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ARTICLE INFO ABSTRACT
Key words: Background: Third vaccination against SARS-CoV-2 is recommended for patients with multiple sclerosis (pwMS),
Multiple sclerosis usually six months after the last vaccination.

Disease-modifying therapy Methods: In this prospective multicenter study on 292 pwMS and 46 healthy controls (HC), who had all received

f]zﬁ;ﬁlj two vaccinations prior to study enrollment, SARS-CoV-2 IgG response was measured in the month before and 2-4
Third months after third vaccination. PWMS were categorized as follows: untreated (N-DMT, n = 32), receiving disease-

modifying therapy (DMT) with expected humoral response (er-DMT: interferon-beta preparations, glatiramer
acetate, dimethyl fumarate, teriflunomide, natalizumab, cladribine, alemtuzumab; n = 120) or no expected
humoral response (nr-DMT: S1PMs, CD20mAb; n = 140).

Results: PwWMS on nr-DMT had significantly lower median antibody levels before (12.1 U/ml [0.4-2500]) and
after third vaccination (305 U/ml [0.4-2500]) in comparison to other groups (p<0.001). We did not find dif-
ferences in antibody levels after homologous (n = 281; 2500 [0.4-2500]) and heterologous (n = 57; 2500
[0.4-2500]) vaccination regime regardless of the DMT group. The DMT group (= —0.60; 95% CI -1195.73,
-799.10; p<0.001) was associated with antibody levels after third vaccination, while time to revaccination (6
months [1-13]) was not. After third vaccination, seropositivity was reached in 75.8% and 82.2% of pwMS on
anti-CD20 mAbs and S1PMs, respectively. Complete B-cell depletion significantly decreased the probability of
seroconversion even after the third vaccination (OR 0.14; p = 0.021), whereas time interval to last DMT intake
and time to revaccination did not. Twenty-two patients reported a SARS-CoV-2 infection (3 N-DMT, 9 er-DMT, 10
nr-DMT), one being asymptomatic and the rest having a mild course.

Conclusion: Humoral response to SARS-CoV-2 third vaccination in pwMS is excellent. While reduced by S1PMs
and CD20mADb, protective response is still expected in the majority of patients

Abbreviations: DMT, disease-modifying treatment; EDSS, Expanded Disability Status Scale; er-DMT, disease-modifying treatment with expected humoral response;
HC, healthy control; N-DMT, no disease-modifying treatment; nr-DMT, disease-modifying treatment with no expected humoral response; PPMS, primary progressive
multiple sclerosis; pwMS, patients with multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; S1PM,
sphingosine-1-phosphate receptor modulator.
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1. Introduction

Patients with multiple sclerosis (pwMS) are most commonly treated
with disease-modifying therapies (DMT) that interfere with the immune
system, potentially limiting immune response to vaccination and the
extent of protection achieved but not altering the adverse effect profile.
Several studies have shown that the humoral response to SARS-CoV-2
vaccines is not reduced in pwMS when treated with DMT other than
sphingosine-1-phosphate receptor modulators (S1PMs) and anti-CD20
monoclonal antibodies (mAbs) (Bsteh et al., 2022c; Kornek et al.,
2022; Sormani et al., 2021; Achiron et al., 2021). Despite poor antibody
response in those patients, current guidelines do advise against discon-
tinuation of DMT for the high risk of disease reactivation. Rather, the
timing of the vaccination should be carefully planned as treatment with
anti-CD20 mAbs is associated with increased COVID-19 severity
(Simpson-Yap et al., 2021; Bsteh et al., 2022a; Sormani et al., 2022).
Until now, the third vaccination has already shown an adequate safety
profile with a comparable adverse event rate as compared to the first
vaccination cycle (Dreyer-Alster et al., 2022).

We investigated humoral response and the adverse event profile of
SARS-CoV-2 third vaccination in pwMS compared to healthy controls
(HC), as well as the role of the third vaccination in the primarily sero-
negative and therefore more vulnerable group of treated pwMS (S1PMs,
anti-CD20 mADbs).

