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IMPORTANCE Risk factors associated with the severity of coronavirus disease 2019
(COVID-19) in patients with multiple sclerosis (MS) are unknown. Disease-modifying
therapies (DMTs) may modify the risk of developing a severe COVID-19 infection, beside
identified risk factors such as age and comorbidities.

OBJECTIVE To describe the clinical characteristics and outcomes in patients with MS and
COVID-19 and identify factors associated with COVID-19 severity.

DESIGN, SETTING, AND PARTICIPANTS The Covisep registry is a multicenter, retrospective,
observational cohort study conducted in MS expert centers and general hospitals and with
neurologists collaborating with MS expert centers and members of the Société Francophone
de la Sclérose en Plaques. The study included patients with MS presenting with a confirmed
or highly suspected diagnosis of COVID-19 between March 1, 2020, and May 21, 2020.

EXPOSURES COVID-19 diagnosed with a polymerase chain reaction test on a nasopharyngeal
swab, thoracic computed tomography, or typical symptoms.

MAIN OUTCOMES AND MEASURES The main outcome was COVID-19 severity assessed on a
7-point ordinal scale (ranging from 1 [not hospitalized with no limitations on activities] to 7
[death]) with a cutoff at 3 (hospitalized and not requiring supplemental oxygen). We
collected demographics, neurological history, Expanded Disability Severity Scale score (EDSS;
ranging from 0 to 10, with cutoffs at 3 and 6), comorbidities, COVID-19 characteristics, and
outcomes. Univariate and multivariate logistic regression models were used to estimate the
association of collected variables with COVID-19 outcomes.

RESULTS A total of 347 patients (mean [SD] age, 44.6 [12.8] years, 249 women; mean [SD]
disease duration, 13.5 [10.0] years) were analyzed. Seventy-three patients (21.0%) had a
COVID-19 severity score of 3 or more, and 12 patients (3.5%) died of COVID-19. The median
EDSS was 2.0 (range, 0-9.5), and 284 patients (81.8%) were receiving DMT. There was a
higher proportion of patients with a COVID-19 severity score of 3 or more among patients
with no DMT relative to patients receiving DMTs (46.0% vs 15.5%; P < .001). Multivariate
logistic regression models determined that age (odds ratio per 10 years: 1.9 [95% CI, 1.4-2.5]),
EDSS (OR for EDSS �6, 6.3 [95% CI. 2.8-14.4]), and obesity (OR, 3.0 [95% CI, 1.0-8.7]) were
independent risk factors for a COVID-19 severity score of 3 or more (indicating hospitalization
or higher severity). The EDSS was associated with the highest variability of COVID-19 severe
outcome (R2, 0.2), followed by age (R2, 0.06) and obesity (R2, 0.01).

CONCLUSIONS AND RELEVANCE In this registry-based cohort study of patients with MS, age,
EDSS, and obesity were independent risk factors for severe COVID-19; there was no
association found between DMTs exposure and COVID-19 severity. The identification of these
risk factors should provide the rationale for an individual strategy regarding clinical
management of patients with MS during the COVID-19 pandemic.
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I n December 2019, the first cases of a new coronavirus in-
fection (coronavirus disease 2019 [COVID-19]) attribut-
able to severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) appeared in Wuhan, China. The virus has spread
rapidly, reaching 225 countries and more than 5 million people
as of May 21, 2020. In France, by the same date, 181 000 pa-
tients had tested positive for COVID-19 and more than 28 000
patients had died of COVID-19. In the pandemic context, popu-
lations at risk of developing severe forms of COVID-19 have be-
gun to be identified.1

Patients with multiple sclerosis (MS) represent a popula-
tion of particular interest in the pandemic context because most
of them are treated with immunosuppressants. On March 13,
2020, the Multiple Sclerosis International Federation issued
recommendations regarding the risk of COVID-19 in patients
with MS, with a specific statement regarding disease-
modifying therapies (DMTs), indicating that “some MS medi-
cations might increase the likelihood of developing compli-
cations from a COVID-19 infection but this risk needs to be
balanced with the risks of stopping treatment.”2 In state-
ments from national MS societies and published editorials,3,4

it is recommended to consider delaying DMT initiation for those
treatments with the highest presumed infectious risk or de-
laying the completion of a cure for sequential DMTs. The at-
titude toward DMTs in the case of proven COVID-19 infection
is to consider temporarily stopping immunosuppressive DMTs.
Expert panels have proposed a stratification of the risk of treat-
ments according to known systemic immunosuppression.3,4

In this context, we have initiated a French registry en-
abling the collection of highly suspect and proven COVID-19
in patients with MS. The purpose of this registry was to deter-
mine the characteristics of COVID-19 in this population and
identify the risk factors for developing a severe form of this
infection.

