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ARTICLE INFO ABSTRACT

Keywords: Background: Prior studies suggest reduced humoral response to COVID-19 vaccination in immunosuppressed

COVID-19 ) populations. Disease modifying therapies (DMTs) for multiple sclerosis (MS) have variable immunomodulatory

x“hfple sclerosis effects, and limited data are available for all DMTs. We aimed to determine the impact of DMTs on antibody
accine

response to COVID-19 vaccination among MS patients.

Methods: Patients with documented COVID-19 vaccination dates and anti-spike antibody results post-vaccination
were identified between March-August 2021. Clinical data were retrospectively abstracted from chart review.
Deidentified data were analyzed to evaluate antibody response, and multivariable logistic regression analyses
were used to identify clinical and demographic predictors of antibody response. Data analysis was completed
with SAS Studio, v3.8.

Resuits: A total of 353 individuals had documented COVID-19 vaccine and antibody test dates (58% Pfizer, 38%
Moderna, and 4% Johnson & Johnson). Of these 353 patients, 72% developed antibodies, with a mean antibody
test interval of 53 days (median 46) post final vaccine dose. 100% of those on no DMT (n = 34), injectables (n =
20), teriflunomide (n = 10), natalizumab (n = 71), and 97.8% of those on fumarates (n = 46/47) had a positive
antibody result. One patient on cladribine (n = 1) had a negative antibody result. Of those on sphingosine-1
phosphate (S1P) modulators, 72.4% (n = 21/29) had a positive antibody result. Of those on anti-CD20 thera-
pies, 37.6% (n = 53/141) had a positive antibody result. Multivariate modeling of the total cohort showed anti-
CD20 therapy was significantly associated with lower odds of positive antibody response (OR = 0.024, 95% CI
0.01;0.05, p < 0.0001). Among S1P modulators, increased duration of therapy, and not lymphopenia, may be
associated with lower odds of positive antibody response. Multivariate modeling of anti-CD20 therapies showed
therapy duration < 1 year (OR 8.14, 95% CI 2.896;22.898 p < .0001) and prior COVID-19 infection (OR = 3.95,
95% CI 1.137;13.726, p = .03) were significantly associated with higher odds of a positive antibody response. In
patients with recent B-cell data, mean B-cell count was higher in antibody-positive individuals compared to
antibody-negative (32.9 vs. 3.9 cells, p = .0056).

Conclusion: MS DMTs had variable impact on antibody response with mRNA and viral vector COVID-19 vaccines.
All patients on no DMT, interferons, glatiramer acetate, teriflunomide, natalizumab, and nearly all on fumarates
had positive antibody responses post-vaccine. S1P modulators and anti-CD20 therapies attenuated antibody
response post-vaccine. For patients on anti-CD20 therapies, shorter duration of therapy and prior COVID-19
infection predicted positive antibody response. Further studies are needed to determine clinical significance of
antibody testing, development of cellular mediated immunity, and benefits of booster vaccinations.

Antibody response
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1. Introduction

COVID-19 remains an ongoing pandemic (Wang et al., 2020) with a
rapid vaccination effort underway. CDC guidelines for vaccinated in-
dividuals are continuously evolving. It is unclear whether these guide-
lines can be applied to people with multiple sclerosis (MS), a serious
inflammatory neurological disorder affecting one million people in the
US alone (Wallin et al., 2019) and typically requiring chronic immu-
nomodulatory therapy. MS disease modifying therapies (DMTs) variably
impact immune function, raising unique challenges for appropriate
guidance post-vaccination. Recent literature in immunosuppressed
organ transplant patients, including patients on anti-CD20 therapies also
used in MS (Boyarsky et al., 2021), suggests decreased humoral re-
sponses post-vaccination. Decreased incidence of humoral response to
the COVID-19 vaccine with anti-CD20 therapies and S1P modulators in
MS patients has been previously reported (Achiron et al., 2021; Brill
et al., 2021; Deepak et al., 2021; Sormani et al., 2021). However, these
studies do not encompass the full range of DMT options, and are not
inclusive of all vaccine types with FDA approval or emergency use
authorization in the US (Pfizer, Moderna, and Johnson & Johnson). Our
study aims to further elucidate the impact of MS DMTs on humoral
immunity post-COVID-19 vaccination.

