[bookmark: _Hlk113368651]Supplementary Table 1. COVID-19 Vaccine Response in MS Patients on DMTs
	Vaccine(s)
	DMT(s)
	Study participants and study design, reference
	Demographics / Baseline characteristics
	Humoral response
	T cell response
	Conclusion

	Anti-CD20s

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273
	RTX, OCR
	· Longitudinal study, blinded, in 20 patients with MS 
and 10 HCs57
· Plasma and 
PBMCs collected immediately before 1st vaccine dose (T1), 10–12 days after 1st vaccine dose (T2), immediately before 2nd vaccine dose (T3), 10–12 days after 2nd vaccine dose (T4), and 25–30 days 
after 2nd vaccine 
dose (T5)
· Plasma samples 
were tested for SARS-CoV-2-specific Ab by ELISA
· Antigen-specific B cells detected using biotinylated proteins
· Flow cytometry 
and AIM assays detected vaccine-specific T cells
	· Age, mean (SD) [range], years: 
MS, 40.35 (8.44) 
[27-57]; HCs, 35.2 (9.8) [25-61]
· Female, n (%): 
MS, 15 (75%); 
HC, 6 (60%)
· Race: NR
· Disease duration: NR
· Vaccine type: MS, Pfizer 12 (61.9%), Moderna 8 (38.1%)
· MS patients: OCR 19 (95%); RTX 1 (5%) 
· Time from last anti-CD20, weeks, mean (SD) [range]: 19.77 (9.52) [2.6-41.1]

	· All HCs generated anti-spike and anti-RBD IgG after 1st dose of mRNA vaccine, and titers increased after 2nd dose. Responses were variable in MS patients, 89% had anti-spike IgG and only 50% mounted detectable anti-RBD IgG by T5; the magnitude was generally lower, and the kinetics of the IgG response delayed compared with HCs
· Circulating memory B cells for spike and RBD were readily induced in all HCs, spike-specific memory B cells 
were detected in 
only a subset of 
MS patients and frequencies were diminished at all time points
	· Circulating Tfh responses were diminished in MS patients on anti-CD20s compared with HCs
· Th1 responses were similar between the two groups
· Vaccination induced a more robust CD8 T cell response in MS patients than in HCs, particularly after 2nd vaccine dose
	Strong evidence of B and T cell immune priming by SARS-CoV-2 mRNA vaccines in MS patients treated with RTX or OCR, although most of 
these patients do not generate optimal Ab responses

	None (convalescent COVID-19 patients with MS) 
	OCR
	Cohort study of MS patients on OCR who have recovered from COVID-19 (OCR+COVID+) vs. MS patients on OCR without COVID-19 (OCR+COVID-), individuals without MS who have recovered from COVID-19 (HC+COVID+), 
and HCs48
52 participants: 25 OCR+COVID+, 5 OCR+COVID-, 11 HC+COVID+, 11 HC
· Humoral response NR
· SARS-CoV-2-specific T cell response assessed by ELISpot and AIM assays
	Age, mean (range), years: OCR+COVID+, 
41 (19-68); OCR+COVID-, 
41 (35-46); HC+COVID+, 
41 (23-68); 
HC, 40 (30-52)
· Female, %: OCR+COVID+, 64; OCR+COVID-, 60; HC+COVID+, 68; HC, 73
· Race: NR
· Disease duration: NR
	· NR
	· SARS-CoV-2-specific CD4 
and CD8 T cell responses detected up to 1 year after infection in OCR+COVID+ patients, similar to HC+COVID+ patients
· The detected CD4 
T cells are predominantly central and effector memory cells
	See adjacent T cell response column

