
RESULTS
• A total of 1151 pwMS in the FlywheelMS cohort completed the survey (22% response rate)

• Among the survey respondents, 80% were fully vaccinated or boosted, 1% were partially 
vaccinated and 19% were unvaccinated (Table 1)

• Among fully vaccinated pwMS, 75% had ≥1 booster/additional dose 

• COVID-19 primary vaccine and booster/additional dose take-up rates were high among 
ocrelizumab (OCR), other B-cell–depleting therapy (BCDT) and sphingosine-1-phosphate 
receptor modulator (S1P)–treated pwMS (Table 1), while pwMS with no DMT recorded 
were most likely to have no doses of any COVID-19 vaccine (Figure 1)

• OCR-treated pwMS tended to be young, more likely to be male, less likely to be non-Hispanic 
White and have the highest number of COVID-19 tests during the baseline period, compared 
with all other DMT subgroups (Table 2)

• Only 5 COVID-19–related hospitalisations were observed among all survey respondents, with 
a higher rate among unvaccinated than vaccinated pwMS, and no severe COVID-19–related 
hospitalisations or deaths were observed
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CONCLUSIONS
• Uptake of the primary COVID-19 vaccine series and booster/additional doses 

was higher in this sample of pwMS compared with the general population 
in the US2

• It was reassuring that primary vaccination and booster uptake was higher 
among pwMS with risk factors for severe COVID-19 outcomes, including 
older age and male sex, as well as pwMS treated with BCDTs and S1Ps who 
may be more likely to be hospitalised for COVID-193-4  

• Rates of serious COVID-19 breakthrough infection outcomes were low in 
this sample; further research is needed to understand rates of serious 
COVID-19 outcomes among unvaccinated pwMS, as well as the potential 
benefi ts of booster/additional doses on serious COVID-19 outcomes
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BACKGROUND AND OBJECTIVE
• Vaccination against SARS-CoV-2 is recommended for all persons with multiple sclerosis (pwMS) to prevent severe COVID-19 infections and death1

• However, it is unknown how many pwMS are fully vaccinated or have received a booster dose, and whether vaccination patterns differ across 
subgroups of pwMS

• In addition, there is limited research evaluating COVID-19 outcomes by vaccination status among pwMS despite concerns about impaired immune 
response to vaccines among pwMS receiving immunosuppressive therapies, which could impact vaccine effectiveness

• This study aimed to describe COVID-19 vaccination patterns and COVID-19 outcomes among pwMS in the FlywheelMS cohort and in subgroups 
of pwMS, including by disease-modifying therapy (DMT) status

METHODS
Study Design and Data Source
• This study leveraged the FlywheelMS cohort, a patient-centred study which digitises 

all health records for US-based pwMS across all US sites of care

• All pwMS in the FlywheelMS cohort were asked to complete an online questionnaire 
on their COVID-19 vaccination history and upload vaccine records in exchange 
for 10 USD in compensation 
– All vaccine surveys were completed between 7 February and 4 May 2022

• COVID-19 vaccine study period: 11 December 2019–3 August 2022
– Index date: 14 days after the last dose of primary COVID-19 vaccine series for 

vaccinated pwMS. An index date was assigned to unvaccinated pwMS by sampling 
with replacement from distribution of index dates for vaccinated pwMS

– Baseline period: 12 months prior to the index date
– Follow-up period: from the index date to 3 August 2022, withdrawal from study or 

the beginning of the month of death, whichever was earliest

Study Sample 
• The sample included all pwMS aged ≥18 years who were enrolled in the FlywheelMS cohort 

by 11 December 2021, had ≥6 months of follow-up after vaccines were authorised (i.e. did 
not withdraw, disenrol or die prior to 11 May 2021) and completed the vaccine questionnaire

• Included pwMS were categorised based on the last DMT recorded in the 6 months prior to 
vaccine authorisation on 11 December 2021 (i.e. the index DMT)

Study Outcomes and Analyses
• Vaccination patterns were described among all pwMS, overall and stratifi ed by the 

index DMT and baseline demographic characteristics
– Fully vaccinated: one dose of Johnson & Johnson vaccine or two doses of all other 

COVID-19 vaccines (e.g. Pfi zer-BioNTech, Moderna)
– Partially vaccinated: only one dose of a 2-dose vaccine series 
– Boosted/additional dose: any additional dose after completion of the primary 

vaccine series

• Serious COVID-19 breakthrough infection outcomes (i.e. COVID-19–related 
hospitalisation, severe hospitalisation or death) were described among a subgroup 
of all pwMS who did not have COVID-19 prior to the index date and were fully 
vaccinated/boosted or unvaccinated

• Cells <5 were suppressed to protect patient privacy and cells ≥5 were suppressed 
as needed to prevent calculation of cell sizes <5

Figure 1. Total COVID-19 Vaccine Doses by Index DMT

0%

10%

20%

30%

40%

50%

60%

70%

OCR Other BCDT S1P IFN Other DMTs No DMT recorded

To
ta

l C
O

VI
D

-1
9 

va
cc

in
e 

do
se

s

Index DMT

0 1 2 3 ≥4 vaccine doses

BCDT, B-cell–depleting therapy; DMT, disease-modifying therapy; IFN, interferon; OCR, ocrelizumab; S1P, sphingosine-1-phosphate 
receptor modulator.

