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Abstract

Background: SARS-CoV-2 seroconversion rate after COVID-19 may be influenced by disease-
modifying therapies (DMTS) in patients with multiple sclerosis (MS) or neuromyelitis optica

spectrum disorders (NMO-SD).

Objective: To investigate the seroprevalence and the quantity of SARS-CoV-2 antibodies in a

cohort of patients with MS or NMO-SD

Methods: Blood samples were collected in patients diagnosed with COVID-19 between
February 19, 2020 and February 26, 2021. SARS-CoV-2 antibody positivity rates and Ig levels
(anti-S IgG titer, anti-S IgA index, anti-N 1gG index) were compared between DMTSs groups.
Multivariate logistic and linear regression models were used to estimate the influence of DMTs

and other confounding variables on SARS-CoV-2 serological outcomes.

Results: 119 patients (115 MS, 4 NMO, mean age: 43.0 years) were analyzed. Overall
seroconversion rate was 80.6% within 5.0 (SD 3.4) months after infection. 20/21 (95.2%)
patients without DMT and 66/77 (85.7%) patients on DMTSs other than anti-CD20 had at least
one SARS-CoV-2 Ig positivity, while this rate decreased to only 10/21 (47.6%) for patients on
anti-CD20 (p < 0.001). Being on anti-CD20 was associated with a decreased odd of positive
serology (OR, 0.07 [95%Cl, 0.01-0.69], p=0.02) independently from time to COVID-19, total

IgG level, age, sex and COVID-19 severity. Time between last anti-CD20 infusion and COVID-



19 was longer (mean [SD], 3.7 [2.0] months) in seropositive patients compared to seronegative

patients (mean [SD], 1.9 [1.5] months, p=0.04).

Conclusions: SARS-CoV-2 antibody response was decreased in patients with MS or NMO-SD
treated with anti-CD20 therapies. Monitoring long-term risk of reinfection and specific

vaccination strategies in this population may be warranted.



Introduction

Since the outbreak of Coronavirus Disease 2019 (COVID-19), national and international studies
have analyzed risk factors for COVID-19 severity in patients with multiple sclerosis (MS)*.
Depending on the countries, around 70% of patients with MS receive disease-modifying
therapies (DMTs)*®. French COVISEP registry® identified that neurological disability, age and
obesity were risk factors for COVID-19 severity, and most critically-ill patients were not
receiving any DMT. Italian MUSC? and North American COVIMS? registries have identified
that DMTs targeting B lymphocytes, as well as corticosteroids are associated with an increased
risk of severe COVID-19. Although the early stages of the immune response against SARS-
CoV-2 primarily involves innate immunity followed by specific T and B-cells adaptive
immunity®’, it is likely that B-cells immune response defect in patients treated with anti-CD20
results in impaired clearance of SARS-CoV-2, hence a higher risk of severe and/or prolonged

symptomatology.

As with any viral infection, the cellular and humoral immune responses are expected to be
protective against reinfection. However, there is still very little data on the risk of COVID-19
recurrence, which seems rare but more common in elderly and immunocompromised patients®?®.
A recent study performed in Wuhan demonstrated that more than 70% of patients who recovered
from COVID-19 display antibodies recognizing the SARS-CoV-2 receptor-binding domain
(RBD) of the spike (S) or the nucleocapsid (N) protein over a 6-month period follow-up®°.
Moreover, IgG-S titers correlate with the capacity to neutralize SARS-CoV-2, the presence of
neutralizing antibodies being likely to help protect against a new infection. However, the level,

functionality and waning of neutralizing antibodies vary greatly among individuals*, which may



prone some patients to become more vulnerable to reinfection in subsequent waves of COVID-

19 outbreak.

Several case series have suggested that patients with inflammatory CNS disease on anti-CD20
had a decreased seroconversion rate compared to patients on other DMTs'%13, However, there is
currently no systematic evaluation of seroconversion after COVID-19 in patients with
inflammatory CNS disease treated with immunosuppressants, and generally in
immunocompromised population. In order to improve our knowledge of the impact of different
DMTs on the immune response to SARS-COV2, we conducted a prospective study evaluating
the seroprevalence and the level of anti-S 1gG, anti-S IgA and anti-N 1gG in a cohort of patients
with MS or neuromyelitis optica spectrum disorders (NMO-SD), receiving or not

immunomodulatory or immunosuppressive therapy.

