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Abstract

Background Few data are available so far on the antibody-mediated immune response to anti-SARS-Cov2 vaccination in
people with multiple sclerosis (pwMS) treated with disease-modifying treatments (DMTs), therefore this issue was explored
in a real-life cohort of pwMS.

Materials and methods Retrospective monocentric study on anti-spike protein antibody response in pwMS who had received
vaccination for Sars-Cov2. Adverse events following vaccination were also recorded.

Results One hundred and twenty pwMS were included: 83 females (69%); median age at vaccination 42 years (range
21-73); 112/120 patients (93%) were receiving DMTs at vaccination. Anti-spike protein IgG antibodies were detectable
in 102/120 (85%) cases overall, being the proportion lower in pwMS receiving anti-CD20 antibodies (14/31, 45%) com-
pared to non-depletive treatments (77/78, 99%), p <0.0001. Median anti-spike titre was lower in anti-CD20 antibodies and
fingolimod-treated pwMS compared to those receiving other DMTs, and it correlated with anti-CD20 treatment duration
(R—0.93, p<0.0001) and with age at vaccination in pwMS not receiving depletive treatments (R —0.25, p=0.028). Baseline
CD19+cell count (where available) was higher in the responder group than in non-responders, p <0.0001. Two symptomatic
COVID-19 infections were diagnosed over a median follow-up of 5 months (range 2—7); adverse events were aligned with
the published literature.

Conclusion Antibody response to anti-COVID-19 vaccines was detected in most of the pwMS analysed, but frequency of
responders was reduced in those receiving CD20 depleting therapies compared to other DMTs-treated pwMS. Investiga-
tions on cell-mediated immune response are needed to assess whether a protective immune response is elicited also in non-
antibody responders.

Keywords Multiple sclerosis - COVID-19 vaccines - Disease-modifying therapies - CD20 deplething therapies - Antibody
response

Introduction

Since March 2020, a viral pandemic is ongoing due to the
outbreak of a coronavirus-associated acute respiratory dis-
ease called coronavirus disease 19 (COVID-19), caused by
The present work was carried out at Azienda Ospedaliero- the spillover of an animal coronavirus to humans, desig-
Universitaria Careggi, Largo Brambilla 3, 50134, Florence, Italy. nated as SARS-Cov?2 [1]. COVID-19 is air-transmitted and
highly contagious; even if SARS-Cov2 infection is asympto-
matic or paucisymptomatic in most of the cases, severe and
potentially fatal disease with interstitial pneumonia requiring
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in a not negligible proportion of the cases, mostly those
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of the central nervous system that can lead to physical and
cognitive disability [3]. Different disease-modifying treat-
ments (DMTs) are currently approved for the treatment of
MS, with immunomodulant/immunosuppressive properties
[4]. A possible increase in the risk of severe COVID-19 was
previously suggested, mostly associated with old age and
severe disability [5]. Moreover, the effect of immunosup-
pressive or depletive DMTs was suggested to potentially be
associated with an increased risk of severe infection, but no
definite evidence on this issue is available so far [6, 7].

Since December 2020, vaccines with a different mecha-
nism of action (mRNA, DNA, viral vector) were approved
for the prevention of SARS-CoV-2 infection [8, 9] and peo-
ple affected by MS were included by the Italian National
Institute of Health in a priority class of vaccination, being
considered as “category with frailty”. Data on immunologi-
cal response to SARS-Cov2 vaccines are mostly available on
healthy individuals and people who were previously infected
by the virus [10], and limited data are available so far on
people with MS [12].

The aim of the present study is therefore to explore the
antibody response to anti-SARS-Cov2 vaccines in a real-life
cohort of treated and untreated MS patients.

Materials and methods
Study design

A retrospective monocentric study aimed at exploring
the antibody response to SARS-Cov2 vaccines in people
affected by MS who attended the Tuscan Region MS Refer-
ral Centre of the Careggi University Hospital in Florence,
Italy.

Patient selection

MS patients diagnosed according to the Poser (1983) [10]
and McDonald criteria [11] who had received the anti-
SARS-Cov2 vaccines and who underwent serological test-
ing for SARS-Cov2 neutralizing antibodies, i.e., anti-Spike
protein (anti-S) at least 1 month following the completion
of the vaccination cycle were included.

