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Abstract

We evaluated the effect of DMTs on Covid-19 severity in patients with MS,

with a pooled-analysis of two large cohorts from Italy and France. The associa-

tion of baseline characteristics and DMTs with Covid-19 severity was assessed

by multivariate ordinal-logistic models and pooled by a fixed-effect meta-
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analysis. 1066 patients with MS from Italy and 721 from France were included.

In the multivariate model, anti-CD20 therapies were significantly associated

(OR = 2.05, 95%CI = 1.39–3.02, p < 0.001) with Covid-19 severity, whereas

interferon indicated a decreased risk (OR = 0.42, 95%CI = 0.18–0.99,
p = 0.047). This pooled-analysis confirms an increased risk of severe Covid-19

in patients on anti-CD20 therapies and supports the protective role of inter-

feron.

Introduction

Previous studies have reported data on Covid-19 severity

in persons with multiple sclerosis (PwMS) treated with

disease-modifying therapies (DMTs). In the Italian study,1

an increased risk of severe course of Covid-19 was noted

in PwMS treated with anti-CD20 therapies and with

recent use of methylprednisolone; a slight reduction of

risk was observed with interferon use. The French study,2

including fewer patients than the Italian study, was not

able to detect associations between any DMT and Covid-

19 severity, possibly due to lack of statistical power. In

the US study,3 an increased risk associated with recent

use of methylprednisolone was confirmed and rituximab

was associated with more severe outcomes. Other smaller

series have provided mixed results and indications.4–5

Moreover, during the first wave of the pandemic, it was

not possible to test all symptomatic patients, so the

reported cohorts are a mix of suspected and confirmed

Covid-19 cases.1–3

Due to the relevance that these results may have for

patients’ care during the pandemic, it is important to rely

on well-established data. Here we present the results of a

follow-up collection of data that extends into the “second

wave” of the pandemic, pooling results on the effect of

risk factors and DMTs on Covid-19 severity using only
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confirmed cases from the French and Italian updated

cohorts.

Methods

Data of PwMS with suspected or confirmed Covid-19

were retrospectively collected at a national level in Italy

and France. Details on data collection and inclusion crite-

ria were previously reported.1,2 Only patients with a con-

firmed Covid-19 diagnosis with a positive test (RT-PCR

on nasal and pharyngeal swabs) for SARS-CoV-2 or a

positive serological test for anti-SARS COV2 antibodies,

and with complete follow-up to death or recovery, were

included in this analysis.

All analyses were conducted independently on the two

datasets, after harmonizing the baseline variable coding

and the definition of Covid-19 severity. Degree of Covid-

19 severity was defined by three levels: (1) mild disease

not requiring hospitalization nor ventilation; (2) hospital-

ization or need for ventilation; (3) ICU or death. The

association of baseline characteristics and MS therapies

with Covid-19 severity was assessed by multivariate ordi-

nal logistic models and pooled by a fixed effect meta-

analysis weighted by the inverse of the variance.

The multivariate models were adjusted by age, sex,

EDSS, progressive MS course, presence of comorbidities,

and recent methylprednisolone use, all variables previ-

ously identified as associated with Covid-19 severity.1,2

Italian data were also stratified by geographical area. Since

EDSS and progressive MS course were highly associated,

we ran two multivariate models including EDSS or pro-

gressive MS course separately. A heterogeneity analysis

was run before deciding how to group DMTs and,

excluding Interferon and anti-CD20, the effects of other

drugs did not reach a significant level of heterogeneity

versus the others (in both datasets). Therefore, we focused

this meta-analysis on anti-CD20, Interferon, other drugs,

and no therapy (reference category).

Results

Data from 1735 pwMS from Italy and 1031 pwMS from

France presenting symptoms of Covid-19 were collected.

Of these, 1066 (64%) from Italy and 721 (70%) from

France had confirmed Covid-19 and were included in the

meta-analysis. Baseline demographic and clinical charac-

teristics of the two cohorts are reported in Table 1. The

two cohorts differed for some characteristics: in Italy ver-

sus France, there were less females (68% vs. 74%), more

obese subjects (12% vs. 8%), and a lower proportion of

subjects with secondary progressive MS (SPMS) (9.6% vs.

