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Appropriate immune response following COVID-19 vaccination is important in the context of disease-modifying
treatments (DMTs). In a prospective cross-sectional study, we determined SARS-COV-2 IgG response up to 6
months following PfizerBNT162b2 vaccination in 414 multiple sclerosis (MS) patients and 89 healthy subjects.
Protective response was demonstrated in untreated MS patients (N = 76, 100%), treated with Cladribine (N = 48,
100%), Dimethyl fumarate (N = 35, 100%), Natalizumab (N = 32, 100%), and Teriflunomide (N = 39, 100%),
similarly to healthy subjects (N = 89, 97.8%). Response was decreased in Fingolimod (N = 42, 9.5%), Ocreli-

zumab (N = 114, 22.8%) and Alemtuzumab (N = 22, 86.4%) treated patients. IgG response can help tailor
adequate vaccine guidelines for MS patients under various DMTs.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-COV-2), the
causative agent of coronavirus disease 2019 (COVID-19), has caused a
devastating disease with high rates of morbidity and mortality spreading
all over the world (Seyed Hosseini et al., 2020). The lipid nanoparticle-
formulated Pfizer-BioNTech COVID-19 (BNT162b2) vaccine is a new
type of vaccine based on nucleoside-modified mRNA vector vaccine
encoding the pre-fusion spike glycoprotein of SARS-COV-2 (Polack et al.,
2020).

In Israel, a nationwide mass vaccination setting was initiated as early
as Dec 2020 leading to full vaccination of a large population by the novel
BNT162b2 mRNA vaccine (Dagan et al., 2021). As the process of
vaccination against COVID-19 is currently spreading all over the world,
it is of importance to assess the duration of the humoral immune
response. BNT162b2 induced high titers of neutralizing antibodies
against the SARS-COV-2 and its variants including B.1.1.7, B.1.351, and

P.1,, in the majority of vaccinees (Barros-Martins et al., 2021).

Effective vaccination both humoral and cellular against COVID-19 is
critical especially in susceptible patients with chronic autoimmune
diseases treated with immune suppressive medications as patients with
multiple sclerosis (MS). We have previously shown that the humoral
immune response within the early stage post-COVID-19 vaccination was
impaired in patients treated with fingolimod and patients treated with
ocrelizumab, while patients treated with cladribine developed protec-
tive antibody response 4 months after the last dosing (Achiron et al.,
2021).

It is still unknown whether COVID-19 vaccination will induce long-
term immunity that results in a protective humoral response in MS pa-
tients treated with other DMTs, and to what extent the immune response
will be sustained. Specifically, many MS patients treated with teri-
flunomide, dimethyl fumarate, and natalizumab have low peripheral
blood lymphocyte counts (Fox et al., 2019; Schweitzer et al., 2021), that
could interfere with adequate induction of an immune response, and the
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question of whether these patients will develop appropriate immuno-
genicity to COVID-19 vaccine needs to be approached. In accordance, in
the current study, we evaluated long-term humoral immune response in
a large cohort of MS vaccinees using a targeted quantitative SARS-COV-
2 IgG antibody assay reported to highly correlate with neutralizing an-
tibodies (Mendrone-Junior et al., 2021). Our findings are of importance
to the MS community in the aim of establishing an appropriate immu-
nization policy in relation to DMTs.

2. Methods

Study design: Prospective observational study.

Ethics approval: The study was approved by Sheba Institutional
Review Board Committee (Sheba.SMC-8182-21).

Consent to participate: Written informed consent was obtained
from all participants. Each participant record was coded anonymously to
ensure confidentiality during statistical analyses.

2.1. Participants

Patients with MS followed at the Sheba MS Center either untreated or
under treatment with DMTs and fully vaccinated against COVID-19 were
included in the study. A group of vaccinated healthy subjects served as
controls. Timing of vaccination was between December 2020 and
February 2021. Demographic, clinical, DMTs, and vaccine related data
were obtained from the Sheba MS Center Computerized Database and
further verified with each subject. Patients underwent neurological ex-
amination and an updated disability score by the Extended Disability
Status Scale (EDSS) was performed. Blood for SARS-COV-2 serology and
lymphocyte count was collected at least 28 days following the second
vaccine dose.