Clinical examinations and outcomes

According to the local regulations, patients received two
doses of the Comirnaty (BioNTech/Pfizer), or the COVID-19
Vaccine (Moderna), or the COVID-19 vaccine AstraZeneca
(Vaxzevria Vaccine), except for those previously infected by
SARS-Cov2 who received a single dose of vaccine. Patients
regularly attended the MS clinic for neurological follow-
up and/or for the administration of IV DMTs; according to

clinical practice, period blood tests for treatment monitor-
ing were undertaken, including total white blood cell count
(WBC), lymphocytic count (LC), and immunophenotyp-
ing. Assessment performed before receiving the first dose
of vaccine was considered as baseline (or TO); T1 assess-
ments were undertaken between the first and the second
dose, whereas T2 assessment (post-vaccine) between 4 and
8 weeks following the completion of the vaccination cycle.
Antibody response was measured in peripheral blood
samples by clinical analysis laboratories, and antibody titres
below the lower detection cut-off according to the manufac-
turer’s instructions were recorded as O.
Clinical-demographic information including age, gender,
MS form, disease duration, treatment duration, disability
(assessed as Expanded Disability Status Scale, EDSS) [13]
was retrospectively collected from clinical records.
Presence (and titre) of SARS-Cov2 neutralizing (anti-S)
antibody response detected following the completion of the
vaccine cycle were evaluated. Anti-S antibody testing was
performed in accredited medical laboratories with electro-
chemiluminescence immunoassay (ECLIA)-based methods;
antibody titres were expressed in binding antibody unit mL
(BAU/mL). In the absence of a cut-off titre of antibodies
correlated with a protective antibody response, patients were
defined as responders if antibody titre was above the lower
detection cut-off according to the manufacturer’s instruc-
tions, and as non-responders if they had a titre below the
cut-off. Correlations between antibody response and base-
line characteristics of the patients were explored, including
treatment status and the type of DMTs received. According
to the national prescribing indications, DMTs were classified
into first-line DMTs (glatiramer-acetate, interferons, dime-
thyl-fumarate, teriflunomide, azathioprine) or second-line
DMTs (natalizumab, fingolimod, cladribine, alemtuzumab,
ocrelizumab, rituximab); the effect of drugs with a depletive
mechanism of action (i.e., ocrelizumab, rituximab, alemtu-
zumab and cladribine) was further explored comparing this
class with not depleting treatments.
Occurrence of adverse events (AEs) and SARS-Cov2
infection following the vaccine administration were also
investigated by dedicated phone interviews, and recorded.

Statistical methods

Baseline characteristics of patients are reported as median
and range or as number and frequency, as appropriate. Com-
parisons between groups were carried out using non-para-
metric tests (Mann—Whitney test for continuous and Chi-
square test for dichotomic variables). Correlations between
anti-S antibodies titre and baseline characteristics were
explored with Spearman correlations. The statistics software
used was SPSS version 25 (Windows); graphing with Origin
2020. A two tailed p value < 0.05 was considered significant.
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Data availability statement

Individual de-identified participant data will be shared upon
written request.

Results
Patient characteristics

One hundred and twenty MS patients were included. Base-
line characteristics are summarized in Table 1. Briefly, there
were 83 females (69%); MS form was relapsing—remitting
(RR-) in 109 cases (91%) and secondary-progressive (SP-) in
11 cases. Most of the patients (112/120, 93%) were receiv-
ing active treatment at the time of vaccination (Table 2): a
I line DMT in 29/112 cases (26%) and a II line one in the
remaining 83 cases (74%).

Antibody response and DMT at vaccination

Antibody testing after a single dose was available for 19/120
cases (16%). The median titre was 202 BAU/mL (range
0-1290) and it increased at T2 (median 600 BAU/mL, range
72-2670), p<0.001 (Fig. 1a).

Anti-S protein IgG antibody titre above the cut-off at
T2 was detected in 102/120 (85%) cases; the frequency of
responders was lower in MS cases treated with depletive
treatments (17/34, 50%) compared to those who received
non-depletive treatments (77/78, 99%), p <0.0001. At T2,
the frequency of responders was 100% in untreated patients

(n=35), and in the group of patients who were receiving a
first-line treatment (injectable treatments, dimethyl-fuma-
rate or teriflunomide) or NTZ (n=29 and 35, respectively).
Eleven/12 (92%) cases receiving FTY and 14/31 (45%)
of cases receiving anti-CD20 antibodies were responders
(Fig. 1b).

Details on the remaining patients treated with alemtu-
zumab (n=1), autologous hematopoietic stem cell transplan-
tation (AHSCT, n=2), cladribine (n=3) or cyclophospha-
mide (n=2) are reported in Table 3.

