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COVID- 19, particularly those taking immunosuppressive disease-modifying therapies 

(DMTs). We examined the characteristics of COVID-19 severity in an international sample 

of people with MS. 

Methods: Data from 12 data-sources in 28 countries were aggregated (sources could 

include patients from 1-12 countries). Demographic (age, sex), clinical (MS-phenotype, 

disability), and DMT (untreated, alemtuzumab, cladribine, dimethyl-fumarate, glatiramer 

acetate, interferon, natalizumab, ocrelizumab, rituximab, siponimod, other DMTs) 

covariates were queried, alongside COVID-19 severity outcomes, hospitalisation, ICU 

admission, requiring artificial ventilation, and death. Characteristics of outcomes were 

assessed in patients with suspected/confirmed COVID-19 using multilevel mixed-effects 

logistic regression, adjusted for age, sex, MS-phenotype, and EDSS. 

Results: 657(28.1%) with suspected and 1,683(61.9%) with confirmed COVID-19 were 

analysed. Among suspected+confirmed and confirmed-only COVID-19, 20.9% and 26.9% 

were hospitalised, 5.4% and 7.2% were admitted to ICU, 4.1% and 5.4% required artificial 

ventilation, and 3.2% and 3.9% died. Older age, progressive MS-phenotype, and higher 

disability were associated with worse COVID-19 outcomes. Compared to dimethyl-

fumarate, ocrelizumab and rituximab were associated with hospitalisation 

(aOR=1.56,95%CI=1.01- 2.41; aOR=2.43,95%CI=1.48-4.02) and ICU admission 

(aOR=2.30,95%CI=0.98-5.39; 

aOR=3.93,95%CI=1.56-9.89), though only rituximab was associated with higher risk 

of artificial ventilation (aOR=4.00,95%CI=1.54-10.39). Compared to pooled other 

DMTs, ocrelizumab and rituximab were associated with hospitalisation 

(aOR=1.75,95%CI=1.29- 2.38; aOR=2.76,95%CI=1.87-4.07) and ICU admission 

(aOR=2.55,95%CI=1.49-4.36; 

aOR=4.32,95%CI=2.27-8.23) but only rituximab with artificial ventilation 

(aOR=6.15,95%CI=3.09-12.27). Compared to natalizumab, ocrelizumab and rituximab 

were 
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associated with hospitalisation (aOR=1.86,95%CI=1.13-3.07; aOR=2.88,95%CI=1.68-

4.92) and ICU admission (aOR=2.13,95%CI=0.85-5.35; aOR=3.23,95%CI=1.17-8.91), 

but only rituximab with ventilation (aOR=5.52,95%CI=1.71-17.84). Importantly, 

associations persisted on restriction to confirmed COVID-19 cases. No associations were 

observed between DMTs and death. Stratification by age, MS-phenotype, and EDSS 

found no indications that DMT associations with COVID-19 severity reflected 

differential DMT allocation by underlying COVID-19 severity. 

Conclusions: Using the largest cohort of people with MS and COVID-19 available, we 

demonstrated consistent associations of rituximab with increased risk of hospitalisation, 

ICU admission, and requiring artificial ventilation, and ocrelizumab with hospitalisation 

and ICU admission. Despite the study’s cross-sectional design, the internal and external 

consistency of these results with prior studies suggests rituximab/ocrelizumab use may be a 

risk factor for more severe COVID-19. 

 
 

Introduction 

Disease-modifying therapies (DMTs) that act by immunomodulatory/immunosuppressive 

mechanisms are a mainstay of treatment of multiple sclerosis (MS) but can increase 

infection susceptibility1. Cross-sectional2 and cohort3-5 studies suggest that comorbidities, 

age, sex, progressive MS-phenotype, and higher disability increase risk for developing 

severe COVID-193, 5. Some studies have also identified associations of certain DMT 

classes with COVID-19 severity. Using the French Covisep registry, Louapre and 

colleagues assessed 347 suspected/confirmed COVID-19 patients with MS, finding those 

treated with DMTs with a greater risk of systemic infection (alemtuzumab/cladribine/ 

fingolimod/ocrelizumab/rituximab) had over 4-times higher proportions with severe 

COVID-19 than those with no infection risk (interferon-beta/glatiramer-acetate)3. Using 

the MuSC-19 retrospective cohort study, Sormani and colleagues assessed COVID-19 

severity amongst 844 MS patients with suspected/confirmed COVID-19, finding those 
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treated with anti-CD20 DMTs (ocrelizumab/rituximab) had 2.4-times higher risk of severe 

COVID-19 compared to dimethyl-fumarate5. Salter and colleagues utilised data from the 

COViMS Registry, assessing characteristics of COVID-19 severity amongst 1,626 

suspected/confirmed COVID-19, finding that, compared to the untreated, ocrelizumab- 

(OR=1.63) and rituximab-treated patients (OR=4.56) had higher frequencies of 

hospitalisation, though no associations with ICU admission/ventilation or death were seen2. 

 

Large and geographically inclusive cohorts are required to assess the risk of severe 

COVID-19 for specific DMTs. Accordingly, we established a global data-sharing 

initiative6 to investigate characteristics of COVID-19 severity in people with MS. We 

hypothesised that older age, progressive MS-phenotype, and higher disability were 

associated with more severe COVID-19, while immunosuppressive DMTs 

(alemtuzumab/cladribine/fingolimod/ocrelizumab/rituximab) would be deleterious but 

those with less infection risk (interferons/glatiramer-acetate) would be associated with a 

less severe COVID-19. 

 
 

Methods 

Standard Protocol Approvals, Registrations, and Patient Consents 
 
This study received approval from an ethical standards committee on human 

experimentation (institutional or regional) for any experiments using human subjects 

[ethical committee of 

Hasselt University, CME2020/025]. Other ethics information from data custodians  

includes: 

MSBase data is provided with the consent of individual participants and principal 
investigators at each MSBase participating centre. 

 

The GMSR was first approved by ethics committee of Julius-Maximilians-University of 

Würzburg (vote number 142/12). After switching to the web-based documentation system, 

further positive votes e.g., by the ethics committee of the Thuringia state chamber of 
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physicians, followed by several ethics’ committees of different universities, were given 

and all patients have signed an informed consent. 

