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INTRODUC TION

The abnormal regulation of immunity in persons with multiple 
sclerosis (pwMS) has raised several questions about the evalua-
tion of their vaccine-induced immune responses. Although most 
patients reach an efficient and long-lasting humoral response (up 
to 6 months) after two doses of COVID-19 vaccine, a significant 
proportion of pwMS treated with immunosuppressive disease-
modifying therapies (DMTs) resulted in a reduced humoral re-
sponse [1–3]. In addition, in a cohort of almost 20,000 vaccinated 
pwMS, the cumulative incidence of "delta" breakthrough infection 
at 8 months follow-up was 4.3%, with significant differences in in-
fection rates among DMTs [4].

The current study was conducted on a large cohort of pwMS 
who received a three-dose vaccination against SARS-CoV-2 to 
evaluate differences in their antibody-specific immunogenic re-
sponse, considering the potential detrimental effect of their cur-
rent treatments.

OBJEC TIVE

This study investigated the immunogenic response among patients 
who received a three-dose vaccination against SARS-CoV-2. The 
aim was to evaluate the differences among treated pwMS in serum 
levels and actual gain of SARS-CoV-2 receptor binding domain 

(RBD) antibodies elicited by the COVID-19 vaccine booster (third 
dose).

METHODS

Study design and participants

This is a multicenter prospective observational substudy of the larger 
CovaXiMS (Covid-19 Vaccine in Multiple Sclerosis) [3] project, which 
included a subgroup of adult pwMS with three-dose vaccination.

All patients agreed to provide a serum sample before the first 
dose, 1 month after the second dose, and then two more samples 
just before and 1 month after the third dose. Exclusion and inclusion 
criteria and details on the methods for assessment of antibody re-
sponses and their cutoff of positivity have been previously reported 
elsewhere [3].

All data were collected in an electronic case report form.

Statistical analysis

Categorical variables are described as frequency with percentage, 
whereas continuous variables are reported as mean with SD or me-
dian with interquartile range. The distribution of antibody levels was 
normalized with a log10 transformation [5].
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Abstract
Background and purpose: Although two doses of COVID-19 vaccine elicited a protective 
humoral response in most persons with multiple sclerosis (pwMS), a significant group of 
them treated with immunosuppressive disease-modifying therapies (DMTs) showed less 
efficient responses.
Methods: This prospective multicenter observational study evaluates differences in im-
mune response after a third vaccine dose in pwMS.
Results: Four hundred seventy-three pwMS were analyzed. Compared to untreated patients, 
there was a 50-fold decrease (95% confidence interval [CI] = 14.3–100.0, p < 0.001) in serum 
SARS-CoV-2 antibody levels in those on rituximab, a 20-fold decrease (95% CI = 8.3–50.0, 
p < 0.001) in those on ocrelizumab, and a 2.3-fold decrease (95% CI = 1.2–4.6, p = 0.015) in 
those on fingolimod. As compared to the antibody levels after the second vaccine dose, 
patients on the anti-CD20 drugs rituximab and ocrelizumab showed a 2.3-fold lower gain 
(95% CI = 1.4–3.8, p = 0.001), whereas those on fingolimod showed a 1.7-fold higher gain 
(95% CI = 1.1–2.7, p = 0.012), compared to patients treated with other DMTs.
Conclusions: All pwMS increased their serum SARS-CoV-2 antibody levels after the third 
vaccine dose. The mean antibody values of patients treated with ocrelizumab/rituximab 
remained well below the empirical "protective threshold" for risk of infection identified in 
the CovaXiMS study (>659 binding antibody units/mL), whereas for patients treated with 
fingolimod this value was significantly closer to the cutoff.
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A linear regression model, adjusted for demography data, dis-
ease characteristics, vaccine type, and levels of antibodies after the 
second vaccine dose, was used to compare the antibody response 
after vaccine booster across patients treated with different DMTs.

The same model (in this case unadjusted for antibody levels after 
the second dose of vaccine) was used to evaluate the actual gain 
in antibody level after the third dose of anti-CD20 and fingolimod 
compared to other DMTs.

Differences were considered statistically significant when p < 0.05.
The results of the multivariable analysis were expressed by beta 

coefficients with standard error and geometric mean (multiplicative 
factor with respect to the reference level of each covariate) with 
95% confidence interval (CI).

