received consul-
tation and/or speaker fees from: Biogen, Sanofi Genzyme, Merck, Bayer,
Novartis, Pliva/Teva, Roche, Alvogen, Actelion, Alexion Pharmaceuti-
cals, TG Pharmaceuticals.

Funding

No funding was received for this study.
CRediT authorship contribution statement

Magdalena Krbot Skori¢: Formal analysis, Investigation, Method-
ology, Supervision. Dunja Rogi¢: Formal analysis, Methodology, Su-

pervision. Ivana Lapi¢: Formal analysis, Methodology, Supervision.
Dragana Segulja: Formal analysis, Methodology, Supervision. Mario

SARS-CoV-2 IgG antibody titer after COVID-19 vaccination

300
250 { J L J cDHEDOHOo e
200
o
150 L
100
o
50
(@]
)
0 ‘ (X J
pwWSPMS HC

Fig. 1. SARS-CoV-2 IgG antibody titer after COVID-19 vaccination in pwSPMS on siponimod and HC.
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