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A B S T R A C T   

Background: Long-term data on the effectiveness and safety of the booster dose of anti-SARS-CoV-2 vaccines in 
people affected by multiple sclerosis (pwMS) are lacking, hence a retrospective monocentric study exploring 
these issues was undertaken. 
Materials and methods: PwMS who had received the booster dose of anti-COVID19 mRNA vaccines (either 
Comirnaty or Spikevax) according to the national regulation were included. The occurrence of adverse events or 
disease reactivation and SARS-CoV-2 infection were recorded up to last follow-up. Factors predictive of COVID- 
19 were explored using logistic regression analyses. A two-tailed p-value <0.05 was considered significant. 
Results: One hundred and fourteen pwMS were included: 80 females (70%); median age at the booster dose 42 
years (range 21 – 73); 106/114 patients (93%) were receiving a disease-modifying treatment at vaccination. The 
median follow-up after the booster dose was 6 (range 2 – 7) months. Adverse events were experienced in 58% of 
the patients, being mild to moderate in most cases; 4 reactivations of MS were observed, two of which occurring 
within 4 weeks after the booster. SARS-CoV-2 infection was reported in 24/114 (21%) cases, occurring a median 
of 74 days (5–162) after the booster dose and requiring hospitalisation in 2 patients. Six cases received direct 
antiviral drugs. Age at vaccination and time between the primary vaccination cycle and the booster dose were 
independently and inversely associated with the risk of COVID-19 (HR 0.95 and 0.98, respectively). 
Conclusions: The administration of the booster dose in pwMS showed an overall good safety profile and protected 
79% of the patients from SARS-CoV-2 infection. The observed association between the risk of infection after the 
booster dose and both younger age at vaccination and shorter interval period to the booster dose suggest that 
unobserved confounders, possibly including behavioural and social factors, play a relevant role in determining 
the individual propensity to get infected with COVID-19.  

Abbreviations: DMTs, disease-modifying therapy; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; pw, people with; RR-, relapsing-remitting; SP-, 
secondary-progressive. 
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1. Introduction 

Vaccination against SARS-CoV-2 has been widely used to prevent the 
complications of COVID-19 (Fiolet et al., 2021) and it has been 
administered worldwide, especially in vulnerable populations (tracker, 
2022). The Italian Ministry of Health recognized people affected by 
multiple sclerosis (pwMS) as a category with “high frailty” mainly due to 
disability and potential immunodepression induced by 
disease-modifying therapies (DMTs) (Salute). Despite a lower incidence 
of SARS-CoV-2 infection was initially reported in pwMS compared with 
the general population (possibly due to the adoption of precautionary 
measures), higher rates of hospitalization were observed (Mor
eno-Torres et al., 2021). Several risk factors for severe outcomes were 
suggested, being older age, presence of comorbidities and treatment 
with anti-CD20 therapies the most consistent across studies 
(Muñoz-Jurado et al., 2022; Pistor et al., 2022). 

DMTs affect the immune system with different mechanisms and 
might interfere with the development of an effective immune response 
after infections or vaccination, each at a different extent according to the 
mechanism of action (Eisenberg et al., 2013). A reduced 
antibody-mediated response to vaccines was reported for DMTs 
inducing lymphopenia, such as fingolimod and B cell depleting thera
pies, with a reduction in the proportion of seroconversion and antibody 
titres compared to pwMS treated with other DMTs (Capone et al., 2022; 
Sormani et al., 2021; van Kempen et al., 2022). However, a robust T 
cell-mediated response to vaccination was observed in patients treated 
with CD20-depleting therapies (Apostolidis et al., 2021), likely 
contributing remarkably to protection against hospitalization or death 
(Moss, 2022). 

Furthermore, the protective effect of vaccines tends to wane over 
time, as suggested by a progressive reduction in anti-SARS-CoV-2 anti
body titres and increase in COVID-19 incidence (Alharbi et al., 2022; 
Fabiani et al., 2022; Mastroianni et al., 2022; Shrotri et al., 2022). For 
this reason, the administration of a booster dose of anti-SARS-CoV-2 
vaccines was firstly studied in Israel and then approved worldwide 
after evidence of its effectiveness in healthy people (Tartof et al., 2022). 