2. Material and methods

IRB exemption was obtained through the Mount Sinai Hospital IRB.
MS patients at the Corinne Goldsmith Dickinson Center for MS with
documented COVID-19 vaccination series dates and subsequent anti-
spike antibody testing were identified by routine clinical care and
medical chart review. To mitigate sampling bias, we reviewed all pa-
tients regardless of DMT between March 2021 and August 2021 who had
COVID-19 antibody testing to evaluate for complete data regarding
vaccination and antibody test dates. Additionally, all patients receiving
infusion therapies (natalizumab, rituximab, and ocrelizumab) at the
Mount Sinai infusion center systematically received antibody testing at
each infusion during this time period regardless of DMT and vaccination
status per institutional protocol.

Inclusion criteria included MS diagnosis, 18 years or older, docu-
mented COVID-19 vaccination dates and COVID-19 antibody results
between March and July 2021. We excluded patients with a non-MS
diagnosis, any patients who did not receive a complete vaccine series
as mandated by FDA guidelines, any patients who did not receive any
antibody testing post vaccination, and any patients who received more
than one type of COVID-19 vaccination. Additionally, all patients with
secondary immunosuppression were excluded. Data abstraction,
including age, sex, DMT, duration of therapy at time of vaccination,
white blood cell counts, absolute lymphocyte counts, circulating B cell
counts, immunoglobulins, prior COVID-19 infection history, COVID-19
vaccine type, vaccine dates, and COVID-19 antibody test date and re-
sults, was completed by study authors. A history of prior COVID-19
infection was confirmed by chart review with a positive COVID-19
PCR or positive rapid antigen test at the time of symptoms, or if the
patient had positive serum antibodies to either spike or nucleocapsid
protein prior to vaccination. Where first vaccine dates were not avail-
able from data abstraction, dates were imputed based on standard
vaccine dosing intervals per the FDA. For patients on anti-CD20 thera-
pies, time since last infusion was defined as the time between the
proximate infusion and the first vaccine date. The primary outcome was
defined as a detectable antibody response on clinical laboratory testing.

Commercially available ECLIA or ELISA assays with emergency use
authorization for serologic testing against the receptor binding domain
of the spike protein in SARS CoV-2 were utilized. Available tests
included qualitative anti-spike IgG (anti-S; DiaSorin), semi-quantitative
total anti-spike antibody (anti-S; Elecsys anti-SARS-CoV-2 spike ECLIA,
Roche Diagnostics- IgA, IgM, IgG), and semi-quantitative anti-spike IgG
testing (anti-S; SeroKlir Kantaro ELISA, Mount Sinai Hospital- IgG)
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(Amanat et al., 2020). Outside testing sites (Quest, other academic in-
stitutions) were included after verification of assay type.

Univariate testing, including t-tests with continuous variables, and
chi-squared tests or Fisher exact tests for categorical variables, was used
to identify significant predictors of positive antibody response. ANOVA
testing was used to assess potential differences in mean testing interval
between DMTs, with Dunnett’s t-test comparing all DMTs to testing
intervals of patients on no DMTs. Clinically relevant and/or significant
predictors with complete data were incorporated into multivariate lo-
gistic regression models of the full cohort, patients on S1P therapies, and
patients on anti-CD20 therapies. All statistical analyses were performed
with SAS Studio Version 3.8.

3. Results

A total of 353 participants met inclusion criteria. The mean age was
47, and 72.2% were women. Vaccine types included Pfizer/BioNTech
(58%), Moderna (38%), or Johnson & Johnson (4%). Most patients
(72.2%) tested positive for COVID-19 antibodies after vaccination. The
mean antibody testing interval post final vaccine dose was 53 days
(median 46). The only DMT with a statistically significant shorter testing
interval compared to patients on no therapy was natalizumab (differ-
ence between means was -25.433 days, 95% CI -42.992 to -7.874) due to
routine monthly testing at each infusion. A minority (8.2%, n = 29) of
patients had a confirmed history of COVID-19 infection. Of 29 patients
with history of COVID-19, 14 were on anti-CD20 therapies. Of these 14
patients, all patients except one had COVID-19 while on therapy. Only
one patient on ocrelizumab had COVID-19 prior to initiating therapy. No
significant differences in age, sex, vaccine type, testing interval, and
history of COVID-19 infection were noted in the total cohort (Table 1).