Table 1. Vaccination Rates by Baseline Characteristics

All survey 
respondents, n

Fully vaccinated,
n (%)

Boosted/additional 
dose,
n (%)

All survey respondents 1151 922 (80) 696 (60)
First dose vaccine manufacturer

Pfi zer-BioNTech 474 468 (99) 351 (74)
Moderna 376 370 (98) 293 (78)
Johnson & Johnson/Janssen 83 83 (100) 51 (61)

Age range, years
18-34 111 87 (78) 51 (46)
35-44 289 224 (78) 153 (53)
45-54 343 270 (79) 209 (61)
55-64 300 246 (82) 200 (67)
≥65 108 95 (88) 83 (77)

Sex
Female 918 716 (78) 543 (59)
Male 231 204 (88) 152 (66)

Race/ethnicity
Non-Hispanic White 965 767 (79) 588 (61)
Non-Hispanic Black 64 52 (81) 35 (55)
Hispanic 70 63 (90) 44 (63)
Other 35 27 (77) 18 (51)
Unknown 17 13 (76) 11 (65)

Index DMT
OCR 340 281 (83) 226 (66)
Other BCDTs 64 59 (92) 43 (67)
S1P receptor modulators 75 66 (88) 52 (69)
IFN 43 34 (79) 25 (58)
Other DMTs 378 306 (81) 230 (61)
No DMT recorded 251 176 (70) 120 (48)

BCDT, B-cell–depleting therapy; DMT, disease-modifying therapy; IFN, interferon; OCR, ocrelizumab; S1P, sphingosine-1-phosphate receptor modulator.

Table 2. Baseline Characteristics by Index DMT
All survey 

respondents
(N=1151)

OCR
(n=340)

Other 
BCDTs
(n=64)

S1P
(n=75)

IFN
(n=43)

Other 
DMTs

(n=378)

No DMT 
recorded
(n=251)

Age at enrollment, 
mean (SD), years 49 (11) 48 (11) 47 (11) 48 (12) 53 (12) 50 (11) 52 (11)

Female, n (%) 918 (80) 249 (73) 50 (78) 61 (81) 38 (88) 313 (83) 207 (82)
Race/ethnicity, n (%)

Non-Hispanic White 965 (84) 264 (78) 53 (83) 67 (89) 34 (79) 326 (86) 221 (88)
Non-Hispanic Black 64 (5.6) 25 (7.4) <5 <5 <5 18 (4.8) 12 (4.8)
Hispanic 70 (6.1) 30 (8.8) <5 5 (6.7) <5 19 (5.0) 8 (3.2)
Other 35 (3.0) 15 (4.4) <5 <5 <5 10 (2.6) ≥5
Unknown 17 (1.5) 6 (1.8) 0 0 <5 5 (1.3) <5

MS disability recorded prior 
to index date, n (%) 432 (38) 130 (38) 23 (36) 18 (24) 16 (37) 151 (40) 94 (37)

Baseline healthcare resource use, mean (SD)
No. of COVID-19 tests 0.3 (1.3) 0.5 (2.2) 0.4 (1.0) 0.3 (0.7) 0.1 (0.3) 0.2 (0.6) 0.2 (0.6)
No. of offi ce visits 
(non-neurology) 6 (10) 7 (11) 6 (8) 8 (15) 6 (11) 7 (10) 4 (6)

No. of neurology visits 2.1 (2.1) 2.6 (2.0) 2.7 (2.1) 2.5 (2.2) 1.5 (1.5) 2.5 (2.2) 0.8 (1.2)
No. of inpatient visits 0.2 (0.8) 0.2 (0.6) 0.3 (0.7) 0.2 (0.5) 0.2 (0.4) 0.2 (0.9) 0.2 (1.1)
No. of emergency 
medicine visits 0.3 (1.0) 0.4 (1.0) 0.2 (0.7) 0.2 (0.8) 0.4 (1.4) 0.3 (1.0) 0.4 (1.3)

BCDT, B-cell–depleting therapy; DMT, disease-modifying therapy; IFN, interferon; MS, multiple sclerosis; OCR, ocrelizumab; 
S1P, sphingosine-1-phosphate receptor modulator.

LIMITATIONS
• The vaccine survey was completed by a limited subset of pwMS enrolled in the 

FlywheelMS cohort, which may lead to selection bias; therefore, vaccine uptake 
and COVID-19 outcome results may not be generalisable to all pwMS

• The index DMT was based on patient-reported medications, prescriptions written 
and procedure codes for the infusion of DMTs in the data and some pwMS 
classifi ed as ‘no DMT recorded’ may have been treated with a DMT

• This study did not analyse asymptomatic and mild breakthrough COVID-19 
infections since they are underreported in most real-world data sources and 
capture may differ by DMT; however, we expect that the data would capture most 
serious COVID-19 outcomes

• The limited sample size and small number of serious COVID-19 outcomes inhibited 
our ability to conduct rigorous statistical analyses
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