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273
	OMB
	Prospective, open-label, two-cohort study (NCT04869358)49 
Patients receive initial or booster mRNA vaccination before (cohort 1 [control], n = 14) or ≥4 weeks after starting OMB 
(cohort 2, n = 19)
Immune responses after initial and booster vaccination analyzed separately
Neutralizing Abs analyzed with GenScript 
USA cPassTM 
SARS-CoV-2 Neutralization Antibody 
Detection Kit
SARS-CoV-2-specific T cells detected with GenID® GmbH CoV-iSpot Interferon-γ + Interleukin-2 (ELSP 7010 strip format) 
	Age, mean (range), years: cohort 1, 40.8 (23–79); cohort 2, 42.1 (21–61) 
· Female: cohort 1, 
n = 10; cohort 2, 
n = 11 
· Race: NR
Disease duration, mean: 6.7 years
	· All patients (4/4) receiving initial vaccination during stable OMB had 
an increase in neutralizing Abs
· 50% of OMB-treated patients exceeded assay-specific cutoff 
for seropositivity 
1 week after initial vaccination cycle
· 5/6 patients boosted during stable OMB treatment showed 
an increase in neutralizing Abs 
· Neutralizing Ab response in OMB-treated patients after booster increased 
to an extent comparable with the control group
· 1 patient who 
was seronegative before booster seroconverted 
during stable OMB treatment
	· All patients (5/5) receiving initial vaccination during stable OMB 
treatment developed SARS-CoV-2-reactive T cells 
as soon as 
1 week after full vaccination
· Extent of T cell response peaked at 
1 week after full vaccination and was comparable with the control cohort
· For both cohorts, 
T cell response increased after booster; response was more heterogenous vs. after initial vaccination, but comparable across cohorts
· Across both cohorts, most patients without 
T cell response after booster (5/7) were 
>50 years of age

	OMB did not affect 
T cell response to vaccination
Ab response was lower in OMB-treated patients vs. controls but was always detectable
Patients receiving booster vaccine before and during OMB treatment showed similar immune responses, with Abs in most OMB-treated patients increasing to a comparable extent as in the control cohort


	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273
	OMB
	Interim assessment of an ongoing open-label, multicenter, single-cohort, prospective study (NCT04847596)50
26 patients with relapsing MS currently receiving OMB for ≥1 month and who received two or three doses of 
COVID-19 mRNA vaccine 
First post-vaccination serologic assessment 
≥14 days after second or 
third dose, with second assessment 90 days thereafter
Qualitative IgG Ab (spike or RBD) assays from local institutional laboratories using local laboratory thresholds
	· Age, median (range), years: 42 (27–54) 
· Female: 81% 
· Race: White, 96%; Black/African American, 4% 
Disease duration: NR
	· 56.0% (14/25) achieved positive humoral immune response to vaccine at assay no. 1 
· Humoral immune response appeared to increase with three doses vs. two doses
· Prior DMT, particularly OCR, appeared to affect humoral immune response
· Age ≥50 years appeared to decrease humoral response
· Length of OMB treatment and vaccine did not appear to impact likelihood of positive humoral response
	· NR
	Three vaccine doses may elicit stronger humoral immune response vs. two doses 
Prior OCR or age ≥50 years may decrease humoral immune response in patients on DMTs 
Length of OMB treatment and COVID-19 mRNA vaccine type may not impact humoral response

	Multiple DMTs

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273, Johnson & Johnson/
Janssen Ad26.COV2
	GA, DMF, NAT, S1P, RTX, OCR 
	· Prospective observational study in patients with MS vs. HCs58 
80 participants: 
67 with MS 
(9 untreated, 5 GA, 
5 DMF, 6 NAT, 
7 S1P, 13 RTX, 
22 OCR); 13 HC
· Plasma and PBMCs were collected before and 2-weeks (BNT162b2 and mRNA-1273) or 4-weeks (Ad26.COV2) post-vaccination
· Humoral response assessed by total spike IgG and spike RBD IgG analysis using Luminex assay
Spike-specific T cell response assessed by AIM assays, 
IFN-γ release assays, and 
tetramer staining (CD8 T cells) followed by flow cytometry
	· Age, mean, years: untreated, 58.3; GA, 57.8; DMF, 43.4; NAT, 47.8; S1P, 52.9; RTX, 46.5; OCR, 45.2; HC, 34.8
· Female, %: untreated, 67; GA, 80; DMF, 100; NAT, 100; S1P, 71; RTX, 85; OCR, 59; HC, 64
· Race: NR
· Disease duration: NR

	· MS patients treated with anti-CD20 mAbs (OCR, RTX) or S1Ps exhibited an impaired spike-specific humoral response. In anti-CD20-treated MS patients, longer duration of treatment was associated with poorer humoral response 
	· Spike-specific CD4 and CD8 T cell responses were similar in frequency, cytokine production, and effector memory CD8 T cell phenotype, across all MS DMT categories following COVID-19 vaccination
· Spike-specific CD4 T cells were increased in all MS treatment groups post-vaccination except in the S1P cohort, possibly due to CD4 T cell lymphopenia 
· Spike-specific CD8 
T cells were increased in all MS treatment groups post-vaccination except in the GA cohort possibly due to variability and small sample size
· Spike-specific CD4 and CD8 T cell responses were not reduced post-vaccination in any of the MS treatment groups compared with untreated MS patients
· Levels of CD8 T cells secreting IFN-γ were increased in RTX-treated patients compared with untreated patients
	MS DMTs impair humoral responses to COVID-19 vaccination, but do not alter T cell responses