In a subgroup of healthy subjects, untreated MS patients and patients
treated with fingolimod and ocrelizumab, blood samples were tested for
SARS-COV-2 specific B-cell memory response and SARS-COV-2 specific
T cell memory response, 2 to 4 months following the second COVID-19
vaccine dose.

Inclusion criteria: (1) MS diagnosed according to McDonald criteria
2010, (Polman et al., 2011); (2) Age > 18 years; (3) Received Pfi-
zerBNT162b2 two vaccine doses, 21 days apart; (3) Signed written
informed consent.

Exclusion Criteria: (1) COVID-19 disease prior to the study
confirmed by a nasopharyngeal PCR examination.

2.2. COVID-19 vaccination

Subjects received two intramuscular injections, 21 days apart,
delivered in the deltoid muscle. Each injection contained 30 pg of Pfi-
zerBNT162b2 (0.3 ml volume per dose).

2.3. Immunoassay for detection of anti-SARS-COV-2 IgG

Serum samples were examined for anti-SARS-COV-2 IgG using ELISA
kit based on the recombinant S1 protein from the SARS-COV-2 spike
protein (Euroimmun, Lubeck, Germany). Index values (signal to cut-off
ratios) >1.1 were considered positive (EUROIMMUN. Anti-SARS-COV-2
ELISA IgG, [Package Insert], Moutain Lakes, NJ: EUROIMMUN US,
2020). Absolute lymphocyte count (ALC, cells/mm®) in the peripheral
blood were collected at the same date of IgG serology and determined by
a DxI hematology analyzer (Beckman Coulter USA).

2.4. SARS-COV-2 specific memory B-cells

Analysis of SARS-COV-2 specific memory B-cells was performed by
FluoroSpot assay detecting receptor-binding domain (RBD) memory B
cell following polyclonal B cell stimulation. We used reversed antigen
human IgG SARS-COV-2 RBD ELISpotPLUS (Mabtech, Sweden),
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according to the manufacturer instructions. Briefly, peripheal blood
mononuclar cells (PBMCs) were incubated (250,000 cells/well) on an
anti-IgG FluoroSpot plate after stimulation with a mixture of R848
(1mkg/ml) and IL2 (10 ng/ml) (B-Cell stimpack, Mabtech, Sweden). The
number of SARS-COV-2 specific IgG secreting B-cells was measured as
Spot Forming Units (SFU) using Mabtech IRIS™ reader. The results were
expressed as the number SFU per 250,000 seeded cells after subtracting
the background of unstimulated cells. Positive cut-off value was set
above the 90% confidence interval in healthy non-vaccinated subjects,
(n = 10, cutoff = 5.0 SFU), Suppl Fig. 1A.

2.5. SARS-COV-2 specific memory T-cells

IFNg and IL2 secreting memory T cells were detected using SARS-
COV-2 FluoroSpot™ VS kit according to the manufacture’s protocol
(Mabtech AB, Sweden). We used pre-coated plates with captured
monoclonal anti-IFNy and anti-IL2 incubated overnight in RPMI-1640
medium containing 10% FCS supplemented with SARS-COV-2 peptide
pools (Mabtech AB, Sweden), covering the S1 domain (166 peptides)
and the SNMO domains (47 synthetic peptides derived from the S, N, M
ORF3a and ORF7a viral proteins), (Ahmed et al., 2020). Anti-CD3
response served as positive control for polyclonal T-cell activation.

Results for any memory T-cell response to any spike peptides (S1,
SNMO) were expressed as the number of SFU per 250,000 seeded cells
after subtracting the background spots of healthy non-vaccinated sub-
jects (n = 10, cutoff for S1 = 3.0 SFU, for SNMO = 2.0 SFU), Suppl
Fig. 1B, C.

Results of ELISpot and Fluorospot assays were evaluated using IRIS-
reader and analyzed by IRIS software version 1.1.9 (Mabtech AB).