Methods
Data Collection
We conducted a multicenter, retrospective, observational co-
hort study of patients with MS with confirmed or highly sus-
pected COVID-19 diagnosis (Covisep registry). All French MS
expert centers (Centre de Ressources et de Compétences–
Sclérose en Plaques), part of the French Clinical Research In-
frastructure Network for Multiple Sclerosis (which is part of
Institut National de la Santé et de la Recherche Médicale), and
general hospitals and neurologists collaborating with the Cen-
tre de Ressources et de Compétences–Sclérose en Plaques or
members of the French MS society (Société Francophone de
la Sclérose en Plaques) participated in the collection of data.

The study followed the Strengthening Reporting of Ob-
servational Studies in Epidemiology (STROBE) guidelines. The
study received approval from the ethics committee of Sor-
bonne University and is registered at the Institut National des
Données de Santé for the use of confidential electronically pro-
cessed patient data. The study protocol is registered on Clini-
calTrials.gov (NCT04355611). Patients included were informed
about the objective of the study, and the collection of

nonopposition (consent) to the use of medical data was carried
out according to French law, good clinical practice, and the
General Data Protection Regulation. Using an electronic clinical
record form on RedCap (https://www.project-redcap.org/),
study data were collected from medical records of patients who
were diagnosed with COVID-19 between March 1, 2020, and
May 21, 2020.

Population of Interest
Inclusion criteria were MS and at least 1 of the following 4 cri-
teria: (1) a biologically confirmed COVID-19 diagnosis based on
a positive result of a SARS-CoV-2 polymerase chain reaction
(PCR) test on a nasopharyngeal swab; (2) typical thoracic com-
puted tomography (CT) abnormalities (ground-glass opaci-
ties) in epidemic areas; (3) anosmia or ageusia of sudden
onset in the absence of rhinitis or nasal obstruction; or
(4) COVID-19–typical symptoms (triad of cough, fever, and as-
thenia) in an epidemic zone of COVID-19. The noninclusion cri-
terion was the patient’s opposition to the use of his or her medi-
cal data.

Definition of Study End Points
We collected patient demographics, current DMT use,
Expanded Disability Severity Scale score (EDSS) before COVID-
19, and comorbidities and the presence of known lymphope-
nia before infection. Regarding COVID-19, we collected symp-
toms and diagnostic data (PCR for SARS-CoV-2 or chest CT).
The primary end point was the participant’s clinical status at
the most severe point of their COVID-19 course (on a 7-point
ordinal scale5), referred as the COVID-19 severity score, where
1 indicated the patient was not hospitalized and had no limi-
tations on activities; 2, the patient was not hospitalized and
had limitation on activities; 3, the patient was hospitalized and
did not require supplemental oxygen; 4, the patient was hos-
pitalized and required supplemental oxygen; 5, the patient was
hospitalized and receiving noninvasive ventilation or high-
flow oxygen; 6, the patient was hospitalized and receiving in-
vasive mechanical ventilation or extracorporeal membrane
oxygenation; or 7, death.

Statistical Analysis
Descriptive statistics were performed on demographic and
clinical variables. Demographic data were compared be-
tween patients with COVID-19 severity scores of 1 or 2 and pa-

Key Points
Question What are the risk factors for developing a severe form
of coronavirus disease 2019 (COVID-19) in patients with multiple
sclerosis (MS)?

Findings In this cohort study of 347 patients with MS, risk factors
for severe forms of COVID-19 were neurological disability, age, and
obesity, but no association was found between disease-modifying
therapies exposure and COVID-19 severity.