PwMS were vaccinated with priority with the booster dose of anti- 
SARS-CoV-2 mRNA vaccines, but only a few real-world data on the 
effectiveness and safety of the booster dose in this patient population are 
available so far, especially in the mid-long term follow-up (Dreyer-
Alster et al., 2022). 

In the present study, a real-world cohort of pwMS receiving different 
DMTs who had previously completed the primary vaccination cycle and 
who received the booster dose was followed to assess the occurrence of 
adverse events and SARS-CoV-2 infection. 

2. Materials and methods 

2.1. Study design 

A retrospective monocentric study aimed at exploring the safety and 
effectiveness of the SARS-CoV-2 booster vaccine in pwMS who attended 
the Tuscan Region MS Referral Centre of the Careggi University Hospital 
in Florence, Italy. 

2.2. Patient selection 

PwMS diagnosed according to the McDonald criteria (McDonald 
et al., 2001; Polman et al., 2011) who were previously enroled in a 
retrospective study evaluating the safety and humoral response elicited 
by anti-SARS-CoV-2 vaccines (Mariottini et al., 2022) and who had 
thereafter received the booster dose according to the national regulation 
were included. 

2.3. Clinical examinations and outcomes 

Clinical-demographic information including age, gender, MS 
phenotype, disease duration, treatment duration, and disability 
(assessed as Expanded Disability Status Scale, EDSS) score (Kurtzke, 
1983) was retrospectively collected from clinical records. The occur
rence of adverse events of any type and SARS-CoV-2 infection following 
the booster administration were also investigated by dedicated phone 
interviews and recorded. 

For MS reactivation, all the events observed during the follow-up 
were recorded, but only those occurring within 8 weeks from the 
booster administration were considered as possibly related to the 
vaccination. 

The number and severity of COVID-19 infections occurring 
throughout the follow-up were used to estimate the effectiveness of the 
booster dose. Baseline characteristics of the patients, including treat
ment status and the type of DMTs received, were explored as potential 
predictors of SARS-CoV-2 infection. According to the national pre
scribing indications, DMTs were classified into first-line DMTs or 
second-line DMTs. First line DMTs encompassed all the followings: 
glatiramer-acetate, interferons, dimethyl-fumarate and teriflunomide. 
Second line DMTs included the following: natalizumab, fingolimod, 
cladribine, alemtuzumab and ocrelizumab. Azathioprine and rituximab, 
both licensed in Italy for the treatment of autoimmune diseases of the 
nervous system, were included in the first and second line DMTs classes, 
respectively. The effect of drugs with a depletive mechanism of action (i. 
e. ocrelizumab, rituximab, alemtuzumab and cladribine) was further 
explored comparing this class with not depleting treatments. 

2.4. Statistical methods 

Baseline characteristics of patients are reported as median and range 
or as number and frequency, as appropriate. Factors predictive of 
COVID-19 infection were explored using Cox analyses. Comparisons 
between groups were carried out using non-parametric tests (Mann- 
Whitney test for continuous and Chi-square test for dichotomic vari
ables). The statistics software used was SPSS version 25 (Windows). A 
two-tailed p-value <0.05 was considered significant. 

2.5. Data availability statement 

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

3. Results 

3.1. Patient characteristics 

One hundred and fourteen MS patients were included. Baseline 
characteristics are summarized in Table 1. Briefly, there were 80 females 
(70%); MS phenotype was relapsing-remitting (RR-) in 103 cases (90%) 
and secondary-progressive (SP-) in 11 cases. Most of the patients (106/ 
114, 93%) were receiving a DMT at the time of vaccination, and 70% of 
the cases were treated with second-line DMTs (Table 2). Patients treated 
with anti-CD20 monoclonal antibodies were receiving a standard in
terval dosing at the time of the booster dose. 

The patients included received the booster dose a median of 193.5 
(range 126 - 344) days after the last dose of the primary vaccination 
cycle. According to the national regulation, the booster consisted of the 
administration of either one dose of Comirnaty (Pfizer BioNTech 
BNT162b2 COVID-19 vaccine) (Agency) in 81 (71%) cases, or half-dose 
of Spikevax (COVID-19 Moderna mRNA − 1273) (Agency) in the 
remaining 33 (29%) cases. 

The median follow-up after the booster dose was 6 (range 2 – 7) 
months. 
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3.2. Adverse events or MS relapses following the booster dose 

Adverse events were experienced by 66 patients (58%) and were 
mostly represented by fever (31%), asthenia (19%) and myalgia (17%). 
Further details on adverse events are reported in Fig. 1. 