Methods

Data collection

We conducted a monocentric prospective study to collect serum samples of patients with MS or
NMO-SD who were included in the COVISEP registry (ClinicalTrials.gov NCT04355611),
which aimed to determine the characteristics of COVID-19 in MS or NMO-SD.

All patients from the COVISEP registry and living in Paris area were contacted to perform a
blood sampling for this study. Patients were informed about the objective of the study and gave

written informed consent prior to their participation.



Serum sampling was scheduled as soon as possible but at least 21 days after onset of COVID-19
(inclusion), and at 6 months, and 12 months follow-up. We present here the results of the cross-
sectional analysis of all serum samples collected at inclusion.

The study received approval from the ethic committee (lle de France 111 Ethic Committee). The
study protocol is registered on ClinicalTrials.gov (NCT04568707).

All study data were deidentified and collected using an electronic Clinical Record Form on
RedCap (https://www.project-redcap.org/). The study followed the Strengthening Reporting of

Observational Studies in Epidemiology (STROBE) guidelines.

Population of interest

Inclusion criteria were: age > 18 years, diagnosis of COVID-19 with at least one of the following
criteria: i) biologically confirmed COVID-19 diagnosis based on Sars-CoV-2 PCR positivity in
naso-pharyngeal swab; ii) typical thoracic CT abnormalities (ground glass opacities); iii) typical
symptoms (asthenia, dyspnea, cough, fever, anosmia/ageusia of sudden onset) in the context of a

Covid-19 pandemic.

Definition of clinical endpoints
Demographics and clinical endpoints collection were previously described?. Briefly, beside MS
or NMO-SD characteristics, we collected COVID-19 symptoms, diagnosis data, and severity on

an ordinal severity score ranging from 1 to 74,
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Blood samples were centrifugated at 4°C, then 2mL of serum were divided into 4 aliquots of
500uL and stored at -80°C until further testing of all samples collected for the study.

One aliquot was used for total immunoglobulin quantification (total 1gG, IgA and IgM) using a
Roche immunoassay kit (Ref 03507343190) on Cobas 8000 ¢502 analyser. The reference ranges
for the three immunoglobulins are: 1gG (7-16 g/L), IgA (0.7-4 g/L), IgM (0.4-2.3 g/L).

A second aliquot was used for SARS-CoV-2 antibody assays. Serum 1gG was measured using
the Abbott Alinity instrument with the Abbott SARS-CoV-2 IgG assay. The assay is a
chemiluminescent microparticle immunoassay (CMIA) for semi-quantitative detection of 1gG
against nucleoprotein (N) and quantitative detection of 1gG against spike (S) protein. Serum IgA
against the S1 domain of the S protein was measured using enzyme-linked immunosorbent
assays (anti-SARS-CoV-2 ELISA, Eurolmmun). All immunoassays were used and interpreted
according to the manufacturer’s instructions. Positivity of anti-S IgG is defined by a titer>1.7 log
AU/mL, an anti-N IgG index>0.8 indicates a positive serology and an anti-S IgA ratio>1.1

indicates a positive serology.

Statistical analysis

Data analyses were performed in Python using Pandas package v1.0.3, Scipy v1.4.1 and
Statsmodels v0.11.1.

Descriptive statistics were performed on demographic and clinical variables. Given the
mechanism of action targeting the same epitope (CD20), we grouped anti-CD20 therapies
(ocrelizumab, rituximab and ofatumumab) for statistical analyses.

Seropositivity for the 3 tested anti-SARS-CoV-2 Ig were compared between groups of patients

with several DMTs using chi-square tests. Index of anti-S IgA, anti-N IgG, titer of anti-S 1gG



and levels of total 1gG, IgA and IgM were compared between groups of patients with several
DMTs using one-way Analysis of Variance (ANOVA) and subsequent t-test for one by one
group comparisons if needed. Two-sided p<0.05 was considered statistically significant.

In order to assess the interaction between anti-S IgG titer and delay from COVID-19 onset, we
performed linear regression models using 1gG titer as dependent variable and time as
independent variable within groups of patients with different DMTs, and a linear mixed-effect

model with a “time by DMT group” main effect.

A multivariate logistic regression model was performed to investigate the association between
anti-SARS-CoV-2 serology positivity as defined by at least one positive immunoassay among
the 3 tested Ig, and the following metrics as independent variables: DMT defined by a 3-level
variable (no DMT; DMT other than anti-CD20; CD20), total IgG, age, sex, obesity (as defined
by body mass index > 30 kg/m?), time from COVID-19 onset and COVID-19 severity as defined
by a 2-level variable (no hospitalization versus hospitalization due to COVID-19).

