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ARTICLE INFO ABSTRACT

Keywords: Background: Several concerns exist on the immunogenicity of SARS-CoV-2 vaccines in multiple sclerosis (MS)
BNT162b2-mRNA coronavirus-19 vaccine subjects due to their immunomodulating disease modifying therapies (DMTs). Here we report a comparison of
Disease modifying therapies the humoral response to BNT162b2-mRNA coronavirus (COVID)-19 vaccine and the immunological phenotype

Multiple sclerosis
Humoral response
SARS-CoV-2 spike protein

in a cohort of 125 MS subjects undergoing different DMTs, with no history of SARS-CoV-2 infection.

Methods: We collected serum and blood samples at the first day of vaccine (T0) and 21 days after the second
vaccine dose (T1) from 125 MS subjects, undergoing eight different DMTs. Sera were tested using the Elecsys
anti-SARS-CoV-2-IgG assay for the detection of IgG antibodies to SARS-CoV-2 spike protein. The anti-spike IgG
titres from MS subjects were compared with 24 age- and sex-matched healthy controls (HC). Percentage and
absolute number of B and T lymphocytes were evaluated by cytofluorimetric analysis in the same study cohort.
Results: When compared with SARS-CoV-2 IgG levels in HC (n = 24, median 1089 (IQR 652.5-1625) U/mL), we
observed an increased secretion of SARS-CoV-2 IgG in interferon-beta la (IFN)-treated MS subjects (n = 22,
median 1916 (IQR 1024-2879) U/mL) and an impaired humoral response in MS subjects undergoing cladribine

Abbreviations: CLAD, Cladribine; COVID-19, Coronavirus disease 2019; DMF, Dimethyl fumatate; DMTs, Disease modifying therapies; EDSS, Expanded disability
status scale; FTY, Fingolimod; GA, Glatiramer acetate; GMTR, Geometric mean titre ratio; HC, Healthy controls; IgG, Immunoglobulin G; IFN, Interferon p-1a; IQR,
Interquartile range; MS, Multiple sclerosis; NAT, Natalizumab; OCRE, Ocrelizumab; TERI, Teriflunomide; WBC, White blood cells.
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(CLAD) (n = 10, median 396.9 (IQR 37.52-790.9) U/mL), fingolimod (FTY) (n = 19, median 7.9 (IQR 4.8-147.6)
U/mL) and ocrelizumab (OCRE) (n = 15, median 0.67 (IQR 0.4-5.9) U/mL) treatment. Moreover, analysis of
geometric mean titre ratio (GMTR) between different DMT’s groups of MS subjects revealed that, when
compared with IFN-treated MS subjects, intrinsic antibody production was impaired in teriflunomide (TERD)-,
natalizumab (NAT)-, CLAD-, FTY- and OCRE-, while preserved in DMF- and GA-treated MS subjects.
Conclusion: Humoral response to BNT162b2-mRNA-vaccine was increased in IFN-treated MS subjects while
clearly blunted in those under CLAD, FTY and OCRE treatment. This suggests that the DMTs could have a key role
in the protection from SARS-CoV-2 related disease and complication in MS subjects, underlying a novel aspect
that should be considered in the selection of the most appropriate therapy under COVID-19 pandemic.

1. Introduction

The current pandemic caused by the Severe Acute Respiratory Syn-
drome coronavirus 2 (SARS-CoV-2), the virus causing the coronavirus
disease 2019 (COVID-19), severely impacts national health systems
around the world. The Pfizer-BioNtech (BNT162b2) has been the first
vaccine approved; it is composed by a nucleoside-modified messenger
(m)RNA encoding the full-length SARS-CoV-2 spike protein, encapsu-
lated in lipid nanoparticles to deliver the genetic information inside
target cells (Pardi et al., 2018; Walsh et al., 2020; Wrapp et al., 2020). It
has been shown that BNT162b2 conferred strong protection against
COVID-19 eliciting high titre of spike (S1)-binding neutralizing

Table 1
Clinical and demographic characteristics of the study cohort.