Research subject protection was sought from the Washington University in St Louis 

(WUSTL) Institutional Review Board for housing COViMS  Registry data, who 

determined it to be “not human subjects” research and therefore exempt from active IRB 

oversight at WUSTL and did not require patient consent. 

The patient data sent to analyses resulting in the study “Associations of DMT therapies 

with COVID-19 severity in multiple sclerosis” originated from a study approved by the 

ethics Committee of the Faculdade de Medicina de Botucatu, Universidade Estadual 

Paulista (UNESP) under the internal review board number (IRB) CAAE 

31021220.2.0000.5411. All participants signed a written informed consent form before 

enrollment. 

The Cemcat cohort study was approved by the ethics committee of the Vall d'Hebron 

University Hospital (XMG-INT-2014-01) and all patients have signed an informed consent. 

 
Data from a core questionnaire regarding COVID-19 and relevant demographic/clinical 

information were reported by treating clinicians. The methods underlying the MSDA 

COVID-19 collaboration and measures thereof have been described previously6. Briefly, 

treating clinicians entered information on a range of demographic, lifestyle, and MS-

specific and COVID-19-specific clinical characteristics. Here, only age, sex, MS-

phenotype, disability, DMTs, smoking, BMI, comorbidities, COVID-19 status, 

hospitalisation, ICU admission, artificial ventilation, and death are described. Study 

participation was restricted to MS patients aged 18 or older; however, this paper is limited 

to those with suspected/confirmed COVID-19. 

 
Data were entered in three fashions: 1) “Direct entry to central platform 

(https://platform.qmenta.com/covid19_ms_clinician)”; 2) “Patient-level data sharing via 

participating registries/cohorts”, where MS registries and cohorts are regularly invited to 

 

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.  

 



share and upload their COVID-19 core dataset into the central data platform; and 3) 

“Aggregated data sharing via participating registries/cohorts”, where some registries do not 

share data from individual patients, but share aggregated results from specific queries. 

Multidimensional contingency tables from 12 different data-sources were merged and then 

a combined anonymised dataset reconstructed. Not all patients at each contributing data 

source necessarily participated in this study. Indeed, given the high proportion of patients 

with suspected and confirmed COVID-19, it is likely that a minority of patients at each 

centre participated. 

 

Data was entered for a given participant once, but information for that participant could be 

reentered, this then replacing the original record. This thus made for serial iterations of the 

analysis dataset, which were analysed over time as the dataset expanded, thus allowing for 

assessment of temporal consistency of observed associations between the versions of the 

dataset. In this fashion, were associations to be erratic in their appearance between 

iterations, this might suggest them to be statistical artifact, whereas consistency would 

indicate their veracity. 

 
To improve the quality of the data continuously over time, we set up a data 

quality assessment and enhancement pipeline. This pipeline consists of two 

major parts: 

 
- Unambiguously defining new variables that are used in downstream analysis 

(e.g., defining COVID-19 ‘suspected’ and ‘confirmed’ cases, categorising 

continuous variables to allow aggregation of the counts). 

- Pre-defining PASS/FAIL criteria for variables (e.g., negative ages, unrealistically 

high numbers for height). Variables that “FAIL” were flagged and registry 

custodians contacted to repair failed variables in the next upload. Simultaneously, 

failed variables were cleaned and pre-processed so records could be incorporated 
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into the downstream analysis. 

 
Role of the funding source 
 
The study sponsors had no role in the study design, data collection, analysis, 

interpretation data, in the writing of the report, or the decision to submit for publication. 

 

Variables 
 
Definitions for all terms were provided to data partners and were available on the 

MSDA platform. Clinicians made all judgements regardless of how data was entered. 

This data dictionary is available here: http://www.msif.org/wp-

content/uploads/2021/04/COVID19-MS-project-plan_for-website_31MAR2021.pdf. 

 

COVID-19 status was defined as confirmed, based on a positive diagnostic test, or 

suspected, based on clinician judgement. 

 
Hospitalisation was queried as “Admission in Hospital because of COVID-19 

(suspicious) infection?”. ICU admission was queried as “Stay in ICU because of COVID-

19 (suspicious) infection?”. Requiring artificial ventilation was queried as “Ventilation 

needed during hospital stay?”. Death due to COVID-19 was queried as “Did the patient 

die because of the (suspected) COVID-19 infection?”. 

 
Patient age was categorised into three groups: 18-49, 50-69, and ≥70 years. MS-

phenotype was grouped into relapsing-remitting MS (RRMS) and progressive MS 

(SPMS/PPMS). 

Disability was assessed by the Expanded Disability Status Scale (EDSS)7 or Neurostatus8. 

Disability was dichotomised into 0-6.0 and >6.0. Comorbidities were queried, including 

cardiovascular disease, hypertension, diabetes, chronic liver disease, kidney disease, other 

neurological/neuromuscular disorder, lung disease, or malignant neoplasia. BMI was 

categorised as non-obese (BMI≤30) and obese (BMI>30). Current smoker status was 
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queried as yes or no. Current DMT use was queried, including alemtuzumab, cladribine, 

dimethyl- fumarate, fingolimod, glatiramer-acetate, interferons, natalizumab, ocrelizumab, 

rituximab, siponimod, teriflunomide, or Other DMT, this latter queried as “On another 

drug not listed”. Due to patient numbers <20 among the suspected/confirmed COVID-19 

cases, siponimod (n=12) was aggregated with Other DMT. Note that aggregation of 

siponimod with fingolimod did not materially change results (data not shown). 

 

Statistical analysis 
 
Associations with hospitalisation, ICU admission, ventilation, and death were assessed 

using multilevel mixed-effects logistic regression, random effects grouped by data source, 

as univariable and adjusted for age, sex, MS-phenotype, and disability. Multilevel mixed-

effects logistic regression is an appropriate methodology where multiple data sources with 

heterogeneity in cohort characteristics and/or methods are included. This method applies 

fixed and random effects to the model, accounting for intra-class correlation for 

observations within data sources, providing aggregate statistics for the independent model 

covariates’ measures of association. While all data sources utilised the same data entry 

framework and core questionnaire, there are differences in the modes of clinical practice, 

for MS and infection-related care, as well as clinical and demographic characteristics, 

which need be accounted for, and which this statistical method is suited for. 