Additionally, 5 out of 353 patients received oral prednisone within
10 days of receiving a dose of a COVID-19 vaccination. Of these 5 pa-
tients, 2 patients were not on DMT — one of whom received a 4-day low-
dose prednisone taper 2 days after the first dose of the Moderna COVID-
19 vaccine and one of whom was on 5mg prednisone every other day
during the course of the Pfizer COVID-19 vaccination series. One patient
on dimethyl fumarate received a 5-day course of high-dose oral pred-
nisone 10 days after the second dose of the Moderna COVID-19 vaccine
for a right hand sensory relapse. One patient on teriflunomide received a
5-day course of high-dose oral prednisone 6 days after the first dose of
the Moderna COVID-19 vaccine for a left optic neuritis relapse, and one
patient on siponimod received a 3-day course of high-dose oral pred-
nisone one day prior to the first dose of the Moderna COVID-19 vaccine
for a right upper extremity sensory relapse. Of note, despite receiving
steroids in close proximity to the vaccine, all five patients had a positive
antibody response to the COVID-19 vaccine.

100% of patients on no DMT (n = 34), injectables (interferon-beta,
glatiramer acetate; n = 20), teriflunomide (n = 10), and natalizumab (n
= 71) had positive antibodies (Fig. 1). Nearly all patients on fumarates
(n = 46/47) had positive antibodies. One patient on cladribine had
negative antibodies (Table 2).

Of 29 patients on S1P modulators, 72.4% had positive antibody re-
sponses (Table 3). Medications included fingolimod (n = 18), siponimod
(n = 8) and ozanimod (n = 3). Multivariate modeling (Table 4) showed
longer therapy duration may be associated with lower odds of antibody
positivity (OR = 0.999, 95% CI 0.998; 0.99992, p = .03).

Of 141 patients on anti-CD20 therapies, 37.6% had a positive anti-
body result. The majority of patients were on ocrelizumab (n = 130);
however, 9 patients on rituximab and 2 patients on ofatumumab were
also included (Table 3). Multivariate modeling for the total cohort (n =
353) showed anti-CD20 therapy was associated with lower odds of
antibody positivity (OR = .024, 95% CI 0.01-0.05, p = <0.0001).
Multivariate modeling of infusion anti-CD20 therapies (n = 139) showed
infusion therapy duration <1 year (OR 8.14, 95% CI 2.896; 22.898, p <
.0001) and prior COVID-19 infection (OR = 3.95, 95% CI 1.137;13.726,
p = .03) as significant predictors of positive antibody response.
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Table 1
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Antibody response to COVID-19 vaccination by key demographics, COVID-19 history, and vaccine type.

Antibody Status of Covid-19 Vaccination

p
Negative (n=98) Positive (n=255) value

Age, years Mean (95% CI) 47(45-50)
Sex, n (% row)
Male 29 (30)
Female 69 (27)
COVID-19 History, n (% row)
No 92 (28.4)
Yes 6 (20.7)
Vaccine type, n (% row)
Pfizer 65 (31.7)
Moderna 28 (20.9)
Johnson & Johnson 5(35.7)
Testing interval, days’ Mean (95% CI) 54 (48-61)
Assay type, n (% row) Semi Quantitative Total 26 (36.6)
Semi Quantitative IgG 66 (24.6)
Qualitative IgG 13 (48.1)
Lab facility, n (% row) Labcorp 28 (37.3)
Mount Sinai Lab 66 (24.8)
Quest 0(0)
Other 4 (57.1)

*Statistical significance defined as p < .05.