Meaning The identification of these risk factors could provide a
rationale for an individual strategy of clinical management in
patients with MS during the COVID-19 pandemic.
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tients with COVID-19 severity scores of 3 or more (ie, hospi-
talization or death from COVID-19). Group comparisons were
performed using the Mann-Whitney U test for numerical and
ordinal variables and the Fisher test or χ2 test when appropri-
ate for categorical variables. Any 2-sided P < .05 was consid-
ered statistically significant.

Univariate logistic regression models were performed on
identified variables to assess their association with COVID-19
outcome (severity scores, 1-2 vs ≥3). Age was treated as a con-
tinuous variable, and EDSS was segmented into 3 bins (<3, 3-5.5,
and ≥6). Disease-modifying therapies were categorized ac-
cording to systemic infection risk (no risk: interferon beta and
glatiramer; low risk: teriflunomide, dimethylfumarate, natali-
zumab, and other drugs [mycophenolate mofetil, methotrex-
ate, and cyclophosphamide]; intermediate or high risk: fin-
golimod, anti-CD20 therapies, cladribine, and alemtuzumab)
as proposed in a previous study.4 Subsequently, a multivari-
ate logistic regression model was performed to determine
which variables are independently associated with severe
COVID-19 (severity score ≥3). Variable selection was done
through backward elimination and forward selection by mini-
mizing Akaike information criterion. Results are expressed as
odds ratios (ORs) and 95% CIs. McFadden pseudo-R2 values
were calculated for each variable to quantify the proportion
of the total variability of the outcome that is accounted for by
the model. Data analyses were performed in Python (Python
Software Foundation) using Pandas package version 1.0.3, Scipy
version 1.4.1, and Statsmodels version 0.11.1.

Results
Study Population
As of May 21, 2020, 348 patients with MS were in the Covisep
registry. Among 46 patients with a negative SARS-CoV-2 PCR
result, 10 patients had a chest CT showing typical lesions for
COVID-19 and 1 patient had further SARS-CoV-2–positive se-
rology results. For the remaining patients with negative SARS-
CoV-2 PCR results, 34 of 35 were confirmed to have a highly
suspicious COVID-19 with a typical medical history. One pa-
tient had an uncertain COVID-19 diagnosis and was excluded
from the analysis. Ultimately, 347 patients with MS were in-
cluded.

Demographics and Clinical Characteristics
Demographics and clinical characteristics of the cohort are pre-
sented in the Table. Briefly, their mean (SD) age was 44.6 (12.8)
years, 249 of 347 were women, and the mean (SD) disease du-
ration was 13.5 (10.0) years.

Seventy-three patients had a COVID-19 severity score of 3
or more. Patients presented with typical symptoms for COVID-
19. Notably, fever (temperature more than 38 °C) and dysp-
nea were more frequent in patients with severe COVID-19 (67
of 73 [91.8%] and 54 of 73 [74.0%], respectively) than pa-
tients who were not hospitalized (193 of 274 [70.4%] and 108
of 274 [39.4%] respectively; P < .001), while anosmia/ageusia
and headache were more common in patients who were not
hospitalized (135 of 274 [49.3%] and 164 of 274 [59.8%],

Table. Demographic and Disease Characteristics of Patients With
Multiple Sclerosis Diagnosed With Coronavirus Disease 2019
in the Covisep Registry, as of May 21, 2020

Characteristic No. (%)
No. of patients with MS 347

Demographics

Age, mean (SD), y 44.6 (12.8)

Sex ratio, female:male 249:98

Disease duration, mean (SD), y 13.5 (10.0)

Disease course, No.

Clinically isolated syndrome 6

Remitting-relapsing multiple sclerosis 276

Secondary progressive multiple sclerosis 48

Primary progressive multiple sclerosis 17

Expanded Disability Severity Score, median (range) 2.0 (0.0-9.5)

Disease-modifying therapies

Interferon beta 20 (5.8)

Glatiramer 33 (9.5)

Teriflunomide 33 (9.5)

Dimethylfumarate 35 (10.1)

Natalizumab 57 (16.4)

Fingolimod 42 (12.1)

Ocrelizumab 38 (11.0)

Rituximab 17 (4.9)

Cladribine 3 (0.9)

Alemtuzumab 1 (0.3)

Othera 5 (1.4)

None 63 (18.2)

Lymphopenia before COVID-19 onset, No./No. tested (%)

No lymphopenia 128/187 (68.4)

Lymphopenia 59/187 (31.6)

Lymphopenia, excluding patients receiving fingolimod 34/157 (21.6)

Lymphopenia grade, No.

