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ARTICLE INFO ABSTRACT

Keywords: Background: Antibody responses to SARS-CoV-2 vaccination are impaired in people with multiple sclerosis (MS)
SARS-CoV-2 under anti-CD20 therapies. It is however unclear, whether patients who received the basic immunization prior to
Antibody levels

anti-B cell medication start respond to the COVID-19 booster dose, once B cells are depleted.

Aim: To investigate the humoral response to recall antigen by COVID-19 booster vaccines in people with MS
(pwMS), who recently started an anti-CD20 therapy compared to people with long-term B cell depletion.
Methods: We enrolled 15 pwMS who had received booster vaccination on anti-CD20 therapy. Of these, 11 had
established anti-CD20 medications and were therefore vaccinated during a continuous state of B cell depletion
(CD20-vaccine cohort). Four pwMS had received the basic immunization prior to anti-CD20 therapy
commencement and only the booster dose (vaccine-CD20-vaccine cohort) under conditions of B cell depletion.
We assessed SARS-CoV-2 specific antibody responses after booster vaccination among both groups and evaluated
accompanying B cell numbers and proportions from the peripheral circulation.

Results: The booster dose of SARS-CoV-2 vaccination elicited measurable antibody responses in 18% of in-
dividuals from the CD20-vaccine cohort compared to 100% from the vaccine-CD20-vaccine cohort. Antibody-
levels were significantly higher among patients from the vaccine-CD20-vaccine cohort compared to the CD20-
vaccine cohort (mean 951.25 + 1137.96 BAU/ml, vs mean 12.36 + 11.94 BAU/ml; mean difference 938
BAU/ml (95% CI: 249-1629 BAU/ml), p <0.0001). Among the vaccine-CD20-vaccine cohort, the booster im-
munization led to augmentation of spike antibody levels in 75% despite concomitant B cell depletion, and values
increased by 3.8 — 9.4-fold compared to basic immunization. We observed no correlation of B cell kinetics and
SARS-CoV-2 antibody levels.

Conclusion: Our study suggests that antibody production to recall COVID-19 antigens is preserved in pwMS
despite concomitant anti-CD20 therapy. If corroborated in bigger cohorts, this could have implications in the
management of individuals about to start B cell medications.

Antibody titers
B cell depletion
Vaccination
Immunization

1. Introduction

Multiple sclerosis (MS) is considered an inflammatory disorder of the
central nervous system (CNS), presumably triggered by pathogenic
memory B and T-helper 17 (Th17) cells. Consequently, approved
immunomodulatory drugs (IMDs) target these lymphocyte lineages to
different extents (Baker et al., 2017; Moser et al., 2020a). An ideal
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therapy for MS would therefore only hamper auto-aggressive clones
with encephalitogenic potential, and spare immune processes important
for pathogen control.

Anti-CD20 agents induce a rapid and profound depletion of periph-
eral B cells and have been proven very efficacious and generally safe for
the treatment of relapsing and progressive forms of MS (Hauser et al.,
2017; Montalban et al., 2017). However, their mode of action appears to
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confer increased vulnerability for COVID-19 regarding at least two
major concerns. First, several studies have recently confirmed that
antibody responses to SARS-CoV-2 vaccines are blunted under B cell
depleting antibodies (Novak et al., 2021; Tallantyre et al., 2021). Sec-
ond, anti-CD20 medication has been associated with an increased risk
for a poor outcome following SARS-CoV-2 infection (Sormani et al.,
2021). COVID-19 is an emerging disorder that has caused a devastating
pandemic affecting daily lives across the globe over the last two years.
Pathogen-specific vaccines, consisting of a truly new biological antigen
(neoantigen), have shown high levels of efficacy (Baden et al., 2021;
Polack et al., 2020). However, reports on the durability of antibody
levels following infection or vaccination have observed a substantial
decay of humoral immunity already in the initial months (Ibarrondo
et al., 2021). As a result, people have recently been recommended a
third injection after three to six months (EMA recommendations, 2021).
In contrast to the basic immunization, booster doses are intended to
elicit a recall antigen response. The impact of the booster shots in people
with autoimmune disorders, in particular regarding sequelae of immu-
nomodulation, has not sufficiently been established and more data is
required to guide people with MS (pwMS) receiving immunosuppressant
agents regarding risk of contagion.

The purpose of this study was to investigate whether B cell depletion
impacted on a previously achieved humoral immunologic memory to
COVID-19 immunization. We therefore compared the antibody response
to recall-SARS-CoV-2 spike antigen in people receiving the booster
vaccination shortly after their first cycle of anti-CD20 therapy to in-
dividuals with long-term B cell depletion.

