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IMPORTANCE B-cell–depleting therapies may affect the development of a protective immune
response following vaccination. Understanding the ability to develop vaccine-specific
immunity to COVID-19 in patients with multiple sclerosis (MS) treated with B-cell–depleting
therapy is of importance for clinical decisions.

OBJECTIVE To assess SARS-CoV-2 vaccine-specific humoral and cellular responses in patients
treated with ocrelizumab compared with healthy controls.

DESIGN, SETTING, AND PARTICIPANTS This single-center study performed at Hadassah Medical
Center in Jerusalem, Israel, included patients with MS treated with ocrelizumab, healthy
controls, and untreated patients with MS. Vaccination occurred between December 2020
and April 2021. Participants donated blood 2 to 4 and 2 to 8 weeks after the second vaccine
dose for antibody and T-cell assessments, respectively.

EXPOSURES All participants received 2 doses of BNT162b2 vaccine (Pfizer/BioNTech) and
completed the study.

MAIN OUTCOMES AND MEASURES Proportion of patients treated with ocrelizumab with
SARS-CoV-2–specific serology and/or T-cell responses following vaccination. All participants
underwent SARS-CoV-2 antibody testing; 29 patients treated with ocrelizumab and 15
healthy controls had evaluation of SARS-CoV-2–specific T-cell responses.

RESULTS Of 112 participants, 49 (43.8%) had MS and were treated with ocrelizumab (33
[67.3%] female; mean [SD] age, 47.9 [13.3] years), 23 (20.5%) had MS and were not treated
with disease-modifying therapies (18 [78.3%] female; mean [SD] age, 49 [13.4] years), and
40 (35.7%) were healthy controls (25 [62.5%] female; mean [SD] age, 45.3 [16] years).
Twenty-six of 29 patients (89.7%) treated with ocrelizumab and 15 of 15 healthy controls
(100%) had SARS-CoV-2–specific T cells following vaccination at similar levels (mean [SD],
15.4 [7.6] and 14.3 [6.3] spot-forming cells, respectively). Mean antibody titers and positive
serology rate were lower in the group of patients treated with ocrelizumab (mean [SD]
antibody titers and positive serology rate, 26.2 [49.2] and 376.5 [907.6] AU/mL; 10 of 40
[25%] and 20 of 49 [40.8%] for S1/S2 and receptor-binding domain, respectively) compared
with healthy controls (mean [SD] antibody titers and positive serology rate, 283 [100] and
12 712 [9114] AU/mL; 100% S1/S2 and receptor-binding domain) and untreated patients
(mean [SD] antibody titers and positive serology rate, 288.3 [113.8] and 10 877 [9476]
AU/mL; 100% S1/S2 and receptor-binding domain), with positive association to time from
ocrelizumab infusion (S1/S2: r = 0.7, P < .001; receptor-binding domain: r = 0.4, P = .04).

CONCLUSION AND RELEVANCE In this study, patients with MS who were treated with
ocrelizumab generated comparable SARS-CoV-2–specific T-cell responses with healthy
controls and had lower antibody response following vaccination. Given the potential role of
T cells in protection from severe disease, this is reassuring and will help physicians develop
consensus guidelines regarding MS treatment in the era of the COVID-19 pandemic.
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T he SARS-CoV-2 pandemic has presented a clinical
concern for patients with multiple sclerosis (MS),
whose mainstay treatment are immunosuppressive/

immunomodulatory disease-modifying therapies.1 Most ap-
proved vaccines, including the messenger RNA vaccines, in-
duce robust humoral and cellular immune responses against
the virus spike protein2,3; however, it is still unknown whether
SARS-CoV-2 vaccines confer sufficient protection in patients
with MS treated with disease-modifying therapies.

In this study, we assessed the potential association of
ocrelizumab, a B-cell–depleting agent, with the T-cell and an-
tibody SARS-CoV-2 response following vaccination with the
messenger RNA vaccine BNT162b2.