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273
	[bookmark: _Hlk90869236]IFNb, TER, DMF, FTY, CLAD, NAT, RTX, OCR, HSCT
	Observational study in subcohort of MS patients enriched for positive COVID-19 symptoms (according to a questionnaire) and ongoing anti-CD20 therapy vs. HCs in Sweden54
· 145 participants: 
122 with MS from COMBAT-MS (NCT03193866) 
(1 IFN-β, 1 TER, 11 DMF, 7 FTY, 3 CLAD, 19 NAT, 71 RTX, 5 OCR, 4 HSCT); 8 with MS with paired pre-COVID-19 period samples; 15 HCs from COMBAT-MS
· Plasma and PBMCs were collected for analysis of SARS-CoV-2 humoral and cellular immunological memory (PMBCs from vaccination cohort of 11 participants on 
anti-CD20 were collected before 
[n = 1], 4 [n = 10] and/or 12 [n = 4] weeks after SARS-CoV-2 mRNA vaccination)
· Humoral response assessed by total spike IgG and spike RBD IgG analysis using ECLIA and a multiplex antigen-bead array
· Spike-specific T cell response assessed by FluoroSpot 
assay (IFN-γ/IL-10/Granzyme B plates)
	· Age, mean (SD), years: MS, 43 (9.8); HC, 43 (12.9)
· Female, %: MS, 73%; HC, 67%
· Race: NR
· Disease duration: NR

	· B and memory B cell counts were inversely proportional to strength of T cell memory in COVID-19-positive patients
· Seronegativity in RTX-treated MS patients correlated with shorter time since last dose and with higher number of previous doses
· In accordance with RTX, MS patients on other DMTs, including OCR, produced dampened SARS-CoV-2-specific Ab responses despite thorough B cell depletion in the blood
	· SARS-CoV-2-positive T cell immunity was similar between HCs and MS patients on DMTs irrespective of seropositivity or treatment
· In COVID-19-positive MS patients on DMTs, SARS-CoV-2-specifc T cells were predominantly CD4+ (~75%) and less so CD8+ (15%), which was similar to HCs
· Circulating follicular T helper cells (responsible for assisting antigen-specific B cells in generating Abs) correlated with SARS-CoV-2 Ab levels in all COVID-19-positive HCs and MS patients
· Despite depleted B cell levels in peripheral blood, RTX-treated MS patients mounted robust SARS-CoV-2-specific T cell responses
· All anti-CD20-treated MS patients developed SARS-CoV-2-specific T cell responses regardless of time since last anti-CD20 treatment or serology status
· Other than RTX, sample sizes were small and statistical comparisons between DMTs were not made 
· 3/5 patients on other DMTs (not RTX) who were SARS-CoV-2-specific antibody seropositive displayed low or undetectable SARS-CoV-2-specific T cell response
	MS patients on different DMTs generate robust and SARS-CoV-2-specific T cell responses after COVID-19 mRNA vaccination despite B cell lymphopenia and attenuated SARS-CoV-2-specific Ab responses

