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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.
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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,’
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,” an increased risk associated with recent

© 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

use of methylprednisolone was confirmed and rituximab
was associated with more severe outcomes. Other smaller
series have provided mixed results and indications.*”
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.'

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

1739


mailto:

DMTs and Covid-19 Severity in MS

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."” 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."
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

M. Sormani et al.

Table 1. Baseline demographic and clinical characteristics of the
included patients.

Italy France
Characteristic (N = 1066) (N =1721) P
Age—mean (SD) 43.7 (12.3) 449 (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— 8.6 (3.5— 10.8 (4.6— <0.001
Median (IQR) 14.9) 18.9)
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 23 (2.2) 36 (5.0) 0.001
—no. (%)

SD, Standard deviation; IQR, Inter-quartile range.
*Test for heterogeneity.

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

1740 © 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association
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Table 2. Baseline characteristics and outcomes of the Italian (n = 1066) and the French (n = 721) cohorts according to disease-modifying thera-
pies.

No therapy Interferon Anti-CD20 Other DMTs

Characteristic 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) 453 (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 25(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 severity' 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.
"The numbers do not sum up to the total since some patients have multiple outcomes.

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 (ORyy, = 3.78, ORprance = 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 (ORyuyy = 1.79, ORprance = 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-CDO
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

© 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

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 registry’), 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
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Variable OR [95% CI] p
Age (10 years) Italy — 1.81[1.49, 2.19]
France i 1.35[1.07, 1.70]
P 1.61[1.39,1.86]  <0.001
EDSS Italy [ 1.22[1.10, 1.34]
France b 1.49 [1.32, 1.67]
P o 1.32[1.22,1.42]  <0.001
Male sex ltaly —=— 1.67 [1.15, 2.42]
France —a— 1.64 [0.99, 2.72]
<> 1.66 [1.23, 2.24] <0.001
Presence of comorbidities Italy f—a—q 1.69[1.13, 2.52]
France —a— 1.73[1.06, 2.83]
i~ 1.71 [1.25, 2.33] <0.001
DMT
Other DMTs 0 (Reference)
AntiCD20 Italy —a— 2.08 [1.26, 3.46]
France e 1.99 [1.09, 3.65]
P 2.05[1.39,3.02]  <0.001
IFN Italy e 0.36 [0.13, 0.96]
France [ | 0.68[0.12, 3.84]
_ 0.42[0.18,0.99]  0.047
No DMT Italy ] 1.79 [1.11, 2.90]
France —t— 1.15[0.62, 2.15]
i 1.52 [1.04, 2.22] 0.03
Methyl-prednisolone* ltaly ———a—q 3.20[1.31, 7.84]
France e 2.33[0.98, 5.51]
P —_—— 2.71[1.46,5.05]  <0.001

[ I I
0.05 0.14 0.37

Figure 1. Fixed effect meta-analysis (inverse of variance weighting)
association between Covid-19 severity and PwMS characteristics.

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

1.00 2.72 7.39 20.09

Odds Ratio

including EDSS of multivariate ordinal logistic models investigating the

is the longer exposure to rituximab therapy, as suggested
by the Italian study.’

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.” Moreover, a larger pool of SARS-

1742 © 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, naive 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.® In particular,
it is possible that T cells, a robust innate immune
response,” or the relative sparing of the IgA response in
the mucosal-associated lymphoid tissue,'® 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."*7*2

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 RECOVERY® 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.'*!'?

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.

Acknowledgment

The Musc-19 study group acknowledges Roche for donat-
ing the platform for data collection.

Conflicts of Interest

M.P.S. reports a grant from Roche to cover Musc-19 data
management; Roche produces ocrelizumab, which is one
of the DMTs assessed in this study. The other authors
have nothing to report.

Author Contribution

Musc-19 and COVISEP study group participants are
listed in Data SI.

References

1. Sormani MP, De Rossi N, Schiavetti I, et al. Disease-
modifying therapies and coronavirus disease 2019 severity

© 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

10.

11.

12.

13.

DMTs and Covid-19 Severity in MS

in multiple sclerosis. Ann Neurol 2021;89:780-789. https://
doi.org/10.1002/ana.26028. Online ahead of print

. Louapre C, Collongues N, Stankoff B, et al. Clinical

characteristics and outcomes in patients with coronavirus
disease 2019 and multiple sclerosis. JAMA Neurol
2020;77:1079.http://dx.doi.org/10.1001/jamaneurol.2020.
2581

. Salter A, Fox RJ, Newsome SD, et al. Outcomes and risk

factors associated with SARS-CoV-2 infection in a North
American Registry of patients with multiple sclerosis.
JAMA Neurol 2021;78:699. http://dx.doi.org/10.1001/jama
neurol.2021.0688

. Zabalza A, Cardenas-Robledo S, Tagliani P, et al. COVID-

19 in multiple sclerosis patients: susceptibility, severity risk
factors and serological response. Eur J Neurol 2021. http://
dx.doi.org/10.1111/ene.14690

. Hughes R, Pedotti R, Koendgen H. COVID-19 in persons

with multiple sclerosis treated with ocrelizumab - a
pharmacovigilance case series. Mult Scler Relat Disord
2020;42:102192. https://doi.org/10.1016/j.msard.2020.
102192

. Hope JL, Bradley LM. Lessons in antiviral immunity.