2. Methods

We conducted a multicenter (Departments of Neurology of Medical
Universities Vienna, Innsbruck and Linz) prospective observational
study including 292 pwMS and 45 HC, who had all received two vac-
cinations during the original study (first immunization), which was
originally described elsewhere (Bsteh et al., 2022c). PWMS were first
subgrouped according to DMT status at the time of first immunization.
Further on, pwMS were subgrouped based on the expected probability of
humoral response to first immunization as follows: untreated (N-DMT),
receiving DMT with expected humoral response (er-DMT:
interferon-beta preparations, glatiramer acetate, dimethyl fumarate,
teriflunomide, natalizumab, cladribine, alemtuzumab) or receiving
DMT with no expected humoral response (nr-DMT: S1PMs, CD20mADb)
at the time of third vaccination. Inclusion criteria for pwMS were age >
18 years and a diagnosis of MS according to the 2017 version of the
McDonald criteria (Thompson et al., 2018).

The primary endpoint was the humoral immunogenicity 2-4 months
after the third dose, measured by the level of SARS-CoV-2 serum anti-
bodies. Secondary endpoints included the proportion of patients devel-
oping antibodies against SARS-CoV-2 (seroconversion) and safety
variables (local or systemic adverse events, severe adverse events). Pa-
tients were vaccinated by mRNA (Pfizer-BioNTech, Moderna) or vector
vaccines (AstraZeneca, Johnson & Johnson). Choice of vaccine type was
not part of the study protocol — as it was designed as a non-
interventional trial. Vaccination regimes were post-hoc defined as ho-
mologous (only mRNA or only vector vaccine) or heterologous (both
mRNA and vector vaccine); however, due to country regulations, only
two patients received the vector vaccine at the third vaccination, the
majority of patients receiving heterologous vaccination regime being
vaccinated with the vector vaccine first, followed by the mRNA vaccine.

Venous blood samples were drawn within 1 month before and 2-4
months after the third vaccination. The quantification of antibodies to
the receptor-binding domain of the viral spike protein was performed
centrally by the commercially available anti-SARS-CoV-2 immunoassay
(IgG; Elecsys) (Higgins et al., 2021), with results shown in standardized
units per milliliter (U/ml). Antibody levels ranged from 0.4 to 2500
U/ml, and 0.8 U/ml was used as the cut-off for positive samples. Sero-
conversion was defined as an initially negative sample that reached the
cut-off of >0.8 U/ml at the next timepoint.

Statistical analyses were performed using SPSS 26.0 (SPSS Inc.).
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Categorical variables were expressed in frequencies and percentages,
continuous variables as mean and standard deviation or median and
range as appropriate. Continuous variables were tested for normal dis-
tribution by the Kolmogorov-Smirnov test. Univariate comparisons
were done by Fisher exact test, McNemar test, Kruskal-Wallis test or one-
way ANOVA test as appropriate. To test for potential bias due to
different timepoints of blood samples for antibody levels, we compared
median values of two groups (2-3 months vs. 3-4 months after third
vaccination). Linear stepwise regression models were calculated with
antibody level after third vaccination as a dependent variable, and DMT
group as independent variable, adjusted for sex, age, disease duration,
treatment duration, time interval to last DMT intake, time to revacci-
nation and vaccination regime (homologous/heterologous). Predictors
of seroconversion were investigated in the nr-DMT group by multivar-
iable logistic regression analyses, with seroconversion as the dependent
variable and DMT as independent variable, and age, sex, disease dura-
tion, time interval to last DMT intake, time to revaccination, vaccination
regime, absolute lymphocyte count and complete B-cell depletion (<1
cell/ul) as covariates. A value of p<0.05 was considered statistically
significant. All multiple analyses were corrected for using Bonferroni
method.

The study was approved by the ethics committees of the Medical
Universities of Vienna, Innsbruck and Linz (EK 1029/2021). Written
informed consent was obtained from all study participants. Data sup-
porting the findings of this study are available from the corresponding
author upon reasonable request and upon approval by the ethics com-
mittee of the Medical University of Vienna.