15.1%). The DMTs distribution was heterogeneous, with

a higher proportion of pwMS in Italy versus France

treated with dimethyl-fumarate, natalizumab, interferon,

cladribine, and azathioprine and a lower proportion of

untreated patients and patients treated with ocrelizumab

and rituximab (Table 1).

Table 2 reports cohort characteristics according to

DMT and Covid-19 outcomes. Severity outcome was hos-

pitalization/ventilation in 123 Italian patients (11.5%) and

in 92 French patients (12.8%), and ICU/death in 27 Ital-

ian patients (2.5%) and in 19 French patients (2.7%).

Seventeen Italian subjects (1.6%) and 12 French subjects

(1.7%) died. In the Italian cohort, 11 pwMS had a pro-

gressive disease course, and eight were untreated. In the

French cohort, nine subjects were in a progressive disease

phase, and eight were untreated.

Age, male sex, EDSS, and comorbidities were all con-

firmed as risk factors for severe Covid-19 (Figure 1).

After adjusting for age, sex, EDSS, comorbidities, and

recent methylprednisolone use, treatment with an anti-

CD20 agent (ocrelizumab or rituximab) was significantly

Table 1. Baseline demographic and clinical characteristics of the

included patients.

Characteristic

Italy

(N = 1066)

France

(N = 721) P

Age—mean (SD) 43.7 (12.3) 44.9 (13.4) 0.06

Female sex—no. (%) 724 (67.9) 534 (74.1) 0.005

BMI >30—no. (%) 124 (11.6) 56 (7.8) 0.008

Comorbidities—no. (%) 216 (20.3) 171 (23.7) 0.08

MS phenotype—no. (%) <0.001*

Primary progressive 45 (4.2) 42 (5.8) 0.12

Relapsing remitting or CIS 918 (86.2) 567 (78.7) 0.001

Secondary progressive 102 (9.6) 109 (15.1) <0.001

Missing data 1 (0.1) 3 (0.4)

MS disease duration—

Median (IQR)

8.6 (3.5–

14.9)

10.8 (4.6–

18.9)

<0.001

EDSS—Median (IQR) 2 (1–3.5) 2 (1–4) 0.15

MS treatment—no. (%) <0.001*

Dimethyl fumarate 192 (18) 93 (12.9) 0.004

Fingolimod 128 (12) 85 (11.8) 0.88

Ocrelizumab 106 (10) 94 (13.0) 0.04

Natalizumab 152 (14) 74 (10.3) 0.01

Interferon 112 (11) 39 (5.4) <0.001

Glatiramer-acetate 76 (7) 55 (7.6) 0.69

Teriflunomide 81 (8) 66 (9.1) 0.24

Alemtuzumab 3 (0.3) 0 0.27

Cladribine 18 (2) 3 (0.4) 0.01

Azathioprine 13 (1) 2 (0.3) 0.04

Rituximab 20 (2) 34 (4.7) <0.001

Methotrexate 2 (0.2) 7 (1.0) 0.02

Other 15 (1) 10 (1.4) 0.97

None 148 (14) 159 (22.1) <0.001

Previous methylprednisolone

—no. (%)

23 (2.2) 36 (5.0) 0.001

SD, Standard deviation; IQR, Inter-quartile range.

*Test for heterogeneity.
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associated (OR = 2.05,95%CI = 1.39–3.02, p < 0.001)

with an increased risk for severe Covid-19 versus other

therapies, whereas the use of interferon was associated

with a decreased risk (OR = 0.42, 95%CI = 0.18–0.99,
p = 0.047). Recent use (<1 month) of methylprednisolone

was also associated with a poorer outcome (OR = 2.71,

95%CI = 1.46–5.05, p < 0.001). These results were con-

firmed when including progressive MS instead of EDSS in

the model: the OR for anti-CD20 versus other therapies

was 2.60 (95%CI = 1.79–3.77, p < 0.001), the OR for

interferon was 0.38 (95%CI = 0.17–0.85, p = 0.02) and

the OR for recent use of methylprednisolone was 3.11

(95%CI = 1.72–5.63, p = 0.001).

