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Abstract
Background: Patients with multiple sclerosis receiving ocrelizumab-treatment are in desperate need of a protection
against SARS-CoV-2 infection.
Methods: In this study, Euroimmun semi-quantitative Anti-SARS-CoV-2 IgG for detection of humoral response and
ELISpot assays for detection of SARS-CoV-2-specific T-cell-response were used in 10 ocrelizumab-treated patients with
multiple sclerosis twice vaccinated with Comirnaty® mRNA vaccine. This data was compared with a control group of
20 age- and sex-matched healthy volunteers, who had all previously received a full SARS-CoV-2 mRNA vaccination
with Comirnaty® or Spikevax®.
Results: While all subjects in the control group had high humoral response to the vaccination, in B-cell-depleted
individuals a significantly reduced antibody response to vaccination against SARS-CoV-2 was observed. SARS-CoV-2
specific T-cell-response, however, did not differ significantly between both cohorts.
Conclusions: T-cell-mediated response to Comirnaty® vaccination is observable despite attenuated humoral
response in B-cell-depleted patients. This might enable partial protection against COVID-19.
Trial registration Retrospectively registered.
Keywords: Ocrelizumab, B-cell depleted patients, SARS-CoV2 vaccination, Comirnaty®, T-cell mediated response,
Lack of antibody response, Multiple sclerosis, COVID-19
Background
The ongoing coronavirus disease 2019 (COVID-19)
pandemic, caused by infection with severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2),
is a major threat to global health and especially endangers individuals who suffer from chronic diseases such
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as multiple sclerosis (MS). While risk of hospitalization,
intensive care and death due to COVID-19 in patients
with multiple sclerosis (pwMS) is almost equal compared
to healthy individuals [8, 17], patients undergoing disease modifying therapies and especially B-cell-depletion
likely suffer from a more severe course of infection [9, 10,
16]. Sensitivity to more severe virus infections in B-celldepleted patients is known to occur due to reduced
humoral immunity, hampering effective virus clearance
[12]. Hence, B-cell-depleted patients are in desperate
need for protection against SARS-CoV-2 infection.
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Another problematic aspect of B-cell-depletion is the
compromised effectivity of vaccines, as demonstrated in
the VELOCE study, where missing humoral response to
various vaccines (such as tetanus and seasonal influenza
vaccines) in ocrelizumab-treated patients was shown,
leading to the recommendation to complete vaccination
before initiation of ocrelizumab-therapy [4].
Therefore, the objective of this study was to investigate
T-cell-response to SARS-CoV-2-vaccination in pwMS
treated with ocrelizumab to gather information about
humoral and cellular immunity in this fragile group of
patients.

Methods
Volunteers

All patientsincluded in the study were recruited in the
outpatient clinic for MS of the Alfried Krupp Hospital
in Essen, Germany. All patients were treated with ocrelizumab (Ocrevus®) for MS; of these ten pwMS, eight
had a relapsing remitting disease course and two were
diagnosed with a primary progressive disease course.
EDSS varied from 0 to 7. Ocrelizumab was assessed in a
standard dose of 600 mg, but in terms of reducing social
interaction of immunocompromised patients during
COVID-19 pandemic, following cycles were not applied
twice a year but only after B-cell-repopulation was
detectable via FACS-analysis.
All patients included in this study were female. They
had a mean age of 50 years (median 47, range 34–79). All
received two vaccinations with Comirnaty® (BNT162b2,
BioNTech/Pfizer). None reported symptoms of SARSCoV-2 infection. The second vaccination was performed
at a median of 34 days (range 25–46) prior to blood
sampling.
The mean interval between last ocrelizumab cycle to
first vaccination was 125 days (median 124, range 7–266)
and to second vaccination 152 days (median 154, range
28–282), varying as many patients show long-term suppression of B-cells after ocrelizumab-application.
In most patients, B-cell-suppression was measured
close to the time of vaccination. In three patients, B-cell
count was 1% and in five patients, it was 0%. In two
patients no FACS-analysis was performed, as ocrelizumab was applied shortly before vaccination and complete B-cell-suppression could be expected. In most
patients (n = 6), FACS-analysis was performed between
the two vaccinations, specifically 15 days (median 20,
range 1–30) before the second vaccination. In one
patient, FACS-analysis was done 8 days before first and
30 days before second vaccination. In another patient,
FACS-analysis was sampled 28 days after second
vaccination.
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As a control group, we included 20 female healthy volunteers (mean age of 49 years, median 53, range 22–80),
who had been vaccinated twice against SARS-CoV-2,
without symptoms of SARS-CoV-2 infection before vaccination. Immunity of the vaccinated volunteers was
analyzed at a median of 29 days (range 25–77) after the
second vaccination. Seven of them were vaccinated with
Comirnaty® (BioNTech/Pfizer) and 13 with Spikevax ®
(mRNA-1273, Moderna Biotech).
As a further control for SARS-CoV-2 IgG antibodies,
we tested 50 retention samples from our blood bank that
were collected in November 2016.
The study was approved by the local ethics committee
of the University Hospital Essen, Germany (20-9225BO). All volunteers provided informed consent to participate in the study. This study has been performed in
accordance with the ethical standards noted in the 1964
Declaration of Helsinki and its later amendments or comparable ethical standards. Data not provided in the article
because of space limitations may be shared (anonymized)
at the request of any qualified investigator for purposes of
replicating procedures and results.
ELISpot assay