MS subjects (N = Healthy controls(N =

125) 24)
Gender, n (%)
Female 69 (55.2) 13 (54.2)
Male 56 (44.8) 11 (45.8)
Age, years
Mean age (£+SD) 41 (£10.7) 47.3 (£11)
25-75 IQR 16.5 20.5
MS type, n (%)
RRMS 117 (93.6)
PPMS 4(3.2)
SPMR 4(3.2)
EDSS, n (%)
<3.0 104 (83.2)
3.5-5.5 17 (13.6)
>6.0 4(3.2)
DMT type, n (%)
Interferon p la 22 (17.6)
Dimethyl fumarate 18 (14.4)
Teriflunomide 10 (8.0)
Natalizumab 22 (17.6)
Glatiramer acetate 9(7.2)
Cladribine 10 (8.0)
Fingolimod 19 (15.2)
Ocrelizumab 15 (12.0)
DMT duration, mean
(months)
Interferon f 1a 82.1
Dimethyl fumarate 45.4
Teriflunomide 29.7
Natalizumab 52
Glatiramer acetate 61.4
Cladribine 14.8
Fingolimod 55.5
Ocrelizumab 24.2
Last 12-months relapse, n (%) 23 (18.4)

DMTs: disease-modifying therapies; EDSS: Expanded Disability Status Scale;
MS: Multiple Sclerosis; PPMS: Primary Progressive Multiple Sclerosis; RRMS:
Relapsing Remitting Multiple Sclerosis; SPSM: Secondary Progressive Multiple
Sclerosis.

immunoglobulin G (IgG) together with CD8" and CD4™ T cell-specific
activation, thus combining both protective humoral and cellular im-
mune response to constrain the virus (Polack et al., 2020; Sahin et al.,
2020).

Multiple sclerosis (MS) subjects, especially those with older age,
severe disabilities, progressive forms and comorbidities, have been
shown to be at higher risk of serious illness or death secondarily to SARS-
Co-V-2 infection; however, this point is still debated (Achiron et al.,
2021; Naser Moghadasi, Shabany et al. 2021; Sormani et al., 2021).
Preliminary data showed that COVID-19 vaccines are safe in MS sub-
jects, with no evidence of increased risk of relapse (Achiron et al., 2021).
It is well described that some disease-modifying-therapies (DMTs)
induce immunomodulation through lymphocyte depletion, involving
either B cells, T cells or both (Hauser and Cree 2020). However, there are
still few data about the impact of the different DMTs on the induction of
a protective humoral and cellular response to COVID-19 vaccine in MS
subjects. Among them, rituximab, ocrelizumab (OCRE) and fingolimod
(FTY) have been shown to affect SARS-CoV-2 IgG antibody production
in MS-treated subjects (Achiron et al., 2021; Guerrieri et al., 2021;
Sormani et al., 2021). However, studies evaluating whether distinct
humoral and cellular immune response to COVID-19-vaccination could
be observed in MS subjects undergoing several DMTs are still missing.
Moreover, as currently available DMTs exhibit different mechanism of
action, either impacting or not on lymphocyte count, it is extremely
interesting to evaluate whether different vaccine responses could be
observed in these groups of MS subjects.

In the current work, we presented a prospective monocentric study
assessing the immunogenicity and the immune phenotype in a cohort of
125 MS patients treated with eight different DMTs, without previous
SARS-CoV-2 infection, all receiving BNT162b2 vaccine.