 
Subgroup analyses were also undertaken where data on comorbidities, BMI, and 

smoking were available, allowing additional adjustment for these covariates. All 

analyses were complete-case. 

 
For DMTs, individual DMTs were first compared with dimethyl-fumarate. Despite leading 

to lymphopenia in some patients, dimethyl-fumarate has not been associated with increased 

infection risk9, and its biological mechanism of action is unlikely to interfere with anti- 

SARS-CoV-2 immunological response10, while being common in the sample. Of note, 
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interferons and glatiramer-acetate were considered as potential comparators but the lack of 

failures across all four outcomes for these DMTs precluded their being the reference 

group. Next ocrelizumab, rituximab, and untreated were compared against all other pooled 

DMTs. 

Finally, ocrelizumab and rituximab were evaluated vs natalizumab to assess ascertainment 

bias, since natalizumab-treated patients present for infusions every 28-42 days, compared 

to biannual infusions for anti-CD20 DMTs. 

 
Adjustment for multiple comparisons was undertaken using the family-wise Holm’s step- 

down method, such that within each hypothesis and within models 1 and 2, statistical tests 

were ranked by lowest p-value and significance threshold evaluated relative to the number 

of statistical tests within that family. Associations reaching significance after this 

adjustment are annotated as such in tables. 

 
Data analyses were carried out using STATA/SE 16.0 (StataCorp, College Station, USA). 

 
 

Data Availability  
 
Persons interested in acquiring the anonymised data underlying this analysis can inquire 

with Professor Dr Liesbet Peeters to make requests. In addition, supplementary tables not 

included in the main body text can be found in the preprint version of the article, 

accessible at: https://doi.org/10.1101/2021.02.08.21251316. 

 
 

Results 
 
The cohort comprised 2,340 patients, of whom 657(28.1%) had suspected COVID-19 

and 1,683(71.9%) had confirmed COVID-19. Among suspected/confirmed COVID-19 

cases, which was the primary analysis dataset, 20.9% were hospitalised, 5.4% admitted 

to ICU, 4.1% required artificial ventilation, and 3.2% died. Proportions were slightly 

higher among confirmed COVID-19 cases (Table 1). 
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Cohort characteristics 
 
Data sources were located in: 1)Sweden(n=290); 

2)Australia,Belgium,Brasil,Kuwait,Romania,Saudi Arabia,Turkey(n=97); 

3)Argentina,Chile,Colombia,Ecuador,Honduras,Mexico(n=159); 4)Bulgaria(n=3); 

5)Germany,Italy(n=45); 6)Denmark(n=56); 7)Brasil(n=96); 

8)Australia,Bahamas,Belgium,Czech Republic,Finland,France,Netherlands,New 

Zealand,Serbia,Spain,UK,USA(n=114); 9)Germany(n=41); 10)USA,Canada(n=1,161); 

11)UK(n=131); 12)Spain(n=147). Sources-2 and 10 had higher proportions with 

confirmed COVID-19 and Sources-4 and 5 higher with non-suspected COVID-19. 

Among suspected/confirmed COVID-19 cases, hospitalisation was higher in Source-11 

and lower in Sources-2, 4, 5, and 7; ICU admission was higher in Sources-3, 9, and 10, 

and lower in Sources-2, 4, 7, 9, 11, and 12; ventilation was higher in Sources-3 and 8, and 

lower in 

Sources-2, 4, 5, 6, 7, 9, and 11; death was higher in Source-11 and lower in Sources-2, 4, 

5, 6, 7, 8, and 9. Results were comparable on restriction to confirmed-only COVID-19 

(data not shown). 

 
Compared to dimethyl-fumarate (76.1%), lower proportions of females were untreated 

(70.7%) or treated with interferon (69.4%) or ocrelizumab (67.5%, eTable 1). Larger 

proportions of those aged 50-69 and ≥70 were untreated (42.8%,13.4%) or treated with 

ocrelizumab (34.2%,1.5%), teriflunomide (49.5%,3.1%), or Other DMT (37.7%,5.8%), 

than those treated with dimethyl-fumarate (29.9%,0.8%). Greater proportions of 

progressive MS patients were untreated (44.9%) or treated with ocrelizumab (20.2%), 

rituximab (21.8%), or Other DMTs (31.9%) than dimethyl-fumarate (8.0%). Of more 

disabled patients (EDSS>6), higher proportions were either untreated (35.9%) or treated 

with ocrelizumab (27.0%) or Other DMTs (34.8%) than dimethyl-fumarate (7.6%). 

Similar results were seen among confirmed-only COVID-19 (data not shown). 
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Evaluating ocrelizumab and rituximab as compared to pooled other DMTs and to the 

untreated (Figure 1), anti-CD20 DMTs were comparable by sex and MS-phenotype, 

but a greater proportion of ocrelizumab-treated patients were aged 50-69 and EDSS≤6. 

Greater proportions of anti-CD20-treated patients were of progressive MS-phenotype or 

EDSS>6 

than pooled other DMTs, while the untreated were typically older, of progressive 

MS- phenotype, and higher disability. 

 
COVID-19 severity, by clinical/demographic characteristics 

 
Demographic and clinical characteristics of hospitalisation and ICU admission (eTable 1) 

and requiring artificial ventilation and death (eTable 2) among suspected/confirmed 

COVID- 19 cases were assessed. In multivariable models, male sex was associated with 

61% and 92% greater risks of hospitalisation and death, while older age was positively 

associated with hospitalisation and death. Progressive MS-phenotype was associated with 

68% higher risk of hospitalisation. Higher EDSS was associated with higher risks of all 

outcomes, including 279% higher hospitalisation, 211% higher ICU admission, 281% 

higher ventilation, and 893% higher death frequencies. Among confirmed-only COVID-19, 

all associations persisted except for age>70 which became nonsignificant (data not shown). 