47(46-49) 0.96

69 (70)
186 (73)

0.63

232 (71.6)
23 (79.3)

0.37

140 (68.3)
106 (79.1)
9 (64.3)

0.07

53 (49-57)
45 (63.4)
202 (75.4)
14 (51.9)
47 (62.7)
200 (75.2)
5(100)
3 (42.9)

0.75

Testing Interval defined as days between final vaccine dose and antibody test. Antibody test result is reported once per participant, with the exception of assay types
and lab facilities. Numbers for assay type and lab facility may not add to total (n = 353) given that patients may have had multiple tests.

While time since last infusion was not significantly associated with
positive antibody response, we also evaluated whether an extended
infusion interval was associated with a positive antibody response. This
was defined as the time from the most proximate infusion prior to the the
first vaccine date to the most recent infusion at the time of data
collection, where “extended” was defined as being greater than 194
days, encompassing the standard six month infusion interval (180 days)
with a two week grace period (14 days). In a subset of patients with

complete infusion date data (n = 131), 31% (n = 40) had an extended
infusion interval (Table 3). 53% (21/40) of patients with an extended
infusion interval had a positive antibody test as compared to 33% (30/
91) without an extended infusion interval (p = .03). In a smaller subset
of patients with available B-cell counts within 6 months prior to or after
the second vaccine (n = 108), mean B-cell count (Table 3) was higher in
antibody-positive individuals compared to antibody-negative (32.9 vs.
3.9 cells, p = 0.0056). Of these 108 patients, 86.7% of patients with zero

Antibody Result by DMT

None (n=34)

Interferon-beta (n=7)
Glatiramer Acetate (n=13)
Natalizumab (n=71)
Teriflunomide (n=10)
Diroximel Fumarate (n=2)

E Ozanimod (n=3)
A  Dimethyl Fumarate (n=45)
Siponimod (n=8)

Fingolimod (n=18)
Ofatumumab (n=2)
Ocrelizumab (n=130)
Rituximab (n=9)

Cladribine (n=1)

(=]
X

10% 20%

m Negative

30%

40% 50% 60% 70% 80% 90% 100%

m Positive

Fig. 1. Antibody Result by DMT: Number of participants who demonstrated a positive and negative antibody response classified by DMT at the time of COVID-19

vaccination.
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Table 2
Antibody response to COVID-19 vaccination by DMT and DMT class.

Antibody Status of post Covid-19 Vaccination

Number Negative Positive
Total (n=353) (ni98) (n=255) value*
DMT, n (%
row) None 34 0 (0) 34 (100) <.0001

Interferon-beta 7 0(0) 7 (100)

Glatiramer Acetate 13 0 (0) 13 (100)

Teriflunomide 10 0(0) 10 (100)
Dimethyl Fumarate 45 1(2.3) 44 (97.7)

Diroximel Fumarate 2 0(0) 2 (100)
Fingolimod 18 7 (38.9) 11(61.1)

Siponimod 8 1(12.5) 7 (87.5)

Ozanimod 3 0 (0) 3 (100)

Cladribine 1 1 (100) 0 (0)
Natalizumab 71 0(0) 71 (100)

Rituximab 9 9 (100) 0 (0)

Ocrelizumab 130 78 (60) 52 (40)

Ofatumumab 2 1 (50) 1 (50)

DMT class, n

(% row) Anti-CD20 141 88 (62.4) 53 (37.6)
S1P modulators 29 8 (27.6) 21 (72.4)
Fumarates 47 1(2.2) 46 (97.8)

*Statistical significance defined as p < .05 with chi-squared testing for antibody response by DMT.
All patients received standard dosing of DMTs described above per FDA recommendation. All patients on teriflunomide received 14 mg dosing. The one patient on
cladribine received the Johnson & Johnson COVID-19 vaccine 3 months after completing cycle 2 of cladribine.