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273, Johnson & Johnson/
Janssen Ad26.COV2
	GA, IFN-b, NAT, DMF, TER, RTX, OCR, FTY
	Ongoing clinical observational study in MS patients with a complete vaccine series56
101 participants with MS: 14 untreated, 
16 injectable (7 GA, 9 IFN-b), 16 NAT, 
14 other oral 
(13 DMF, 1 TER), 
38 anti-CD20 
(1 RTX, 37 OCR), 
3 FTY
Plasma and PBMCs were collected for analysis of SARS-CoV-2 humoral and T cell responses 4 or 8 weeks after terminal COVID-19 vaccination
Humoral response assessed by S1 IgG in serum using ELISA
Spike-specific T cell response assessed by FluoroSpot assay (IFN-γ plates)
	· Age, mean (SD), years: Untreated, 57.42 (12.84); Injectable, 50.17 (8.52); NAT, 47.63 (9.01); Other oral, 49.12 (11.27); 
Anti-CD20, 47.78 (9.64); FTY, 47.93 (9.36)
· Male, n (%): Untreated, 3 (21.4); Injectable, 3 (18.8); NAT, 1 (6.2); 
Other oral, 2 (14.3); Anti-CD20, 9 (23.7); FTY, 0 (0.0)
· Race, n (%): Untreated, 12 (85.7) White, 2 (14.3) Other; Injectable, 16 (100%) White; NAT, 15 (93.8) White, 1 (6.2) Other; Other oral, 14 (100) White; Anti-CD20, 34 (89.5) White, 3 (7.9) Black, 1 (2.6) Other; FTY, 3 (100) White
· Hispanic or Latino ethnicity, n (%): NAT, 3 (18.8); 
Anti-CD20, 1 (2.6)
· Disease duration, mean (SD), years: Untreated, 9.15 (9.77); Injectable, 12.00 (6.56); NAT, 13.07 (9.24); Other oral, 12.86 (10.75); Anti-CD20, 9.51 (7.31); FTY, 9.33 (7.64)
	SARS-CoV-2-specific humoral response detected in all participants on no therapy, injectables, or NAT. Only 56% of anti-CD20-treated participants and 1/3 of participants on S1P modulating therapies displayed humoral response 
to COVID-19 vaccination
Seropositivity was associated with prolonged time since last anti-CD20 treatment
	· SARS-CoV-2-specific T cell response detected in 86% of participants across all DMTs
· MS patients on anti-CD20 or non-S1P-modulating oral therapies produced higher IFN-γ levels compared with participants on no DMTs at least 8 weeks after terminal COVID-19 vaccination 
	Anti-CD20-treated MS patients developed more robust SARS-CoV-2-specific T cell responses after full course COVID-19 vaccination compared with MS patients on other DMTs. 
However, anti-CD20-treated MS patients mounted abrogated SARS-CoV-2 specific-humoral responses

	Pfizer-BioNTech BNT162b2
	ALEM, CLAD, DMF, FTY, NAT, OCR, RTX, TER
	Prospective cross-sectional study of fully vaccinated MS patients and HCs 
in Israel55
503 participants: 
414 MS patients 
(76 untreated, 
22 ALEM, 48 CLAD, 35 DMF, 42 FTY, 
32 NAT, 114 OCR, 
6 RTX, 39 TER); 
89 HCs
Humoral response assessed by spike IgG in serum using ELISA
Spike-specific T cell response assessed by ELISpot & FluoroSpot assays (IFN-γ and IL2 plates) for subset of HCs, untreated patients, and patients treated with OCR or FTY
	· Age, mean (SD), years: untreated, 45.1 (15.2); ALEM, 39.7 (8.1); CLAD, 42.7 (8.1); DMF, 47.0 (8.6); FTY, 45.2 (11.1); NAT, 41.1 (10.9); OCR, 41.1 (10.9); RTX, 51.7 (6.3); TER, 47.6 (10.5); HC, 53.5 (15.4)
· Female, n (%): untreated 50 (65.8); ALEM, 17 (77.3); CLAD, 39 (81.3); DMF, 32 (91.4); FTY, 24 (57.1); NAT, 25 (78.1); OCR, 61 (53.5); RTX, 6 (100); TER, 28 (71.8); HCs, 64 (71.9)
· Race: NR
· Disease duration, mean (SD), years: untreated, 12.1 (11.6); ALEM, 13.6 (6.9); CLAD, 14.8 (9.4); DMF, 14.3 (10.6); FTY, 16.0 (7.4); NAT, 12.6 (7.2); OCR, 16.3 (10.9); RTX, 20.5 (2.6); TER, 15.0 (10.4)
	· Positive anti-SARS-CoV-2 IgG response was similar across HC, untreated MS patients, and MS patients on DMTs, but the anti-SARS-CoV-2 IgG humoral immune response was decreased in OCR- and FTY-treated MS patients compared with HCs
· Seropositivity in OCR-treated MS patients correlated with younger age (by a mean of 7 years), prolonged time between last OCR dose and vaccination, and greater ALC
· From 2.3 to 6.3 months after 2nd vaccine dose, MS patients treated with FTY, OCR, and RTX demonstrated impaired humoral response compared with untreated MS patients, those on other DMTs, or HC
	· SARS-CoV-2-specific memory T cell response was observed in 56.8% of HC, 56.7% of untreated MS patients, 57.7% of OCR-treated MS patients, and 0% of FTY-treated MS patients a median (IQR) 4.3 (3.3-5.1) months after last DMT treatment dose
	MS patients on most DMTs produced anti-SARS-CoV-2 humoral responses post-vaccination, except those on OCR or FTY. Despite the impaired vaccine-induced humoral immune response, over 50% 
of MS patients on 
OCR developed SARS-CoV-2-specific memory T cell responses