2. Methods
2.1. Recruitment and serological assessments

We invited patients with MS (age >18 years) under monoclonal-B
cell therapy to participate in this observational, monocentric pilot
study. All individuals were required to have received 3 doses of
approved SARS-CoV-2 vaccinations at study start. Patients were divided
into two cohorts. The first cohort consisted of participants with estab-
lished anti-CD20 medication. Therefore, they had received full SARS-
CoV-2 immunization while under long-term B cell depletion (CD20-
vaccine cohort). The second group consisted of patients who were
vaccinated twice before starting a monoclonal anti-B cell treatment.
Therefore, they were assumed to have achieved humoral immunity to
SARS-CoV-2 at the time of anti-CD20 commencement. The booster
vaccination was then given under concomitant B cell depletion (vaccine-
CD20-vaccine cohort). All participants had the SARS-CoV-2 antibody
evaluation after the booster dose. For the vaccine-CD20-vaccine cohort,
assessment of SARS-CoV-2 spike antibody levels between the second
vaccine dose (basic immunization) and the first anti-CD20 infusion was
a prerequisite to participate and was used as a comparator to the anti-
body levels reached after the third dose.

SARS-CoV-2 specific IgG antibody levels to the spike recep-
tor-binding domain (RBD) were evaluated in the peripheral blood using
the SARS-CoV-2 IgG II Quant assay (Abbott Laboratories). The assay was
measured on the Architect i 2000 SR in accordance with manufacturer’s
instructions. The detection limit of the antibody assay is 7 BAU/ml.
Samples with values below this limit were counted as 7 BAU/ml for
statistical calculations. In addition, we assessed corresponding
lymphocyte proportions and absolute B cell counts. For this reason,
EDTA whole blood was measured on the Sysmex XN system (Sysmex,
Kobe, Prefecture Hyogo, Japan). Lymphocyte phenotyping was per-
formed by flow cytometry (BD FACSLyric, Becton Dickinson). Analyses
were performed by standard routine laboratory methods at the local
Department of Laboratory Medicine, certified according to the ISO-9001
standard and working according to ISO-15,189 standards.
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2.2. Statistics and ethics

Data were cleaned and screened for correctness. Due to the small
sample sizes, bootstrap t-tests with and without the assumption of
variance homogeneity were also used for continuously distributed var-
iables based on 5000 Monte Carlo simulations. Crosstabulation tables
were analyzed using Fisher’s exact, Pearson’s Chi-Square test and
Wilcoxon-Mann Whitney for two multinomials (both based exact dis-
tributions). All reported tests were two-sided, and p-values < 0.05 were
considered statistically significant. All statistical analyses in this report
were performed by use of STATISTICA 13 (Hill, T. & Lewicki, P. Sta-
tistics: Methods and Applications. StatSoft, Tulsa, OK) and StatXact
(2013), Version 10.0.0, Cytel software cooperation (Cambridge, MA,
USA).

All patients gave written informed consent to participate in this
investigation. The study was conducted according to the Declaration of
Helsinki and has received Ethics Committee approval (Land-
esethikkommission Salzburg 415-E/1612/11-2018).

3. Results

We enrolled 15 participants (54% women) with a mean age of 45.9
years (SD + 11.8 years), a median expanded disability status scale
(EDSS) of 4.5 (IQR: 2.75-6.25) and a mean MS duration of 9.7 years (SD
+ 7.9 years). Demographic features for the respective cohorts are given
in Table 1. The CD20-vaccine cohort was older and clinically more
disabled. Vaccine types were similarly distributed among the two co-
horts. MRNA-based vaccines were administered in 83% and 88% and
vector immunization used in 17% and 12% of the vaccine-CD20-vaccine
and CD20-vaccine group, respectively.

As expected, participants among the vaccine-CD20-vaccine cohort
had achieved relevant SARS-CoV-2 spike antibody levels (mean 861
BAU/ml], SD + 1279 BAU/ml) at mean 79 days (SD + 53 days) from the
basic immunization (Fig. 1A). The time between third vaccination and
follow-up antibody assessment for the vaccine-CD20-vaccine and CD20-
vaccine cohort were 24 days (SD + 8 days) and 32 days (SD + 13 days),
respectively.