Only anti-S IgG titer provides a quantitative measure of SARS-CoV-2 immune response as
opposed to anti-N IgG and anti-S IgA index which are semi-quantitative measures. Therefore,
we performed a multivariate linear regression model to quantify the association between anti-S

IgG titer and the same above metrics as independent variables.

Results

Study population
Among 334 patients from the COVISEP registry living in Paris area, 119 patients with MS

(n=115) or NMO-SD (n=4) were included in this study. Patients were diagnosed with COVID-19
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between February 19, 2020 and February 26, 2021 and blood samples were collected between
November 06, 2020 and April 1, 2021.

All patients met the criteria for COVID-19 infection. When performed, SARS-CoV-2 PCR on
nasopharyngeal swab was positive in 85/90 patients (94.4%) and negative in 5/90 patients
(5.6%). The 5 patients with initial negative SARS-CoV-2 PCR had a positive SARS-CoV-2
serology performed as standard-of-care by their treating neurologist. All patients without initial

SARS-CoV-2 PCR had typical COVID-19 symptoms (mainly anosmia in 23/29 patients).

Demographics and clinical characteristics

Demographics and clinical characteristics of the cohort are presented in Table 1. Most patients
(112/119, 94.1%) had a benign course of COVID-19. Among the 7 patients who needed
hospitalization, 3 needed supplemental oxygen and 1 patient needed high-flow oxygen device.
Patients requiring hospitalization for COVID-19 received the following DMTSs: ocrelizumab (2),
rituximab (1), dimethylfumarate (2), teriflunomide (1), no DMT (1).

COVID-19 symptoms were similar to previously reported in the general population, the most
common symptoms being asthenia (82/119, 68.9%), fever (67/119, 56.3%) and anosmia (63/119,

52.9%).

SARS-CoV-2 serological results
SARS-CoV-2 serological results and total Ig quantification per DMTs groups are presented in
Table 2. Mean (SD) delay between COVID-19 onset and blood sampling was 5.0 (3.4) months

and was not statistically different among groups of patients.
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Regarding total Ig levels, we found that patients on interferon and glatiramer acetate had higher
IgG levels relative to other groups (p=0.005 and p=0.03 respectively), patients on teriflunomide
had lower IgA levels relative to other groups (p=0.003), and patients on anti-CD20 and
natalizumab had lower IgM levels relative to other groups (p=0.01 and p=0.04 respectively).
Overall, 96/119 (80.6%) patients had at least one positive SARS-CoV-2 Ig serological testing.
Relative to all other DMT groups, patients on anti-CD20 had lower anti-S 1gG positivity
(p<0.001), lower anti-S IgG titer (p<0.001), a lower anti-S IgA positivity (p=0.05), and a lower
anti-N 1gG positivity (p<0.001). No differences were found among other DMTSs subgroups.

The percentage and number of patients with a positive and negative serological testing grouped
by 3 levels of DMTs (anti-CD20, DMTs other than CD20 and no DMT) is presented in Figure 1
and in Supplementary Table (including demographic characteristics for each DMT group).
Only 10/21 patients (47.6%) on anti-CD20 had at least one SARS-CoV-2 Ig positivity, while this
was the case for 66/77 (85.7%) patients on DMTSs other than anti-CD20 and for 20/21 (95.2%)
patient without DMT (p<0.001). Patients on anti-CD20 had lower seroconversion rate compared
to other groups for all 3 anti-S/anti-N Ig testing (Figure 1C).

Among the 119 patients included in this serological study, 6 patients had a BMI > 30, all of them
had at least one positive SARS-CoV-2 Ig serological testing. DMTs were: dimethylfumarate (1),

teriflunomide (1), fingolimod (1), ocrelizumab (1) and no DMT (2).