 
In the subset of data sources with data (comorbidities=84.2%; BMI=55.6%; 

smoking=79.3%), having one of the specified comorbidities queried showed a positive 

trend with increased risk of death (aOR=2.91), while obese BMI with 152% higher risk of 

hospitalisation, 312% higher risk of ICU admission, 445% higher risk of requiring 

ventilation. Smoking was not associated with any outcomes 

 
Adjustment for multiple comparisons found most associations of sex, age, MS-

phenotype, and EDSS with COVID-19 outcomes persisted, as did BMI and 

comorbidities. 
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COVID-19 severity, by DMT 

Compared to dimethyl-fumarate, rituximab use was associated with greater risks of 

hospitalisation (aOR=2.43,95%CI=1.48,4.02), ICU admission 

(aOR=3.93,95%CI=1.56,9.89), and artificial ventilation (aOR=4.00,95%CI=1.54,10.39), 

Table 2). Ocrelizumab showed similar associations for hospitalisation 

(aOR=1.56,95%CI=1.01,2.41) and ICU admission (aOR=2.30,95%CI=0.98,5.39), but not 

artificial ventilation (aOR=1.04,95%CI=0.41,2.64). 

No DMTs were associated with death. Untreated patients had increased risk of 

hospitalisation (aOR=1.79,95%CI=1.12,2.87) but no independent associations with other 

outcomes were seen. These associations persisted among confirmed-only COVID-19 

(Figures 2–4). Moreover, even on comparison to other DMTs than dimethyl-fumarate as a 

post-hoc analysis, rituximab consistently showed stronger associations with outcomes than 

ocrelizumab for hospitalisation and ICU admission, and was solely associated with 

requiring artificial ventilation (data not shown). 

  
On adjustment for multiple comparisons, among suspected+confirmed cases, rituximab 

associations with hospitalisation and ICU admission remained significant, though that for 

ventilation did not. However, among confirmed-only cases, the rituximab associations 

with hospitalisation, ICU admission, and requiring artificial ventilation remained 

significant after multiple comparisons adjustment. Ocrelizumab’s association with 

increased hospitalisation did not remain significant in any analysis. 

 
 

COVID-19 severity: anti-CD20 DMTs vs pooled other DMTs 
 
Compared to all other DMTs, those using rituximab had higher risks of hospitalisation 

(aOR=2.76,95%CI=1.87,4.07,Table 3), ICU admission (aOR=4.32,95%CI=2.27,8.23), 

and artificial ventilation (aOR=6.15,95%CI=3.09,12.27). Ocrelizumab showed similar 

trends for hospitalisation (aOR=1.75,95%CI=1.29,2.38) and ICU admission 

(aOR=2.55,95%CI=1.49,4.36) but not ventilation (aOR=1.60,95%CI=0.82-3.14). 
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Neither rituximab (aOR=1.72,95%CI=0.58,5.10) or ocrelizumab 

(aOR=0.73,95%CI=0.32,1.70) were associated with risk of death. Untreated patients had 

increased risks of hospitalisation (aOR=2.05,95%CI=1.43,2.94), ventilation 

(aOR=2.07,95%CI=1.01,4.22), and death (aOR=2.53,95%CI=1.24,5.15). These results 

persisted among confirmed-only COVID-19 cases (data not shown). 

 
After adjustment for multiple comparisons, all rituximab and ocrelizumab associations 

persisted, while that for the untreated persisted for hospitalisation and death. Among 

confirmed-only cases, rituximab associations remained significant after multiple 

comparisons adjustment, while that for ocrelizumab only persisted for hospitalisation and 

for untreated with for hospitalisation and ventilation. 

 
COVID-19 severity, anti-CD20 DMTs vs natalizumab 

 
Compared to natalizumab, rituximab was associated with higher risks of 

hospitalisation (aOR=2.88,95%CI=1.68,4.92), ICU admission 

(aOR=3.23,95%CI=1.17,8.91), and 

ventilation (aOR=5.52,95%CI=1.71,17.84). Ocrelizumab showed similar trends for 

hospitalisation (aOR=1.86,95%CI=1.13,3.07), but did not reach significance for ICU 

admission and was not associated with ventilation. Neither rituximab (aOR=1.34,95% 

CI=0.27,6.56) or ocrelizumab (aOR=0.48,95% CI=0.11,2.07) was associated with 

increased risk of death. Results were similar among confirmed-only COVID-19 (data not 

hsown). 

 
On adjustment for multiple comparisons, rituximab associations with hospitalisation, 

ICU admission, and requiring artificial ventilation all persisted, while that for 

ocrelizumab only persisted for hospitalisation. On restriction to confirmed-only cases, 

this was also seen. 

 

Stratification sensitivity analyses 
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To assess whether the associations seen for ocrelizumab and rituximab were genuinely a 

function of the DMTs, rather than the characteristics of patients commonly treated with 

these medications (older, progressive-MS, higher disability), we undertook stratified 

analyses evaluating associations between DMTs and hospitalisation, ICU admission, 

requiring artificial ventilation, and death among persons aged>70 years vs ≤70, among 

RRMS vs progressive, and among EDSS≤6 vs EDSS>6. By age, ocrelizumab and 

rituximab associations with outcomes were only seen among those age≤70yo. By MS-

phenotype, ocrelizumab and rituximab consistently showed that associations with 

outcomes were roughly 2-3 times stronger in magnitude among those of RRMS-phenotype. 

By EDSS, ocrelizumab and rituximab associations with hospitalisation were roughly 

comparable, but associations with ICU admission and ventilation were 2-3 times stronger 

in magnitude among those of EDSS≤6. These results indicate that the observed 

associations were a function of the DMT, not underlying risk profile (data not shown). 

