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ARTICLE INFO ABSTRACT

Keywords Background: Current guidelines recommend vaccination against SARS-CoV2 for people with multiple sclerosis
Z’g%sl[f(;gz (pwMS). The long-term review of the safety and effectiveness of COVID-19 vaccines in pwMS is limited.
Vaccination Methods: Service re-evaluation. PwMS using the MS service at Barts Health National Health Service Trust were

sent questionnaires via email to report symptoms following first and second COVID-19 vaccinations (n = 570). A
retrospective review of electronic health records was conducted for clinical and safety data post-vaccination(s);
cut-off was end of September 2021. Separate logistic regressions were carried out for symptoms experienced at
each vaccination. Two sets of regressions were fitted with covariates: (i) Disease-modifying therapy type and (ii)
patient characteristics for symptoms experienced.

Results: 193/570 pwMS responded. 184 pwMS had both vaccinations. 144 received the AZD1222 and 49 the
BNT162b2 vaccine. 87% and 75% of pwMS experienced any symptoms at first and second vaccinations,
respectively. The majority of symptoms resolved within a short timeframe. No severe adverse effects were re-
ported. Two pwMS subsequently died; one due to COVID-19 and one due to aspiration pneumonia. Males were at
a reduced risk of reporting symptoms at first vaccination. There was evidence that pwMS in certain treatment
groups were at reduced risk of reporting symptoms at second vaccination only.

Multiple sclerosis

Conclusions: Findings are consistent with our preliminary data. Symptoms post-vaccination were similar to the
non-MS population and were mostly temporary. It is important to inform the MS community of vaccine safety

data.

1. Introduction

Vaccination against SARS-CoV2 remains a key mitigation strategy
during the COVID-19 pandemic, particularly in vulnerable populations,
such as people with multiple sclerosis (pwMS) (Salter et al., 2021; Tal-
lantyre et al, 2021). Adverse effects may be modulated by
disease-modifying immunotherapy (DMT) and affect vaccination up-
take. Following our preliminary experience (Allen-Philbey et al., 2021),
we report here on a significantly larger cohort of pwMS receiving a full
course of COVID-19 vaccination.

2. Methods
2.1. Study design

This service re-evaluation is registered with the Clinical Effectiveness
Unit (#12274) of Barts Health National Health Service Trust (BHT).
COVID-19 vaccination for pwMS was coordinated through the BHT MS
service (BartsMS), and patients were issued with a questionnaire via
email (Allen-Philbey et al., 2021), which they were asked to complete
seven days following immunisations and return. People with MS on high
efficacy DMTs were more likely to get an email than pwMS not on DMT
or pwMS on platform DMT. Reminder emails and/or text messages were
sent to non-responders. Demographic data including age, sex, ethnicity,
expanded disability status scale (EDSS) score, disease course and dura-
tion, DMT and time from last course of DMT was obtained from the
electronic health record. Data cut-off was 30 September 2021.

https://doi.org/10.1016/j.msard.2022.104022

2.2. Statistical analysis

All symptoms were combined to create a binary “any symptoms”
indicator reflecting at least one of the following: sore arm, fever, flu-like
symptoms, any other symptoms. Logistic regressions were carried out
for each vaccination. Two sets of regressions were fitted to explore as-
sociations between symptoms and (i) DMT and (ii) patient-
characteristics.

In the analysis of DMT three covariates were included: (i) type of
DMT, (ii) time from treatment to vaccination (months) and (iii) vaccine
type (BNT162b2 or AZD1222). DMT types were classified as follows: B-
cell depleters (ocrelizumab, ofatumumab, rituximab), fingolimod and
dimethyl fumarate, immune reconstitution therapies (IRT: alemtuzumab
and cladribine), natalizumab, other/none.

In the analysis of patient characteristics, covariates included gender,
ethnic group, EDSS, disease course and duration, time from last treat-
ment to vaccination, vaccine type.

Multiple imputation (MI) was used to account for missing data. MI by
chained equations with predictive mean matching was applied with
each regression. Data was only imputed for those who had received a
vaccine at each stage. All analyses were carried out using Team RC et al.
(2013) with package ‘mice (Van Buuren and Groothuis-Oudshoorn,
2011).