Anti-S 1gG titer
The titer of anti-S IgG among the 3 DMT groups is presented in Figure 2A. Patients on anti-
CD20 had a lower anti-S IgG titer (mean [SD], 1.4 [1.6]) relative to patients on other DMTs (2.4

[1.1]) or no DMT (2.7 [0.8] (p<0.001 by ANOVA).
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At the entire cohort level in this cross-sectional analysis, we did not find a correlation between
time from COVID-19 and anti-S 1gG titer (p=0.82). To test whether this finding holds at the
level of each DMT group, we performed linear regressions between anti-S IgG titer and time
from COVID-19 in each DMT group (Figure 2B). This figure shows that patients on anti-CD20
exhibited a higher rate of anti-S IgG decrease over time. By adding the variable “time by DMT
group” in the linear regression model, we found a trend for an interaction between time and

DMT group for patients on anti-CD20 compared to the 2 other groups (p=0.06).

Multivariate regression models of SARS-CoV-2 serological results

Among independent variables including DMT group, time from COVID-19, total 1gG level, age,
sex, obesity and COVID-19 severity, only anti-CD20 group was associated with a decreased odd
of positive serology (OR, 0.07 [95% CI, 0.01-0.69, p=0.02]) (Figure 3A).

Using the same independent variables, variables associated with anti-S IgG titer were anti-CD20,
total 1gG level and hospitalization. Being on anti-CD20 was associated with a decreased anti-S
IgG titer (estimate, -1.06 [95% CI, -1.79, -0.34], p=0.004). Hospitalization for COVID-19 was
also associated with a decreased anti-S IgG titer (estimate, -0.97 [95% ClI, -1.86, -0.08], p=0.03).
Total IgG level was positively associated with anti-S 1gG titer (estimate, 0.16 [95% ClI, 0, 0.32],
p=0.05). There was a positive association between obesity and anti-S-IgG titer, although not

significant (estimate: 0.89, 95% CI: -0.09-1.81, p=0.08) (Figure 3B).

Seroconversion for patients on anti-CD20
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We investigated whether demographic or clinical characteristics could differentiate seropositive
(n=10) versus seronegative (n=11) patients on anti-CD20. Time between last anti-CD20 infusion
and COVID-19 was longer (mean [SD], 3.7 [2.0] months) in seropositive patients compared to
seronegative patients (mean [SD], 1.9 [1.5] months, p=0.04) (Figure 4), excluding the only
patient on ofatumumab. Both groups were not statistically different regarding age, sex, 1gG level,
time from COVID-19 onset, COVID-19 severity and duration of anti-CD20 therapy. All 3

patients on anti-CD20 who were hospitalized for COVID-19 were eventually seronegative.

Discussion

Our results showed that the seroconversion rate in patients with MS or NMO-SD after COVID-
19 was high, with ~80% of patients having a positive serology within an average of 5 months
after infection. However, this serological response was heterogeneous. Patients treated with anti-
CD20 had a seroconversion rate twice as low as untreated patients or patients receiving DMT
other than anti-CD20. Interestingly, patients on anti-CD20 who remained seronegative differed

from seropositive patients only by the time between last anti-CD20 infusion and COVID-19.

Given the mechanism of action of anti-CD20, it is not surprising to observe a decrease in the
production of anti-SARS-CoV-2 antibodies in patients on anti-CD20, independently of other
factors which may influence anti-SARS-CoV-2 antibody level such as age, gender, time to
infection or severity of COVID-19%. Anti-CD20 are B-cell depleting therapies, highly effective
in reducing inflammatory activity in MS'%” and NMO-SD*#°. Anti-CD20 therapies act by
resetting the pool of circulating B lymphocytes, but also of CD20+ memory B cells?°. However,

tissue-resident B cells are relatively spared, as well as antibody-producing plasma cells that do
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not express CD20. This action is exerted from the first 2 weeks after treatment onset?!, and the
time to repopulation can be variable, from 4 months to much longer in some patients. This
variability may reflect the heterogeneity of the humoral response to SARS-CoV-2 in patients on
anti-CD20, associated with the time between infusion and COVID-19 in our cohort. Conversely,
we did not observe a link between seroconversion and the duration of exposure to anti-CD20, but
this could be due to the low number of patients as well as the relatively recent availability of
ocrelizumab in France (2019). The therapeutic strategy of extending anti-CD20 dosing interval
might be considered in the perspective to allow a better humoral immune response in the context
of COVID-19 pandemic, but only if the control of the neurological disease allows it, as

suggested in MS?2, but not in NMO-SD where it is not recommended.