2. Materials and methods
2.1. Subjects and study design

This is a prospective monocentric study to evaluate the efficacy of
SARS-CoV-2 mRNA BNT162b2 vaccine in MS subjects undergoing
vaccination at the Multiple Sclerosis centre of the Cardarelli Hospital
(Naples, Italy) from March to June 2021. All human subjects were
enrolled after obtaining informed consent. The study was approved by
the Institutional Review Board of the Cardarelli Hospital. We enrolled
125 MS and 24 healthy controls receiving the two doses of BNT162b2
vaccine according to the recommendations of Italian Authority of
Health, all without previous SARS-CoV-2 infection. MS subjects were
vaccinated according to specific timing (Centonze et al., 2021); more in
detail, MS subjects treated with IFN, GA, TERL, DMF, FTY and NAT were
vaccinated without any interruption of immunomodulatory treatment,
while CLAD- and OCRE-treated MS subjects were vaccinated at least 1 or
3 months respectively after the last therapeutic administration, ac-
cording to the recommendations of Italian Authority of Health. Blood
samples were collected at 9:004\ into heparinized Vacutainers (BD
Biosciences) and processed within the following 4 h. Demographic and
clinical characteristics of the study cohort are shown in Table 1. In-
clusion criteria were patients aged between 18 and 65 years, diagnosed
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Fig. 1. (A) SARS CoV-2 IgG Spike titre — median difference between healthy controls (HC) and different DMT-treated multiple sclerosis (MS) subjects 3 weeks post
second vaccine dose (T1). Data are reported as median with interquartile range (IQR) of MS or HC. Mann U-Whitney two tailed test vs HC was performed and a p-
value less than 0.05 was considered statistically significant. *p < 0.05, **p < 0.0001. (B) Geometric mean titre ratio (GMTR) between IFN and the different DMTs.
GMTR was obtained as the ratio between post-vaccination (T1) and pre-vaccination (T0) SARS CoV-2 IgG titre. Data are reported as median with interquartile range

(IQR) of MS or HC. Mann U-Whitney two tailed test vs IFN was performed and a p-value less than 0.05 was considered statistically significant. *p < 0.05, **p

< 0.0001.

with Multiple Sclerosis treated with DMTs for at least 6 months.
Exclusion criteria were previous SARS-CoV-2 infection (antibodies
screening at baseline), any relapse and/or steroid use in the last 30 days
before enrolment. Healthy subjects were matched for age and sex and
had no history of inflammation, endocrine or autoimmune disease. The
ethnic distribution among the groups was comparable, with all partici-
pants being Caucasian.

2.2. SARS- COV 2 antibody detection

Quantitative determination of antibodies to the SARS-CoV-2 spike
protein was carried out by Roche Elecsys® Anti-SARS-CoV-2 S assay
(Roche Diagnostics International Ltd, Rotkreuz, Switzerland). The assay
was performed using a recombinant protein representing the RBD of the
S antigen leading to a double-antigen sandwich assay complex which
favors detection of high affinity antibodies against SARS-CoV-2 (range
between 0.4 to 250 U/mL), resulting in a sensitivity of 98.8% (95% CI:
98.1 - 99.3%).

2.3. Immunophenotypic analysis

Blood samples from HC and MS subjects were collected in EDTA-
coated tubes and were used for immune cell profiling and analysed
within 24 h from blood draw. Human whole blood was incubated with
FcR Blocking Reagent (Becton Dickinson) and subsequently stained for
30 min at 4 °C with the following specific fluorescent-labelled Abs
combinations: APC—H7 anti-CD3 (clone SK7), PE anti-CD4 (clone SK3),
APC anti-CD4 (clone SK3), PE-Cy7 anti-CD8 (clone SK1), FITC anti-
CD45 (clone 2D1), APC anti-CD45 (clone 2D1), BV605 anti-CD45RO
(clone UCHL1), PE anti-CD19 (clone SJ25C1) and PE-Cy7 anti-CD56
(clone NCAM 16.2) from Becton Dickson (BD); APC anti-CD45RA (clone
2H4LDH11LDB9 (2H4)) form Beckman Coulter; FITC anti-HLA-DR.
(clone G46-6), PE anti-CD25 (clone M-A251) and FITC anti-CD20
(clone 2H7) from Pharmingen. After incubation, cells were washed
and resuspended in phosphate-buffered saline (PBS). Immunopheno-
typic analysis was performed using FACS Canto and FACS Lyric flow
cytometers (Becton Dickinson).