In responders, a median antibody titre of 1122 BAU/
mL (range 9.34-9894) was observed, and it was of median
1542 BAU/mL (range 75-9894) for patients receiving a [
line DMT and of median 723 BAU/mL (range 9-7310) for
patients receiving II line DMTs, p=0.130 Amongst those
receiving a II line DMT, the antibody titre was lower in
patients treated with depletive treatments (27.36 BAU/mL,
range 0-3800) compared to those who were not (1047 BAU/
mL, range 0.44-7310), p <0.0001, and in pwMS treated
with fingolimod compared to first-line DMTs, NTZ or no
treatment (p <0.0001) (Fig. 2).

Antibody response and baseline blood cell count

Baseline blood cell count was available for 42/120 (35%)
cases. Thirty-seven/42 (88%) cases were receiving DMTs at
the time of vaccination. The median white blood cell count
was 5300 (range 2630-8890). Median baseline white blood
cell count did not differ between responders (median 5180,
range 2630-8890) and non-responders (median 6070, range
3400-7900), p=0.564 (Fig. 3a).

Table 1 Clinical-demographic characteristics of the patient population at the time of SARS-Cov2 vaccine administration

Median (Range)
Age, years 42 (21-73)
Disease duration, years 10 (0-38)
Treatment duration since first DMT, years 8 (0-25)
Number of previous DMTs 1 (0-5)
Duration of treatment with the current DMT, months 36 (1-308)
EDSS 1.5 (0-7.5)
Number (%)
Gender, female 83 (69)
MS form, RR 109 (C2))]
MS form, SP 11 (@)
On treatment 112 93)
Second line DMTs 83 (69)
Depletive DMTs?* 34 (28)

DMT disease-modifying treatment, EDSS expanded disability status scale, MS multiple sclerosis, RR relapsing—remitting, SP secondary progres-

sive

*Depletive DMTs include all the following: rituximab, ocrelizumab, alemtuzumab, cladribine

@ Springer



Journal of Neurology (2022) 269:2840-2847

2843

Table 2 Disease-modifying treatment received at the time of vaccina-
tion

Number (%) Median dura- (Range)

of cases tion, months
Azathioprine 1 (1) 26 n.a.
Cyclophosphamide 2 2) 10 (6-13)
Cladribine 3 3) 17 (6-20)
Fingolimod 12 (11) 59 (14-101)
Glatiramer-acetate 2 2) 26 (5-48)
Interferons 9 (8) 88 (7-151)
Natalizumab 35 (32) 38 (1-130)
Ocrelizumab 20 (18) 19 (2-49)
Rituximab 11 (10) 39 (25-57)
Tecfidera 15 (14) 38 (12-308)
Teriflunomide 2 2) 24 (18-30)

No significant correlations were observed between anti-
S antibodies titre and baseline white blood cell counts
for the 42 evaluable cases. The immunophenotyping did
not differ between the two groups (Fig. 3b—e), except for
the CD19+ count, which was significantly higher in the
responder group (median 139, range 0—1480) than in the
non-responder group (median 0, range 0-7), p <0.0001

(Fig. 31).
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Fig. 1 a Anti-Spike (S) protein IgG antibodies titres in 19 pwMS
who were tested both following the first dose and following the sec-
ond dose of mRNA anti-SARS-Cov2 vaccines. Titres were signifi-
cantly higher following the second dose than following the first dose
(»<0.0001). b Frequency of patients who showed a positive anti-S

Antibody response and clinical-demographic
characteristics

Analysing the whole cohort, no significant correlations were
observed between antibody response at T2 and baseline clin-
ical-demographic characteristics (age and disease duration
at vaccination, EDSS).

Correlations were then explored for each DMT group. A
significant correlation with age at vaccination was observed
in the NTZ group (R—0.38, p=0.022) and patients not
treated with depletive treatments (R —0.25, p=0.028). Anti-
body titre correlated inversely with the duration of treat-
ment with anti-CD20 antibodies (R —0.93, p <0.0001), the
number of administrations received (R —0.59, p=0.001) and
the time interval between last dose administration and vac-
cination (R 0.41, p=0.028), (data not shown).