After the booster dose, 2/11 (18%) patients among the CD20-vaccine
cohort had measurable SARS-CoV-2 spike specific antibodies, compared
to 100% of the vaccine-CD20-vaccine cohort. The mean antibody levels
were significantly higher among the vaccine-CD20-vaccine cohort
(mean 951.25 + 1137.96 BAU/ml vs. mean 12.36 + 11.94 BAU/ml;
mean difference 938 BAU/ml (95% CI: 249-1629 BAU/ml); p <0.0001,
Fig. 1B). Moreover, the booster vaccination led to a substantial increase
in SARS-CoV-2 spike antibody levels (3.8 — 9.4- fold) compared to post-
basic immunization values in 75% of the vaccine-CD20-vaccine cohort
(Fig. 1A). Among the vaccine-CD20-vaccine cohort, the time between
first (after basic immunization) and second (after the booster dose)

Table 1
Demographics of the participating cohorts.
Variable vaccine-CD20-vaccine CD20-vaccine p-
cohort (n = 4) cohort (n = 11) value
age, y mean £+ SD 35.0+11.4 49.8 £ 9.5 0.025
female% 55% 50% n.s.
EDSS, median 2.25 (1.75-3.5) 5.5 (3.75-6.5) 0.006
(IQR)
No. cycles, median 1(1-2) 5.0 (2-7) 0.0015
(range)
MS duration, y 5.75 + 6.2 11.2 + 8.2 n.s.
mean + SD
No. IMDs, mean + 225+ 2.6 1.1+1.2 n.s.
SD

y = years; SD = standard deviation; EDSS = expanded disability status scale;
IQR = interquartile range; No. = number; nr. cycles = number of anti-CD20
infusions received; MS = multiple sclerosis; No. IMDs = immunomodulating
drugs before anti-CD20 medication; n.s. = statistically not significant.
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Fig. 1. Antibody levels to SARS-CoV-2 spike antigen after immunization and B cell counts of the two participating cohorts. A) Scheme shows time of the three
COVID-19 vaccinations (vaccine 1-3) and temporal relationship of anti-CD20 therapy start (CD20 start) as well as longitudinal antibody assessment among the
vaccine-CD20-vaccine cohort. We observed a relevant (3.8 — 9.4-fold) increase in anti-SARS-CoV-2 antibody levels after the booster vaccine in 3/4 patients despite B
cell depletion. B) SARS-CoV-2 spike antibody levels to the COVID-19 booster dose. Antibody levels are significantly higher among the vaccine-CD20-vaccine cohort
compared to the CD20-vaccine cohort. Only two individuals among the latter group had detectable antibodies, compared to 100% of the vaccine-CD20-vaccine
individuals. C) Corresponding B cell counts from the peripheral circulation did not statistically differ among the two cohorts. Legend: Dashed lines in A) and B)
represent the detection limit of the antibody assay; green vertical line in C) represents lower limit of normal for B cell counts. Data are shown as raw data and mean

+/- standard error.

antibody evaluation were in mean 182 days (SD + 79 days) and 178 days
(SD + 44 days) had elapsed between first anti-CD20 infusion and third
vaccination.

B cells were profoundly depleted in the majority of participants
(Fig. 1C). We found no differences in B cell proportions and counts
among the two cohorts and no correlation between number of B cells
and antibody responses to vaccination.

4. Discussion

In times of a global pandemic, where anti-CD20 therapies substan-
tially attenuate humoral responses as of COVID-19 vaccines (Novak
et al., 2021; Tallantyre et al., 2021), our pilot project reports encour-
aging data on efficacy of booster vaccination in people who had received
the basic immunization prior to starting B cell depletion. The third
anti-SARS-CoV-2 dose elicited a robust humoral immune response in all
patients with recently initiated monoclonal B cell medication and the
majority achieved substantial increases compared to the antibody levels
measured after basic immunization. Since booster responses were
compared to antibody levels assessed soon after the basic immunization
and not directly prior to the third dose, we suggest that the net effect of
the booster dose may be even higher than reported here in this study.
This is supported by the kinetics of humoral immunology following
vaccination or natural infection, which suggests that approximately 90%
of antibodies wane within 90 days (Ibarrondo et al., 2021). Our data
therefore offers hope for immunized pwMS who are about to commence
anti-CD20 medications, that additional COVID-19 booster vaccines, if
necessary, may result in preserved humoral responses.

Our results also align with previous studies indicating that vaccine-
induced antibody production is substantially blunted in pwMS with
long-term B cell depletion, if the first antigen contact occurs after anti-
CD20 therapy commencement. This inhibition of eliciting a humoral
immune response to novel antigens is likely attributed to the rapid and
profound depletion of B cells which, in the majority of cases, do not
recover upon the next infusion but remain constantly depleted for the
period of ongoing treatment and beyond. Data from the pivotal trial
have even suggested that B cells only repopulate after 72 weeks in
people receiving ocrelizumab (Kappos et al., 2011).