2.4. Ethics (Standard protocol approvals, registrations and patient
consents)

The study was conducted according the Good Clinical Practice
guidelines and the ethical principles of the Declaration of Helsinki. In-
vestigators obtained ethic committee approval for the study protocol
and amendments by the local Ethic Committee of A.O.R.N. A.
Cardarelli/Santobono-Pausilipon (protocol number 2821). All subjects
give written informed consent to participate to the study.

2.5. Statistical analysis

Descriptive analyses were presented as means (+ standard error of
the mean), median and interquartile range (IQR). Categorial variables
were described as frequency and percentage. A Shapiro-wilk test was
performed to assess the normal distribution of data. In case of not-
normal distribution appropriate non-parametric tests were performed.
Mann-Whitney U test and Wilcoxon test were used when appropriate.
Geometric mean titrers (GMTs) at baseline (T0) and 21 days after the
second vaccine dose (T1) and the respective ratios (GMTRs) were
summarized by treatment group. P-value less than 0.05 indicated sig-
nificance. A multilinear regression model was used to compare the
antibody levels across subjects treated with different DMTs after
adjusting for age, sex, EDSS levels, disease duration, DMT duration and
antibody levels in the pre-vaccination samples. Data analyses were
performed using Graphpad Prism (version 8).

3. Results
3.1. Study cohort

Data were collected from March to June 2021. At the time of
enrolment in this prospective monocentric study, 149 MS and 26 HC
have been invited to participate. We excluded subjects previously
infected with SARS-CoV-2, through the measurement of nucleocapsid-
specific antibodies, the most sensitive target for serologic diagnosis of
SARS-CoV-2 infection. After assessment, 125 MS and 24 healthy subjects
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Table 2

Absolute number of white blood cells (WBC), lymphocytes, CD20, CD3, CD4 and
CD8 before the first (T0O) and 21 days after the second (T1) vaccine dose in
multiple sclerosis subjects under different disease modifying therapies (DMTs).
Mann-Whitney two-tailed was performed and a p<0.05 was considered statis-
tically significant.

DMTs TO T1 p-value

WBC Interferon § 1a 6162 6169 0.94
(cells/pL) Dimethyl fumarate 6487 5543 0.07
Teriflunomide 7268 8267 0.35

Natalizumab 8981 8557 0.79

Glatiramer acetate 8250 7872 0.99

Cladribine 5794 5992 0.92

Fingolimod 5565 5390 0.56

Ocrelizumab 6808 6142 0.17

Lymphocytes Interferon f 1a 1979 2002 0.84
(cells/mm?) Dimethyl fumarate 1284 1322 0.75
Teriflunomide 1809 2359 0.20

Natalizumab 3590 3418 0.66

Glatiramer acetate 2389 2214 0.54

Cladribine 1135 1203 0.72

Fingolimod 809 828 0.82

Ocrelizumab 1594 1648 0.94

CD20 Interferon p 1a 233 273 0.74
(cells/mL) Dimethyl fumarate 130 129 0.77
Teriflunomide 188 225 0.63

Natalizumab 638 623 0.88

Glatiramer acetate 154 167 0.65

Cladribine 105 133 0.58

Fingolimod 30 51 0.26

Ocrelizumab 10 32 0.07

CD3 Interferon f 1a 1441 1488 0.97
(cells/mL) Dimethyl fumarate 871 853 0.93
Teriflunomide 1331 1814 0.22

Natalizumab 2333 2319 0.79

Glatiramer acetate 1795 1741 0.60

Cladribine 800 828 0.91

Fingolimod 506 498 0.84

Ocrelizumab 1320 1382 0.77

CD4 Interferon § 1a 957 1009 0.80
(cells/mL) Dimethyl fumarate 628 650 0.85
Teriflunomide 816 1079 0.06