MS relapse was observed in four cases (3.5%), and it occurred within 
8 weeks after the booster administration in two cases. All these patients 
were affected by RR-MS with low disability (EDSS ranging from 1 to 2) 
and short disease-duration (median 9 years, range 3 – 14), and they were 
all receiving a DMT at vaccination (interferon, ocrelizumab, 

natalizumab, or fingolimod). Three out of four patients who relapsed 
were also infected by SARS-CoV-2, either before the vaccination (one 
case) or after the completion of the primary vaccination cycle (two 
cases). 

MRI scans performed shortly after the relapse were available in two 
cases, showing at least one new enhancing lesion in both patients. 

Two further patients had experienced a clinical relapse after the 
primary vaccination cycle but before the booster dose, as previously 
reported (Mariottini et al., 2022). 

3.3. COVID-19 infection 

SARS-CoV-2 infection was reported in 24/114 (21%) cases, as 
confirmed by nasal/oropharyngeal swabs with the detection of SARS- 
CoV-2 RNA or the virus antigen. The median time between the booster 
dose and the detection of a positive swab was 80.5 (range 5 – 262) days. 
The infection was symptomatic in 22/24 (92%) cases, and symptoms 
lasted for a median of 7 (range 2 - 30) days. The negativization of the 
nasal/oropharyngeal swab occurred after median 17.5 (range 7 – 42) 
days. 

The most frequent symptoms were fever (58%), rhinitis (42%), 
cough and asthenia (29% each). Details on the remaining symptoms 
experienced during COVID-19 are summarized in Fig. 2. Amongst the 
patients who tested positive for COVID-19, 8 were treated with natali
zumab, 7 with ocrelizumab, 3 with fingolimod, 3 with rituximab, and 
one each with dimethyl-fumarate and teriflunomide; one patient was not 
receiving any DMTs (Fig. 3). 

Four patients who were treated with either ocrelizumab or natali
zumab received monoclonal antibodies anti-SARS-CoV-2: casirivimab- 
imdevimab in three cases, and sotrovimab in one case. Remdesivir was 
administered in one case, whereas none received tocilizumab. 

Two patients, one SP-MS female aged 38 years (EDSS 7; patient A) 
and one RR-MS female aged 40 years (EDSS 1; patient B), accessed the 
emergency department due to respiratory distress and were hospitalized 
due to interstitial pneumonia confirmed by chest X-ray and subsequent 
CT scan. They had received the booster dose 139 and 71 days before the 
infection, respectively, and were both under rituximab treatment. The 
last dose of rituximab was administered 117 and 180 days before, 
respectively. Anti-spike IgG antibodies detected after the primary 
vaccination cycle were below the cut-off in both cases, but information 
on the titre after the booster dose was not available. Both the patients 
had fever, cough, and respiratory distress; they received low-flow oxy
gen therapy, steroids and one non-invasive ventilation; patient A and B 

Table 1 
Clinical-demographic characteristics of the MS population included (n = 114).   

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) 
EDSS 1.5 (0 – 7.5)  

Number (%) 
Gender, female 80 (70%) 
MS form, RR 103 (90%) 
MS form, SP 11 (8%) 
On treatment 106 (93%) 
Treatment with second line DMTs 80 (70%) 
Treatment with depletive DMTs a 37 (32%)  

a Depletive DMTs include all the following: rituximab, ocrelizumab, alemtu
zumab, cladribine. 

DMTs, disease-modifying treatments; EDSS, expanded disability status scale; 
MS, multiple sclerosis; RR, relapsing-remitting; SP, secondary progressive. 

Table 2 
Disease-modifying treatment received at the time of vaccination.   

Cases treated Duration of the treatment, months  
N (%) Median (range) 

Cyclophosphamide 1 (1%) 25 n.a. 
Cladribine 3 (3%) 28 (18–32) 
Fingolimod 11 (10%) 72 (25 - 118) 
Glatiramer-acetate 2 (2%) 37 (15 - 59) 
Interferons 9 (8%) 117 (27 - 162) 
Natalizumab 31 (30%) 48 (12 - 139) 
Ocrelizumab 24 (23%) 26 (2 - 61) 
Rituximab 10 (9%) 51 (37 - 69) 
Tecfidera 13 (12%) 50 (24 - 320) 
Teriflunomide 2 (2%) 36 (30 - 42)  

Fig. 1. Adverse events reported after the administration of the booster dose of anti-COVID19 mRNA vaccines.  
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were discharged after 20 and 22 days, and the swab became negative 
after 21 and 34 days, respectively. 