3. Results

In the study, 292 pwMS and 46 HC were enrolled. The characteristics
of the study cohort are given in Table 1.

Differentiating according to DMTs, we found seroconversion in
100% of patients on glatiramer acetate, dimethyl fumarate, teri-
flunomide, natalizumab, cladribine and alemtuzumab (12/12, 44/44,7/
7,14/14, 26/26, and 4/4, respectively), and 92.3% (12/13) of patients
on interferon beta which did not significantly differ compared to HC and
patients in the N-DMT group (Fig. 1a). Patients on S1PMs (71.1%; 32/
45) and anti-CD20 monoclonal antibodies (57.9%; 55/95) showed
significantly lower rates of seroconversion (p<0.001) (Fig. 1b).

After third vaccination, 42.5% (17/40) and 38.5% (5/13) of patients
on anti-CD20 mAbs and S1PMs seroconverted, respectively, reaching
seropositivity in 75.8% and 82.2% of patients on anti-CD20 mAbs and
S1PMs. In HC, N-DMT and er-DMT groups, all patients were positive for
SARS-CoV-2 antibodies after third vaccination (Fig. 1c,d). No differ-
ences in seroconversion rates between homologous and heterologous
vaccination regime were seen.

Patients on nr-DMT had significantly lower median antibody levels
before third vaccination (12.1 [0.4-2500]) compared to N-DMT (871.8
[0.4-2500]), er-DMT (1126.0 [0.4-2500]) and HC (508.6 [0.4-2500];
p<0.001). After third vaccination, median absolute antibody levels were
as follows: HC (2500 [2190-2500]), N-DMT (2500 [32.2-2500]), er-
DMT (2500 [80.2-2500]), and nr-DMT (305 [0.4-2500]; p<0.001)
(Fig. 2a). The highest measurable antibody levels were reached in 45/46
(97.8%) HC, and in 26/32 (81.8%), 109/120 (90.8%) and 33/140
(23.6%) patients on N-DMT, er-DMT and nr-DMT, respectively
(p<0.001). Patients on anti-CD20 mAbs had a median antibody level of
104 U/ml (0.4-2500) and patients on S1PMs had a median antibody
level of 859.5 U/ml (0.4-2500) (p = 0.056) after third vaccination
(Fig. 2¢,d). We did not find differences in antibody levels after homol-
ogous (n = 281; 2500 [0.4-2500]) and heterologous (n = 57; 2500
[0.4-2500]) vaccination regime regardless of the DMT group (Fig. 2b).

Anti-CD20 mAbs: monoclonal antibodies against cluster of differ-
entiation 20, DMT: disease-modifying therapy, HC: healthy controls,
MO: one week before first immunization, M3: three months after first
immunization, MpreB: one month before third vaccination, M3postB:
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Table 1
Characteristics of the study cohort.

HC(n= pwMS (n = 292)
46) No DMT er-DMT (n = nr-DMT (n =
(n=32) 120) 140)
Female® 33 27 (84.4) 80 (66.7) 96 (68.6)
(71.7)
Age (years)h 42.2 55.0(10.5) 37.8 (9.9) 41.0 (12.1)
(10.9)
Disease duration NA 14 (0-47) 6 (0-41) 8 (0-35)
(years)‘
Treatment duration NA NA 2.5 3.3
(years)" (0.5-15.0) (0.3-17.9)
EDSS¢ NA 3.0 (0-8.5) 1.3 (0-6.5) 2.5 (0-7.0)
Disease course
RRMS" NA 17 (53.1) 118 (98.1) 94 (67.1)
SPMS* NA 13 (40.6) 21.9 28 (20.0)
PPMS® NA 2(6.3) 0 (0.0) 18 (12.9)
er-DMT
Alemtuzumab® NA NA 4(3.3) NA
Cladribine® NA NA 26 (21.7) NA
Dimethyl fumarate® NA NA 44 (36.7) NA
Glatiramer acetate” NA NA 12 (10.0) NA
Interferon beta® NA NA 13 (10.9) NA
Natalizumab® NA NA 14 (11.7) NA
Teriflunomide® NA NA 7 (5.8) NA
nr-DMT
Anti-CD20 mAbs” NA NA NA 95 (67.9)
Complete B-cell NA NA NA 63 (66.3)
depletion”
S1PMs” NA NA NA 45 (32.1)
Absolute lymphocyte NA NA NA 0.5 (0.2-1.5)
count®
Lymphopenia before NA NA NA 40 (88.9)
vaccination”
Grade 3 or higher” NA NA NA 21 (46.7)
Vaccination regime
Homologous” 23 27 (84.4) 104 (86.7) 127 (90.7)
(50.0)
Heterologous” 23 5 (15.6) 16 (13.3) 13 (9.3)
(50.0)
SARS-CoV-2 infection
Before third 1(2.2) 1(3.1) 10 (8.3) 9(6.4)
vaccination®
After third 0 (0.0) 3(9.4) 9(7.5) 10 (7.1)