2.6. Statistical analysis

Categorical variables are described giving sample size absolute and
relative frequency by treatment group. Continuous variables are re-
ported by sample size, arithmetic mean, standard deviation, range,
median, and 95% confidence interval (CI) for means of variables, by
treatment group. Analysis of variance (ANOVA) model was applied for
analyzing the effect of absolute lymphocyte count (ALC), and time be-
tween vaccination and the anti-SARS-COV-2 IgG test on the level of anti-
SARS-COV-2 IgG adjusted for possible confounders by treatment group.
Chi-square was applied to test the statistical significance of the differ-
ence in the distribution of categorical variables between treatment
groups. t-test was applied to test the statistical significance of the dif-
ference in continuous variables means between ocrelizumab-treated MS
patients that developed positive humoral response and ocrelizumab-
treated patients that failed. ANOVA model using Dunnett method was
applied for testing the differences in anti-SARS-COV-2 IgG between each
treatment group and the healthy subjects group adjusted to possible
covariates and for assessing the length of time of post-vaccination hu-
moral immune response. Pearson coefficients were calculated to test the
relationship between anti-SARS-COV-2 IgG and ALC, and between anti-
SARS-COV-2 IgG and the time from last dose to first vaccine dose for
relevant DMTs. All tests were two-tailed, and a p-value of <0.5% or less
was considered statistically significant. The data was analyzed using
SAS® version 9.4 (SAS Institute, Cary North Carolina) and Python
version 3.0 software.

3. Results
3.1. Participants

The study population included 503 subjects, 89 healthy subjects and
414 MS patients, all completed COVID-19 vaccination and received 2
doses of PfizerBNT162b2 m-RNA vaccine. Of the 414 MS patients, 76
(18.4%) were untreated and 338 (81.6%) were treated with various
DMTs including alemtuzumab (N = 22), cladribine (N = 48), dimethyl
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Fig. 1. Post-vaccination COV-2 IgG antibody titer by DMTs in relation absolute lymphocyte count presented as grading >1500 cells/mm?® (green circles), between
1000 and 1500/cells mm? (purple), between 500 and 1000/cells mm® (orange), <500/mm?® (red), no data (grey). (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)

fumarate (N = 35), fingolimod (N = 42), natalizumab (N = 32), ocre-
lizumab (N = 114), rituximab (N = 6), and teriflunomide (N = 39). The
demographics and clinical data of the study cohort by specific DMTs are
presented in Table 1.

3.2. Anti-SARS-COV-2 IgG humoral immune response

Humoral immune response by quantitative anti-SARS-COV-2 IgG
index, the percent of patients with positive anti-SARS-COV-2 IgG
response by various DMTs, and related variables including ALC and time
from the last treatment dose to vaccine for relevant DMTs are presented
in Table 2. Positive humoral response was demonstrated in 97.8% of
healthy subjects, 100% of untreated MS patients, patients treated with
cladribine, dimethyl fumarate, natalizumab, and teriflunomide, 86.4%
of MS patients treated with alemtuzumab, 22.8% of MS patients treated
with ocrelizumab, and 9.5% of MS patients treated with fingolimod.
There were no significant changes regarding the level of SARS-COV-2
IgG antibodies between the healthy vaccinated subjects, untreated MS
patients and patients treated with various DMTs groups, except for
ocrelizumab and fingolimod treated patients that had significantly lower
antibody level as compared with healthy subjects (p < 0.001 for both).

3.3. Assessment of possible covariates that affect post-COVID-19
vaccination anti-SARS-COV-2 IgG response in ocrelizumab treated MS
patients

Comparison within ocrelizumab-treated MS patients that developed
positive humoral response (26/114, 22.8%) and ocrelizumab-treated
patients that failed (88/114, 77.2%), showed that patients that devel-
oped positive humoral response were significantly younger at the time
of vaccination (mean + SD age 48.8 + 13.13 vs. 55.4 &+ 12.78 years, p =
0.012), the time from last ocrelizumab dosing was significantly longer
(mean + SD 5.2 + 2.6 vs. 4.0 + 1.37 months, p = 0.001), and the ALC

was higher (mean + SD 1893 + 680 vs. 1636 + 444 cells/mm®, p =
0.037). Disease duration and neurological disability by the EDSS score
did not differ between ocrelizumab-treated MS patients that mounted a
protective immune response and those that did not.