1 10

2 21

3 23

4 2

Comorbid conditions

Cardiovascular disease 23 (6.6)

Pulmonary disease 15 (4.3)

Diabetes 16 (4.6)

Obesity (BMI>30) 24 (6.9)

Smoking 33 (9.5)

COVID-19 diagnosis, No./No. tested (%)

Positive SARS-CoV-2 polymerase chain reaction result 146/191 (76.4)

Ground-glass opacity on thoracic computed
tomography scan

62/93 (66.7)

COVID-19 symptoms

Asthenia 290 (83.6)

Fever 260 (74.9)

Cough 266 (76.7)

Anosmia/ageusia 150 (43.2)

Headache 180 (51.9)

Dyspnea 162 (46.7)

Digestive disorders 88 (25.4)

Dizziness 54 (15.6)

(continued)
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respectively) vs patients who were hospitalized (15 of 73
[20.5%] and 16 of 73 [21.9%], respectively; P < .001).

The distribution of clinical severity for COVID-19 accord-
ing to the different DMTs is presented in Figure 1. The ages and
EDSSs of patients in each DMT group are shown in eFigure 1
in the Supplement.

Variables Associated With COVID-19 Severity
Patients with COVID-19 severity scores of 3 or more were more
frequently male compared with patients with COVID-19 who
were not hospitalized (female:male sex ratio: 1.4 vs 3.0;
P = .008). Age and EDSS differences between groups and clini-
cal course distribution are represented in Figure 2. Patients with
COVID-19 severity scores of 3 or more were older (mean [SD]
age, 55.0 [13.7] years vs 41.9 [11.0] years; P < .001), had higher
EDSS (median EDSS, 6.0 vs 2.0; P < .001), and more fre-
quently had a progressive course (36 of 73 [49.3%] vs 29 of 274
[10.6%]; P < .001) compared with patients with COVID-19 who
were not hospitalized.

The presence of at least 1 comorbidity was associated with
an increased risk of severe COVID-19. The proportion of pa-
tients with at least 1 comorbidity was lower in the nonhospi-
talized group vs the severe COVID-19 group (75 of 274 [27.4%]
vs 38 of 73 [52.1%], respectively; P < .001). Comorbidities as-
sociated with a COVID-19 severity score of 3 or more were dia-
betes (9 of 73 [12.3%] vs 7 of 274 [2.5%]; P = .002), cardiovas-
cular comorbidity (13 of 73 [17.8%] vs 10 of 274 [3.6%]; P < .001),
pulmonary comorbidity (7 of 73 [9.6%] vs 8 of 274 [2.9%];
P = .02), and obesity (10 of 73 [13.7%] vs 14 of 274 [5.1%];
P = .02).

There was a higher proportion of patients with severe
COVID-19 among patients with no DMTs relative to patients
who were receiving DMTs (29 of 63 [46.0%] vs 44 of 284
[15.5%]; P < .001). Among patients with DMTs (n = 284), there
was a difference in COVID-19 outcome between DMT groups,
with a higher proportion of patients with severe COVID-19 in
the moderate-risk or high-risk DMT group (24 of 101 [23.8%]
vs 17 of 130 [13.1%] in the low-risk DMT group and 3 of 53 [5.7%]
in the no-risk DMT group; P = .007). Disease-modifying treat-
ments were stopped or postponed (in the case of sequential
treatment) in 77 patients (27.1%), but DMT modification was
not associated with COVID-19 outcome.

Among 187 patients for whom lymphocyte counts were
available before COVID-19 onset, we did not find an associa-
tion between lymphopenia and severe COVID-19. However, if
we excluded patients taking fingolimod because of this drug’s
mechanism of action, lymphopenia was more frequent in pa-
tients with COVID-19 severity scores of 3 or more (22 of 57
[38.6%] vs 12 of 100 [12.0%]; P < .001).