We propose the following explanation for discrepant responses to
neo and recall antigens in people with concomitant anti-CD20 therapy,
based on observations from mouse models (DiLillo et al., 2008):
Long-lived plasma cells are the main source of circulating antibodies.
Once antigen-specific plasma cells have been formed within lymphoid
tissues, they assemble in survival niches mainly within the bone
marrow. Even though monoclonal antibodies appear to reach these sites

of plasma cell shelter (Tabrizi et al., 2010), terminally differentiated B
cell phenotypes are not accessible to depletion, because CD20 expres-
sion is downregulated during maturation. Their precursors, including
memory B cells, however express CD20. CD20+ B cells have important
roles during exposure to novel antigens, and their depletion following
anti-CD20 therapy likely explains the inhibition of humoral responses to
neoantigens, whilst recall immunization remains preserved. As to
whether humoral immune responses remain intact despite possible an-
tigen variations with exposure to new COVID-19 variants remains to be
seen. The hypothesis that pre-treatment humoral immunity is not
affected by B cell depletion is supported by a pooled safety analysis from
the pivotal ocrelizumab trials OPERA I and OPERA II (Ziemssen et al.,
2017). Among 825 ocrelizumab treated patients, antibody levels to
common pathogens were maintained throughout a 96 week follow up.
Similarly, a recent study reported sustained humoral responses to
COVID-19 vaccination in the context of anti-CD20 therapy over a
follow-up of four months in lymphoma patients, corroborating that
pre-established humoral immunity is spared despite peripheral B cell
depletion (Shree et al., 2022). These findings are in line with data from a
cladribine trial, another IMD used in MS resulting in profound reduction
of peripheral B cells (Moser et al., 2020b). Antibody titers to several
common pathogens were retained 24 months after immune reconstitu-
tion via cladribine (Moser et al., 2021), suggesting again no substantial
impact of B cell depletion on the pre-existing humoral immunological
memory.

Importantly, despite reduced humoral responses under B cell
depletion, vaccines appear to elicit an increased T cell reaction in pa-
tients with concomitant anti-CD20 therapies (Apostolidis et al., 2021;
Gadani et al., 2021). Whether vaccine- induced T cell response would be
increased during recall antigen presentation in people under anti-B cell
therapies should be the subject of future studies.

Lastly, our findings could have implications for patients who have
extended their therapy intervals to reach sufficient humoral responses
(Baker et al., 2020; van Lierop et al., 2021). According to our observa-
tions, they are likely to exhibit intact recall responses to the booster dose
even when the recommended dosing interval of anti-CD20 medication is
resumed.

Even though we have measured robust antibody levels (mean 951.25
BAU/ml + 1137.96 BAU/ml) to the booster dose among the vaccine-
CD20-vaccine cohort, we cannot exclude that the humoral response is
relatively blunted compared to people with no or other immunomodu-
latory drugs. However, antibody levels were not inferior compared to
two studies which assessed the humoral response after the second
COVID-19 vaccination using the same antibody detection method. The
first work evaluated antibody levels among 50 participants, including
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two with immunosuppressive medication, 3 weeks after the second dose
of AstraZeneca vaccination and found a median value of 171 BAU/ml
(interquartile range: 123.40-278.70 BAU/ml) (Perkmann et al., 2021).
The second report found that among 60 pwMS with concomitant
anti-CD20 therapies, only 28.3% developed antibody levels higher than
54 BAU/ml two-four weeks after the second dose of a mRNA-based
COVID-19 vaccination (Novak et al., 2021), again underscoring our
hypothesis of a spared vaccine response among the
vaccine-CD20-vaccine cohort recommending a policy of immunizing
prior to anti-CD20 therapy start whenever possible.

The main limitation of this study is the small number of patients and
the heterogeneity of the cohorts. Preservation of recall responses to
booster doses and eventually to SARS-CoV-2-variant antigens has to be
confirmed in bigger cohorts. This pilot-study was not intended for
intragroup-comparisons but to provide early insights into recall re-
sponses once anti-CD20 therapies have been initiated. An important
advantage of this pilot study concerns the fact that based on the effect
sizes and standard deviations in this pilot study - later on - an a priori
power analysis can be done for planning of a new study with a larger
sample size. Another limitation is that the antibody responses were not
assessed in a close temporal relationship to the booster vaccine. This was
as we were required to compare post-booster levels to the only previ-
ously performed antibody assessment which had occurred at some
timepoint between basic immunization and anti-CD20 therapy start. As
discussed above, this however argues in favor of a robust recall response
in patients with previously achieved humoral memory. Of serological
note, the exact cut-off for protective antibody levels has not yet been
established, even though higher titers and more durable responses have
been associated with virus neutralization and faster recoveries from
COVID-19 infections (Khoury et al., 2021).

In conclusion, our pilot study corroborates that vaccine efficacy to
COVID-19 is generally reduced in people receiving immunization under
anti-CD20 therapy but appears to be preserved if the first antigen con-
tact has occurred before treatment start. This could have implications
for clinical decision-making in patients about to start an anti-CD20
therapy.
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