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ABSTRACT

Background: In patients with Multiple Sclerosis (pwMS) disease-modifying therapies (DMTs) affects immune
response to antigens. Therefore, post-vaccination serological assessments are needed to evaluate the effect
of the vaccine on SARS-CoV-2 antibody response.

Methods: We designed a prospective multicenter cohort study enrolling pwMS who were scheduled for
SARS-Cov-2 vaccination with mRNA vaccines (BNT162b2, Pfizer/BioNTech,Inc or mRNA-1273, Moderna Tx,
Inc). A blood collection before the first vaccine dose and 4 weeks after the second dose was planned, with a
centralized serological assessment (electrochemiluminescence immunoassay, ECLIA, Roche-Diagnostics).
The log-transform of the antibody levels was analyzed by multivariable linear regression.

Findings: 780 pwMS (76% BNT162b2 and 24% mRNA-1273) had pre- and 4-week post-vaccination blood
assessments. 87 (11-2%) were untreated, 154 (19-7%) on ocrelizumab, 25 (3-2%) on rituximab, 85 (10-9%) on
fingolimod, 25 (3-2%) on cladribine and 404 (51.7%) on other DMTs. 677 patients (86-8%) had detectable
post-vaccination SARS-CoV-2 antibodies. At multivariable analysis, the antibody levels of patients on ocreli-
zumab (201-fold decrease (95%CI=128—317), p < 0-001), fingolimod (26-fold decrease (95%Cl=16—42),
p < 0-001) and rituximab (20-fold decrease (95%CI=10—43), p < 0-001) were significantly reduced as com-
pared to untreated patients. Vaccination with mRNA-1273 resulted in a systematically 3-25-fold higher anti-
body level (95%Cl=2-46—4-27) than with the BNT162b2 vaccine (p < 0-001). The antibody levels on anti-
CD20 therapies correlated to the time since last infusion, and rituximab had longer intervals (mean=386
days) than ocrelizumab patients (mean=129 days).

Interpretation: In pwMS, anti-CD20 treatment and fingolimod led to a reduced humoral response to mRNA-
based SARS-CoV-2 vaccines. As mRNA-1273 elicits 3-25-higher antibody levels than BNT162b2, this vaccine
may be preferentially considered for patients under anti-CD20 treatment or fingolimod. Combining our data
with those on the cellular immune response to vaccines, and including clinical follow-up, will contribute to

better define the most appropriate SARS-CoV-2 vaccine strategies in the context of DMTs and MS.
Funding: FISM[2021/Special-Multi/001]; Italian Ministry of Health‘Progetto Z844A 5 x 1000'.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)

Research in context

Evidence before this study

We searched PubMed (from year 2000) for cohort observational
studies and randomized trials assessing the effect of vaccine in
patients with MS under DMTs. (Search terms: “Multiple Sclero-
sis and Disease Modifying Therapies and Vaccine” in the Title or
Abstract). We found a recently published meta-analysis (Ciotti
et al., MSRAD, October 2020) summarizing the evidence about
the effects of MS disease-modifying therapies on responses to
vaccinations. This meta-analysis included 16 independent stud-
ies, mostly focused on humoral responses, with few examining
cellular immune responses to vaccination. Several studies dem-
onstrated preserved immune responses in people treated with
interferon. A few studies also suggested a preserved vaccine
response in patients on dimethyl fumarate. Vaccine responses
were reduced to varying degrees in those treated with glatir-
amer acetate, teriflunomide, sphingosine-1-phosphate receptor
modulators, and natalizumab. The timing of vaccination played
an important role in those treated with alemtuzumab. Humoral
vaccine responses were significantly impaired by anti-CD20
monoclonal antibody therapies. Data were lacking on vaccine
responses in patients on cladribine. A study on response to vac-
cination in patients on ocrelizumab was subsequently pub-
lished, confirming an impaired response in these patients
(VELOCE study). Recently, 2 small studies (n = 125 and n = 32
respectively) reported on humoral response to Sars-Cov-2 vac-
cines in people treated with fingolimod (positivity in 1 over 26
and in 10 over 16 respectively) cladribine (23 over 23), ocreli-
zumab (10 over 37 and 6 over 16 respectively).