	None (convalescent COVID-19 patients 
with MS)
	IFN, GA, TER, DMF, NAT, FTY, CLAD, ALEM, RTX, OCR, Other anti-CD20
	Retrospective cohort study of MS patients unvaccinated against SARS-CoV-2 and recovered from confirmed COVID-19 in Spain62
145 participants, 
42 of which were involved with the cellular study: 30 untreated, 33 anti-CD20
Humoral and T cell response were measured ≥6 months of COVID-19, with some serology measurements 
also taken within the first 6 months of COVID-19 diagnosis
Humoral SARS-
CoV-2 response (positive anti-S and anti-N Ab titers) measured by CLIA 
SARS-CoV-2 specific T cell response assessed by cytokine (IFN-γ) release assay
	· Age, mean (SD), years: 46.87 (11.25)
· Male, n (%): 52 (35.86)
· Race: NR
· Disease duration, median (IQR), years: 14 (11.0)
	Higher anti-S Abs detected in untreated patients vs. anti-CD20-treated MS patients
Higher anti-N Abs detected in untreated patients vs. MS patients treated with anti-CD20s or other DMTs
The proportion of MS patients with positive SARS-CoV-2 Abs 6-months after COVID-19: 12 of 12 untreated, 9 of 11 anti-CD20
Multivariate analysis: anti-CD20 therapy correlated with poorer humoral response 
	· 25/42 (59.5%) of MS patients developed SARS-CoV-2 specific T cell response after vaccination  (14 of 22 anti-CD20; 3 of 5 untreated)
· 5/7 (71.4%) of seronegative MS patients on anti-CD20s mounted a 
T cell response
· Multivariate analysis: progressive MS forms correlated with T cell response
	
	Convalescent COVID-19 patients on MS DMTs mount humoral and T cell responses ≥6 months and up to 13 months after COVID-19 diagnosis. Anti-CD20-treated MS patients have impaired humoral response

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273, Oxford/
AstraZeneca AZD1222
	IFN, GA, TER, DMF, S1P, NAT, CLAD, ALEM, RTX, OCR, Other anti-CD20
	Prospective study of MS patients and patients with other autoimmune diseases in Catalan61
457 participants: 
421 with MS, 36 with other autoimmune diseases
Humoral SARS-CoV-2 response (positive anti-S and anti-N Ab titers) measured by CLIA before and 30-90 days after last vaccination dose
SARS-CoV-2 specific T cell response assessed by whole blood cytokine (IFN-γ) release assay
	· Age, mean (SD), years: 48.2 (11.8)
· Male, n (%): 143 (31.3)
· Race, NR
· Disease duration, median (range), years: 13.6 (16.8-20.8)
· Vaccine type, n (%): Pfizer, 29 (6.3); Moderna, 402 (88.0); AstraZeneca, 24 (5.6); AstraZeneca + Pfizer, 2 (0.4)
	Seroconversion rate of patients by DMTs: 45.6% for anti-CD20-treated patients, 51.4% S1P, and >92.0% for all other DMTs
Patients on anti-CD20 or S1P therapy yielded lower IgG titers vs. untreated patients or patients on other DMTs
Seropositivity was associated with prolonged time between last anti-CD20 dose and first vaccine dose, particularly after 
4.5 months
Multivariable analysis: anti-CD20 therapy correlated with poorer humoral response
	· SARS-CoV-2 specific T cell response observed in 84.4% of all participants, but only in 11% of patients on S1P
· T cell response decreased in patients over 50 years-old

	Patients with MS or other autoimmune diseases on anti-CD20 therapy developed SARS-CoV-2-specific T cell responses after full course of COVID-19 vaccination despite abrogated humoral responses. These 
T cell responses were decreased in patients on S1P and in those over 50 years old