Univariate and Multivariate Logistic Regression Models
of Severe COVID-19
To estimate the risk factors associated with COVID-19 sever-
ity scores of 3 or more, we calculated the odds ratios (ORs)
from univariate logistic regression models (Figure 3A).
Greater age (OR per 10 years, 2.49 [95% CI, 1.92-3.22]), male
sex (OR, 2.11 [95% CI, 1.23-3.63]), comorbidities (OR, 2.93
[95% CI, 1.73-4.99]), progressive disease (OR, 8.22 [95% CI,
4.52-14.96]), and higher EDSS (ORs, EDSS 3-5.5, 6.28 [95%
CI, 2.97-13.26]; EDSS ≥6, 16.10 [95% CI, 7.72-33.58]) were
associated with increased risk of severe COVID-19, while
DMTs were associated with lower risks of severe COVID-19
(interferon or glatiramer acetate: OR, 0.07 [95% CI, 0.02-
0.25]; teriflunomide, dimethylfumarate, natalizumab, or
other drugs: OR, 0.18 [95% CI, 0.09-0.36]; alemtuzumab,
cladribine, fingolimod, ocrelizumab, or rituximab: OR, 0.37
[95% CI, 0.19-0.72]). In the multivariate logistic regression
model, age, male, obesity, cardiac comorbidity, and EDSS
were retained in the model as independent variables associ-
ated with severe COVID-19 (Figure 3B). Among these, higher
age (OR per 10 years, 1.9 [95% CI, 1.4-2.5]), an EDSS of 6 or
more (OR, 6.3 [95% CI, 2.8-14.4]), and obesity (OR, 3.0 [95%
CI, 1.03-8.7]) were independent variables associated with
severe COVID-19 (severity score ≥3). The EDSS showed the
highest variability of COVID-19 severe outcome (R2, 0.20),
followed by age (additional R2, 0.06) and obesity (additional
R2, 0.01) (Figure 3C).

A cutoff score of 7 for EDSS provided similar results
(eFigure 2 in the Supplement). As a sensitivity analysis,
when including only patients with positive SARS-CoV-2 PCR
results (n = 146), a higher age (OR per 10 years, 1.6 [95% CI,
1.1-2.3]) and an EDSS of 6 or more (OR, 7.0 [95% CI, 2.3-
21.2]) remained independent variables associated with
severe COVID-19.

We performed a post hoc analysis with a threshold of 4
for COVID-19 severity score (hospitalized, requiring supple-
mental oxygen, or higher severity). We obtained similar
results at univariate analysis (eFigure 3 in the Supplement).
In the multivariate logistic regression model, age, male sex,
obesity, cardiac comorbidity, and EDSSs were retained as
independent variables associated with severe COVID-19
(eFigure 3 in the Supplement). A higher age (OR per 10
years, 2.1 [95% CI, 1.5-3.0]), EDSS of 6 or more (OR, 8.3 [95%
CI, 3.1-22.3]), male sex (OR, 2.6 [95% CI, 1.2-5.3]), and obe-
sity (OR, 5.2 [95% CI, 1.6-16.5]) were the independent vari-
ables associated with severe COVID-19 (severity score ≥4).
The EDSS showed the highest variability of COVID-19 severe
outcome (R2, 0.23), followed by age (additional R2, 0.08),
obesity (R2, 0.02), and male sex (R2, 0.01) (eFigure 3 in the
Supplement).

Table. Demographic and Disease Characteristics of Patients With
Multiple Sclerosis Diagnosed With Coronavirus Disease 2019
in the Covisep Registry, as of May 21, 2020 (continued)

Characteristic No. (%)
Inclusion criteria

Positive SARS-CoV-2 polymerase chain reaction 146 (42.1)

Ground-glass opacity on thoracic computed
tomography scan, without fulfilling above criteria

18 (5.2)

Anosmia/ageusia, without fulfilling above criteria 91 (26.2)

Typical COVID-19 symptoms, without fulfilling above
criteria

92 (26.5)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); COVID-19, coronavirus disease 2019; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2.
a Other treatments for patients with multiple sclerosis: mycophenolate mofetil