Methods
Participants and Setting
This single-center study was performed at Hadassah Medi-
cal Center in Jerusalem, Israel, and was approved by the
Hadassah Medical Organization Ethics Committee. Partici-
pants were vaccinated between December 2020 and April
2021 and donated blood 2 to 4 and 2 to 8 weeks following
their second vaccine dose of BNT162b2 vaccine (Pfizer/
BioNTech) for antibody and T-cell assessments, respec-
tively. Five healthy controls who were not vaccinated also
participated in the study. All participants provided written
informed consent (975-20 HMO). Data on race and ethnicity
were not collected. This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

SARS-CoV-2 IgG
Serology response was measured using Liaison SARS-CoV-2
S1/S2 IgG (DiaSorin) and spike receptor-binding domain (RBD)
Architect SARS-CoV-2 IgG II Quant assay (Abbott Diagnostics)
with a positive response defined by IgG titer of 19 or more or
50 or more arbitrary units (AU) per mL, respectively. The se-
rology tests were performed on serum samples 2 to 4 weeks
after the second vaccine dose and in 8 patients treated with
ocrelizumab also 8 weeks after the second vaccine dose.

Interferon γ Enzyme-Linked Immunospot
T-cell immune response to SARS-CoV-2 was assessed by
detecting interferon γ using T-SPOT Discovery SARS-CoV-2
(Oxford Immunotec), a modified enzyme-linked immu-
nospot technology, IVD CE–marked assay, using freshly iso-
lated peripheral blood mononuclear cells. Peripheral blood
mononuclear cells, isolated 3 to 5 hours from blood drawn,
were stimulated with (1) a panel of SARS-CoV-2 spike pep-
tides, (2) nucleocapsid peptides, (3) positive control (phyto-
hemagglutinin), and (4) negative control (medium) and
incubated for 20 hours according to manufacturer instruc-
tions. Results are presented as the number of spot-forming
cells (SFCs) per 250 000 cells. A positive response was
defined as SFC of 6 or more. T-cell analysis was performed
from April 1, 2021, to eligible patients 2 to 8 weeks after the
second vaccine dose.

Statistical Analysis
Statistical analyses were performed using 1-way analysis of vari-
ance, t test, Pearson correlation coefficient, and χ2. The re-
sults are presented as mean (SD). Two-sided P values are sta-
tistically significant at less than .05.

Results
Participants
Of 72 patients with MS, 49 (68.1%) were treated with ocreli-
zumab and 23 (31.9%) were untreated for at least 6 months be-
fore vaccination. Of 49 patients treated with ocrelizumab, 33
(67.3%) were female, 16 (32.6%) were male, the mean (SD) age
was 47.9 (13.3) years, the mean (SD) Expanded Disability Sta-
tus Scale score was 4.4 (1.9), the mean (SD) disease duration
was 11.7 (8.6) years, and the mean (SD) duration of treatment
was 19.9 (1.9) months. In that group, 23 individuals had re-
lapsing MS and 26 had progressive MS. Of 23 patients who were
untreated before vaccination, 18 (78.3%) were female, 5 (21.7%)
were male, the mean (SD) age was 49 (13.4) years, the mean
(SD) Expanded Disability Status Scale score was 2 (2), and the
mean (SD) disease duration was 10.7 (9.9) years. Forty healthy
controls (25 [62.5%] female; 15 [37.5%] male; mean [SD] age,
45.3 [16] years) also participated.

SARS-CoV-2 Messenger RNA Vaccine Antibody Response
To assess vaccine antibody responses to SARS-CoV-2 spike pro-
tein, we evaluated S1/S2 IgG and RBD IgG titers at baseline and
2 to 4 weeks after the second vaccine dose. Prevaccination an-
tibody titers were negative in all participants.