3. Results

A total of 570 questionnaires were sent. N = 193 pwMS (34%) who

Received 13 March 2022; Received in revised form 29 June 2022; Accepted 1 July 2022

Available online 3 July 2022
2211-0348/© 2022 Elsevier B.V. All rights reserved.


www.sciencedirect.com/science/journal/22110348
https://www.elsevier.com/locate/msard
https://doi.org/10.1016/j.msard.2022.104022
https://doi.org/10.1016/j.msard.2022.104022
https://doi.org/10.1016/j.msard.2022.104022
http://crossmark.crossref.org/dialog/?doi=10.1016/j.msard.2022.104022&domain=pdf

Correspondence

received at least one COVID-19 vaccine responded (Table 1). All pwMS
who had two vaccinations received the same vaccine at both time points;
144 (75%) received AZD1222, and 49 (25%) BNT162b2. Nine pwMS
received only one vaccination. The mean time between vaccinations was
2 + 0.8 (standard deviation.SD) months.

3.1. Adverse events

Any symptoms” were reported by 87% after their first and 75% after
their second vaccination. The three main symptoms resolved within 48 h
in 65% (first vaccination) and 57% (second vaccination). The most
common symptom was a sore arm, followed by flu-like symptoms. Fa-
tigue and headache were the most common “other” symptoms reported
(Supplementary Table S1).

Following the first vaccination, 30 pwMS (16%) did not report any
symptoms, 126 (65%) had a sore arm, 86 (45%) flu-like symptoms and
53 (28%) fever. Sixty-one pwMS (32%) reported “other symptoms”
(Table S1). In 125 (65%) the three key symptoms resolved within 48 h;
37 pwMS (19%) reported that symptoms lasted longer than that and in
one pwMS (0.5%) the resolution period was not documented.

After the second vaccination, 59 pwMS (32%) did not report any
symptoms, 98 (53%) had a sore arm, 53 (29%) flu-like symptoms and 32
(17%) fever. Forty-three pwMS (23%) reported “other symptoms”
(Table S1). In 104 (57%) the three key symptoms resolved within 48 h;
in 17 (9%) it took longer than that; in four (2%) resolution period was
not documented. Fig. 1 illustrates the symptoms reported by pwMS at
each vaccination, according to their DMT group.

3.2. Safety

Four females with MS (2%) had a relapse three weeks after their first
(n = 1) and seven weeks after their second (n = 3) vaccination. Two
pwMS died. The first was a 58-year-old man with relapsing MS and an
EDSS=4 who died from COVID-19 four months after his last ocrelizumab
infusion and 153 days after his second COVID-19 vaccination. The sec-
ond was a 60-year-old woman with secondary-progressive MS and an
EDSS=8 who died from aspiration pneumonia two weeks following her

Table 1
Patient demographics and clinical characteristics.
Total n 193
Age at first vaccine [years] mean (SD) 47.4 (11.6)
Sex n (%)
Female 127 (65.8)
Male 66 (34.2)
Ethnicity n (%)
Asian 12 (6.2)
Black 7 (3.6)
Not recorded 72 (37.3)
Other 6 (3.1)
White 96 (49.7)
Disease course n (%)
PPMS 16 (8.3)
RRMS 147 (76.2)
SPMS 30 (15.5)
Disease duration from onset of first symptom [years] (median, 12.00 (7.00,
IQR) 18.00)
EDSS (median, IQR) 3.50 (2.00, 6.00)
DMT n (%)
None 12 (6.2)
Alemtuzumab 14 (7.3)
Cladribine 49 (25.4)
Dimethyl fumarate 16 (8.3)
Fingolimod 21 (10.9)
Natalizumab 14 (7.3)
Ocrelizumab 62 (32.1)
Other* 5 (2.6)
Time from last treatment to first vaccine [months] mean (SD) 13.2 (14.8)

" Other” group for DMTs composed of two pwMS on rituximab, one on ofa-
tumumab, one on glatiramer acetate and one on interferon f—1a (Avonex).
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first vaccination; she was SARS-CoV2-negative. Six pwMS (3%) con-
tracted SARS-CoV2 after second vaccination. Of these, three were on
ocrelizumab (one death, see above), one on ofatumumab and two on
fingolimod. Mean time from second vaccination to infection was 4
months (range 2.2-6.3). Two pwMS treated with ocrelizumab received
AZD1222, all others BNT162b2. One pwMS on ocrelizumab was
admitted to hospital, and to intensive care, twice requiring continuous
positive airway pressure. They were discharged after 10 weeks, with
ongoing home oxygen therapy.

3.3. Regression results

After the first vaccination, there was no evidence of a difference in
odds of reporting symptoms between DMT groups (Table S2). After the
second vaccination, there was evidence that pwMS who had been
treated with fingolimod or dimethyl fumarate had approximately 80%
lower odds of reporting any symptoms (odds ratio (OR): 0.18; 95%
confidence interval (CI): 0.07, 0.49). There was also some evidence that
pwMS who had been treated with either of the IRTs had reduced odds of
reporting symptoms (OR: 0.32; 0.1, 1) though there was uncertainty
around this estimate (Table S2). All pwMS who had been treated with
natalizumab reported at least one symptom so the OR could not be
estimated for this subgroup.