Added value of this study

This study reports on the humoral response to Sars-Cov-2
mRNA vaccines of a large sample of patients with MS treated
with all the DMTs. The impaired response to Covid-19 mRNA

vaccines is firmly confirmed in patients under anti-CD20 thera-
pies and on fingolimod. The antibody levels 4 weeks after vacci-
nation increase in people treated with anti-CD20 therapies with
longer interval between the last infusion of the drug and the
first dose of vaccine. Interestingly, the antibody titers after vac-
cination with mRNA-1273 (Moderna) are significantly higher
than the antibody titers after vaccination with BNT162b2
(Pfizer/BioNTech).

Implications of all the available evidence

This finding can have an impact on the choice of the vaccine for
patients treated with anti-CD20 and fingolimod, even if addi-
tional information on cellular response is needed to refine the
vaccination strategy in these patients.

1. Introduction

The National Multiple Sclerosis Society and other expert organiza-
tions recommended that all patients with multiple sclerosis (pwMS)
should be vaccinated against SARS-CoV-2. The impact of such vacci-
nation, mainly in terms of serological responses, adverse effects, and
clinical effectiveness, on pwMS treated with disease-modifying ther-
apies (DMTs) is largely unknown. Preliminary results on safety and
immunogenicity of vaccination by the lipid nanoparticle-formulated
BNT162b2 Covid-19 vaccine (Pfizer-BioNTech) came from Israel. A
first paper, reporting about 555 patients who received their first dose
and 453 who received their second dose, showed that the rate of
acute relapses following the first and second doses was similar to the
rate in non-vaccinated patients during the corresponding period,
reassuring about the possibility that vaccination may drive patho-
genic immune responses that can trigger disease reactivation [1].In a
second paper [2], the authors reported about SARS-CoV-2 IgG
response one month after the second dose using anti-spike protein-
based serology in 125 MS patients under different DMTs vaccinated
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with BNT162b2 Covid-19 vaccine. They observed that only 22-7% of
patients treated with ocrelizumab developed IgG response irrespec-
tive of normal absolute lymphocyte count, that most fingolimod-
treated MS patients failed to develop SARS-COV-2 antibodies and
that cladribine treatment had little impact on humoral response to
Covid-19 vaccine. A small study on 32 pwMS was recently published,
indicating impaired antibody response to BNT162b2 Covid-19 vac-
cine during fingolimod and ocrelizumab treatment [3].

This pilot study was designed at the start of the vaccination cam-
paign in Italy, to monitor side effects and immunogenicity of vaccine
against SARS-Cov-2 in pwMS vaccinated with mRNA vaccines, that
were indicated for frail patients by the regulatory agency, namely
Agenzia Italiana del Farmaco (AIFA).

2. Methods
2.1. Study design and participants

This observational multi-center prospective study was conducted in
35 Italian MS centers on pwMS undergoing the SARS-CoV-2 vaccination.
Adult pwMS, with or without a previous SARS-CoV-2 infection who
were scheduled for SARS-CoV-2 vaccination, were included in the study.
mRNA vaccines (BNT162b2 (Pfizer Inc, and BioNTech) or mRNA-1273
(Moderna Tx, Inc)) as per clinical practice and regional indications were
allowed. Main reason for study exclusion were the presence of known
allergic reactions to components of the vaccine and/or any relevant
comorbidities requiring additional treatments with B-cell—targeted ther-
apies, lymphocyte-trafficking blockers, alemtuzumab, anti-CD4 antibody,
cladribine, cyclophosphamide, mitoxantrone, azathioprine, mycopheno-
late mofetil, cyclosporine, methotrexate, total body irradiation, or bone
marrow transplantation. Patients who agreed to provide a first blood
test sample just before the vaccination and a second drawing one month
after the last dose were enrolled in the study. A follow up study with an
additional blood test after 6 months and a final safety assessment after
approximately 18 months were scheduled.

Here, we report of an interim data analysis on immunogenicity of
the vaccination, related to a first subgroup of patients who have
already received two vaccine doses over the 2000 patients planned
for enrollment in the study.

2.2. Ethics

The study is done in compliance with the principles of the Decla-
ration of Helsinki. The protocol is approved by the regional (CER Ligu-
ria: 5/2021 - DB id 11169- 21/01/2021) and the centralized national
ethical committee AIFA/Spallanzani (Parere n 351, 2020/21). Written
informed consent was obtained from all participants before starting
any study procedures.