(n = 3), cyclophosphamide (n = 1), and methotrexate (n = 1).
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Clinical Description of Patients With Highest
COVID-19 Severity
Twelve patients in the cohort (3.5%) died of COVID-19, with
most of these patients having a progressive form of the dis-
ease and a high EDSS. Four patients were hospitalized in in-
tensive care units. One relatively young patient was in inten-
sive care under mechanical ventilation for 3 weeks and is now
in rehabilitation with a tracheotomy. Another patient was ad-
mitted to an intensive care unit 10 days after symptom onset.
Both patients were receiving ocrelizumab and had obesity as
a comorbidity. A third patient with primary progressive MS was
in intensive care under mechanical ventilation for 8 days and
has since been discharged from the hospital. This person was
taking rituximab, had an EDSS of 5.5, and had no known co-
morbidities. A fourth patient, who had relapsing-remitting MS
with no DMT, was admitted in intensive care under mechani-
cal ventilation.

Figure 4 displays an associative plot between age, EDSS,
and COVID-19 severity of individuals from the cohort. A de-
scription of demographics and clinical characteristics of pa-
tients with the most severe COVID-19 outcome (score 6: un-

der mechanical ventilation; score 7: death) is provided in
eTable 1 in the Supplement.

Fatality Rate in Patients With Multiple Sclerosis Hospitalized
for COVID-19
We provide in eTable 2 in the Supplement the numbers of pa-
tients, stratified by age and sex, and the death rate among pa-
tients who were hospitalized. As a reference, we have in-
cluded the death rate among patients hospitalized for COVID-19
in the overall population in France.6 Although no statistical
analysis can be performed because of the low number of pa-
tients who died in this cohort, we observed a higher fatality
rate among patients who were hospitalized for most age groups
in patients with MS compared with reference estimates.

Discussion
We found COVID-19 symptom profiles to be consistent with
that described in the general population. In this cohort, fever
and dyspnea were more common in patients hospitalized for

Figure 1. Clinical Condition Rating at Nadir and Disease-Modifying Therapies in Patients With Multiple Sclerosis
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treatments used by patients with multiple sclerosis included mycophenolate
mofetil (n = 3), cyclophosphamide (n = 1), and methotrexate (n = 1).
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COVID-19. Similarly, in a series of 201 patients with COVID-19
pneumonia, high fever was associated with the development
of acute respiratory distress syndrome.7 Headache and anos-
mia were more frequently associated with ambulatory forms
in our cohort, in line with a recent article8 reporting that an-
osmia was strongly and independently associated with out-
patient care.

Importantly, we identified in univariate analyses risk fac-
tors for COVID-19 severity: age, EDSS, progressive course of MS,
and male sex. Comorbidities were also identified as risk fac-
tors, including cardiovascular and pulmonary diseases, dia-
betes, and obesity. These comorbidities were most fre-
quently found in a large series of patients hospitalized in an
intensive care unit for COVID-19 in New York, New York.9

The presence of DMT was associated with a lower risk of
hospitalization in univariate analysis. Among patients who
were hospitalized or died, there was an increased proportion
of patients without treatment compared with the patients who
were not hospitalized. Given the interactions between age, dis-
ease course, EDSS, and exposure to DMTs, it is crucial to carry
out a multivariate analysis to estimate the independent out-
come of each of these variables. Indeed, DMTs are more fre-
quently prescribed in younger patients, those with a relaps-
ing form of MS, and those with a lower level of disability. In
multivariate analyses, only the following variables were inde-
pendent risk factors of severe form of COVID-19: age, EDSS, and
obesity. Additionally, the multivariate analysis carried out with
a threshold of severity of COVID-19 of 4 or more found an

independent outcome of male sex as risk factor for severe
COVID-19, beside age, obesity, and EDSS.