Natalizumab 1424 1317 0.45

Glatiramer acetate 1134 1075 0.99

Cladribine 451 477 0.85

Fingolimod 289 277 0.84

Ocrelizumab 839 891 0.71

CD8 Interferon § 1a 202 223 0.81
(cells/mL) Dimethyl fumarate 114 115 0.88
Teriflunomide 189 272 0.19

Natalizumab 373 341 0.54

Glatiramer acetate 273 286 0.49

Cladribine 124 125 0.85

Fingolimod 88 77 0.91

Ocrelizumab 234 254 0.46

without previous SARS-CoV-2 infection were enrolled. The demographic
and clinical characteristics are reported in Table 1. In the MS group, 69
were female (55.2%) and 56 male (44.8%) and the mean age was 41 +
10.7 (mean + SD) years. In the control group, 13 subjects were females
(54.2%) and 11 males (45.8%), with a mean age of 47.3 + 11 (mean +
SD) years. In the MS cohort, 117 had relapsing-remitting (RR) (93.6%),
4 primary-progressive (PP) (3.2%) and 4 secondary-progressive (SP)
(3.2%) MS. Different types of disease-modifying therapies (DMTs) were:
interferon p 1a (IFN) (n = 22; 17.6%), dimethyl fumarate (DMF) (n = 18;
14.4%), teriflunomide (TERI) (n = 10; 8%), natalizumab (NAT) (n = 22;
17.6%), glatiramer acetate (GA) (n = 9; 7.2%), cladribine (CLAD) (n =
10; 8%), fingolimod (FTY) (n = 19; 15.2%) and ocrelizumab (OCRE) (n
=15; 12%).

Multiple Sclerosis and Related Disorders 58 (2022) 103455

3.2. Distinctive SARS-COV-2 humoral response in ms subjects undergoing
different types of disease modifying therapies (DMTs)

We measured SARS-CoV-2 IgG titre 21 days after the second
BNT162b2 mRNA vaccine dose (T1) in MS subjects undergoing different
DMTs, compared to age- and sex-matched HC. We found that IFN-
treated MS subjects showed a significant increase of anti-spike IgG
levels compared to HC (median 1916 (IQR: 1024-2879) vs 1089 (IQR:
652.5-1625) U/mL; p = 0.029); on the contrary, IgG levels were
significantly reduced in MS subjects undergoing CLAD (median 396.9
(IQR: 37.52-790.9) vs 1089 (IQR: 652.5-1625) U/mL; p = 0.002), FTY
(median 7.9 (IQR: 4.8-147.6) vs 1089 (IQR: 652.5-1625) U/mL; p <
0.0001) and OCRE (median 0.67 (IQR: 0.4-5.9) vs 1089 (IQR:
652.5-1625) U/mL; p < 0.0001) treatment (Fig. 1A). The percentage of
MS subjects on CLAD, FTY and OCRE with antibody levels above the cut-
off of positivity was 100% (10/10), 89% (17/19) and 60% (9/15),
respectively. An augmented antibody production that did not reach any
statistical significance was also found in DMF-treated MS subjects (me-
dian 1514 (IQR: 767.7-2398) U/ml vs 1089 (IQR: 652.5-1625) U/mL; p
= 0.23). Then, we measured anti-spike IgG titre in all DMT-groups
before the first (T0) and after the second (T1) vaccine dose to calcu-
late the geometric mean titre ratio (GMTR). Compared to the highest
value found in IFN-treated MS subjects (median 4789 (IQR: 2560-7196)
U/ml), we observed a reduced GMTR in TERI- (median 2223 (IQR:
552.3-4226) U/ml), NAT- (median 1331 (IQR: 362.8-5004) U/ml),
CLAD- (median 992.1 (IQR: 93.7-1977) U/ml), FTY- (median 19.8 (IQR:
11.9-369) U/ml) and OCRE- (median 1.7 (IQR: 1-14.9) U/ml) treated
MS subjects (Fig. 1B and Supplementary Table 1). We performed
linear regression analyses to rule out that individual factors or clinical
variables (age, sex, EDSS, DMT duration, time to last therapeutic
administration) could affect the SARS-CoV-2 vaccine humoral response,
but we did not find any significant correlation between these parameters
and IgG-spike titre in the different DMTs groups (data not shown). Our
data highlight how DMTs could differentially affect or promote the
protective SARS-CoV-2 humoral response in MS subjects.