2.2.1. Study procedures

Eligible subjects were contacted by their neurologist before
receiving the first vaccine dose against Covid-19 and were informed
about the study design and aims. Patients who agreed to participate,
after signing a written informed consent, underwent a routine neuro-
logical visit where all demographical and medical history data were
recorded. Subsequently, a first blood sample was collected to assess
antibody levels before vaccination (within one month). A telephone
call between the first and the second vaccination dose was made for
monitoring the occurrence of any relevant safety issues.

Finally, after four weeks from the second dose, MS patients under-
went another neurological visit, and a second blood sample was col-
lected to test post-vaccine antibody levels.

2.2.2. Assessment of antibody responses
High-affinity pan-Ig antibodies to SARS-CoV-2 were measured by
a centralized laboratory with a double-antigen sandwich-based

electrochemiluminescence immunoassay (ECLIA), using commercial
kits (Elecsys®, Roche Diagnostics Ltd, Switzerland). We quantitatively
measured receptor-binding domain (RBD) antibodies (Anti-SARS-
CoV-2 S), to evaluate the humoral immune response to the two RBD-
coding mRNA vaccines, and Nucleocapsid (N) antibodies (Anti-SARS-
CoV-2 N), to evaluate previous/coincident responses to the natural
infection. RBD antibodies (Anti-SARS-CoV-2 S) have been shown to
positively correlate with SARS-CoV-2 neutralizing antibodies on neu-
tralization assays [4,5]. Serum samples were shipped in dried ice by
the centers and stored at —20 °C until analysis.

2.2.3. Primary outcome: humoral immunogenicity

The primary objective of this interim analysis was to quantify the lev-
els of SARS-CoV-2 RBD antibodies elicited by vaccination, according to
DMT exposure. The cut-off of positivity was 0-80 U/mL for RBD antibod-
ies (response to the vaccine), and 1-0 COI (cut-off index) for N antibodies
(seropositivity due to natural infection), in accordance with the manufac-
turer’s instructions. In pwMS with antibody positivity for RBD at pre-vac-
cination samples, positive response to the vaccine was set at equal or
more than 4-fold increase in RBD antibody levels.

2.2.4. Statistical analysis

We planned to evaluate 2000 MS patients, with an interim analy-
sis to assess immunogenicity after about 750 samples. To have a
power of 90% to detect a difference in the antibody titer between at
least two groups treated with different DMTs of 1 log;o unit [6], with
12 DMT groups (alpha level=0-0041 with Bonferroni correction) and
a standard deviation (SD) of 1-2 log;o unit [6], an average number of
52 MS patients per DMT group was needed, for a total of 624 patients.
To allow for a 20% of missing values we planned to run the interim
immunogenicity analysis after the first 748 patients enrolled.

The percentage of patients who had a positive serological test
before vaccination is reported for all the patients who had the first
blood assessment. All the analyses to assess antibody levels against
vaccine were run on patients who received two vaccination doses.

The antibody levels were transformed on a Log10 scale, to nor-
malize their distribution and according to previous literature [6]. A
linear regression model was used to compare the antibody titers
across patients treated with different DMTs, after adjusting for age,
sex, BMI, EDSS level, disease duration, presence of comorbidities,
antibody levels in the pre-vaccination samples and vaccine type. The
effect on the post-vaccination antibody levels of all the relevant cova-
riates was expressed as a geometric mean, that represents the multi-
plicative factor for the reference level of the considered covariate. We
also checked for a different treatment effect according to vaccine
type by inserting in the model a treatment by vaccine type interac-
tion. To maximize the efficient use of the available data we used an
advanced multiple imputation of missing values strategy (10 imputa-
tions) for missing baseline data [7]. We run a sensitivity analysis
including patients with complete information. The same multivari-
able model, adjusting for the days since last infusion was run on
patients on anti-CD20 therapies, to check for a difference of antibody
levels between rituximab and ocrelizumab.

The relationship between antibody levels after vaccination and
the time since last infusion of an anti-CD20 agent (rituximab or ocre-
lizumab) was assessed by a non-linear fit with a Gompertz growth
curve. The correlation between antibody levels after vaccination and
lymphocyte counts for patients in therapy with fingolimod was
assessed by a linear model after adjusting for pre-vaccination positiv-
ity and vaccine type.