Both in Italy and France, the number of patients on

rituximab was low (n = 20 in Italy and n = 34 in France).

However, separating the effect of anti-CD20 agents into

rituximab and ocrelizumab, it was possible to detect a

higher risk for rituximab (ORItaly = 3.78, ORFrance = 2.56,

pooled OR = 3.04 (95%CI = 1.63, 5.67, p < 0.001)) ver-

sus other therapies. The effect of ocrelizumab alone was

also significant (ORItaly = 1.79, ORFrance = 1.73, pooled

OR = 1.77 (95%CI = 1.15, 2.72, p < 0.001)).

We checked for interactions with sex, but we could not

find and differential effect of Interferon or anti-CD0

between males and females.

Discussion

Overall, this study reinforces results obtained in smaller

series and from the French and Italian cohorts of pwMS:

age, male sex, higher EDSS, and presence of comorbidities

are relevant risk factors for severe Covid-19. It also recon-

ciles some apparent incongruities between the two studies

on the risks related to DMT use. The increased risk of

severe Covid-19 with anti-CD20 therapies and following a

recent course of methylprednisolone, detected in the pre-

vious Italian study, is confirmed by the present analysis.

Furthermore, the decreased risk of severe Covid-19 with

interferon therapy, suggested by both previous studies,

has also been confirmed.

The comparison of these results to the recently pub-

lished US study is limited by the large discrepancy in the

frequency of severe events reported in the United States

and the Italy-France registries. In the confirmed cases,

while the rate of hospitalized patients (excluding those

admitted to ICU or who died) is very similar (11.5% in

the Italian registry and 12.8% in the French registry vs.

13.9% in the US registry3), ICU admission and the mor-

tality rates are not comparable (ICU admission 0.7% and

1.0% in Italy and France vs. 5.6% in the United States;

death rate 1.6% and 1.7% in Italy and France vs. 3.6% in

the United States). These differences are not justified by

the different lethality rates in the general population

detected in these countries, that are in the opposite direc-

tion, with larger rates in Italy (3.07%) and France

(2.09%) vs. the United States (1.82) (https://coronavirus.

jhu.edu/map.html, accessed on March 27 2021). These

differences indicate that caution is needed in comparing

Italy and France with results from the United States.

The role of older age, male sex, higher EDSS, and pres-

ence of comorbidities detected in this pooled analysis is

in line with the US study, as is the impact of steroid use

Table 2. Baseline characteristics and outcomes of the Italian (n = 1066) and the French (n = 721) cohorts according to disease-modifying thera-

pies.

Characteristic

No therapy Interferon Anti-CD20 Other DMTs

Italy France Italy France Italy France Italy France

n (%) 148 (13.8) 159 (22.1) 112 (10.4) 39 (5.4) 126 (11.8) 128 (17.8) 680 (64) 395 (54.8)

Age mean (SD) 51 (14) 51.0 (15.4) 44 (10) 42.1 (12.7) 44 (11) 45.3 (11.4) 42 (12) 42.6 (12.5)

Female sex no. (%) 92 (62.6) 120 (75.4) 80 (72.1) 33 (84.6) 85 (67.5) 93 (72.6) 467 (68.5) 288 (72.9)

BMI > 30 no. (%) 21 (14.3) 16 (10.0) 11 (9.9) 2 (5.1) 22 (17.5) 14 (10.9) 70 (10.3) 24 (6.1)

Comorbidities no. (%) 44 (29.9) 48 (30.2) 26 (23.3) 10 (25.6) 27 (21.4) 30 (23.4) 119 (17.4) 83 (21.0)

Progressive MS no. (%) 62 (42) 67 (42.1) 3 (2.7) 1 (2.6) 41 (32.5) 49 (38.3) 45 (6.6) 34 (8.6)