3.4. Factors associated with COVID-19 

Age at vaccination and time interval (days) between the primary 
vaccination cycle and the booster dose were independently associated 
with COVID-19, with HR of 0.95 and 0.98, respectively (p for multi
variate analysis 0.013 and 0.015, respectively). No other factors were 
associated with the infection (Table 3). 

Factors associated with hospitalisation and MS relapse were not 
explored due to the small number of events observed. 

4. Discussion 

After the primary vaccination cycle, the administration of a booster 
dose of anti-SARS-CoV-2 vaccine in population with frailty is 

recommended by international and national health authorities to reduce 
the risk of developing severe COVID-19. In Italy, pwMS received with 
priority the booster dose (either Comirnaty or Spikevax) within a few 
months from the completion of the primary cycle. 

In our cohort, the booster was administered after a median interval 
period of 6 months, and it was overall well tolerated with an incidence of 
common adverse events higher than we previously observed in the same 
cohort after the first two doses (58% vs 33%), but similar to published 
data (Dreyer-Alster et al., 2022). 

The rate of MS reactivation observed in this study within 2 months 
(2/114, 1.7%) was in line with published cohorts employing Comirnaty 
only as the booster dose (Dreyer-Alster et al., 2022), but the relatively 
small sample size of the present study and the lack of a control group 
represent limitations of the study in providing robust data on the risk of 
MS relapse. 

Vaccine hesitancy in people affected by autoimmune diseases has 
been raised by previous observations on yellow fever vaccination, 

Fig. 2. Proportion of MS cases who experienced each of the reported symptom during SARS-Cov2 infection (N = 24).  

Fig. 3. Patients who experienced SARS-CoV-2 infection (red) and those who did not (blue) stratified according to the disease-modifying treatment (DMT) received at 
the time of the booster administration. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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leading to an increased risk of MS relapse in 7 patients treated with 
either interferon or glatiramer acetate (Farez and Correale, 2011). More 
recently, no association between the same vaccine and MS reactivation 
was reported in two studies including also patients receiving 
high-efficacy DMTs (Huttner et al., 2020; Papeix et al., 2021). The 
proportion of DMT-treated patients was significantly higher in those 
exposed to this vaccine compared to those not exposed in one study; the 
difference in time to relapse was not significant between the two groups 
after adjusting for use of DMTs, but no correction for the DMTs class was 
performed (Papeix et al., 2021). Incidence of relapses was not different 
in the pre-exposure compared to the post-exposure period in another 
study, yet the proportion of untreated patients tended to be higher in 
those who experienced a relapse compared to those who did not (3/4 vs 
10/19, respectively, being natalizumab administered in 8 cases from the 
latter group), and no details on the treatment status during the 
pre-exposure period were available (Huttner et al., 2020). Differences in 
the type and immunogenicity of the vaccine under study, as well as in 
the rate of treatment with immunosuppressive/immunomodulant drugs 
and the use of high-efficacy DMTs might account, at least in part, for the 
differences observed across studies. 

Concerning the COVID-19 vaccines, published studies did not 
observe an increased risk of disease reactivation following the vacci
nation (Achiron et al., 2021; Di Filippo et al., 2022), yet epidemiological 
studies are lacking and several phenomena might affect the results, such 
as short follow-up period, regression towards the mean, and unobserved 
confounders possibly unbalanced between groups. The scenario is 
further complicated by the observation that COVID-19 itself may trigger 
MS reactivation, and that a non-negligible proportion of the vaccinated 
population will eventually get infected with SARS-CoV-2, strengthening 
the opportunity to consider the potential additive effects of such events 
on disease activity. 

Over a median follow-up of 6 months after the booster dose, 21% of 
the patients developed COVID-19, being the event of mild to moderate 
severity in most cases. This rate is somehow surprisingly high compared 
to those previously reported (Dreyer-Alster et al., 2022) in vaccinated 
pwMS, but similar to the incidence of the general population in the same 
period. 