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273, Johnson & Johnson/
Janssen Ad26.COV2
	OCR, GA, Fumarates, S1P, NAT, TER
	Ongoing prospective study of MS patients59
[bookmark: _Hlk113373805]145 patients: 10 untreated, 30 OCR, 4 GA, 25 fumarates, 12 S1P, 20 NAT, 
6 TER
Humoral response assessed using the Roche Elecsys anti-SARS-CoV-2 S immunoassay, among other assays
SARS-CoV-2 specific T cell response assessed by cytokine (IFN-γ) release assay
	· [bookmark: _Hlk113374322]Age, median 
(IQR), years: 40.0 (20.0–60.0)
· Female (%): 75.2%
· Race and ethnicity (%): 52% White, 18% Black, 21% Hispanic, 9% Other
· Disease duration, median (IQR), years: 9.0 (0.5–36.0)
· Vaccine, n (%): Pfizer, 84 (57.9); Moderna, 52 (35.9); Johnson & Johnson, 9 (6.2)
· Time from last vaccine to sample collection, mean (SD), days: 93 (32) 
	OCR-treated MS patients displayed abrogated humoral responses after vaccination compared with those on other DMTs
	· Rates of T cell responses were higher in OCR-treated patients (irrespective of serology status) compared with MS patients on other DMTs

	MS patients on DMTs demonstrate robust T cell responses post COVID-19 vaccination, although OCR-treated patients have impaired humoral responses compared with those on other DMTs

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273
	OCR, NAT, Fumarates (DRF, DMF)
	Cohort study of MS patients60
22 participants: 9 OCR, 8 NAT, 5 fumarates
Blood samples for assessing humoral and T cell responses were collected as follows: prior to and 7 days after 1st vaccine dose (T0 and T1), prior to and 7 days after 2nd vaccine dose (T2 and T3), and 2 months after 2nd vaccine dose (T4)
Humoral response assessed by quantifying anti-S IgG titers using an ECLIA assay
T cell response measured by cytokine (IFN-γ and IL-2) release assay using ELISpot
	· Age, mean (SD), years: untreated, 47.1 (21.7); OCR, 40.9 (6.7); NAT, 37.6 (8.7); fumarates, 46.3 (9.8)
· Female, n: 2 untreated, 9 OCR, 
6 NAT, 6 fumarates
· Race: NR
· Disease duration: NR
· Vaccine, n: Pfizer, 15; Moderna, 7
	Anti-SARS-CoV-2 Abs detected in all patients treated with NAT and fumarates, but only in 2/9 (22%) of OCR-treated patients
Antibody titers peak at T3 and decline thereafter in all groups
	· T cell response detected in all patients starting at T1 (7 days after 
first vaccine dose), peaking at T3 
(7 days after 
vaccine dose), and decreasing by ~50% at T4 (2 months after 2nd vaccine dose)
	MS patients on DMTs mounted robust T cell responses peaking 
7 days after 1st vaccine dose and decreasing 
2 months after 2nd vaccine dose without differences between treatment groups. OCR-treated patients had impaired Ab responses after full course vaccination

	Pfizer-BioNTech BNT162b2, Moderna mRNA-1273, Johnson & Johnson/
Janssen Ad26.COV2 from Johnson & Johnson
	OCR, 
OMB,
S1P

	Longitudinal assessment of HCs (n = 11) and patients with MS on treatment with OMB (n = 11), OCR (n = 250), or S1P 
(n = 13)51
Ab and T cell responses 
assessed before 
and following three SARS-CoV-2 vaccinations 
(V1–V3).
Total spike protein and spike RBD-specific IgG responses measured by Luminex bead assay
Spike-specific CD4+ and CD8+ T cell responses measured by activation-induced marker expression following stimulation with spike peptide pools
	· [bookmark: _Hlk113374474]Age, mean, years: HC, 36.1; OMB, 48.1; OCR, 44.2; S1P, 48.8  
· Female, %: HC, 73; OMB, 64; OCR, 64; S1P, 69  
· Race: NR
· Disease duration: NR
· Vaccine: NR
	Seropositivity for total spike IgG after V3: OMB, 62.5%; OCR, 75.5%; S1P and HC, 100% 
Seropositivity for spike RBD IgG after V3: OMB, 62.5%; OCR, 50.0%; S1P, 71.4%; HC, 100%
All seropositive participants at V2 remained so at V3
Among patients seronegative at V2, a subset seroconverted at V3
As treatment duration increased, immune response tended to decrease
Patients who started OMB after having had first and second vaccines had high antibody titers following the third vaccine
	· At V3, all participants appeared to have both a CD4 and CD8 T cell response, including those on S1P