There was evidence that men were at lower risk of reporting any
symptoms after their first vaccination (OR for men compared to women:
0.17; 0.06, 0.48) (Table S3). There was no evidence that any other factor
was associated with any symptoms at first vaccination. There was also
no evidence that any patient characteristic was associated with symp-
toms after the second vaccination, although there was a large degree of
uncertainty for some characteristics implied by their wide confidence
intervals.

4. Discussion

Immunization through vaccination remains one of the most effective
public health strategies to mitigate the COVID-19 pandemic. Particu-
larly vulnerable individuals were encouraged to engage with the
vaccination programme, including more recently their priority invita-
tion for third and fourth vaccinations. In the United Kingdom, this
subgroup of the population specifically includes pwMS (COVID-19,
2022).

With 144 pwMS receiving AZD1222, our cohort is, to our knowledge,
the largest reporting on acute adverse effects of a viral vector SARS-
CoV2 vaccination in MS. Our data suggest that both of the COVID-19
vaccines (AZD1222 and BNT162b2) used in our cohort were generally
well tolerated (Garjani et al., 2021). The overall number of pwMS
experiencing any symptoms was higher than at other centers, though
symptoms were mostly transient (Lotan et al., 2021; Briggs et al., 2022).
There was evidence that pwMS in certain DMT groups had a lower risk of
symptoms after their second vaccination. Men were less likely to report
symptoms at first vaccination, as described by another study (Briggs
et al., 2022).

Adverse events were generally consistent with those experienced in
the general population, and in pwMS receiving other vaccinations.
Whilst symptoms were unpleasant, affecting 87% after their first and
75% after their second vaccine, they resolved in 2/3 within a couple of
days. Symptoms reported resembled those expected from both the
normal population and from experience of pwMS with other vaccina-
tions (Reyes et al., 2020) and our preliminary data (Allen-Philbey et al.,
2021).

Six of our patients (3%) contracted SARS-CoV2. This number is
rather small to draw any robust conclusion. However, all infections
occurred in pwMS treated with DMTs known to impede the immuniza-
tion response (Tallantyre et al., 2021). The one pwMS who died of
COVID was on treatment with ocrelizumab, as were two further pwMS,
one of which had to be admitted to intensive care twice.
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There have been reports of relapse within a short time frame
following first doses of the AZD1222 vaccine (Maniscalco et al., 2021;
Nistri et al., 2021). Eight cases were reported after a median of 13 days,
with increased disability and lesions on MRI (Fragoso et al., 2021).
Whilst reporting of relapses in the literature has thus far been confined
to case reports, we detected an overall relapse incidence following either
vaccination of 2%, which is consistent with others reporting relapse
rates of 2.1% and 1.6% (Achiron et al., 2021). A larger dataset would be
required to define the real risk, though the overall incidence appears
low, and would, based on current evidence, certainly not support
avoiding vaccination (Garjani et al., 2021).

Limitations of this real world study include selection bias given that
pwMS at higher risk of COVID-19, particularly those on B cell depleting
compounds, were more likely to be contacted and reminded. A degree of
responder bias would also be expected given pwMS with an adverse
experience are more likely to convey their grievances and return their
questionnaire. This is important to bear in mind given the overall
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modest responder rate (34%). Due to the binary analysis and the brevity
of the response window, no grading of symptoms was included. Since
mild symptoms may not be reported outside of a survey, a degree of over
reporting cannot be excluded.

In conclusion, our data provides supportive evidence that SARS-
CoV2 vaccination is generally well tolerated in pwMS. This is impor-
tant given further vaccinations as a result of the pandemic are likely.
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Fig. 1. Disease modifying treatment and symptoms reported by people with MS following COVID-19 vaccination. People with MS were vaccinated with
either BNT162b2 or AZD1222. The left panel indicates the time from last/current disease modifying treatment (DMT) until first vaccination. The first and second dots
delineate the time between last treatment and first vaccination; the last dot indicates the time point of second vaccination. The median time from last DMT
administration to first vaccination in pwMS was 4 months (3-5.6, n=62) for ocrelizumab, 22 (18.3-32.7, n=49) for cladribine, 40 (20-46.2, n=14) for alemtuzumab,
0.3 (0.2-0.5, n=14) for natalizumab, and 6 (3.3-6.5, n=3) for other DMT. The right panel describes the symptoms reported following first and second vaccination,

stratified by DMT.
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