To assess SARS-CoV-2-specific cellular immunity,
we performed ELISpot assays, using peptide pools of
the Spike (S) 1, the S1/S2, the membrane (M) and the
nucleocapsid (NC) protein (Miltenyi Biotec, Bergisch
Gladbach, Germany) and an S1 protein of SARS-CoV-2
(S Sino, Sino Biological, Wayne, PA, USA). Whereas
responses to the spike are expected after SARS-CoV-2
vaccination and infection, responses to the nucleocapsid should only occur after infection. We used this peptide pool to exclude volunteers with prior infection.
Responses to the membrane are not completely specific for SARS-CoV-2 infection, but could also occur as
a cross-reaction after infection with human endemic
coronaviruses. We tested duplicates of 250,000 peripheral blood mononuclear cells (PBMC) per cell culture
and measured IFN-γ production after 19 h. SARS-CoV-2
specific spots were determined as stimulated minus nonstimulated (background) values (spots increment). We
defined at least three spots above background together
with threefold higher SARS-CoV-2 specific spots versus
background as positive response. Thereby, the detection
limit of our assay is in the range of 3/250,000 functionally active and SARS-CoV-2 specific cells. Details on the
ELISpot assay and the cutoff definition have been published previously [14].
Antibody ELISA

Antibodies were determined by a CE marked AntiSARS-CoV-2 IgG semi-quantitative ELISA (Euroimmun,
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Lübeck, Germany), according to the manufacturers’
instructions. Results of S1 protein specific IgG antibodies
are given as ratio (patient sample / control sample). An
antibody ratio of > 1.1 was considered positive, of ≥ 0.8
to < 1.1 borderline and of < 0.8 negative.
Statistical analysis

Statistical analysis was performed with GraphPad Prism
8.0.1 (San Diego, CA, USA). For the analysis of numerical variables, we used Spearman correlation and linear
regression analysis. To assess the impact of categorical
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covariates we used Mann–Whitney test. Two-sided p values < 0.05 were considered significant.

Results
In all ten patients with multiple sclerosis who received
the B-cell-depleting antibody ocrelizumab (Ocrevus®,
anti-CD20 Ab) we observed—as expected—a significantly reduced antibody response to vaccination
against SARS-CoV-2 (Fig. 1). The patients reached a
median antibody ratio of 0.4 (range 0.1–1.1) and none
of the responses could be classified as positive. In