3.4. Duration of post-vaccination SARS-COV-2 IgG humoral immune
response

Humoral IgG immune response was assessed within a median range
of 2.3 to 6.3 months following vaccination in MS patients treated with
various DMTs. Analysis of IgG response by the time in months following
the second vaccine dose is demonstrated in Fig. 1.

Comparison of the longevity of post-vaccination SARS-COV-2 IgG
humoral immune response assessing the time interval from vaccination
to SARS-COV-2 IgG test, between various DMTs, untreated MS and
healthy subjects demonstrated that post-vaccination SARS-COV-2 IgG
was significantly lower in fingolimod (p < 0.0001), ocrelizumab (p <
0.0001), and rituximab (p < 0.0001) treated MS patients after adjust-
ment for age and gender. No significant statistical differences were
found in post-vaccination SARS-COV-2 IgG between healthy subjects
and untreated MS patients or patients treated with alemtuzumab, cla-
dribine, dimethyl fumarate, natalizumab and teriflunomide.

3.5. Effect of ALC on post-vaccination SARS-COV-2 IgG humoral
immune response

ALC (cells/mm®) were within the normal range in healthy subjects,
untreated MS patients and patients treated with dimethyl fumarate,
natalizumab, ocrelizumab, rituximab, and teriflunomide. In patients
treated with alemtuzumab, cladribine and fingolimod ALC was lower
(median 1085, 980, 600, cells/mmg, respectively). However, only in
fingolimod-treated patients ALC significantly correlated with post-
vaccination SARS-COV-2 IgG (r = 0.338, p = 0.028). This correlation
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Table 1
Demographic, clinical, and COVID-19 vaccine immune-related variables.

Study Gender, n Age, years Disease Disability by

population (%) duration, years EDSS

N =503 Females

MS patients Males

N =414

Healthy 64 (71.9) 53.5 +15.4 _ -

subjects

N =289 25 (28.1) 56.6
(50.2-56.7)

Untreated MS 50 (65.8) 45.1 +15.2 12.1 +11.6 2.7 +2.4

N =76, 18.4% 26 (34.2) 44.7 8.8 (9.5-14.7) 2.0 (2.1-3.2)
(41.6-48.6)

Alemtuzumab 17 (77.3) 39.7 £ 8.1 13.6 + 6.9 4.2+ 24

N=22 5(22.7) 39.7 11.3 4.5 (3.2-5.3)
(36.1-43.3) (10.5-16.6)

Cladribine 39 (81.3) 42.7 £8.1 14.8 + 9.4 29+1.8

N=48 9 (18.8) 43.2 11.2 2.8 (2.4-3.2)
(40.3-45.0) (12.1-17.5)

Dimethyl 32 (91.4) 47.0 £ 8.6 14.3 +£10.6 22+1.6

fumarate

N=35 3(8.6) 47.3 13.8 2.0 (1.6-2.8)
(44.0-49.9) (10.7-18.0)

Fingolimod 24 (57.1) 45.2 +11.1 16.0 + 7.4 23+1.7

N =42 18 (42.9) 44.8 16.4 2.0 (1.8-2.9)
(41.7-48.6) (13.7-18.3)

Natalizumab 25 (78.1) 41.1 £10.9 12.6 +7.2 25+1.7

N =32 7 (21.9) 43.4 12.0 2.3 (1.9-3.1)
(37.2-45.0) (10.0-15.2)

Ocrelizumab 61 (53.5) 41.1 £10.9 16.3 +£10.9 52+15

N=114 53 (46.5) 43.4 15.6 5.5 (4.9-5.5)
(37.2-45.0) (14.3-18.4)

Rituximab 6 (100) 51.7 £ 6.3 20.5 + 2.6 29+28

N=6 48.3 21.5 1.3 (0-5.8)
(45.1-58.3) (17.8-23.2)

Teriflunomide 28 (71.8) 47.6 +10.5 15.0 +10.4 27 £1.7

N =39 11 (28.2) 49.0 10.5 2.0 (2.2-3.2)
(44.2-51.1) (11.6-18.4)

Data are presented as mean + SD, median (95% CI).

held true after adjustment to age, gender and neurological disability by
the EDSS score, Fig. 1.