2.3. Role of the funding sources
The study was funded by FISM [2021/Special-Multi/001] and by

the Italian Ministry of Health ‘Progetto Z844A 5 x 1000'. The funding
sources did not have any role in data analysis and interpretation.
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3. Results
3.1. Pre-vaccination serological positivity

Data were collected between March 4, 2021 and July 9, 2021. At
the time of the interim analysis 1202 pwMS have been invited to par-
ticipate in the study. Of them 1022 (85%) accepted to participate.
Among the 180 who refused, 29 (16%) declined the vaccination and
151 (84%) did not want to come for the blood sampling. At the time
of interim analysis, we assessed antibody levels of 1022 patients
before vaccination. Of them 114 (11.2%) were positive for RBD, N, or
both antibodies. Among them, just 38 (33-3%) reported a previous
SARS-CoV-2 infection (they responded “yes” to the question: “Did
you have a prior confirmed SARS-CoV-2 infection?”), indicating that
66-7% of seropositive patients were unaware of their past SARS-CoV-
2 infection.

3.2. Post-vaccination results

780/1022 (76%) patients had the blood sample assessed for RBD
and for N antibodies 4 weeks after vaccination (mean time after vac-
cination 33 days (SD=8 days)) and their characteristics are reported
in Table 1. All the patients received two vaccine doses. 594 patients
(76-2%) were vaccinated with BNT162b2 and 186 patients (23-8%)
with mRNA-1273.

Among the 780 vaccinated patients, 73 (9-4%) were positive for
RBD, N, or both antibodies before vaccination and 677 (86-8%) were
positive for RBD post-vaccination. 68 out of 73 patients (93-1%) who
were positive at the pre-vaccination test responded to vaccine with a
post-vaccination >4-fold increase in RBD antibody levels.

Table 1
Baseline demographic and clinical characteristics of the included patients.

Patients who received two vaccine
doses (n =780)

Characteristic

Age — Mean (SD) 45.8(12)
Female sex — no. (%) 517 (66-3)
BMI — Mean (SD) 24.3(4.9)
Missing (%) 166 (21-3)
MS phenotype — no. (%)
Primary progressive 73(9-4)
Relapsing remitting 637 (81.7)
Secondary progressive 70(9.0)
MS disease duration (yr) — Median 9.4[0-2,54.9]
(IQR)
Missing (%) 8(1.0)
EDSS — Median (IQR) 2.0[1.0,3:6]
Missing (%) 3(0-4)
MS Treatment — no. (%)
Dimethyl-fumarate 114 (14-6)
Fingolimod 85(10.9)
Ocrelizumab 154 (19.7)
Natalizumab 100 (12-8)
Interferon 79(10-1)
Glatiramer-Acetate 38(4-9)
Teriflunomide 48 (6-2)
Alemtuzumab 15(1.9)
Cladribine 25(3:2)
Rituximab 25(3:2)
Other 10(1-3)
None 87(11-2)
Positivity for RBD, N, or both anti- 73 (9-4)
bodies before vaccination
Prior Covid — no. (%) 35(4-5)
Missing (%) 27 (3-5)
Vaccine type — no. (%)
BNT162b2 594(76-2)
mRNA-1273 186 (23-8)

SD= Standard deviation, IQR=Inter-quartile range. Where the number of missing
values is not reported there are no missing values.

The post-vaccination RBD antibody levels in each DMT group and
according to vaccine type (BNT162b2 or mRNA-1273) is reported in
Fig. 1. All patients mounted a full response to the vaccine as depicted
by positive antibody levels against RBD, excluding one patient treated
with interferon (1-3%), 6 patients treated with fingolimod (7-1%), 87
patients treated with ocrelizumab (56-5%) and 9 patients treated
with rituximab (36.0%).

The results of the multivariable regression are reported in Table 2.

The factors significantly associated to post-vaccination antibody
titers were the pre-vaccination antibody level (with a 4-11-fold
increase (95%CI=3.23-5-28) every log;o unit baseline increase,
p < 0-001), type of vaccine (with mRNA-1273 giving a 3-25-fold
higher (95%Cl=2-46—4-27) RBD antibody levels than BNT162b2
(p < 0.001)) and the DMT used by the patient: among the DMT
groups, patients treated with ocrelizumab (with a 201-fold decrease
(95%CI1=128-317) (p < 0-001), fingolimod (with a 26-fold decrease
(95%CI=16—42), p < 0-001), and rituximab (with a 20-fold decrease
(95%CI=10-43), p < 0-001) showed significantly reduced RBD anti-
body levels as compared to untreated patients. No other differences
were detected among all the other DMTs. Missing data were mostly
on BMI (n = 166, 21-3%) and the sensitivity analysis run on patients
with complete information (n = 614, 78-7%) gave the same results.