In our cohort there were two hospitalizations, both occurring in 
patients treated with rituximab, corresponding to 8.3% of the infected 
cases. This proportion is higher compared to the general population, in 

which the value attested about 1.5% of the infection in the same period 
(health, 2022). This could suggest an increased risk of severe COVID-19 
and need for hospitalization in patients treated with depletive CD-20 
therapies, but our cohort is too small to draw any conclusions and this 
association has not been not confirmed by a recent study (Dreyer-Alster 
et al., 2022). Furthermore, even if antibody-mediated immune response 
to SARS-CoV-2 was reported to be reduced in patients receiving 
anti-CD20 monoclonal antibodies, an effective cell-mediated immune 
response may contribute to the protection against COVID-19 in these 
cases. This was recently suggested by the observation that pwMS treated 
with anti-CD20 therapies developed a long-lasting anti-SARS-CoV-2 
T-cell response after COVID-19, with levels similar to infected persons 
without MS (Guerrera et al., 2022). 

Interestingly, age at vaccination and time interval between the pri
mary vaccination and administration of the booster dose independently 
predicted SARS-CoV-2 infection, i.e. the younger the patients was at 
vaccination and the shorter the interval between second and third dose 
of vaccine, the higher was the risk to develop COVID-19 during follow- 
up. However, the effect size was small. One possible explanation for 
these findings could be that unobserved risk factors for COVID-19 could 
remarkably affect the propensity of each individual to get the infection, 
such as behavioural and social aspects that are usually not taken into 
account in retrospective studies. As an example, younger people might 
be at higher risk of infection due to social behaviour, such as attending 
crowded places, working activities and living with young children. The 
administration of the booster dose with priority to patients receiving 
treatment with depletive DMTs or who had risk factors for severe 
infection (and therefore who were at higher risk of developing COVID- 
19) may explain the observed association between shorter interval 
from primary vaccination to the booster and risk of SARS-CoV-2 
infection. 

Limitations of the study include the retrospective design, the small 
sample size and the lack of a control group, which did not allow us to 
explore whether the incidence of relapses was increased in the post- 
vaccination period, nor to estimate the effectiveness of the vaccine 
compared to unvaccinated MS patients. Furthermore, the lack of sys
tematic MRI assessments performed timely before and after the booster 
dose did not allow us to explore possible subclinical disease activity. 

5. Conclusions 

The present study confirms an overall good safety profile of the 
administration of the booster dose in patients with MS; 1.7% of the cases 
experienced MS reactivation within 4 weeks, but current data do not 
support an increased risk of MS relapse and further research is needed to 
answer this question. Three doses of anti-COVID-19 vaccines effectively 
protected 79% of the patients from infection over a median follow-up of 
6 months, and the infection was mild to moderate in most of the cases, 
without sequelae. Surprisingly, the risk of COVID-19 was associated 
with both younger age at vaccination and earlier administration of the 
booster dose. This suggests that unobserved confounders, possibly 
including behavioural and social factors, play a relevant role in deter
mining the individual propensity to get infected with SARS-CoV-2. 
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Table 3 
Factors predictive of COVID-19 infection after the booster dose.   

HR (95% CI) P value 

Age, years 0.96 (0.92 – 
0.99) 

0.030a 

Sex, female 0.94 (0.39 – 
2.79) 

0.899 

MS form, RR 1.94 (0.66 – 
5.69) 

0.225 

MS duration, years 0.94 (1.01 – 
1.05) 

0.944 

Treatment duration, years 0.91 (0.97 – 
1.03) 

0.914 

Number of previous DMTs 1.17 (0.80 – 
1.71) 

0.406 

Depletive treatment at vaccination 1.13 (0.48 – 
2.67) 

0.779 

Fingolimod or B-cell depleting therapy at 
vaccination 

1.52 (0.68 – 
3.40) 

0.306 

EDSS 1.11 (0.91 – 
1.36) 

0.290 

Time between primary cycle and booster, days 0.99 (0.97 – 
0.99) 

0.030b 

Type of vaccine received, Comirnaty 0.48 (0.16 – 
1.41) 

0.183  

a multivariate analysis: HR 0.95 (95% CI, 0.92 – 0.99); p = 0.013. 
b multivariate analysis: HR 0.98 (95% CI, 0.97 – 0.99); p = 0.015. 
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