In this cohort, the exposure to DMTs and the level of im-
munosuppression were not factors that independently modi-
fied the risk of developing a severe form of COVID-19. Cau-
tion should be exercised when interpreting this result, because
it is possible that a larger cohort could identify a subgroup of
patients with 1 or more DMTs that modify the risk of COVID-
19. Therefore, the pooling of registries and/or replication of re-
sults in other cohorts from several countries will be impor-
tant to reinforce this result. In our population, 2 patients with
relapsing-remitting MS who were receiving ocrelizumab have
developed acute respiratory distress syndrome. Although these
2 patients also had obesity, it cannot be excluded that their
DMTs may have increased their susceptibility to COVID-19 se-
verity. In the literature, cases of patients with MS and COVID-19
who were receiving ocrelizumab were reported, with 1 being
asymptomatic10 and the other having a favorable outcome.11

Serological studies following COVID-19 infection in these pa-
tients will be crucial to determine the characteristics of the im-
mune response to COVID-19, depending on the different DMTs
and in particular on anti-CD20 therapies, for which lower im-
mune response to vaccination has been reported.12

It is not surprising to identify age and obesity as indepen-
dent risk factors for COVID-19 severity. Age was identified in
the earliest published study13 as a major risk factor for the se-
verity of COVID-19 infection. More recently, obesity has also
been identified as an independent risk factor.14

Figure 2. Characteristics of Patients Not Hospitalized for Coronavirus Disease 2019 (COVID-19) and Patients
Who Were Hospitalized With or Died of COVID-19
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The association between COVID-19 severity and the level
of neurological disability assessed by EDSS in this cohort has
not been previously reported, because there are (to our knowl-
edge) currently no data available on the severity of COVID-19
in patients with preexisting neurological disabilities. Respira-
tory dysfunction is common in patients with MS and EDSS of
7 or more and is linked to expiratory muscles and cough
impairment.15 With the EDSS being the independent variable
with the highest explained variability on COVID-19 severity,
this finding should lead to strengthening and sustaining pre-

cautions and barrier measures to limit the risk of COVID-19 in-
fection in patients with high disability.

The overall mortality rate of COVID-19 in the cohort was
3.5%. The case-fatality ratio was estimated at 0.44% in main-
land China in the age group of 40 to 49 years.16 A recent study
estimated the infection fatality ratio in France as 0.7% (95%
CI, 0.4%-1.0%), including asymptomatic cases.6 In our co-
hort, only 2 patients without symptoms were diagnosed as
positive for SARS-CoV-2 by PCR swab, and most cases were re-
ported because of typical symptoms for COVID-19. There-

Figure 3. Risk Factors of Severe Coronavirus Disease 2019 (COVID-19)
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fore, we cannot infer an infection fatality ratio from this co-
hort. Instead, the fatality rate among patients who were
hospitalized is a relevant measure at this stage of the out-
break. The fatality rate among patients who were hospital-
ized was higher for most age groups in patients with MS com-
pared with the general population in France, suggesting an
increased risk of death in patients with MS compared with the
general population, which needs to be confirmed with large
epidemiological studies.

Few data are available on the risk of COVID-19 in other au-
toimmune diseases in which patients are frequently treated
by immunosuppressants. The preliminary results of the Global
Rheumatology Alliance registry show a hospitalization rate of
35% (vs 21% in our population) and a death rate of 5% (vs 3.5%
in our cohort) in 110 patients with various autoimmune
pathologies.17 The identification of risk factors associated with
COVID-19 severity in this population will be particularly rel-
evant compared with our cohort.

Limitations
Limitations may include a potential referral bias toward se-
vere COVID-19 or patients receiving DMTs who may have been
more concerned about COVID-19 symptoms than patients who
are untreated. It is also important to note that some immuno-
suppressive treatments, notably cladribine and ale-
mtuzumab, are not commonly used in France, so it is not pos-
sible to analyze specifically whether these treatments could
increase the risk associated with COVID-19.

Conclusions
COVID-19 has significantly changed medical practice for sev-
eral weeks, and it is likely to remain an issue for months. In
patients with MS, we identified disability, age, and obesity as
the main risk factors for COVID-19 severity. Our data do not sup-
port an increased risk of severe outcome associated with DMTs,
which should reinforce the recommendation of not stopping
current DMTs and not delaying treatment initiation in pa-
tients who have higher disease inflammatory activity, risk for
relapses, or subsequent disability. Conversely, patients with
high EDSS and older age are at highest risk of severe COVID-
19. Given the importance of these 2 variables on COVID-19 out-
comes, the identification of a potential outcome of certain
DMTs on COVID-19 risk would require a large international ef-
fort to collect data and a specific focus on patients with less
advanced disease that also considers known comorbidities for
COVID-19.
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