3.6. Effect of the time from last dosing on post-vaccination SARS-COV-2
IgG

Linear regression model evaluating the effect of time from last
treatment dosing to first vaccine dose on post-vaccination SARS-COV-2
IgG, demonstrated significant correlation for alemtuzumab (p < 0.0001)
and for ocrelizumab (p < 0.0001), and non-significant correlation for
cladribine (p = 0.0879) that could be accounted to limited heterogeneity
in the time from last dosing to first vaccine dose, Fig. 2.

3.7. SARS-COV-2 specific cellular immune responses following COVID-19
vaccination

The percent of subjects that developed memory B-cells specific for
SARS-COV-2 RBD and memory T-cells secreting IFN-y and IL-2 in
response to SARS-COV-2 peptides, 2 to 4 months post the second vaccine
dose are presented in Fig. 3. In healthy subjects (N = 44) and untreated
MS patients (N = 30) specific SARS-COV-2 memory B cells were detected
in 40.9% and 40.0% of subjects, respectively. Specific SARS-COV-2
memory T cells were found in 56.8% and 56.7% of healthy subjects
and untreated MS patients, respectively. In ocrelizumab-treated MS
patients (N = 52) specific SARS-COV-2 memory B cells was detected in
1.9% of patients, while 57.7% developed specific SARS-COV-2 memory
T cells responses. These findings were obtained within median (IQR) 4.3
(3.3-5.1) months from the last treatment dosing with a maximal dosing
interval of 7 months. In fingolimod-treated MS patients (N = 28) specific
SARS-COV-2 memory B cells were seen in 3.5% of patients, while none
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developed SARS-COV-2 memory T- cell responses.
4. Discussion

In the current study, we demonstrated that humoral immunity has
been achieved post-COVID-19 vaccination in the majority of MS patients
as well as in healthy subjects. As the COVID-19 pandemic is going on,
our findings are encouraging showing that MS patients either untreated
or treated with various DMTs successfully developed antibodies up to 6
months following the vaccination. It is of note that the timing of the
vaccinations could result in different immunity states in relation to
different variants, as mRNA vaccines were reported to provide lower
protection against SARS-COV-2 infection after the Delta variant (Nan-
duri et al., 2021). Our findings are innovative indicating that humoral
immune response was achieved in a large cohort of vaccinated MS pa-
tients treated with various DMTs including alemtuzumab, cladribine,
dimethyl fumarate, natalizumab, and teriflunomide up to 6 months
following m-RNA PfizerBNT162b2 vaccination. The present findings
further validated our previous study showing that the majority of pa-
tients treated with fingolimod and ocrelizumab failed to mount this
protective IgG response (Achiron et al., 2021). In the current study we
have shown for the first time that MS patients treated with ocrelizumab
that successfully developed humoral immunity as compared to
ocrelizumab-treated MS patients that failed, were younger at the time of
vaccination by a mean of 7 years, were vaccinated after a longer period
of time from the last ocrelizumab dosing, and also had higher ALC.
Taken together these findings suggest that by one month extension over
the 6 months from the last dosing, successful humoral immunity was
achieved. This extension resulted in higher ALC and contributed to CD20
lymphocyte repopulation and thus the ability to generate IgG from
plasma cells changed the immune outcome.