Fig. 1 SARS-CoV-2 specific ELISpot and IgG responses in patients with multiple sclerosis (MS) and matched healthy controls (HC). a ELISpot
responses to spike (S), b to membrane (M) and nucleocapsid (NC) and c IgG antibody responses against S1. Horizontal bold lines indicate median
values, dashed lines the cutoff for positive responses (3 spots increment or antibody ratio of 1.1). S1: peptide mix of the SARS-CoV-2 spike (S) 1; S1/
S2: peptide mix of the spike (S) 1 and S2; S Sino: S1 protein; M: peptide mix of the membrane; NC: peptide mix of the nucleocapsid. ***p < 0.0001
(Mann–Whitney test)
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comparison, all 20 vaccinated, age- and sex-matched
healthy controls showed detectable antibody responses,
with a median S1-specific IgG ratio of 9.3 (range 7.9–
10.3) (p < 0.0001). However, SARS-CoV-2 specific T
cell responses did not differ significantly between both
cohorts. In detail, ELISpot responses to the spike peptides S1 and S1/S2 were even slightly higher and to
an S protein antigen (S Sino) were similar in patients
with multiple sclerosis (S1: 23.0 vs. 9.6; S1/S2: 11.8 vs.
9.0; S Sino: 4.0 vs. 4.0, data represent median values of
spots increment). Of note, also the 79 year-old female
patient treated with Ocrelizumab developed strong T
cell immunity. In the control experiments, none of the
volunteers showed responses to the nucleocapsid, i.e.,
none had evidence of previous SARS-CoV-2 infection.
Responses to a rather conserved coronavirus antigen,
the membrane, were also similar in both cohorts.
Spearman analysis indicated that none of the SARS
CoV-2 specific immune responses correlated significantly with age, the day after the second vaccination
or the IgG ratio. There was even a trend for a negative correlation, when considering the S1 peptide mix
(r = −0.47, p = 0.17) (Fig. 2). Of note, this peptide mix
induced the strongest T-cell response. Interestingly, the
difference between the patients and controls was most
pronounced when using the S1 peptides as stimulus.
To find out if SARS-CoV-2 IgG antibodies were
completely absent in the B-cell-depleted patients, we
compared their antibody ratio with the ratio from 50
retention samples from our blood bank, that were collected in November 2016 (Fig. 3). Of note, the median
antibody ratio in the patients was more than twofold

Fig. 2 Spearman correlation analysis of SARS-CoV-2 specific IgG
and Spike (S) 1 specific ELISpot responses in patients with multiple
sclerosis (n = 10). The bold, continuous line indicates the regression
line, the dashed lines the 95% confidence interval
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Fig. 3 SARS-CoV-2 specific IgG responses in 10 patients with multiple
sclerosis (MS) and 50 retention samples from 2016. Horizontal bold
lines indicate median values, the dotted lines lower and upper limit of
borderline responses (ratio of 0.8 and 1.1)

higher (0.40 vs. 0.17, p = 0.08). However, this finding
reached no statistical significance.

Discussion
The current study indicates that B-cell-depletion in
pwMS did not impair cellular immune responses after
SARS-CoV-2 mRNA vaccination. Although all S1-specific IgG antibodies were below or at the cutoff for
positive responses, they were higher than in retention
samples from 2016.
As published recently, only 10 of 44 individuals (22.7%)
of an Israeli cohort of pwMS receiving ocrelizumabtreatment developed humoral response to COVID-19
vaccine Comirnaty [1]. As individuals with B-cell repopulation had proper humoral response, postponement of
the next therapy cycle in favour of an immune response
to the COVID-19-vaccination has been recommended
[3], eventually risking a higher occurrence of relapse in
pwMS, especially since ocrelizumab is commonly prescribed in patients with highly active disease.
T-cell-mediated immunity might bypass such a
dilemma because it is largely unaffected by CD19-depletion. As proof of principle, VZV-specific T-cell-response
to VZV-vaccination was detected in patients receiving
B-cell-depletion with rituximab in haematological diseases [13]. In 2017, Zhao et al. [18] already described the
importance of T-cells for the recovery from a structurally related coronavirus, the Middle East respiratory syndrome (MERS) virus. In 2020, Braun et al. [7] speculated
that T-cell immunity could also be protective against
infection with SARS-CoV-2. Furthermore, SARS-CoV2-specific T-cell-response was measured in antibodyseronegative family members of SARS-CoV-2-infected
individuals [15]. There are now numerous publications
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confirming the importance of T-cell-responses for protection against SARS-CoV-2 [2, 6, 11].
It needs to be analyzed in a larger cohort of MS
patients whether the strong T cell response just occurred
randomly or whether it is a kind of compensation for the
weak antibody response. We observed in approximately
15–20% of healthy controls only SARS-CoV-2 specific B
or T cell immunity, despite PCR confirmed infection [14].
Thus, the immune response may be shifted more to an
antibody or cellular response also in healthy individuals.
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Conclusion
In conclusion, this is the first published finding showing
that, despite B-cell depletion due to Ocrelizumab treatment, pwMS who have been fully vaccinanated with
Comirnaty® still show an extensive SARS-CoV 2 specific
T-cell response. Similar data was recently shown in five
patients treated with rituximab in rheumatic diseases [5].
Moreover, specific B-cell immunity was not completely
absent and may provide some protection. However, this
study has some limitations, specifically low number of
patients and different intervals between Ocrelizumab and
vaccination. Nevertheless, we suggest that vaccination
under B-cell-depletion should be favored over delaying
treatment cycles of ocrelizumab thus risking relapse after
B-cell-repopulation.
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