RESULTS

One thousand nine hundred twenty pwMS were selected and en-
rolled to participate in the CovaXiMS study. Between 4 March 2021 
and 30 June 2022, 473 of them (24.6%) provided a set of serum be-
fore the first dose, 1 month after the second dose, and two additional 
samples just before and 1 month after the third dose. Their baseline 
demographic and clinical characteristics are reported in Table 1.

Almost all patients achieved a high response to the vaccine after 
the third dose, although lower values were recorded for patients 
treated with fingolimod, ocrelizumab, and rituximab, whose mean 
values remained under the cutoff discriminating patients at a higher 
risk of infection [6] (Figure 1).

Compared to untreated patients, a 50-fold decrease (95% 
CI = 14.29–100.00, p < 0.001) in antibody levels after the booster 
was attributable to rituximab effects, a 20-fold decrease (95% 
CI = 8.33–50.00, p < 0.001) to ocrelizumab, and a 2.32-fold decrease 
(95% CI = 1.18–4.55, p = 0.015) to fingolimod.

In addition, the booster-related levels were significantly influ-
enced by sex, with a relative 1.47-fold decrease in females com-
pared to males (95% CI = 1.08–1.96, p = 0.012). An association was 
also found between the postbooster antibody levels and the anti-
body levels after the second dose, with a 3.85-fold increase (95% 
CI = 3.15–4.72, p < 0.001) for each log10 unit increase in post-second 
dose levels (Table 2).

Figure 2 shows the differences in the gain in antibody levels after 
the booster compared to second-dose levels among different DMTs. 
Patients treated with fingolimod showed an approximate 15-fold in-
crease in antibody levels, almost fivefold increase for all anti-CD20 
DMTs combined, and almost 10-fold increase for the remaining DMTs.

Table 3 explains these results with a multivariable regression 
model. A 2.32-fold lower gain (95% CI = 1.43–3.84, p = 0.001) was 
found in anti-CD20-treated patients compared to other treat-
ments; in contrast, patients treated with fingolimod showed a 
1.74-fold higher gain (95% CI = 1.13–2.69, p = 0.012) compared to 
those treated with other DMTs. Finally, a lower gain was observed 
in females than in males (1.47-fold lower, 95% CI = 1.08–1.96, 
p = 0.008).

DISCUSSION

In this study, we measured serum levels of antibody response to 
RBD of the SARS-CoV-2 spike 1 protein before and after the third 
dose of mRNA-based vaccine (BNT162b2 or mRNA-1273) in a large 
cohort of pwMS.

These results confirm the evidence of a weaker humoral re-
sponse to the first two doses of vaccine in pwMS treated with ocre-
lizumab, rituximab, and fingolimod [3, 7, 8].

After the third booster vaccine dose, all patients increased their 
antibody levels, but the average antibody values of patients treated 
with ocrelizumab and rituximab still remained below the empirical 
"protective threshold" for risk of infection (>659 binding antibody 
units/mL) identified in previous studies [6], whereas the mean an-
tibody value was significantly closer to the cutoff in patients on 

TA B L E  1  Baseline demographic and clinical characteristics of 
the included patients (N = 473).

Age, years, mean (SD) 47.6 (12.59)

Female sex, n (%) 331 (70.0%)

BMI, kg/m2, mean (SD) 24.2 (4.79)

Caucasian ethnicity, n (%) 471 (99.6%)

Presence of relapse in the previous 3 months 12 (2.5%)

MS phenotype, n (%)

Relapsing–remitting MS 405 (85.6%)

Secondary progressive MS 45 (9.5%)

Primary progressive MS 23 (4.9%)

EDSS, median [IQR] 1.5 [1.0–3.0]

MS disease duration, years, median [IQR] 11.0 [5.0–17.0]

Disease-modifying therapy, n (%)

Dimethyl fumarate 78 (16.5%)

Fingolimod 73 (15.4%)

Interferon 69 (14.6%)

Ocrelizumab 51 (10.8%)

Natalizumab 45 (9.5%)

Glatiramer acetate 41 (8.7%)

Never treated 37 (7.8%)

Teriflunomide 35 (7.4%)

Cladribine 18 (3.8%)

Alemtuzumab 9 (1.9%)

Rituximab 8 (1.7%)

Azathioprine 6 (1.3%)

Other 3 (0.6%)

Recent use of methylprednisolone 5 (1.1%)

Positivity for N antibody before vaccination 33 (7.0)

Vaccine type, n (%)

BNT162b2 383 (81.0%)

mRNA-1273 90 (19.0%)

Abbreviations: BMI, body mass index; EDSS, Expanded Disability Status 
Scale; IQR, interquartile range; MS, multiple sclerosis.