The percentage of patients on fingolimod, ocrelizumab and rituxi-
mab with antibody levels above the cut-off of positivity was 100%
(21/21), 61% (14/23) and 71% (5/7) respectively among those vacci-
nated with mRNA-1273 vs 90.-6% (58/64), 40-5% (53/131) and 61%
(11/18) among those vaccinated with BNT162b2.

For patients who were on therapy with an anti-CD20 agent (ocre-
lizumab or rituximab) we evaluated RBD antibody levels 4 weeks
after the last vaccine dose as a function of the time passed between
the last infusion of the drug and the first dose of vaccine. As shown in
Fig. 2, there was a progressive increase of the RBD antibody levels in
response to vaccine with an increasing interval from the last anti-
CD20 infusion. The median time since last infusion was significantly
higher for patients on rituximab (386 days, range=100—1011 days)
than for patients on ocrelizumab (129 days, range=19-439 days)
(p < 0-001, Fig. 2). The inflection point of the curve is at day 143
(95%CI=84-258), indicating that in these patients at least this time
spam between the last infusion and the vaccination is necessary to
have an antibody response to vaccine. The antibody levels in patients
receiving ocrelizumab was non-significantly lower (1-6-fold reduc-
tion) than the antibody levels of patients receiving rituximab, after
adjusting for the time passed between the last infusion of the
drug and the first dose of vaccine (geometric mean=0-63,
95%CI=0-35—1-13, p = 0-12). On the other hand, the antibody levels
were significantly associated with the time since last dose (geometric
mean per month: 1-12 (95%CI=1.07-1-17, p < 0-001).

Among the 85 patients on therapy with fingolimod 57 had com-
plete information on lymphocyte counts: we examined the relation-
ship of RBD antibody levels with the degree of lymphopenia assessed
within one month from the first dose of vaccine. We observed a sig-
nificant decrease of RBD antibody levels associated with presence of
lymphopenia (lymphocyte counts <1000/uL) (p = 0-034, Fig. 3), after
adjusting for pre-vaccination positivity and vaccine type. Despite the
small sample size of this group, patients vaccinated with mRNA-1273
showed significantly higher RBD antibody levels (geometric mean
10-1 (95%CI=3-7-32-3), p < 0-001).

4. Discussion

In this study we measured the vaccine-specific total immunoglob-
ulin response to the RBD of SARS-CoV-2 Spike 1 protein, the main tar-
get of serum neutralizing activity [8], in a group of pwMS on different
types of DMTs. All the patients in this cohort were vaccinated with
mRNA vaccines (either mRNA-1273 or BNT162b2). Post-vaccination
humoral responses resulted impaired in MS patients treated with
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Fig. 1. Post-vaccination RBD antibody levels by disease modifying treatment in relation to vaccine type. Footnote: ga=glatiramer-acetate, ifn=interferon, alem=alemtuzumab, clad=-
cladribine, dmf=dimethyl-fumarate, teri=teriflunomide, rtx=rituximab, fty=fingolimod, ocre=ocrelizumab.

Table 2

Multivariable analysis assessing factors associated to antibody levels, 4 weeks after the full vaccination course.

Multivariable Analysis

Variable Beta coefficients (SE) ~ Geometric mean* (95% CI) p

Age (10 years) —0.-04 (0-03) 0-91(0-80—1-04) 0-16
Sex (Female vs Male) 0-03 (0-06) 1.06 (0-83-1-37) 0.63
MS type (Progressive vs RR) 0-08 (0-09) 1.21(0-81-1-79) 035
EDSS —0-02 (0-02) 0-96 (0-88—1-05) 0-36
Disease duration>10 years —0-08 (0-06) 0-83 (0-64—1-06) 0-14
Comorbidities (yes/no) 0-05 (0-06) 1-12(0-86-1-47) 042
BMI 0-01(0-01) 1.03 (0-99-1-06) 0-06
Pre-vaccination antibody level (log10) 0-90 (0-09) 4.11(3-23-5-28) <0-001
Vaccine type

BNT162b2 Ref

mRNA-1273 0-51 (0-06) 3.25(2-46-4-27) <0-001
Disease modifying therapy <0.001
No therapy** Ref

Interferon 0-25(0-11) 1.77 (1.06—2-96)

Glatiramer-Acetate 0-27 (0-14) 1.85(0-99-3-47)