3.3. Immunological phenotype in different DMT-treated MS subjects

We performed a basic immunological phenotype to evaluate B and T
cell frequency in our study cohort. As reported in Table 2, we did not
find any significant difference in the absolute number of peripheral
leukocytes (WBC), B (CD20), T (CD3), CD4 and CD8 cells, before (T0)
and 3 weeks after the second (T1) SARS-CoV-2 vaccine in all the DMT’s
groups of MS subjects. At T1, we observed an increased frequency of B
cells in OCRE- and of CD4 T lymphocytes in TERI-treated MS subjects,
and a reduction of leukocytes in DMF-treated MS subjects, despite these
changes do not reach any statistical significance. Then, we performed
linear regression analysis to evaluate the association between humoral
response and the absolute number of leukocytes, B, T, CD4 and CD8 cell
counts in the different groups of DMTs. In IFN- and DMF-treated MS
subjects we observed a direct correlation between anti-spike IgG levels
at T1 and B cell count at baseline (T0) (IFN: r = 0.22, p = 0.03; DMF: r =
0.44, p = 0.03) (Fig. 2A and 2B); moreover, anti-spike IgG levels
directly correlated with lymphocyte number at baseline (T0) in GA-
treated MS subjects (r = 0.48, p = 0.04) (Fig. 2C). These findings un-
derline that the impact of DMTs on B and T cell count could affect the
humoral response to SARS-CoV-2 vaccine in MS subjects.

4. Discussion

This study reports SARS-CoV-2-specific vaccine response in MS
subjects treated with different DMTs, all receiving BNT162b2 mRNA
vaccine, with no history of previous COVID-19 infection. We evaluated
vaccine-specific anti-spike immunoglobulin levels together with
lymphocyte (B, T, CD4, CD8) cell counts before the first (TO) and 3
weeks after the second (T1) vaccination. Firstly, we demonstrated that
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Fig. 2. (A) Linear regression analysis between the absolute number of CD20 pre-vaccination (T0) and SARS CoV-2 IgG Spike titre 3 weeks post-vaccination (T1) in
IFN-treated MS subjects. Analysis was assessed by Spearman rank correlation and reported as coefficient of correlation (r). p-value less than 0.05 was considered
statistically significant. (B) Linear regression analysis between the absolute number of CD20 pre-vaccination (TO) and SARS CoV-2 IgG Spike titre 3 weeks post-
vaccination (T1) in DMF-treated MS subjects. Analysis was assessed by Spearman rank correlation and reported as coefficient of correlation (r). p-value less than
0.05 was considered statistically significant. (C) Linear regression analysis between the absolute number of lymphocytes pre-vaccination (T0) and SARS CoV-2 IgG
Spike titre 3 weeks post-vaccination (T1) in GA-treated MS subjects. Analysis was assessed by Spearman rank correlation and reported as coefficient of correlation (r).

p-value less than 0.05 was considered statistically significant.

BNT162b2 vaccine elicited comparable humoral response in healthy
individuals and in MS subjects treated with GA, TERL, DMF and NAT.
This evidence substantially confirms what previously reported on the
immune competence of MS subjects undergoing these therapies (Sor-
mani et al., 2021). Interestingly, we were first in showing that, when
compared to HC, IFN-treated MS subjects showed higher IgG titre at T1
and this parameter strongly correlated with their B cell count at TO. Our
findings expand the well-known preservation of B and T lymphocyte
count, the good humoral response to seasonal influenza vaccination
(Olberg et al., 2018; Metze et al., 2019) and, more importantly, the
reduced susceptibility to develop SARS-CoV-2 (or other) infections in
IFN-treated MS subjects (Sormani et al., 2021a,c; Sormani et al., 2021).
In addition, we also unveiled that IFN treatment preserved a good B cell
reservoir that correlated with SARS-CoV-2 specific humoral response in
MS subjects. Moreover, we found a direct correlation between IgG titre
at T1 and B cell count at TO in DMF-treated MS subjects or between IgG
titre at T1 and lymphocyte count at TO in GA-treated MS subjects. This is
extremely interestingly, as these two treatments are those with
anti-spike IgG levels comparable to HC.