 
Discussion 

 

In the largest sample of people with MS with suspected and confirmed COVID-19 to date, 

we demonstrated that the anti-CD20 DMTs, rituximab and ocrelizumab, were associated 

with more severe COVID-19. Compared to dimethyl-fumarate, pooled other DMTs, and 

natalizumab, anti-CD20 DMTs were associated with higher risks of hospitalisation and 

ICU admission, while only rituximab was associated with greater risk of requiring artificial 

ventilation. Comparison to natalizumab is particularly important, showing that anti-CD20 

associations do not likely reflect ascertainment bias. Regardless of comparator, rituximab 

consistently showed stronger associations with outcomes than ocrelizumab for 

hospitalization  and ICU admission, and was solely associated with requiring artificial 

ventilation. Note, this was done as a post-hoc exploration and was not done as an a priori 

plan given the specific hypotheses of the study. At the same time, untreated patients had a 

significantly greater risk of death as compared to dimethyl-fumarate and to pooled non-
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anti-CD20 DMTs, though attenuating markedly on adjustment. Moreover, DMT 

associations were not merely driven by older patients, progressive MS-phenotype, or higher 

disability. We also found that older age, progressive MS-phenotype, and higher disability 

were over-represented among MS patients with more severe COVID-19. In sub-analyses 

where data was available, DMT associations were robust to further adjustment for 

comorbidities, BMI, and smoking status. Results were generally consistent on adjustment 

for multiple comparisons. 

 
An increasing array of highly effective DMTs with heterogeneous modes of effect have 

become available for people with MS, but can increase infection risk1, 11. This has raised 

concern during the COVID-19 pandemic and national studies have investigated risk 

factors for severe COVID-19 disease in people with MS. In the French Covisep study3, of 

347 MS patients (42.1% confirmed COVID-19), older age, progressive MS-phenotype, 

higher disability, and comorbidities were associated with COVID-19 severity. The 

authors pooled DMTs with “moderate/high risk of systemic infection” 

(fingolimod/ocrelizumab/rituximab/cladribine/alemtuzumab) were associated with 4.2-

times higher COVID-19 severity score than DMTs with “no systemic infection risk” 

(interferon-ꞵ/glatiramer-acetate). This amalgamation of DMTs is a limitation since, while 

comparable in terms of their infection risk, these DMTs have markedly different modes of 

action, especially in relation to the immunological response to SARS-CoV-210. More 

recently, the Italian MuSC-19 national registry study of 593 suspected and 191 confirmed 

COVID-19 cases, found anti-CD20 DMT use was associated with 2.6-times greater risk 

of severe COVID-19 compared to dimethyl-fumarate, adjusted for region, age, sex, MS-

phenotype, and recent methylprednisolone use5. Finally, the COViMS study found that, 

compared to untreated patients, rituximab and ocrelizumab-treated patients had 4.6 and 

1.6-times greater odds of hospitalisation, though no significant associations were seen for 

other outcomes2. This disparity from our and previous results may reflect their utilisation 

of the untreated as the comparator, as well as differences in the multivariable model 
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covariates. It should be acknowledged that the COViMS sample comprised a meaningful 

proportion of our total sample (n=1161/2340, 49.6%) and while the total cohort analysed 

and analysis methods used here differ, results for this cohort have been described 

previously. The remainder of the cohort described here has never been previously 

described. 

 
Indeed, the issue of comparator is a point of particular attention in our study, as we 

compared individual DMTs to dimethyl-fumarate, and then since they showed significant 

associations here, the anti-CD20 DMTs were compared against all other DMTs, and finally 

these compared to natalizumab. Dimethyl-fumarate was identified as a suitable comparator, 

being common in the sample and was also that used for the MuSC-19 study5. The untreated 

were not regarded as an appropriate primary comparator because these patients differed 

markedly from the rest of the cohort in age, disability, and MS-phenotype. This latter 

comparator is of particular importance as it assesses ascertainment bias as a potential 

explanation for the associations seen for anti-CD20 DMTs. Both the anti-CD20 DMTs and 

natalizumab require patients to come in for DMT infusion at 6-month and 3-month 

intervals, respectively. Thus, if the anti-CD20 DMT associations with COVID-19 severity 

were merely a function of more regular hospital attendance and thus, potential for COVID-

19 symptoms to be identified and treatment initiated, then there should be no difference 

from natalizumab. In fact, we find the associations of ocrelizumab and rituximab with 

hospitalisation and ICU admission and rituximab with requiring artificial ventilation persist. 

 
Untreated patients showed consistent positive trends towards associations with 

hospitalisation, ICU admission, and requiring ventilation, albeit attenuating on adjustment 

for age, sex, MS-phenotype, and disability. This is in keeping with prior results. Louapre 

and colleagues found higher frequencies of severe COVID-19 among the untreated vs 

treated (46.0% vs 15.5%), though this difference did not persist on adjustment3. Sormani 

and colleagues compared untreated to dimethyl-fumarate-treated, finding they were 2.83-
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times more likely to have severe COVID-19, though this disappeared on adjustment 

(aOR=1.04)5. The lack of independence of the untreated associations here and previously 

likely reflects the untreated comprising to variable degree people with more benign MS 

course or other reasons to not use DMTs, so adjustment for MS-phenotype and disability 

largely captures differences in COVID-19 severity. That said, it is important to 

acknowledge that the heterogeneity of this patient population may extend beyond 

differences in clinical phenotype and likely includes a range of patient and region-level 

idiosyncrasies which we were unable to account for. 

 
The directions of effect in the associations of rituximab and ocrelizumab were consistent 

for the hospitalisation and ICU admission outcomes, though those for rituximab were 

stronger and only rituximab showed an association with requiring artificial ventilation. It is 

possible that differences in biology, either due to differences in provenance or affinity for 

the CD20 protein12, 13 or differences in mechanisms of cytotoxicity14 may underlie some of 

this difference. More likely, these differences represent unmeasured confounding as the 

dataset, while large, was limited in the number of characteristics assessed, so potentially 

relevant factors like socioeconomic status and access to care or factors impacting on 

respiratory health could not be assessed. Also, parameters such as time on treatment or 

serum Ig load which would have been valuable to explore explanations for differences in 

associations between these two DMTs were not available. That said, there was general 

internal consistency and our results are broadly in line with those seen in other studies3, 5, 

providing external consistency. This preliminary observation is worth exploring in 

laboratory studies. 