In addition to the practical challenge of vaccination, it is important
for treating neurologists to have data related to vaccine-related immune
responses that could impact the prioritization of patients to be vacci-
nated and to advocate an appropriate time frame from the last dosing of
specific DMTs for the best interest of the patients. In accordance, it is
important to note that not all vaccinated healthy subjects, similarly to
untreated MS patients, developed cellular immunity within 2 to 4
months following the second vaccine dose. Only ~40% of vaccinated
healthy subjects and untreated MS patients, all with positive anti-SARS-
COV-2 IgG, developed SARS-COV-2 RBD specific memory B-cells, and
only ~55% demonstrated memory T-cells secreting IFN-y and/or IL-2 in
response to SARS-COV-2 peptides. These findings imply that an addi-
tional booster dose might be needed to induce immune memory in
higher percentages of the population. Similarly to our data, SARS-COV-2
specific memory B cells were found in ~50% of 33 healthy subjects, one
week post the second vaccine dose (Goel et al., 2021), and CD4 T cell
response against RBD was observed in 5/9 (55.6%) of healthy vaccinees,
7 days after PfizerBNT162b1 first vaccine dose (Sahin et al., 2020).
Ocrelizumab-treated MS patients failed to mount cellular B-cell response
but developed specific T-cell memory response similarly to vaccinated
healthy subjects and untreated MS patients. These findings extend a
recent study (Apostolidis et al., 2021) that reported attenuated antibody
responses to SARS-COV-2 mRNA vaccine in 20 relapsing-remitting MS
patients, 19 treated with ocrelizumab and 1 treated with rithuximab,
within 25-30 days following the second vaccine dose. Similarly to our
findings only a minority of patients generated detectable memory B cells
while T cell response was preserved.

Although the exact immunological protection provided by this T-cell
cellular response is unknown, it suggests the possibility that if infected
these subjects will have only a mild disease. MS patients treated with
fingolimod, failed to mount either B-cell or T-cell cellular immune re-
sponses following the vaccination. It is conceivable to suggest that in the
absence of adequate number of peripheral blood lymphocytes, vacci-
nation failed to elicit the required immune process. The disconnect be-
tween the overall lack of immune responses in fingolimod-treated MS
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Table 2

Humoral immune response following COVID-19 vaccination in MS patients.
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Mean + SD Time from 2nd vaccine dose, days SARS-COV-2 IgG Index SARS-COV-2 positive ALC cells/mm?® Time from last dosing, months
Median (95% CI) N, %
Range
Healthy 89.9 +39.3 6.7 + 1.9 87/89 2090 + 812 _
N =89 75.0 (81.7-98.2) 7.1 (6.2-7.1) 97.8 2130
28-165 0.2-10.1 1747-2432
840-4020
Untreated MS 89.4 + 39.9 7.3+1.6 76/76 2378 + 1418 _
N =76, 18.4% 77.0 (80.3-98.5) 7.9 (9.5-14.7) 100 2100 (2002-2755)
28-167 2.3-9.3 580-8480
Alemtuzumab 85.8 + 42.0 7.0 +29 19/22 1215 + 348 21.6 +13.7
N =22 73.5 (67.1-104.4) 7.9 (5.7-8.3) 86.4 1085 (1051-1378) 17.4 (14.3-28.9)
28-171 0-9.3 800-2080 3.6-50.1
Cladribine 89.3 +42.8 6.3 +1.9 48/48 1029 + 390 8.5+ 4.8
N =48 66.5 (76.9-101.7) 6.6 (5.7-6.8) 100 950 (916-1142) 6.8 (7.1-9.9)
33-167 1.9-9.4 440-1930 2.8-22.6
Dimethyl fumarate 76.4 + 29.4 7.5+1.2 35/35 1505 + 559 _
N=35 64.0 (66.3-86.5) 7.6 (7.1-7.9) 100 1390 (1303-1707)
43.0-169.0 4.4-9.3 830-2900
Fingolimod 88.0 + 39.5 0.5 + 0.7 4/42 606 + 227 _
N =42 76.0 (75.7-100.4) 0.3 (0.3-0.7) 9.5 600 (535-677)
28-175 0-3.2 270-1220
Natalizumab 69.1 + 30.4 7.2+ 1.7 32/32 3562 + 1333 _
N =32 63.0 (58.1-80.1) 7.4 (6.6-7.8) 100 3630 (3081-4042)
28-172 1.7-9.1 900-6130
Ocrelizumab 87.4 + 37.2 09+1.5 26/114 1834 + 641 43+1.8
N=114 70.0 (80.5-94.3) 0.2 (0.6-1.2) 22.8 1750 (1714-1953) 4.1
48-169 0.0-7.4 850-4650 4.0-4.6
1.0-12.0
Rituximab 100 + 46.5 2.3+28 2/6 1405 + 316 29.2 + 25.2
N=6 110.5 (51.2-148.8) 0.8 (—0.7-5.2) 33 1285 (1072-1737) 16.4 (—33.4-91.7)
28-155 0.1-6.7 1150-1890 12.9-58.2
Teriflunomide 91.6 + 40.9 6.6 +1.6 39/39 1666 + 551 _
N =39 71.0 (78.3-104.9) 6.8 (6.1-7.2) 100 1580 (1464-1868)
35-161 2.6-9.3 870-3470