On the contrary, post-vaccination humoral response resulted
impaired in MS subjects treated with CLAD, FTY and OCRE, despite with
different serological positivity. Indeed, although commonly reduced in
terms of levels, detectable anti-spike IgG were observed 21 days after the
second vaccination in 100% of CLAD-, 89% FTY- while only in 60% of
OCRE-treated MS subjects. It is important to mention that the reduction
observed in OCRE- and CLAD-groups of MS subjects was independent to
time from last infusion, in contrast with recently published data, by
Sormani et al. (Sormani et al. (2021); however, this difference could be
due either to the smaller subject number or to the exclusion of COVID-19
previously-infected MS subjects enrolled in our monocentric study. In
line with recent data, we found that MS subjects treated with FTY and
OCRE failed to mount a good anti-SARS-CoV-2 humoral response
(Achiron et al., 2021; Bigaut et al., 2021; Sormani et al., 2021);
conversely, we are first in showing increased anti-spike IgG titre in IFN-
and a reduction in CLAD-treated MS subjects. While the well-known
effect of the B-cell depleting therapies (Bar-Or et al., 2020) could
anticipate the OCRE result, the effects of FTY and CLAD were less
obvious. Our findings are supported by recent data showing the failure
to mount an effective response to influenza vaccine in FTY-treated MS
subjects (Kappos et al., 2015; Olberg et al., 2018). Moreover, as FTY
interferes with lymphocyte migration in the periphery, a reduced anti-
body response could reflect T and B cell retention in the lymph nodes
(Cross and Naismith, 2014). The same holds true also for CLAD, which

have been described to inhibit both proliferating T and memory B cells
(Moser et al., 2020). According to these data, we also observed reduced
B, T, CD4 and CD8 cell count in both FTY- and CLAD-treated MS subjects
enrolled in our study.

Analysis of the GMTR in the different DMT groups revealed that,
when compared to IFN, treatment with TERL, NAT, CLAD, FTY and
OCRE significantly reduced the intrinsic ability to produce anti-spike
specific antibodies in MS subjects. It is also important to note that,
among all the DMTs, IFN increased while DMF and GA preserved an
efficient humoral response. Since the antibody production in these
DMTs-treated MS subjects directly correlated with the B- or lymphocyte-
count before vaccination, we hypothesized that these therapies preserve
the antibody production because they did not affect peripheral T
lymphocyte function in MS treated subjects.

Interestingly, despite its well-known activity as CD20-depletor,
immunophenotypic analysis of OCRE-treated MS subjects revealed a
surprising rise in B cell count at T1, thus testifying that a small, albeit
insufficient, B cell response was still preserved in this group of subjects.
However, as these data did not reach a statistical significance, they
should be expanded in a larger cohort of OCRE-treated MS subjects to be
confirmed.

5. Conclusion

In conclusion, this study is first in showing that IFN treatment boosts
the SARS-CoV-2 specific humoral response, which is profoundly
impaired in CLAD-, FTY- and OCRE-treated MS subjects. Also, we
highlight that the preservation of the peripheral lymphocyte frequency
and/or function before vaccination should represent a novel aspect to
consider at the time of SARS-CoV-2 vaccination in MS subjects. Finally,
our findings on the humoral response should benefit of future studies
assessing the effect of the different DMTs on the SARS-CoV-2-specific T
cell response in MS subjects.
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