Disease duration median (IQR) 13 (5–22) 15 (4–25) 10 (5–15) 11 (6–14) 8 (4–15) 11 (7–16) 8 (3–14) 9 (4–18)

EDSS median (IQR) 3.5 (1.5–6.5) 2.5 (1–6.5) 1.5 (1–2) 1.25 (1–2) 4 (2–6) 4 (2–6) 1.5 (1–3) 1.5 (1–3)

Methyl-pred no. (%) 6 (4.1) 12 (7.5) 1 (0.9) 0 (0) 3 (2.4) 11 (8.6) 13 (1.9) 13 (3.3)

Covid-19 severity1 no (%)

Mild 100 (68) 118 (74.2) 107 (96.4) 37 (94.9) 94 (74.6) 94 (73.4) 615 (90.2) 361 (91.4)

Hospitalized/ventilation 35 (23.8) 33 (20.8) 4 (3.6) 2 (5.1) 28 (22.2) 27 (21.1) 56 (8.2) 30 (7.6)

Intensive care unit 8 (5.4) 0 (0) 0 (0) 0 (0) 3 (2.4) 5 (3.9) 8 (1.2) 2 (0.5)

Death 8 (5.4) 8 (5.0) 0 (0) 0 (0) 3 (2.4) 2 (1.6) 6 (0.9) 2 (0.5)

DMTs, Disease-modifying therapies; SD, Standard deviation; IQR, Inter-quartile range; MS, Multiple Sclerosis; Methyl-pred, Methylprednisolone.
1The numbers do not sum up to the total since some patients have multiple outcomes.

ª 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association 1741
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prior to infection. A higher risk for severe Covid-19 asso-

ciated with anti-CD20 therapies was only detected in

rituximab-treated subjects in the US registry. In both Italy

and France, the number of patients on rituximab was

low, but separating the effect of rituximab from ocre-

lizumab, a higher risk for rituximab was still detectable,

whereas ocrelizumab also had a significant effect. A possi-

ble explanation of a higher risk associated with rituximab

is the longer exposure to rituximab therapy, as suggested

by the Italian study.1

With some caveats, the conclusions of this study are in

accordance with current knowledge about the biology of

Covid-19. Concerning anti-CD20 therapies, a mature B-

cell response is important for neutralizing SARS-CoV-2,

either by preventing the virus from entering the cell or by

lysing infected cells.6 Moreover, a larger pool of SARS-

Figure 1. Fixed effect meta-analysis (inverse of variance weighting) including EDSS of multivariate ordinal logistic models investigating the

association between Covid-19 severity and PwMS characteristics.

1742 ª 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association
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CoV-2-specific, na€ıve B cells is associated with a better

antiviral response.7 However, uncertainties remain about

the relative impact of B cells on Covid-19 pathophysiol-

ogy compared to other lymphocyte subsets.8 In particular,

it is possible that T cells, a robust innate immune

response,9 or the relative sparing of the IgA response in

the mucosal-associated lymphoid tissue,10 may variably

contribute to preventing serious Covid-19 even in the

absence of high-titer neutralizing antibodies. This may

explain observations where B-cell depletion had limited

or no consequences on Covid-19.11–12

The increased risk of severe Covid-19 after recent

administration of high-dose methylprednisolone is in line

with well-known immunosuppressive effects of corticos-

teroids. The RECOVERY13 trial, demonstrating the effi-

cacy of dexamethasone in hospitalized patients with

Covid-19, does not contrast with our results. In fact, the

immunosuppressive effects of methylprednisolone given

prior to Covid-19 onset plausibly intercept the phase of

active viral replication with obvious negative conse-

quences.

Finally, following some conflicting results, the prevail-

ing opinion is now that an impaired type I interferon

response correlates with Covid-19 severity. It is therefore

plausible that ongoing interferon therapy may offer some

protection, at least in subjects with a defective type I

interferon response.14,15

Our findings provide a reliable reference for clinical

decisions. However, due to the emergence of new viral

variants, it will be important to continue monitoring the

safety of immunosuppressive therapies.
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