*Time from 2nd vaccine dose (days) and Time from last treatment dosing (months) were calculated as the time difference to the date of SARS-COV-2 IgG test.

COV-2 IgG

-2

ALEMTUZUMAB, N=22

CLADRIBINE, N=48

OCRELIZUMAB, N=114

1%
n=1
4 n=1 4
s 2 _— n=7 12
_ n=9 n=26
n=3 n=5 —
10 n=12 n=i 10
n=20
- T
e o .
‘ s : a i = ]
> . » o [ —— n=10 5
- (U] > Q
= LY “ - =)
J N 6 ‘ N 6 .
> >
o : o [e]
O L] L T ] 0
a4 . 4+ *le q
n=3 o - L .
o
or
24 24 o
’
19 .
|| b<d
* o o == —=ls— =
)

T

T T T
12-15 >15

-6 6-9 9-12
Time from last Alemtuzumab dosing to 1st COVID-19 Vaccine dose, months

Time from last CLADRIBINE dosing to 1st COVID-19 Vaccine dose, months

T T
<3

T T T T
6-9 9-12 12-15 >15

-2 T
<3

T T T
9-12 12-15

3- 9
Time from last Ocrelizumab dosing to 1st COVID-19 Vaccine dose, months

Fig. 2. Time in months from the last DMT dosing to COVID-19 vaccination for MS patients treated with Alemtuzumab, Cladribine or Ocrelizumab in relation to post-
vaccination SARS-COV-2 IgG.
Post-vaccination SARS-COV-2 IgG antibody titer by time (months) from last DMT dosing is shown in relation to absolute lymphocyte count presented as grading
>1500 cells/mm?> (green circles), between 1000 and 1500/cells mm® (purple), between 500 and 1000/cells mm? (orange), <500/mm° (red), no data (grey). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

patients, and the apparent lack of increased risk of morbidity or mor-
tality to SARS-COV-2 infection is intriguing. It may suggest that despite
severe lymphopenia and impaired adaptive immune responses, an
innate response consisting of macrophages, granulocytes and lung

dendritic cells provides immune protection.

There are several limitations to our study. The first is the cross-
sectional design, although useful for establishing the prevalence of
SARS-COV-2 IgG after vaccination, it does not enable to determine how

the antibody titer changes over time in the same individuals. Moreover,
lack of SARS-COV-2 binding IgG does not confer lack of immunity to
COVID-19, though a recent study demonstrated that among fully
vaccinated health care workers, the occurrence of breakthrough in-

fections with SARS-COV-2 correlated with neutralizing antibody titers

during the peri-infection period (Bergwerk et al., 2021). For this pur-
pose, a longitudinal study with a longer follow-up is needed. Second, we
did not use a neutralizing antibody assay but rather an assay with high
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Fig. 3. SARS-COV-2 specific humoral and cellular immune responses following COVID-19 vaccination in healthy subjects and MS patients.

correlation to a neutralizing antibody assay. Finally, we evaluated SARS-
COV-2 specific memory B-cell and T-cell cellular immune responses only
in a sub-group of subjects and only at one time point post-vaccination.
Our findings suggest that COVID-19 vaccination leads to IgG hu-
moral immune response in the majority of MS patients treated with
DMTs. For patients treated with ocrelizumab or fingolimod we found
that these treatments might prevent the development of a favorable
immune response. SARS-COV-2 IgG antibody testing following the
vaccination can provide immunization knowledge about a possible risk
for COVID-19 infection. The absence of SARS-COV-2 immune response
signifies these patients are not protected from the viewpoint of public
health and should be considered for a booster vaccine dose.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jneuroim.2021.577746.
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