 
That anti-CD20 DMTs were not associated with death conflicts with the results seen for 

the other outcomes, as well as with the MuSC-19 study which found a positive trend 

between anti-CD20 DMTs and death. The issue may lie in ascertainment bias, with fewer 

of the older patients included in our sample: we had only 9.1% of confirmed COVID-19 
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cases over 60 years old, vs 17.7% in the MuSC-19 cohort5. It is also possible that the 

infrequency of deaths in our cohort (n=73, 3.2%) may have limited our statistical power to 

assess this relationship. That said, our number of deaths was actually greater than previous 

studies (n=12-54), and we did demonstrate similar deleterious associations of older age and 

higher disability with death seen previously2, 3, 5. The potential impacts of these DMTs on 

death due to COVID-19 should be further explored. 

 
Limitations 

 
In contrast to prior clinic-based studies, our cohort focused on a pre-defined limited set of 

demographic and clinical characteristics6. Thus, we could not assess other clinical features, 

particularly prior MS clinical course and DMT use, paraclinical information such as 

radiological burden of MS, or the nuanced details of COVID-19 onset and evolution. 

Another limitation of our data is that they likely comprise greater proportions of severe 

cases requiring medical attention. One particular element lacking in our data is treatment 

duration or duration since treatment, since these both may have bearing on the degree of B-

cell depletion and thence on COVID-19 severity. This data was included in the core 

questionnaire but the level of missingness was too high to be a component of analyses. This 

data would have been useful in better describing and explaining the differences in the 

associations between rituximab and ocrelizumab but unfortunately this information was not 

available here. Also, data on steroid use and other DMTs which might have impacted on 

clinical progression or resulted in less severe COVID-19 was not available. 

 
Heterogeneity in the definitions of exposure and outcomes and in patient inclusion among 

the data-sources is a known problem in combining multiple data-sources. Related to this are 

the differences in protocols for hospital and ICU admission and initiation of artificial 

ventilation between hospitals, as well as differences in the availability/use of DMTs 

between countries15. To ensure that our results were not being driven by single influential 

data-sources, we undertook all analyses using random-effects logistic regression, as well as 
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serial-exclusion sensitivity analyses. These analyses showed that, while there was some 

variation in the magnitudes and significance of associations, trends tracked as seen for the 

whole cohort, indicating that the results were not driven by a specific data-source. 

 
Another issue lies in the anonymous nature of the data entry, such that patients may 

be entered more than once in different data-sources. We are unable to account for 

whether participants already participated or had their data entered in another study as 

there is no identifying information to assess this, nor any query of prior participation 

in the survey. 

 
Another issue is the nature of the data aggregation, with some data sources providing 

individual patient-level data but others only tabulations of discrete categorical terms. Thus, 

we were obliged to use three-level categories of age, two-level EDSS, and two-level BMI, 

rather than more exact values of each, or two-level MS-phenotype (RRMS/progressive), 

rather than individual MS-phenotype (RRMS/SPMS/PPMS). That said, these levels are 

generally aligned with the levels of each associated with increased COVID-19 severity. 

 
This data aggregation process and resultant limitation of the number of dimensions of 

model covariates did thus require a somewhat simplified definition of underlying clinical 

severity as used in the stratified analyses by age, MS-phenotype, and disability. We are also 

limited in not having additional clinical detail such as relapse activity or MRI parameters 

which would have allowed greater depth of assessment of underlying disease risk 

phenotype. That said, older age, progressive MS-phenotype, and higher disability have 

been consistently demonstrated as risk factors for COVID-19 severity across our results 

and previous studies2, 3, 5, so if the DMT associations were merely a function of underlying 

clinical susceptibility, it should be expected that stratified analyses by these covariates 

would show some signal. That they did not is indicative of a true association. 

 
The information collected through the different sources does not provide us with detailed 
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information about validation of the COVID19 diagnosis. Whether the patients who 

remained in the ‘suspected’ group was because of discrepancy between clinical and 

laboratory assessment or other reasons is unknown. Because of these diagnostic 

uncertainties, we opted to perform two analyses, one among group with suspected and 

confirmed COVID19 and one in confirmed COVID19 only. 

 

Another potential issue is the representativeness of the included patients from each of 

the non-central data sources. While there were no inclusion or exclusion criteria beyond 

the patients needing to have MS and be at least 18 years of age, the clinicians entering 

data for their patients would likely bias to enter data on patients who had suspected or 

confirmed COVID-19, this reflected in the low proportion of the sample without 

suspected/confirmed COVID-19 (data not shown). However, such bias is typical of all 

the clinic-based studies of this sort. Our cohort characteristics are typical of people with 

MS, including female, RRMS- phenotype, and low disability preponderance, so the 

extent to which this generalisability may impact on the analyses here is likely minimal. 

 
The fact that inverse trends were seen for smoking status and COVID-19 is puzzling and 

not in line with expectations of a deleterious association with a respiratory condition. The 

frequency of current smokers in the cohort is low compared to other cohorts16-18, which 

may account for the absence of associations. In addition, smoking status was not available 

from all data sources so a material proportion (20.7%) of the sample had smoking status 

missing. The Covisep study3 also found an inverse trend with COVID-19 severity and the 

COViMS study2 found no associations. The explanation for this absence of a deleterious 

impact of smoking on COVID-19 severity may bear exploration. 

 
Conclusions 

In the largest population yet studied, we have shown that MS patients treated with anti-

CD20 DMTs, rituximab and ocrelizumab, are at higher risk of more severe COVID-19 
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compared to those treated with dimethyl-fumarate, to pooled other DMTs, and to 

natalizumab. This risk is additional to the risk associated with demographic and clinical 

characteristics, with older age, progressive MS-phenotype, and higher disability all 

showing deleterious relationships with COVID-19 severity. These results agree with 

smaller cohort studies and suggest that the risk- vs-benefit of continued or new exposure to 

CD20-depleting treatment strategies compared to other DMTs needs to be considered in 

the context of the ongoing COVID-19 pandemic. 

 
 
eTable 1 -- http://links.lww.com/WNL/B520 
 
eTable 2 -- http://links.lww.com/WNL/B521 
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Figure 1. Characteristics of patients treated with ocrelizumab, rituximab, or other DMTs, 

or untreated, by sex, age, MS-phenotype, and disability. 