The mean IgG levels and response rate were significantly
lower in patients treated with ocrelizumab (mean [SD],
26.2 [49.2] and 376.5 [907.6] AU/mL; 10 of 40 [25%] and 20
of 49 [40.8%] for S1/S2 and RBD, respectively) compared
with healthy controls (mean [SD], 283 [100] and 12 712
[9114] AU/mL; 100% S1/S2 and RBD) and untreated patients
(mean [SD], 288.3 [113.8] and 10 877 [9476] AU/mL; 100%
S1/S2 and RBD) as shown in Figure 1A-B. None of the 8 weeks’
postvaccination samples from 8 patients treated with ocreli-
zumab reached a positive serology threshold (Figure 1C).

Key Points
Question Do patients with multiple sclerosis treated with the
B-cell–depleting agent ocrelizumab develop T-cell and humoral
responses to the SARS-CoV-2 messenger RNA vaccine?

Findings In this cohort study of 112 participants, those treated
with ocrelizumab developed lower serology response compared
with untreated patients and healthy controls but showed
preserved T-cell response to the SARS-CoV-2 vaccine compared
with healthy controls.

Meaning In this study, preserved vaccine-specific T-cell responses
in patients with multiple sclerosis treated with ocrelizumab are
reassuring and will help to develop therapeutic strategies in
patients with multiple sclerosis during the COVID-19 pandemic.
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We observed a positive association between SARS-CoV-2
IgG levels and time from last ocrelizumab treatment to vacci-
nation (S1/S2: r = 0.7, P < .001; RBD: r = 0.4, P = .04; eFig-
ure 1 in the Supplement). Patients who were vaccinated 5
months or more following the last ocrelizumab dose had a sig-
nificantly increased likelihood for a positive serologic re-
sponse compared with patients who were vaccinated earlier
(14 of 23 [60.9%] vs 6 of 26 [23.1%]; χ2 = 7.2; P = .007).

No correlation was found between antibody levels (S1/S2
and RBD) and lymphocyte counts (r = 0.11 and r = 0.31, re-
spectively; P ≥ .06), disease duration (r = 0.13 and r = 0.14, re-
spectively; P ≥ .30), and number of ocrelizumab infusions
(r = 0.007 and r = −0.22, respectively; P ≥ .10). In the entire co-
hort, there was a correlation between age and antibody levels
(r = −0.3 and r = −0.12 for S1/S2 and RBD, respectively; P ≤ .04)
(eFigure 2 in the Supplement).

SARS-CoV-2–Specific T-Cell Responses
Following Vaccination
We evaluated T-cell responses 2 to 8 weeks following the sec-
ond dose of vaccine using direct ex-vivo interferon γ enzyme-
linked immunospot. Freshly isolated peripheral blood mono-
nuclear cells of 29 patients treated with ocrelizumab and 15
healthy controls were stimulated with a panel of SARS-CoV-2
spike and nucleocapsid peptides and the magnitude of spe-
cific T-cell responses was determined. We detected positive
SARS-CoV-2–specific T-cell responses in 26 of 29 patients
treated with ocrelizumab (89.7%), in all the 15 vaccinated
healthy controls, and in none of the unvaccinated controls
(Figure 2A). The mean number of responding T cells in vacci-
nated patients with MS treated with ocrelizumab was similar
to healthy controls (mean [SD], 15.36 [7.6] vs 14.33 [6.25] SFCs;
95% CI, −3.5 to 5.6; P = .65). No difference was detected

Figure 1. SARS-CoV-2 Messenger RNA Vaccine Antibody Response in Patients With Multiple Sclerosis Treated With Ocrelizumab
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Serology response to SARS-CoV-2 messenger RNA vaccine. A, SARS-CoV-2
anti-S1/S2 IgG titers 2 to 4 weeks postvaccine in healthy controls (n = 40): mean
(SD), 283 (100) AU/mL; patients with multiple sclerosis (MS) not treated
(n = 23): mean (SD), 288.3 (113.8) AU/mL; patients with MS treated with
ocrelizumab (OCR) (n = 40): mean (SD), 26.2 (49.2) AU/mL (P < .001).
B, SARS-CoV-2 anti–receptor-binding domain (RBD) IgG titers 2 to 4 weeks after
vaccination in healthy controls (n = 35): mean (SD), 12 712 (9114) AU/mL;
patients with MS not treated (n = 20): mean (SD), 10 877 (9476); and patients