Table 3
Univariate Predictors of antibody response to COVID-19 Vaccination for S1P and anti- CD20 therapies.
S1P (n=29) Negative (n=38) Positive (n=21)  p value
COVID-19 History, n (% class) No 7(24.1) 21(72.4) 0.27
Yes 1(3.5) 0(0)
mean (95%
Therapy Duration, days CI) 2274 (1337-3210) 1113 (680-1547) 0.0094*
mean (95%
Absolute Lymphocytes, cells (n=27) CI) 557 (270-1383) 514(200-2800) 0.84
Anti-CD20 (n=141) Negative (n=88)  Positive (n=53)  p value
COVID-19 History, n (% class) No 83 (58.9) 44 (31.2) 0.03*
Yes 5(3.6) 9(6.4)
mean (95%
!Infusion therapy duration,(n=139) CI) 1019 (449-606) 665 (545-784)  <.0001*
Mean (95%
’Time since last infusion (n=139) CI) 104 (85-123) 124 (110-136) 0.09

3Extended Infusion Interval > 194
days (n=131)

No 61 19 0.04*
Yes 30 21
mean (95%
B cells (n=108) CI) 3.9 (1.1-6.6) 32.9(13-52.9)  0.006*

Bceell return > 1, n (% row) No 26 (86.7) 4(13.3) 0.0002*
Yes 37 (47.4) 41 (52.6)

Bcell Return> 2, n (% row) No 41 (87.2) 6(12.8) <.0001*
Yes 22 (36.1) 39 (63.9)

*Statistical significance defined as p < .05.

Infusion therapy duration was defined as time on infusion anti- CD20 therapies from first infusion date to first vaccine date.

2Time since last infusion is defined as days between proximate infusion and first vaccine date, where the proximate infusion refers to the infusion date directly prior to
the first vaccine date.

3Extended Infusion interval refers to the time between the most proximate infusion prior to the the first vaccine date to the most recent infusion at the time of data
collection, and where “extended” was defined as being greater than 194 days, encompassing the standard six month infusion interval (180 days) with a two week grace
period (14 days).
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Table 4

Multivariate logistic regression: predictors of positive antibody response.
Total Cohort (n = 353) OR 95% CI p value
Age 0.98 0.958 1.003 0.09
Sex 0.72 0.37 1.402 0.33
COVID-19 History 2.86 0.564 3.485 0.062
Anti-CD20 0.024 0.011 0.052 <.0001*
S1P Modulators (n = 29) OR 95% CI p value
Age 0.97 0.887 1.057 0.63
Sex 1.59 0.171 14.906 0.48
Absolute lymphocyte count 1.001 0.999 1.002 0.57
Therapy Duration 0.999 0.998 0.99992" 0.034*
Anti-CD20 (n = 139) OR 95% CI p value
Age 0.99 0.964 1.021 0.58
Sex 0.64 0.283 1.431 0.27
COVID-19 History 3.95 1.137 13.726 0.03*
Infusion Duration (1-2 years)® 1.34 0.487 3.672 0.57
Infusion Duration (< 1 year)2 8.14 2.896 22.898 < .0001*
Time since last infusion” 1.004 0.999 1.009 0.087

Results of multivariate logistic regression model to identify significant pre-
dictors of positive antibody response among total cohort (n = 353), patients on
only S1P modulators with complete therapy duration data (n = 29 of 29), and
patients on only infusion anti-CD20 therapies with complete infusion duration
data (n = 139 of 141). Reference parameters for categorical variables defined as
follows: sex (male), COVID-19 history (no history of COVID-19 infection), anti-
CD20 (not on anti- CD20), infusion duration (> 2 years), exended infusion in-
terval (< 194 days between most recent infusions).

*Statistical significance defined as p < .05.

1 95% Confidence interval for Therapy Duration was noted to be 0.99839877-
0.99991534.

2 Therapy Duration defined as days between therapy initiation date and first
vaccine date, categorized into < 1 year (365 days), 1, 2 years (366-730 days),
and > 2 years (> 731 days). Reference parameter is infusion duration > 2 years
(> 731 days).

3Time since last infusion is defined as days between proximate infusion and
first vaccine date, where the proximate infusion refers to the infusion date
directly prior to the first vaccine date.