 

 
 

Figure 2. The risk of hospitalisation by DMT among suspected/confirmed (solid line) and 

confirmed-only (dashed line) cases. DMTs compared to dimethyl-fumarate, adjusted for 

age, sex, MS-phenotype, and EDSS. Note: Other DMTs also includes siponimod. * = 

p<0.05, ** 

= p<0.001. 
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Figure 3: The risk of ICU admission by DMT, among suspected/confirmed (solid line) and 

confirmed-only (dashed line) cases. DMTs were compared to dimethyl-fumarate, adjusted 

for age, sex, MS-phenotype, and EDSS. Note: Other DMTs also includes siponimod. * = 

p<0.05. Note: null set denotes analyses which could not be undertaken due to no events 

occurring in the exposed group. 
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Figure 4: The risk of artificial ventilation by DMT, among suspected/confirmed (solid 

line) and confirmed-only (dashed line) cases. DMTs were compared to dimethyl-fumarate, 

adjusted for age, sex, MS-phenotype, and EDSS. Note: Other DMTs also includes 

siponimod. 

* = p<0.05. Note: null set denotes analyses which could not be undertaken due to no 

events occurring in the exposed group. 
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Table 1. Cohort characteristics. 
 

 Suspected & confirmed (n=2340) Confirmed (n=1683) 

Confirmed COVID-19 status 1683 (71.9%) 1683 (100.0%) 

Hospitalisation 489 (20.9%) 453 (26.9%) 

ICU admission 127 (5.4%) 122 (7.2%) 

Ventilation 97 (4.1%) 91 (5.4%) 

Death 73 (3.2%) 65 (3.9%) 

Sex, Female 1702 (72.7%) 1213 (72.1%) 

Age   

18-<50 1505 (64.3%) 1032 (61.3%) 

50-<70 740 (31.6%) 571 (33.9%) 

70+ 83 (3.5%) 72 (4.3%) 

MS-phenotype, RRMS 2,119 (80.4%) 1,854 (80.5%) 

EDSS, 0-6 1837 (78.5%) 1275 (75.8%) 

Has comorbidities 920 (40.7%) 707 (43.2%) 

Obese BMI 437 (19.3%) 376 (23.0%) 

Current smoker 166 (7.3%) 115 (7.0%) 

DMT   

Untreated 284 (12.1%) 231 (13.7%) 

Alemtuzumab 31 (1.3%) 26 (1.5%) 

Cladribine 29 (1.2%) 17 (1.0%) 

Dimethyl fumarate 275 (11.8%) 199 (11.8%) 

Fingolimod 200 (8.5%) 143 (8.5%) 

Glatiramer acetate 87 (3.7%) 70 (4.2%) 

Interferon 124 (5.3%) 85 (5.1%) 

Natalizumab 221 (9.4%) 164 (9.7%) 

Ocrelizumab 471 (20.1%) 365 (21.7%) 
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Rituximab 258 (11.0%) 142 (8.4%) 

Teriflunomide 97 (4.1%) 75 (4.5%) 

Other DMT 70 (3.0%) 47 (2.8%) 

Abbreviation: BMI = body mass index; COVID-19 = Coronavirus Disease of 2019; DMT = 

disease-modifying therapy, EDSS = Expanded Disability Status Scale; ICU = Intensive care unit; 

MS = multiple sclerosis; RRMS = relapsing-remitting multiple sclerosis. 
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Table 2. Characteristics of COVID-19 severity outcomes, DMTs vs dimethyl fumarate, suspected+confirmed COVID-19. 
 

 Ventilation   Death   

 Hospitalisation   ICU admission   

 n (%) OR (95% CI) aOR (95% CI)a n (%) OR (95% CI) aOR (95% CI)a 

Untreated 97/266 (36.5%) 3.34 (2.17, 5.16)* 1.79 (1.12, 2.87) 17/261 (6.5%) 2.62 (1.06, 6.48) 1.36 (0.52, 3.55) 

Alemtuzumab 3/30 (10.0%) 0.70 (0.20, 2.47) 0.86 (0.24, 3.07) 1/30 (3.3%) 1.41 (0.16, 12.09) 1.93 (0.22, 16.77) 

Cladribine 2/27 (7.4%) 0.60 (0.13, 2.72) 0.67 (0.14, 3.16) 0/27 (0.0%) - - 

Dimethyl fumarate 38/268 (14.2%) 1.00 [Ref] 1.00 [Ref] 7/259 (2.7%) 1.00 [Ref] 1.00 [Ref] 

Fingolimod 16/195 (8.2%) 0.60 (0.32, 1.11) 0.64 (0.34, 1.21) 4/193 (2.1%) 0.80 (0.23, 2.79) 0.90 (0.25, 3.19) 

Glatiramer acetate 16/86 (18.6%) 1.36 (0.71, 2.61) 1.06 (0.53, 2.10) 0/86 (0.0%) - - 

Interferon 17/119 (14.3%) 1.11 (0.59, 2.11) 0.89 (0.46, 1.70) 2/118 (1.7%) 0.62 (0.13, 3.10) 0.54 (0.11, 2.73) 

Natalizumab 24/212 (11.3%) 0.84 (0.48, 1.46) 0.82 (0.47, 1.45) 6/209 (2.9%) 1.07 (0.35, 3.25) 1.11 (0.36, 3.43) 

Ocrelizumab 116/463 (25.1%) 2.14 (1.41, 3.24)* 1.56 (1.01, 2.41) 37/463 (8.0%) 3.00 (1.30, 6.89) 2.30 (0.98, 5.39) 

Rituximab 70/252 (27.8%) 3.12 (1.92, 5.07)* 2.43 (1.48, 4.02)* 24/251 (9.6%) 4.63 (1.86, 11.49)* 3.93 (1.56, 9.89)* 

Teriflunomide 14/93 (15.1%) 1.21 (0.61, 2.38) 0.85 (0.42, 1.72) 4/93 (4.3%) 1.59 (0.45, 5.59) 1.15 (0.32, 4.14) 