Several studies have shown that patients with MS or NMO-SD taking anti-CD20 have an
increased risk of infection?3, possibly related to hypogammaglobulinemia?*. In our cohort, total
IgG level tended to be associated with anti-S IgG titer and anti-SARS-CoV-2 Ig positivity. The
post-infectious immune response has generally been poorly studied in patients with MS,
contrarily to the post-vaccination humoral response. VELOCE study has compared the humoral
response to several vaccines in 68 patients with MS on ocrelizumab versus 34 patients either
untreated or on interferon beta?. 1gG response to tetanus toxoid-containing vaccine,
pneumococcal vaccine and influenza vaccine was halved in patients on ocrelizumab compared to
the control group. Similarly, humoral response to vaccine was found to be severely reduced in

patients with rheumatoid arthritis treated by rituximab??”.
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In our cohort, the seroconversion rate with teriflunomide and fingolimod was slightly lower than
that of the other groups, but this difference was not statistically significant, probably due to the
small number of patients (6 patients on fingolimod and 17 patients on teriflunomide). It is
possible that for fingolimod, the decrease in circulating B cells may impair the humoral response

to SARS-CoV-2, but this hypothesis should be investigated in a larger cohort.

There is very little data on seroconversion after COVID-19 in immunocompromised populations.
In a cohort of 42 patients with kidney transplantation, 71.4% of patients had positive anti-N IgG
serology 2 months after COVID-19, but only 36.4% still had positive serology 6 months after
infection?®. In our study, using the same detection kit for anti-N IgG, 14.3% of patients on anti-
CD20 were seropositive for anti-N IgG within an average of 4.2 months after COVID-19.

Other factors can influence seroconversion rates, including obesity?®, COVID-19 severity or IgG

level, as assessed in our cohort.

In the general population, several studies have found a high seroconversion rate after COVID-19.
In Iceland, out of a population of 1215 patients with a positive SARS-CoV-2 PCR, 91.1% of
patients had a positive serology up to 4 months after diagnosis®. These results are in line with
the positivity level observed in our population (95.2% in untreated patients and 85.7% in patients
on DMTs outside anti-CD20).

However, it is important to keep in mind that the detection of antibodies against the SARS-CoV-
2 proteins does not reflect the neutralizing activity on the virus, assessed by anti—receptor

binding domain antibody level which decreases with an estimated half-life of 36 days®\2,
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However, it is probable that patients on anti-CD20 also have a reduced neutralizing activity,

similar to the reduced production of anti-S antibodies.

A crucial point when comparing SARS-CoV-2 seropositivity rate between studies concerns the
sensitivity of serological tests, which is heterogeneous depending on the assay kits. However,
most of the assay methods have a sensitivity over 98% and a specificity close to 100%%*. False
positives are rare and may relate to cross-seropositivity with other coronaviruses or infectious
agents, or the presence of rheumatoid factor®*. In our study, the possibility of centralized analysis
of the samples is a strength to allow good reproducibility in the detection and quantification of
anti-SARS-CoV-2 antibodies, and an asset for the longitudinal follow-up, which is planned until

1 year.

Finally, it is important to remember that the T cell response against SARS-CoV-2 is crucial at
different times of infection, and specific T cell response was identified several months after
COVID-19, even in patients without detectable circulating antibodies®. This cellular response
should be at least partially preserved in patients treated with anti-CD20, and could help protect
against severe forms of COVID-19 and limit the risk of re-infection. Preliminary data showed
that T-cell response to SARS-CoV-2 evaluated by Elispot could be detected up to 9 months after

COVID-19, even in patients on ocrelizumab®.

Limitations

Our study was designed to provide uniform immunological data with a centralized analysis. A

limitation of the study is the relatively small number of patients per DMT group, which may
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have hampered the evaluation of the humoral immune response for some DMT groups.
Sphingosine-1-Phosphate receptor modulators might also decrease humoral response to SARS-
CoV-2, but a larger sample size will be needed to investigate this hypothesis.

The heterogeneous delay between blood sampling and COVID-19 onset may also be a limitation,
however, the vast majority of patients displayed an elevated antibody titer beyond 6 months from

COVID-19, apart from patients on anti-CD20.

Conclusion

This study demonstrates a weaker serological response against SARS-CoV-2 in patients with MS
or NMO-SD treated with anti-CD20, while the seropositivity rate of patients not treated with
anti-CD20 is similar to what has been observed in the general population. The long-term clinical
consequences of this decrease in the humoral response to SARS-CoV-2 remains unknown and
should be carefully monitored.