B cells were antibody negative (Table 3). In comparison, 47% with any
circulating B cells (> 1 cell) were antibody negative, decreasing to 36%
when defined as >2 cells in serum. Among patients with positive semi-
quantitative anti-spike IgG completed only through Mount Sinai (n =
195), mean numerical values were lower with anti-CD20 therapies
compared to other DMTs (189.7 AU/ml vs 484.5 AU/ml, p < .0001).
Decreased total IgG levels among anti-CD20 patients were not signifi-
cantly associated with antibody result status. However given that only
10 patients had decreased IgG levels and collection time points of
immunoglobulin levels varied, we are unable to definitively draw con-
clusions regarding IgG levels in this cohort.

4. Discussion

A robust and sustained adaptive immune response to SARS CoV-2
undoubtedly requires a complex interplay between humoral and cell-
mediated mechanisms (Sette and Crotty, 2021). The optimal measure-
ment of immunity likely includes a range of sophisticated assessments of
neutralizing antibodies (Addetia et al., 2020), CD4+/CD8+ T-cell re-
sponses (Grifoni et al., 2020; Sekine et al., 2020), and evaluation of
immune memory - including targeted humoral memory with
antibody-secreting plasma cells (Turner et al., 2021; Zheng et al., 2021),
reactive humoral memory with memory B-cells (Gaebler et al., 2021;
Turner et al.,, 2021), and cell-mediated memory with memory
CD4-+/CD8+ T-cells (Wang et al., 2021). However, these assessments
were not clinically available and rapidly evolving public health guid-
ance for vaccinated individuals in the COVID-19 pandemic underscored
a pressing need to quickly investigate whether MS DMTs may impede
the development of an immune response to COVID-19 vaccination.
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Given that humoral immunity is key in the neutralization of acutely
cytopathic viral pathogens, elimination of infected cells, and protection
against re-infection (Dorner and Radbruch, 2007), and the only
commercially available assays evaluating immunity assessed anti-spike
binding antibodies at the time of inquiry, our pragmatic retrospective
study focused on anti-spike binding antibody testing.

We observed all MS patients in our cohort not on therapy, in-
terferons, glatiramer acetate, teriflunomide, and natalizumab had pos-
itive antibody responses post-vaccination, which is overall consistent
with prior literature on vaccine response with these medications (Ciotti
et al., 2020). While nearly all patients on fumarates had a positive
response, 72% of patients on S1P modulators and only 37.6% of patients
on anti-CD20 therapies had positive antibody responses. These rates are
higher than previously published in Israel (Achiron et al., 2021) but
lower than what was seen in Italy (Sormani et al., 2021). This may be
due to broader DMT inclusion, longer testing intervals post-vaccination,
and heterogeneous testing type at our site. Importantly, no differences in
antibody positivity were seen with age, sex, or vaccine type.

S1P therapies, particularly fingolimod, have previously been asso-
ciated with decreased humoral response (Kappos et al., 2015; Ufer et al.,
2017). In our cohort, lymphocyte count did not significantly predict
positive response. These results differ from results published in Italy
(Sormani et al., 2021) where lymphopenia within one month in patients
on fingolimod was noted to be associated with lower antibody response.
Though we did not see an association between lymphopenia and anti-
body result, this is likely a sequelae of small sample size. We observed a
small, but significant, association of increased duration of therapy and
lower odds of positive antibody response, suggesting duration of therapy
beyond lymphopenia may be an important consideration to the extent of
immunomodulation among S1P therapies (Rommer et al., 2019).
Additionally, this data raises a question of studying duration of lym-
phopenia as an additional factor in predicting antibody response post
vaccine with S1P therapies.