Antibody response and type of mRNA vaccination

Seventy-eight/120 patients (65%) received vaccination with
Moderna, 40/120 (33%) with Pfizer and two/120 (2%) with
AstraZeneca. Antibody titre did not differ between patients
who received Moderna compared to Pfizer (p =0.846), not
even within each DMT group, but the small sample size
could have prevented us from finding significant differences
(data not shown).
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antibodies response according to the disease-modifying treatment
(DMTs) received at the time of vaccination. The proportion of cases
who showed a positive response was lower amongst pwMS treated
with anti-CD20 antibodies compared to those who were receiving dif-
ferent DMTs (p <0.001)
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Table 3 Case series of patients treated with cladribine, AHSCT, alemtuzumab or cyclophosphamide

Cladribine AHSCT Alemtuzumab Cyclophosphamide
Number of pwMS 3 2 1 2
Median age at vaccination (range), years 34 (27-48) 43 (43-43) 26 46 (41-51)
Median disease duration at vaccination (range), years 5(0-7) 25 (24-26) 20.5 (17-24)
Median treatment duration since first DMT (range), years 4 (0.5-6) 23 (22-24) 3 13 (10-16)
Median time since last dose received (range), months 11 (7-15) 60 (31-89) 30 0.7 (0.6-0.8)
Median number of previous DMTs (range) 1(0-2) 3(2-3) 0 1(1-1)
Median EDSS (range) 1.0 (0.0-2.5) 2.0 (1.0-3.0) 1.0 6.25 (6.0-6.5)
Umoral response, n (%) 3 (100%) 2 (100%) 1 (100%) 2 (100%)
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Fig.2 Anti-Spike protein IgG antibodies titres in pwMS grouped
according to the disease-modifying treatment (DMTs) they were
receiving at the time of vaccination. Antibody titre did not differ
between patients treated with first-line DMTs, natalizumab (NTZ) or
receiving no treatment. Lower titres were observed in pwMS treated
with anti-CD20 antibodies and fingolimod compared to the other
groups (p <0.0001). The antibody titres below the sensitivity cut-off
of the test are reported as 0

Adverse events

Common adverse events including injection’s site pain,
fever, and asthenia were reported each by roughly one-
third of the patients. Details on the frequency of each
adverse event are reported in Fig. 4. Two patients expe-
rienced a clinical relapse at week 6 and 12 following the
second dose, respectively. One was treated with dimethyl-
fumarate for the last 4 years, while the other patient was
treated with AHSCT 8 years before, and was free from
therapy since then. They were both treated with high-dose
IV methylprednisolone with complete recovery.

@ Springer

COVID-19 infection

Median follow-up after the first dose of vaccine was
5 months (range 2—7). Two patients reported symptomatic
COVID-19 over follow-up. One female aged 49 years old
experienced fever with respiratory symptoms at month 4
following the completion of the vaccination cycle, requiring
access to the emergency department and treatment with anti-
SARSCov2 antibodies, followed by complete recovery with-
out hospitalisation. At the time of vaccination, this patient
was treated with rituximab (starting in 2018) and did not
show any humoral response to the vaccination. The other
patient is a 37 years old male treated with fingolimod since
2016, without lymphopenia at blood tests taken over the last
year; 6 months following the completion of the vaccination
cycle (and 1 month after having received the third dose of
vaccine) he experienced fever for 3 days and mild respiratory
symptoms not requiring hospitalization. Antibody response
following the second dose of vaccine was positive with a
low titre.

Discussion

In the last 2 years, the outbreak of the pandemic COVID-19
deeply affected everyday living, and a higher risk of severe
infection was first reported in pwMS. Guidelines on DMTs
use over the COVID era had changed over time, and uncer-
tainty on a protective vaccine response while receiving defi-
nite classes of DMTs had emerged.

A retrospective monocentric study was undertaken to
explore the antibody response to anti-SARS-Cov2 vaccines
in pwMS receiving various DMTs. One hundred and twenty
MS patients were included. Most of the cases were affected
by RR-MS and were receiving active treatment at the time of
vaccination. An increase in the antibody titre was detected
following the second jab of vaccine compared to the sample
collected between the two doses, as expected.