Teriflunomide 0-02 (0-13) 1.04(0-58-1-87)

Dimethyl-fumarate 0-16(0-11) 1-43(0-88-2-31)

Natalizumab 0-06 (0-11) 1-16 (0-70-1.93)

Fingolimod -141(0-11) 0-039 (0-023-0-064)" <0.001**
Ocrelizumab —2.30(0-10) 0-005 (0-003—0-008)" <0.001**
Rituximab -1.31(0-16) 0-049 (0-024-0-102)* <0.001**
Cladribine —-0.04(0-17) 0-92(0-44-1.94)

Alemtuzumab 0-45 (0-20) 2-84(1-15-7-03)

Other —0-14(0-24) 0-73(0-25-2-12)

*The geometric mean represents the multiplicative factor of each level of the variable as compared to the refer-

ence level.

**Disease modifying therapy had a significant p value, indicating significant heterogeneity of antibody levels
among the different therapies. No therapy was chosen as the reference class to express the beta coefficients
and the geometric means. In the multivariable model only the p-values of 3 disease modifying therapies that
are significantly different from all the others after a post-hoc analysis with Bonferroni correction are reported.

#The effect of fingolimod is a 26-fold decrease (95%Cl=16—43), the effect of ocrelizumab was a 201-fold
decrease (128—317) and the effect of rituximab was a 20-fold decrease (10—43).

ocrelizumab and rituximab and, to a lesser extent, with fingolimod.
56-5% of vaccinated patients on ocrelizumab, 36.0% of vaccinated
patients on rituximab and 7-1% of vaccinated patients in fingolimod
failed to produce detectable RBD antibody levels 4 weeks after the
second vaccination dose. This time-point, which should coincide

with the highest levels of antibody production, has been chosen con-
sidering previous data on vaccine humoral responses in pwMS on B
cell-depleting drugs [9].

As compared to untreated patients, the median RBD antibody lev-
els of patients on ocrelizumab were reduced by a factor of 201, of
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Fig. 2. Post-vaccination RBD antibody levels in patients treated with anti-CD20 therapies according to the time passed since the last infusion.

patients on rituximab by a factor of 20 (though the difference
between the two antiCD20 are related to time from infusion), and of
patients under fingolimod by a factor of 26.

These findings substantially confirm and expand what previously
reported on the partial lack of antibody response to the BNT162b2
vaccine in those on ocrelizumab and on fingolimod [1,3] and on the
full response in those on cladribine [1]. From a mechanistic point of
view, if the negative influence on antibody responses to vaccines by
B cell-depleting therapies was expected [9], the effects of fingolimod
on such responses was less expected and might be associated with its
inhibition of germinal center reaction [10]. The subsequent
impairment of plasma antibody production preferentially affects T-
dependent antigens [11]. Fingolimod-treated patients can mount
immune responses to novel and recall antigens, but with reduced
response and seroconversion rates [12]. In our series, the rate of sero-
conversion was very high, namely, 100% in pwMS vaccinated with
mRNA-1273, and 90-6% in those vaccinated with BNT162b2, but the
antibody levels that guarantee vaccine clinical protection are
unknown at present.

As a surprising finding of our study, RBD antibody levels, were
3.25 times higher in patients who received the mRNA-1273 vaccine
versus those who were vaccinated with BNT162b2 vaccine. Both vac-
cines use pseudo-uridine in place of uridine to try to circumvent the
well-known inflammatory reactions to foreign mRNA and, on the
other hand, they contain mRNA wrapped in lipid nanoparticles that
can act as adjuvants, thus bolstering the immune response. However,
while each dose of BNT162b2 contains 30 micrograms of vaccine,
mRNA-1273 contains 100 micrograms: clinical effectiveness was
similar, whereas MRNA-1273 vaccine associated with a greater inci-
dence of adverse events [13]. Analogously, it is likely that the higher
mRNA content could also account for the higher RBD antibody levels
versus BNT162b2 that we observed in our case series. A higher pro-
duction of RBD protein could additionally contribute to the overall

immunogenic effect. As for other settings, mRNA-1273 and BNT162b2
vaccines yielded similar percentages of positive RBD antibody response
in dialysis patients, but only 18/168 of them were administered with
mRNA-1273 vaccine [14]. Analogous findings were reported in mRNA-
1273/BNT162b2 vaccinated rhesus macaques [15], and in 20 volunteers
tested for antibody neutralizing activity [16]. Conversely, among preg-
nant women, higher antibody titers were found in those vaccinated
with mRNA-1273 vaccine [17]®PP1m), Our data, obtained on a very
large sample size, warrant confirmation on healthy populations.