treated with OCR (n = 49): mean (SD), 376.5 (907.6) AU/mL. The dotted line
indicates positive threshold (�19 and �50 AU/mL in the Liaison and Architect
assay, respectively). Horizontal bars indicate the mean. C, SARS-CoV-2
anti-S1/S2 antibody titers of patients with MS treated with OCR (n = 8) at 2 time
points (3 and 8 weeks after vaccination). AU indicates arbitrary units.
a Values were significant (P < .001).
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between patients treated with ocrelizumab with positive and
negative serology response (mean [SD], 14.5 [7.4] and 15.9 [7.9]
SFCs; 95% CI, −4.6 to 7.4; P = .64; Figure 2B). No correlation
was found between T cells and antibody levels (S1/S2: r = −0.08,
P = .60; RBD: r = −0.03, P = .80). No response to the nucleo-
capsid peptides was seen in any of the participants, indicat-
ing absence of previous SARS-CoV-2 infection.

Discussion
In this study, we found that most patients treated with ocreli-
zumab developed SARS-CoV-2–specific T-cell responses follow-
ing BNT162b2 vaccination, with similar levels to healthy controls
and independent of SARS-CoV-2 IgG titers. A lower percentage
of positive SARS-CoV-2 antibody response and lower IgG titers
were detected in patients with MS treated with ocrelizumab com-
pared with healthy controls and untreated patients.

Antibodies are believed to be a key component for an ef-
fective vaccine to provide protection.4 However, other arms
of the immune system may contribute to vaccine efficacy.
T cells are critical to generate antibody-producing plasma cells,
long-lived memory cells, and for elimination of virus-
infected cells. Early and robust T-cell responses have been as-
sociated with mild/asymptomatic COVID-19 infection even in
the absence of antibodies.5-9 T cells could provide protection
from severe disease by limiting viral replication to the upper
respiratory tract.10

Robust SARS-CoV-2 T-cell responses and attenuated anti-
body responses have been reported following COVID-19 in-
fection in patients treated with ocrelizumab.11-13 Similarly, we
found that most vaccinated patients treated with ocreli-

zumab developed interferon γ–producing SARS-CoV-2–
specific T cells, with levels comparable with healthy con-
trols. Three patients had a T-cell response below the positive
cutoff but did not have negative response as the nonvacci-
nated controls. Possibly, with a more sensitive assay, these pa-
tients might show a positive response.

Ocrelizumab depletes circulating B cells within 2 weeks of
treatment but spares CD20-negative plasma cells, stem cells,
and pro-B cells. As a result, an impairment in the antibody re-
sponse to nonlive vaccines has been documented14 including
for SARS-CoV-2 vaccines,15 similar to our findings. An opti-
mized time for vaccine administration could potentially lead
to stronger antibody responses. We found that patients vac-
cinated 5 or more months after the last dose had a higher prob-
ability for positive serology response. The individual serol-
ogy response might depend on a combination of factors.

Limitations
Limitations of our study include small sample size and short
study duration. It is still unclear to what extent individuals who
have a negative serology response but do produce vaccine-
specific T cells are protected. As vaccine-induced immunity
can wane over time, it is important to study the persistence
of antibody and T-cells responses.

Conclusions
This single-center study found a preserved vaccine-specific
T-cell and decreased humoral response in patients with MS
treated with ocrelizumab. T-cell responses were detected in
patients with either positive or negative humoral response.

Figure 2. SARS-CoV-2 Spike-Specific T-Cell Response Following Vaccination
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Timing of vaccination in relation to last dose of ocrelizumab
could improve antibody responses. The emerging role of T cells
in protection from severe COVID-19 highlight the importance

of vaccination in patients treated with ocrelizumab, as a
T-cell response is expected and may confer protection, even
in the absence of antibody responses.
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