Science 2021;371:464-465. http://dx.doi.org/10.1126/scie
nce.abf6446

. Schultheif$ C, Paschold L, Simnica D, et al. Next-

generation sequencing of T and B cell receptor repertoires
from COVID-19 patients showed signatures associated
with severity of disease. Immunity 2020;53:442—455.e4.
http://dx.doi.org/10.1016/j.immuni.2020.06.024

. Sette A, Crotty S. Adaptive immunity to SARS-CoV-2 and

Covid-19. Cell 2021;184:861-880.

. Mantovani A, Netea MG Trained innate immunity,

epigenetics, and Covid-19. N Engl ] Med 2020;383:1078—
1080. http://dx.doi.org/10.1056/nejmcibr2011679

Lucchini M, Bianco A, Del Giacomo P, et al. Is serological
response to SARS-CoV-2 preserved in MS patients on
ocrelizumab treatment? A case report. Mult Scler Relat
Disord 2020;44:102323. https://doi.org/10.1016/j.msard.
2020.102323. Epub 2020 Jun 22. PMID: 32593961;
PMCID: PMC7307994.

Novi G, Mikulska M, Briano F, et al. COVID-19 in a MS
patient treated with ocrelizumab: does
immunosuppression have a protective role? Mult Scler
Relat Disord 2020;42:102120. https://doi.org/10.1016/j.msa
rd.2020.102120. Epub 2020 Apr 15. PMID: 32315980;
PMCID: PMC7156942.

Meca-Lallana V, Aguirre C, Rio B, et al. COVID-19 in 7
multiple sclerosis patients in treatment with ANTI-CD20
therapies. Mult Scler Relat Disord 2020;44:102306. https://
doi.org/10.1016/j.msard.2020.102306. Epub 2020 Jun 15.
PMID: 32585617; PMCID: PMC7295509.

Horby P, Lim WS, Emberson JR, et al. Dexamethasone in
hospitalized patients with Covid-19. N Engl ] Med

1743


https://doi.org/10.1002/ana.26028
https://doi.org/10.1002/ana.26028
http://dx.doi.org/10.1001/jamaneurol.2020.2581
http://dx.doi.org/10.1001/jamaneurol.2020.2581
http://dx.doi.org/10.1001/jamaneurol.2021.0688
http://dx.doi.org/10.1001/jamaneurol.2021.0688
http://dx.doi.org/10.1111/ene.14690
http://dx.doi.org/10.1111/ene.14690
https://doi.org/10.1016/j.msard.2020.102192
https://doi.org/10.1016/j.msard.2020.102192
http://dx.doi.org/10.1126/science.abf6446
http://dx.doi.org/10.1126/science.abf6446
http://dx.doi.org/10.1016/j.immuni.2020.06.024
http://dx.doi.org/10.1056/nejmcibr2011679
https://doi.org/10.1016/j.msard.2020.102323
https://doi.org/10.1016/j.msard.2020.102323
https://doi.org/10.1016/j.msard.2020.102120
https://doi.org/10.1016/j.msard.2020.102120
https://doi.org/10.1016/j.msard.2020.102306
https://doi.org/10.1016/j.msard.2020.102306

DMTs and Covid-19 Severity in MS M. Sormani et al.

2021;384:693—704. http://dx.doi.org/10.1056/nejmoa COVID-19. Science 2020;370:eabd4585. http://dx.doi.org/
2021436 10.1126/science.abd4585

14. Zhang Q, Bastard P, Liu Z, et al. Inborn errors of type I
IFN immunity in patients with life-threatening COVID-19. Supporting Information

Science 2020;370:eabd4570. http://dx.doi.org/10.1126/scie Additional supporting information may be found online in

nee.abd4570 o the Supporting Information section at the end of the article.
15. Bastard P, Rosen LB, Zhang Q, et al. Autoantibodies
against type I IFNs in patients with life-threatening Data S1. Group author list

1744 © 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association


http://dx.doi.org/10.1056/nejmoa2021436
http://dx.doi.org/10.1056/nejmoa2021436
http://dx.doi.org/10.1126/science.abd4570
http://dx.doi.org/10.1126/science.abd4570
http://dx.doi.org/10.1126/science.abd4585
http://dx.doi.org/10.1126/science.abd4585