Post-vaccination serological follow-up studies will be necessary to investigate the potential
effect of anti-CD20 and other DMTs on humoral response to SARS-CoV-2 vaccine and
eventually to adapt the vaccine strategy. Importantly, the association between the time from last
anti-CD20 infusion and the seroconversion may lead to recommend anti-COVID-19 vaccination

timing as far as possible from anti-CD20 infusion, e.g. starting from 4 months after infusion.
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Table 1. Demographic and disease characteristics of patients with multiple sclerosis or

neuromyelitis optica spectrum disorder

Diagnosis MS NMO-SD

Number (n) 115 4
Demographics

Age, mean (SD) 43.2 (11.4) 37.7 (13.5)

Sex ratio (F/M) 85/30 3/1

Disease duration, mean (SD) 12.5(9.7) 7.4 (10.8)

Disease course (n) 98 RRMS /13 SPMS / 4 PPMS

EDSS, median (range) 2.0 (0.0-8.0) 2.75 (2.0-6.5)

Disease modifying therapies

No DMT
Interferon beta
Glatiramer
Teriflunomide
Dimethylfumarate

21 (18.3%) -
4 (3.5%) -
10 (8.7%) -

17 (14.8%) -

23 (20.0%) -

Natalizumab 14 (12.2%) -
Fingolimod 6 (5.2%) -
Ocrelizumab 14 (12.2%) -
Rituximab 4 (3.5%) 2 (50%)
Ofatumumab - 1 (25%)
Other* 2 (1.7%) 1 (25%)
Comorbid conditions
Cardiovascular disease 3 (2.6%) 0 (0.0%)
Pulmonary disease 4 (3.5%) 0 (0.0%)
Diabetes 2 (1.7%) 0 (0.0%)
Obesity (BMI >30 kg/m?) 6 (5.2%) 0 (0.0%)
Current smoker 8 (7.0%) 0 (0.0%)
COVID-19 symptoms

Asthenia, n (%) 79 (68.7%) 3 (75.0%)
Fever, n (%) 64 (55.7%) 3 (75.0%)
Cough, n (%) 51 (44.3%) 1 (25.0%)
Anosmia/agueusia, n (%) 61 (53.0%) 2 (50.0%)
Headache, n (%) 54 (47.0%) 1 (25.0%)
Dyspnea, n (%) 21 (18.3%) 0 (0.0%)
Digestive disorders, n (%) 26 (22.6%) 1 (25.0%)

COVID-19 severity

Ground glass opacity on thoracic CT scan,
n/performed (%)

15/23 (65.2%) 0/1 (0.0%)



- No hospitalization, n (%) 109 (94.8%) 3 (75.0%)
- Hospitalized, not requiring supplemental oxygen,

n (%) 3 (2.6%) 1 (25.0%)
- Hospitalized, requiring supplemental oxygen, n
(%) 3 (2.6%) 0 (0.0%)

RR MS: relapsing remitting multiple sclerosis; SP MS: secondary progressive multiple sclerosis;
PP MS: primary progressive multiple sclerosis; DMT: disease modifying therapy; NMO-SD:
neuromyelitis optica spectrum disorder

* Other treatments for patients with multiple sclerosis: methotrexate (n=1); azathioprine (n=1);

and for patients with NMO-SD: mycophenolate mofetil (n=1)
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Table 2. SARS-CoV-2 serological results and total immunoglobulin levels by disease-