 14681331, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15830 by U

niversita D
i Pavia, W

iley O
nline L

ibrary on [11/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2360  |    SCHIAVETTI et al.

fingolimod. These findings are in line with previous published data 
on breakthrough infections [6].

During the delta wave, the probability of infection had been much 
higher in pwMS treated with anti-CD20 and fingolimod than in those 
on other treatments. However, during the omicron wave considered 

here, this probability remained higher in patients taking anti-CD20, 
whereas it was overlapping (and lower than anti-CD20) in pwMS 
taking fingolimod and other treatments. It should be noted that in 
Italy, the advent of the omicron variant was preceded by the intro-
duction of the booster dose. Moreover, recent data demonstrated 

F I G U R E  1  Antibody levels (log10 
transformation) over time among patients 
treated with different disease-modifying 
therapies. BAU, binding antibody units.

Parameter Beta coefficient (SE) Geometric mean (95% CI)a p

Age, 10 years 0.02 (0.03) 1.04 (0.90–1.20) 0.62

Sex, female vs. male −0.17 (0.07) 0.68 (0.51–0.92) 0.012

MS phenotype 0.19 (0.12) 1.54 (0.91–2.61) 0.11

Disease duration > 10 years −0.04 (0.07) 0.92 (0.68–1.25) 0.59

EDSS −0.03 (0.02) 0.93 (0.84–1.03) 0.16

Disease-modifying therapy

No therapy Ref.

Cladribine −0.11 (0.21) 0.77 (0.30–1.94) 0.58

Teriflunomide 0.13 (0.15) 1.34 (0.67–2.66) 0.41

Rituximab −1.68 (0.27) 0.02 (0.01–0.07) <0.001

Ocrelizumab −1.28 (0.19) 0.05 (0.02–0.12) <0.001

Natalizumab 0.04 (0.15) 1.10 (0.55–2.19) 0.79

Interferon 0.14 (0.13) 1.38 (0.76–2.51) 0.28

Fingolimod −0.37 (0.15) 0.43 (0.22–0.85) 0.015

Glatiramer acetate −0.02 (0.14) 0.96 (0.50–1.83) 0.91

Dimethyl fumarate −0.07 (0.13) 0.85 (0.46–1.55) 0.59

Other 0.02 (0.19) 1.05 (0.45–2.49) 0.91

Antibody level after the 
second dose, log10

0.59 (0.04) 3.85 (3.15–4.72) <0.001

Days between second and 
booster dose

0.00 (0.00) 1.00 (1.00–1.01) 0.36

Vaccine type

mRNA-1273 Ref.

BNT162b2 −0.04 (0.07) 0.91 (0.65–1.28) 0.60

Abbreviations: CI, confidence interval; EDSS, Expanded Disability Status Scale; Ref., reference.
aA 1.47-fold decrease (95% CI = 1.08–1.96) for females compared to males, a 2.32-fold decrease 
(95% CI = 1.18–4.55) for fingolimod effect, a 20-fold decrease (95% CI = 8.33–50) for ocrelizumab, 
and a 50-fold decrease (95% CI = 14.29–100.00) for rituximab.

TA B L E  2  Multivariable analysis 
assessing factors associated with antibody 
levels 4 weeks after the third dose.
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that compared to the second dose of COVID-19 vaccine, the third 
dose resulted in a strong release of neutralizing antibodies against 
the omicron variant [9].

The different levels of humoral responses among pwMS could 
be explained by the different mechanisms of action of DMTs on the 
immune system [10]. Whereas treatment with fingolimod resulted 

in undetectable SARS-CoV-2-specific memory B- and T-cell immune 
responses, with an enhanced humoral response after the booster 
dose [11], anti-CD20 drugs deplete all circulating B cells, resulting 
in a weaker humoral response after the COVID-19 vaccine.

However, several studies have proved that in patients treated 
with anti-CD20 there was a strong T-cell response after the third 
dose, demonstrating the importance of a booster dose and con-
firming that even in this group of patients, a three-dose vaccination 
strategy can protect against the severe complications of COVID-19 
infection [12–15].

In conclusion, the results of this study show that a third dose of 
COVID-19 mRNA vaccine is associated with a modest increase in the 
levels of humoral responses in MS patients under different DMTs, 
thus confirming the importance of an additional dose of vaccine also 
for patients with weak immunity priming.
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