Anti-CD20 therapies decreased odds of antibody positivity post-
vaccine, consistent with prior literature on general vaccine responses
(Bar-Or et al., 2020), and with recent literature on COVID-19 vaccine
responses (Achiron et al., 2021; Brill et al., 2021; Sormani et al., 2021).
Among our cohort of patients on anti-CD20 infusion therapies, shorter
duration of therapy and prior COVID-19 history were significant pre-
dictors of positive antibody response. While time since last infusion was
not significant in our multivariate analysis, a p-value that was close to
statistical significance suggests that this may be due to sample size.
Significant associations with increased time since last infusion
increasing likelihood of positive antibody response have been noted in
other studies around the world (Disanto et al., 2021; Sormani et al.,
2021). Given that we had incomplete data for defining infusion interval
and recent B cell counts for our full cohort, we did not include these in
the larger multivariate models as to avoid introducing further risk of
bias. However, we do note that a higher percentage of patients who had
their infusion interval extended to accommodate the vaccine were
antibody positive supporting the possibility that increasing the time
between proximate infusion and vaccination may be of benefit. Recent
data also suggest that extended interval ocrelizumab infusion may be a
safe option that does not increase risk for relapse, making this a
reasonable clinical strategy (Rolfes et al., 2021). We note a higher per-
centage of antibody positive patients having circulating B cells, which
may play a part in driving an association between increased time since
last infusion and antibody result. However, our results show that while
detectable B cells may be important, they remain insufficient in pre-
dicting a positive antibody response, as 47% of patients with circulating
B cells (> 1 cell) in our cohort remained antibody-negative.

Our data represent a real-world cohort and are limited by retro-
spective design with convenience sampling, as well as heterogeneous
testing intervals and assays. There was a significant difference between
the testing interval between natalizumab and reference (no therapy)
DMT group. This was likely due to decreased variance in this group
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arising from monthly antibody testing due to evolving infusion protocols
at the Mount Sinai infusion center. Due to prescribing practices within
our center, our cohort did not include any patients on alemtuzumab,
only one patient on cladribine, and only two patients on ofatumumab.
Therefore these results are not fully representative of antibody responses
with these therapies, and further study is needed. The full clinical sig-
nificance of qualitative and semi-quantitative binding antibodies re-
mains unclear. Prior clinical trial data and emerging evidence suggests a
calibrated ELISA based assay as being an acceptable correlate of
immunogenicity post-vaccine (Anderson et al., 2020; Earle et al., 2021;
Sadoff et al., 2021; Walsh et al., 2020), and may track well with CD4+
T-cell response post-infection (Grifoni et al., 2020). Validating these
findings with functional neutralization assays is needed, and larger
studies to examine the clinical correlation of efficacy against COVID-19
re-infection or mortality with antibody testing will be key.

We were unable to evaluate cellular immunity, generally thought to
be relatively preserved in anti-CD20 therapies, due to a lack of
commercially available anti-spike T-cell testing at the time of this study.
As recently demonstrated, patients on ocrelizumab without a detectable
humoral response to the COVID-19 vaccine do mount evidence of
cellular immunity(Apostolidis et al., 2021; Brill et al., 2021). The US
study examining T-cell response showed a preserved CD8 T-cell
response, and while present, an attenuated CD4 T-cell response. It is
unclear to what extent a lack of circulating B cells may impede the
development of cellular immunity post-COVID-19-vaccination due to
inadequate T-cell activation, and to what extent that may be clinically
significant in the context of rising COVID-19 variants. Though results
from a series of organ transplant patients showed 67% of
antibody-negative patients remained negative despite a third vaccine
dose(Walsh et al., 2020), our finding of prior COVID-19 infection
increasing odds of antibody response may indicate that patients with MS
on anti-CD20 therapies could potentially better develop an antibody
response from additional vaccine doses.

5. Conclusion

Our study demonstrates heterogeneous antibody responses post-
COVID-19 vaccination across MS DMTs to a broad range of available
COVID-19 vaccines in the US. All patients on no therapy, early injectable
therapies, teriflunomide, natalizumab and nearly all patients on fuma-
rates had antibody positivity, whereas this was not seen with S1P and
anti-CD20 therapies. For anti-CD20 therapies, shorter therapy duration
and COVID-19 history predicted positive response. Commercially
available assays evaluating humoral and cellular mediated immunity
and prospective data will be key to informing the best clinical correlates
of immunity, the need for additional booster vaccinations, and guidance
on infection risk mitigation in patients on immunomodulatory therapies.
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