modifying therapies
Anti- Interferon Dimethyl-
No DMT CD20 beta Glatiramer  Teriflunomide fumarate Natalizumab  Fingolimod  Other*
Number 21 21 4 10 17 23 14 6 3
Delay from COVID-19
(months), mean (SD) 5.4 (3.7) 42 (3.1) 7.6 (2.7) 5.4 (4.0) 5.4 (3.6) 5.3 (3.4) 5.0 (3.5) 34(23) 1.9(0.2)
SARS-COV?2 serology
- Anti-S IgG positivity, n (%) 20 (95.2%) 8(38.1%) 4 (100%) 9 (90%) 13 (76.5%) 19 (82.6%) 12(92.8%) 4(66.7%) 3 (100%)
- Anti-S IgG title (log
AU/mL), mean (SD) 2.7(0.8) 1.4 (1.6) 2.9 (0.9) 2.5 (0.8) 2.2(1.1) 2.3(1.3) 2.5 (1.1) 21(09) 3.0(0.3)
- Anti-S IgA positivity, n (%) 15 (71.4%) 7(33.3%) 3 (75%) 7 (70%) 11 (64.7%)  12(52.2%) 12 (85.7%) 3 (50%) 3 (100%)
- Anti-S IgA index, mean
(SD) 24 (3.2) 1.1 (0.5) 1.8(0.9) 1.9 (1.5) 15(1.2) 1.4 (0.8) 2.1(1.0) 38(6.5) 22(0.7)
- Anti-N 1gG positivity, n (%) 17 (80.9%) 3 (14.3%) 2 (50%) 8 (80%) 11 (64.7%)  18(78.3%)  10(71.4%) 4 (66.7%) 3 (100%)
- Anti-N 1gG index, mean
(SD) 2.7 (2.5) 0.5 (1.0) 1.1 (1.0) 3.2 (2.8) 2.3(2.8) 2.3 (2.0) 1.3(1.2) 20(1.8) 41(23)
Total IgG (g/L), mean (SD) 104 (2.7)  91(20) 142(21) 124(2.4) 9.5 (2.3) 10.7 (2.5) 120(27) 90(3.4) 11.3(2.3)
Total IgA (g/L), mean (SD) 2.2(0.8) 1.9 (1.0) 1.4(0.4) 2.6 (0.7) 1.4 (0.7) 1.9(0.7) 2.2(0.9) 15(0.7) 1.6(0.9)
Total IgM (g/L), mean (SD) 1.3 (0.8) 0.8 (0.4) 2.1(1.9) 1.7 (0.8) 0.9 (0.5) 1.2 (0.5) 0.8 (0.9) 09(03) 14(11)

DMT: disease-modifying therapy
* Other treatments: methotrexate (n=1); azathioprine (n=1); mycophenolate mofetil (n=1)
For numerical variables, results are marked in bold when different (p < 0.05) from other groups
by ANOVA (for numerical dependent variables). Independent variable is “DMT group” (9-level
variable), and p-values are calculated for a DMT group versus the intercept of the model.

For categorical variables (eg g positivity), a chi-2 test was performed with the 9-level “DMT

group” as independent variable. For this group-level analysis, all p-values were <0.05. Using a
post-hoc chi-2 test, we found a significantly decreased positivity rate (marked in bold) for all Ig
in anti-CD20 group versus pooled other DMT groups.
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Legend to figures

Figure 1. SARS-CoV-2 serology per disease-modifying therapy group in patients with
multiple sclerosis or neuromyelitis optica spectrum disorder.

A) Percentage of patients with at least one positive serology among anti-S IgG, anti-S IgA and
anti-N 1gG testing.

B) Number of patients with at least one positive serology among anti-S IgG, anti-S IgA and anti-
N IgG testing.

C) Number of patients with positive serology for each Ig testing.

“p < 0.001 for group differences for anti-N 1gG positivity between anti-CD20 and both no DMT
and DMT other than anti-CD20;

#p =0.03 for group differences for anti-S IgA between anti-CD20 and no DMT, p = 0.01 for
group differences for anti-S IgA between anti-CD20 and DMT other than anti-CD20;

§p < 0.001 for group differences for anti-S 1gG positivity between anti-CD20 and both no DMT
and DMT other than anti-CD20.

Group comparisons were performed by chi-square tests.

Figure 2. Anti-S IgG titer among disease-modifying therapies groups of patients with
multiple sclerosis or neuromyelitis optica spectrum disorder. A) Boxplot of anti-S IgG titer
per DMT group. B) Linear regression (with 1 and 2 standard deviation confidence band) of anti-
S IgG titer over time from COVID-19 onset per DMT group. Each point represents a patient of
the study.

Positivity of anti-S IgG is defined by a titer > 1.7 log AU/mL and is shown by a dashed line in A

and B.
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Figure 3. Determinants of SARS-CoV-2 humoral response in patients with multiple
sclerosis or neuromyelitis optica spectrum disorder.

A) Multivariate logistic regression model evaluating the odds ratio (95% CI) of the variables
associated with SARS-CoV-2 positive serology (anti-S and/or anti-N 1g)

B) Multivariate linear regression model evaluating the estimate (95% CI) of the variables
associated with anti-S I1gG titer

DMT: disease-modifying therapy

NQ: not quantifiable, as the model did not converge for obesity variable.

Figure 4. Time between the last anti-CD20 infusion and COVID-19 patients in receiving

anti-CD20 therapy, according to SARS-CoV-2 serological status.
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