Finally, RBD antibody levels progressively increased in patients on
anti-CD20 therapies in correlation with the time passed since last
infusion to the first vaccination dose, with 143 days as the time-point
when the antibody levels start to increase. Analogously, RBD anti-
body levels in patients on fingolimod seems to depend on lympho-
cyte counts and are higher after vaccination with mRNA-1273
vaccine, in line with what above-mentioned on the drug’s mechanis-
tic effects on the immune system.

4.1. Caveats and limitations

This study has limitations related to observational study design
and its selection bias and possible unmeasured confounding. Also,
there are limitations in a-priori decisions on the study design: for
example, it is not known whether 4-week time point is optimal for
assessing response. In the absence of consistent data when we
planned the project, we referred to a study on pharmacologically
B-cell depleted MS patients who received influenza vaccine, and
whose virus-specific antibody titer peaked 4 weeks after single
dose vaccinations [9]. Recent findings, however, suggest that
SARS-CoV-2 antibody responses tend to be the highest 8 weeks
after the second dose [16]. Finally, since frail patients in Italy
were vaccinated with mRNA vaccines only, this study has no data
on adenovirus-based vaccines.
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Fig. 3. Anti-SARS-CoV-2 RBD antibody titers in patients treated with fingolimod according to their lymphocyte counts (measured within one month since the first dose of vaccine).

Clinical effectiveness of a vaccination does not exclusively depend
on the humoral immune response, especially in the case of coronavi-
ruses, against which cellular immune responses play an important
role [13]. The reported mRNA SARS-CoV-2 clinical trials have noted
increases in total antibodies, neutralizing antibodies (NAb), and T-
cell responses in healthy controls following vaccination [10] and
immunological studies in MS patients on ocrelizumab after Covid-19
infection reported the absence of virus-specific antibodies, but valid
T-cell responses [18]. Yet to be peer-reviewed, one study showed
that all the MS patients on anti-CD20 therapies, and vaccinated with
mRNA vaccines, generated antigen-specific CD4+ and CD8+ T-cell
responses [19]®P™¢-P"Y and another one, on the contrary, that such
responses were detectable in 17% of patients and in 86% of healthy
controls only [20](PePrinO_ [t js likely that the discrepancies are due
to sensitivity in the T-cell assays. The levels of T-cell-mediated pro-
tection from Covid-19 in patients on B-cell depleting therapies will
be evaluable in the future, knowing that, in contrast to neutralizing
antibodies, SARS-CoV-2-specific CD4 and CD8 T lymphocytes associ-
ate with milder disease course, suggestive of protective immunity
[21-22]. However, it is still unclear which combination of the
immune responses is responsible for the best immunity to the virus,

both in healthy subjects and in patients on B and T cell-depleting
therapies.

Moreover, we lack the information on the quantitative levels of
virus-specific antibodies following vaccination that can guarantee a
clinically effective protection against the infection. As a first step
towards standardization of the antibody reports, World Health Orga-
nization established an International Standard for SARS-CoV-2 anti-
bodies, assessing the neat sample to contain 1000 binding antibody
units (BAU)/mL [23]. A mathematical transposition of Elecsys-S Units
to BAU (Elecsys-S Units = 0-972 x BAU) [6] indicates that Elecsys-S U/
mL can be considered substantially equivalent to BAU/mL. Even in
the absence of information on the protective levels of SARS-CoV-2
antibodies, the better ability of mRNA-1273 vaccination to boost the
antibody levels versus the BNT162b2 vaccine, circumstantially sug-
gests that the former might be preferred in frail people. This category
includes subjects that diseases, therapies, age, or a combination of
these factors, can affect their responses to SARS-CoV-2. Our data on
post-vaccination decreasing RBD antibody levels, without correlation
for gender and body-mass index, is also in line with what reported
on SARS-CoV-2 neutralizing antibodies, and on the demographic-
constitutional factors [24].
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with caution when trying to derive their clinical implications. Profil-

ing T cell-mediated responses to SARS-CoV-2 vaccination, together
with clinical follow-up, will add important information aimed at
defining the most appropriate SARS-CoV-2 vaccine strategies in the
setting of DMTs and MS.
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