	Majority of patients in all DMT groups (>70% S1P and >50% anti-CD20) mounted Ab response to third vaccination (booster)
Prior DMT treatment may impact immune response after switch to another DMT  
Vaccination prior to DMT initiation may improve Ab response compared with vaccination following DMT initiation
All patients mounted T cell response to third (booster) vaccine in all DMT groups

	Pfizer-BioNTech BNT162b2,
	IFN, GA, NAT, S1P, TER, ALEM CLAD, DMF, OCR, OMB, RTX, AZA
	Observational, multi-center prospective study in patient who were recently vaccinated or about to be vaccinated with BNT162b2 (Pfizer-BioNTech) vaccine, or who recovered from COVID-1963
522 patients with MS and 68 HC
Untreated, 47; IFN, 33; GA, 33; NAT, 38; S1P, 63; TER, 21; ALEM, 6; CLAD, 35; DMF, 81; anti-CD20, 155; AZA, 3
Serum was collected between 2 and 16 weeks following 2nd vaccine dose, approximately 6 months following 2nd vaccine dose, and between 1 and 16 weeks following 3rd vaccine booster
Humoral response assessed using spike RBD-specific Architect SARS-CoV-2 IgG II Quant Assay (Abbott)
IFNγ-T cell responses were assessed in 39 MS patients and 8 HC using SARS-CoV-2 IGRA stimulation tube set (EuroImmun, Germany)
	· Age, mean (SD), years: MS patients, 46 (0.6); HC, 50 (1.7)
· Female (%): 65% MS patients, HC 53% 
· Race: NR
· Disease duration: NR

	Overall, 75.5% and 78.5% of MS patients were seropositive after the 2nd vaccination and 3rd vaccine booster, respectively
Post 2nd and 3rd vaccinations, 38% and 44% of OCR-treated patients and 54% and 46% of FTY-treated patients were seropositive, respectively
In OMB-treated patients, 4/4 were seropositive after the 2nd vaccination and 2/2 were seropositive after the 3rd vaccination
	Overall, 88.5% and 63% of MS patients had a positive IFNγ-T cell response after the 2nd vaccination and 3rd vaccine booster, respectively
25% (1/4) and 0% (0/4) of FTY-treated patients had a positive T cell response after the 2nd vaccination and 3rd vaccine booster, respectively
5/5 OCR-treated patients had a positive T cell response after the 2nd vaccination and 86% (6/7) had a T cell response after the 3rd vaccine booster
	MS patients treated with most DMTs demonstrated positive humoral and T cell responses after 2 and 3 vaccinations
FTY- and OCR- treated patients had reduced humoral response after the 2nd and 3rd vaccinations 
However, most OCR-treated patients demonstrated a positive T cell response following 2nd and 3rd vaccinations
The majority of FTY-treated patients failed to produce a T cell response 


Ab, antibody; AIM, activation-induced markers; ALC, absolute lymphocyte count; ALEM, alemtuzumab; AZA, azathioprine; CLAD, cladribine; CLIA, chemiluminescence immunoassay; COVID-19, coronavirus disease 2019; DMF, dimethyl fumarate; DMT, disease-modifying therapy; DRF, diroximel fumarate; ECLIA, electrochemiluminescence immunoassay; ELISpot, enzyme-linked immune absorbent spot; ELISA, enzyme-linked immunoassay; FTY, fingolimod; GA, glatiramer acetate; HC, healthy control; HSCT, hematopoietic stem cell transplantation; IFN, interferon; Ig, immunoglobulin; IL, interleukin; IQR, interquartile range; mAb, monoclonal antibody; MS, multiple sclerosis; N, nucleocapsid protein; NAT, natalizumab; NR, not reported; OCR, ocrelizumab; OMB, ofatumumab; PBMC, peripheral blood mononuclear cell; RBD, receptor-binding domain; RTX, rituximab; S, spike protein; S1P, sphingosine-1-phosphate receptor modulator; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation; TER, teriflunomide; Tfh, T follicular helper cell; Th1, T helper cell type 1.
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