vaccination®

@ Absolute number and percentage.

b Mean and standard deviation.

¢ Median and range

Anti-CD20 mAbs: monoclonal antibodies against cluster of differentiation 20

(ocrelizumab, ofatumumab, rituximab), DMT: disease-modifying therapy, EDSS:
Expanded Disability Status Scale, er-DMT: expected response DMT, nr-DMT: no
expected response DMT, S1PMs: spingosin-1-phosphate receptor modulator
(fingolimod, ozanimod, ponesimod, siponimod).

2-4 months after third vaccination, ns: not significant, pwMS: patients
with multiple sclerosis, S1PMs: sphingosine-1-phosphate receptor
modulator

#* p<0.01, *** p<0.001, **** p<0.0001

Median time to third vaccination was 6 months (1-13). In multi-
variate analyses, only the DMT group (= -0.60; 95% CI -1195.73,
-799.10; p<0.001) was associated with antibody levels after the third
vaccination but not age, sex, disease duration, treatment duration, time
interval to last DMT intake, time to revaccination and vaccination
regime.

In patients on anti-CD20 mAbs, complete B-cell depletion signifi-
cantly decreased the probability of seroconversion even after third
vaccination (OR 0.14; p = 0.021), whereas time interval to last DMT
intake, time to revaccination and vaccination regime did not (Fig. 3).
The S1PMs subgroup was too small to conduct any subanalysis.

Adverse events (AE) were reported in 41.8% of all study participants,
most of them complaining about local AE (39.0%), less commonly about
systemic AE (18.1%). No differences between the groups in the rates of
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AE were noted.

Twenty-two pwMS reported SARS-CoV-2 infection after third
vaccination, 3 pwMS in the N-DMT, 9 pwMS in the er-DMT, and 10
pwMS in the nr-DMT. One patient was asymptomatic and 21 patients
had a mild course, no one requiring hospitalization or intensive care.
Among those, only one patient on anti-CD20 mAbs was seronegative
before the infection and also remained negative thereafter.

4. Discussion

In this multicenter prospective observational study on 292 pwMS
and 46 HC, we aimed to evaluate the SARS-CoV-2 antibody levels after
third vaccination in pwMS. As our previous study showed lower sero-
conversion rates in patients treated with S1PMs and anti-CD20 mAbs
(Bsteh et al., 2022c), our primary focus was to evaluate this group of
patients.

With regard to absolute antibody levels, the N-DMT group and the er-
DMT group did not differ from the HC group, while the nr-DMT group
had significantly lower levels before and after third vaccination.
Although patients with S1PMs seem to develop higher levels of anti-
bodies compared to patients with anti-CD20 mAbs, the difference was
not statistically significant. Besides, even after third vaccination, sero-
positivity (75.8-82.2%) still did not reach rate of seropositivity of other
pwMS or HC. Our results are in line with the literature, in which sero-
conversion rates after third vaccination in those patients are reported to
be 44-46% (Milo et al., 2022), reaching seropositivity in 75.0% and
58.3% of patients on S1PMs anti-CD20 mAbs (Maglione et al., 2022;
Tallantyre et al., 2022).