A positive anti-S IgG antibody response following com-
pletion of the vaccination cycle was detected in 85% of the
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Fig.3 White blood cell count and immune cell subtypes at base-
line of vaccination in pwMS who showed antibody response above
(responders) or below the cut-off of detection of the test (non-
responders). CD19+cell count was significantly lower in non-

Fig.4 Adverse events reported
following anti-SARS-Cov2
vaccination. The proportion of
patients who experienced each
adverse event is reported for the
overall sample (n=120)
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transient neurological symtoms
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cases. Non-responders were amongst patients treated with
FTY (8%) and anti-CD20 antibodies (55%). These data
are aligned with the literature, reporting a lower response
in patients treated with these two classes of DMTs com-
pared to healthy subjects and untreated MS patients or
patients receiving other DMTs [12, 14, 15]. Similarly, the
odd of developing antibody response following exposure

responders compared to responders (p <0.0001), whereas the remain-
ing cell counts analysed (total white blood cell, CD3+4, CD3+CD4+,
CD3+CD8+, NK) did not differ between the groups

0%

5% 10% 15% 20% 25% 30% 35% 40%

Proportion of patients

to COVID-19 infection was lower in patients treated with
ocrelizumab compared to those who were receiving other
DMTs [16].

A few patients received treatment with cladribine, alem-
tuzumab or AHSCT, showing in all the cases a positive
antibody response, but the small number did not allow us
to perform any statistical analyses. However, all the cases
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had received the last administration of treatment at least
1 year before vaccination and therefore a positive antibody
response was expected according to the known kinetics of
immunorepopulation.

Antibody titre showed an inverse correlation with age
at vaccination in patients not treated with anti-CD20 anti-
bodies, as previously reported in healthy individuals [17].
This observation might help determine the timing for re-
vaccination in this patient population. For cases treated with
anti-CD20 depleting therapies, anti-S antibodies titre was
inversely correlated with duration of treatment and with
the time interval between the last dose administration and
vaccination, these latter data aligned with recent reports in
larger cohorts of patients treated with anti-CD20 antibodies
[12]. These observations suggest that treatment might not be
necessary postponed to allow the completion of the vaccina-
tion cycle, as vaccination performed after the first infusion
induced a positive antibody response.

Even if the data were available only for a subset of
cases, it was interesting, albeit expected, to observe that
the CD19+ count was significantly higher in the responder
group than in the non-responder group. This suggests that
immunophenotyping might be helpful in clinical practice
to determine the timing of vaccination in people receiving
depletive treatments.

In the present study, the safety profile of the vaccines
was aligned with already published data: most of the cases
experienced common side effects and relapse of MS was
observed in two cases, aligned with previous reports [18,
19]. The occurrence of MS relapse in a patient previously
treated with AHSCT and who had been stable for long time
up to this event suggests a potential increased risk of dis-
ease reactivation in MS patients who are not receiving active
treatment at the time of vaccination, and further investiga-
tions are needed to ascertain whether this hypothesis is true.

Two cases of symptomatic COVID-19 were reported dur-
ing the follow-up, but the short duration of observation cou-
pled with the low prevalence of the disease in our geographi-
cal area does not allow us to properly estimate the protective
effect of vaccines in this sample, however its assessment was
beyond the aim of the present study, and it has already been
demonstrated.

Our study has several limitations; first of all, its retro-
spective design did not allow us to collect blood samples
and therefore to explore cell-mediated immune-response,
an assessment that is not performed by clinical labora-
tories. This does not allow to provide conclusive data
on the actual immunisation status of the patients, given
recent evidence on the presence of a positive cell-mediated
immune response also in patients who did not show an
antibody response after exposure to both the COVID-19
or the mRNA vaccines, and the lack of conclusive data on
a correlation between anti-S antibody-titres and protection

@ Springer

from COVID-19 [20, 21]. Moreover, for the same reason,
the timing of blood sampling was slightly variable between
cases and an interval blood sampling between the two
doses was not available for all the patients. No differences
in antibody response between the two mRNA vaccines
were observed, but the relatively small sample size might
have prevented us from the detection of significant differ-
ences, as higher humoral immunogenicity of the SARS-
Cov2 mRNA-1273 vaccine (Moderna) compared with the
BNT162b2 vaccine (Pfizer-BioNTech) has been suggested
by other studies [12, 22].

Conclusions

Antibody response to COVID-19 vaccines was detected
in most of the pwMS analysed in the present study, but
the frequency of responders was lower in pwMS receiv-
ing CD20 depleting therapies compared to those treated
with other DMTs or untreated ones. Immunophenotyping
before vaccine administration might help predict antibody
response, especially in older patients who showed lower
titres compared to younger ones. However, given recent
evidence that effective cell-mediated immune response
is elicited by the vaccination also in this MS population,
further investigations are needed to properly assess the
effectiveness of anti-COVIDI19 vaccines, especially in
those cases who do not show a positive antibody response
following vaccination.
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