We also analyzed whether antibody levels and the seroconversion
rate are associated with the time to revaccination or treatment duration,
but that seems to play little if any role. The majority of our patients
received third vaccination after a median of 6 months which seems to be
reasonable as antibody levels were already reduced before third vacci-
nation (Fig. 2).

In our recent study, the degree of lymphopenia was a factor influ-
encing humoral response in patients on S1PMs (Bsteh et al., 2022c).
While this was not statistically significant in the present study, this may
be primarily due to the lower sample size. However, complete B-cell
depletion plays — as expected — a pivotal role in the seroconversion after
third vaccination. Therefore, monitoring of B-cell reconstitution might
aid in estimating chances of humoral response to third vaccination.
However, extending dosing intervals in order to facilitate vaccination
response is currently not recommended due to the risk of disease reac-
tivation (Otero-Romero, 2022). In this context, we should keep in mind
that even seronegative patients still generate a robust T-cell response
which may help to protect against severe COVID-19 (Kornek et al.,
2022). Thus, it is not warranted to withhold the opportunity for po-
tential protection from COVID-19 by vaccination from any pwMS, in-
dependent of DMT or lymphocyte status.

Although several studies suggested that heterologous vaccination
regime could provide a higher immune response (He et al., 2021; Atmar
et al., 2021; Liu et al., 2021), we did not find any differences between
homologous and heterologous vaccination regime. These findings are
also in accordance with a lately published study, in which a third
vaccination enhanced humoral and cellular immune response in sero-
negative patients with different immunological diseases on anti-CD20
mAbs irrespective of the vaccination regime (Bonelli et al., 2022).

Twenty-two patients reported a SARS-CoV-2 infection, with the
majority of patients having a mild course and no one suffering from a
severe course or dying from the infection. It is reassuring that vaccina-
tion seems to provide protection from a severe course even in patients on
nr-DMT with lower antibody levels or even no antibodies at all (Bsteh
et al., 2022b). However, this data should be interpreted cautiously as
there have been several variants of SARS-CoV-2, causing not only
different disease severity, but also being less susceptible to the
neutralizing activity of SARS-CoV-2 vaccine-elicited antibodies (Wang
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Fig. 1. Seroconversion rates after first two vaccinations were lower in patients on sphingosine-1-phosphate receptor modulators (SIPMs) and anti-CD20 monoclonal
antibodies (a, b). After third vaccination, all patients were positive for anti-SARS-CoV-2 antibodies apart from patients on S1PM and anti-CD20 monoclonal anti-

bodies (c, d).

ATZ: alemtuzumab, CLA: cladribine, DMT: dimethyl fumarate, GLAT: glatiramer acetate, HC: healthy controls, IFN: interferon, NTZ: natalizumab, TFN:

teriflunomide.

et al., 2021).

Some limitations to this study should be acknowledged. Despite
relatively low seroconversion rates after the first vaccination in those
patients, only 13 seronegative patients on S1PMs and 40 seronegative
patients on anti-CD20 mAbs were included in this study, limiting sub-
analysis of probability for seroconversion. Besides, the majority has
undergone the homologous vaccination regime, which is why our results
could be biased in favor of the latter. Moreover, patients were tested for
antibody levels in a relatively broad timeframe (2-4 months after third
vaccination) which could lead to misinterpretation of our results.
However, we performed sensitivity analyses which revealed no differ-
ences in antibody levels between these two timepoints, bringing the bias
in this regard to a bare minimum. Also, our study was limited by the
ceiling effect of the antibody testing, with the majority of pwMS (except
for nr-DMT) and HC reaching the highest measurable antibody levels.

In conclusion, SARS-CoV-2 third vaccination is safe in pwMS with an
excellent humoral response. Though not statistically significant, more
patients seroconverted after third vaccination, and reached higher
SARS-CoV-2 antibody levels after third vaccination, speaking in favor of
recommending it to every pwMS. Because time to revaccination did not
play a role in our multivariable model, it seems reasonable to plan it

approximately 6 months after the second vaccination when antibody
levels are decreasing. As the most important factor for seroconversion in
patients on anti-CD20 mAbs is the B-cell repletion, third vaccination
should be planned accordingly.
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