Other DMT 16/68 (23.5%) 2.09 (1.07, 4.09) 1.10 (0.54, 2.24) 4/67 (6.0%) 2.34 (0.66, 8.33) 1.27 (0.34, 4.72) 
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Untreated 18/261 (6.9%) 2.51 (1.00, 6.26) 1.31 (0.49, 3.49) 27/261 (10.3%) 5.69 (2.13, 15.19)* 1.64 (0.56, 4.80) 

Alemtuzumab 1/30 (3.3%) 0.98 (0.11, 8.63) 1.27 (0.14, 11.34) 1/30 (3.3%) 2.10 (0.23, 19.15) 2.11 (0.19, 23.29) 

Cladribine 0/27 (0.0%) - - 0/27 (0.0%) - - 

Dimethyl fumarate 7/259 (2.7%) 1.00 [Ref] 1.00 [Ref] 5/259 (1.9%) 1.00 [Ref] 1.00 [Ref] 

Fingolimod 5/193 (2.6%) 0.76 (0.23, 2.50) 0.79 (0.24, 2.67) 0/193 (0.0%) - - 

Glatiramer acetate 0/86 (0.0%) - - 2/86 (2.3%) 1.05 (0.20, 5.57) 0.56 (0.10, 3.25) 

Interferon 1/118 (0.8%) 0.21 (0.02, 1.75) 0.18 (0.02, 1.52) 1/118 (0.8%) 0.58 (0.07, 5.20) 0.31 (0.03, 2.82) 

Natalizumab 4/209 (1.9%) 0.74 (0.21, 2.59) 0.72 (0.20, 2.55) 3/209 (1.4%) 0.78 (0.18, 3.33) 0.72 (0.16, 3.30) 

Ocrelizumab 18/463 (3.9%) 1.48 (0.60, 3.66) 1.04 (0.41, 2.64) 12/463 (2.6%) 1.22 (0.42, 3.56) 0.49 (0.16, 1.52) 

Rituximab 24/251 (9.6%) 5.11 (2.01, 12.99)* 4.00 (1.54, 10.39) 7/251 (2.8%) 2.61 (0.76, 8.96) 1.22 (0.35, 4.18) 

Teriflunomide 4/93 (4.3%) 1.33 (0.37, 4.79) 0.83 (0.22, 3.10) 1/93 (1.1%) 0.59 (0.07, 5.21) 0.27 (0.03, 2.53) 

Other DMT 2/67 (3.0%) 1.12 (0.22, 5.71) 0.61 (0.12, 3.21) 4/67 (6.0%) 3.82 (0.97, 15.00) 1.05 (0.25, 4.45) 

Analysis by multilevel mixed-effects logistic regression, estimating OR (95% CI). aMultivariable models adjusted for age, sex, MS-phenotype, 
 
and EDSS. Abbreviations: DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; ICU = Intensive Care Unit; MS = 
multiple sclerosis; OR = odds ratio. Results in boldface denote statistical significance (p<0.05). * Significant after family-wise Holm’s step 
down multiple comparisons adjustment. Note: Other DMT was queried as “On another drug not listed”, plus siponimod. 
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Table 3. Characteristics of COVID-19 severity outcomes, anti-CD20 DMTs vs all other DMTs, and anti-CD20 DMTs vs natalizumab, 

suspected+confirmed COVID-19. 

  
 
Hospitalisation 

  ICU 
 
admission 

  

 n (%) OR (95% CI) aOR (95% CI)a n (%) OR (95% CI) aOR (95% CI)a 

Pooled Other DMT 144/1082 (13.3%) 1.00 [Ref] 1.00 [Ref] 28/1082 (2.6%) 1.00 [Ref] 1.00 [Ref] 

Ocrelizumab 116/463 (25.1%) 2.15 (1.62, 2.87)* 1.75 (1.29, 2.38)* 37/463 (8.0%) 3.08 (1.83, 5.17)* 2.55 (1.49, 4.36)* 

Rituximab 70/251 (27.9%) 3.16 (2.17, 4.61)* 2.76 (1.87, 4.07)* 24/251 (9.6%) 4.69 (2.49, 8.83)* 4.32 (2.27, 8.23)* 

No DMT 97/261 (37.2%) 3.49 (2.54, 4.80)* 2.05 (1.43, 2.94)* 17/261 (6.5%) 2.69 (1.43, 5.04)* 1.52 (0.77, 3.02) 

Natalizumab 24/209 (11.5%) 1.00 [Ref] 1.00 [Ref] 6/209 (2.9%) 1.00 [Ref] 1.00 [Ref] 

Ocrelizumab 116/463 (25.1%) 2.64 (1.64, 4.25)* 1.86 (1.13, 3.07)* 37/463 (8.0%) 2.89 (1.18, 7.05)* 2.13 (0.85, 5.35) 

Rituximab 70/251 (27.9%) 3.16 (1.89, 5.26)* 2.88 (1.68, 4.92)* 24/251 (9.6%) 4.17 (1.55, 11.18)* 3.23 (1.17, 8.91)* 

 Ventilation   Death   

Pooled Other DMT 24/1082 (2.2%) 1.00 [Ref] 1.00 [Ref] 17/1082 (1.6%) 1.00 [Ref] 1.00 [Ref] 

Ocrelizumab 18/463 (3.9%) 1.99 (1.04, 3.80)* 1.60 (0.82, 3.14) 12/463 (2.6%) 1.38 (0.65, 2.96) 0.76 (0.34, 1.69) 

Rituximab 24/251 (9.6%) 6.95 (3.54, 13.64)* 6.15 (3.09, 12.27)* 7/251 (2.8%) 2.94 (1.12, 7.72) 1.90 (0.73, 4.93) 
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No DMT 18/261 (6.9%) 3.42 (1.78, 6.57)* 2.07 (1.01, 4.22) 27/261 (10.3%) 6.47 (3.40, 12.33)* 2.53 (1.24, 5.15)* 

Natalizumab 4/209 (1.9%) 1.00 [Ref] 1.00 [Ref] 3/209 (1.4%) 1.00 [Ref] 1.00 [Ref] 

Ocrelizumab 18/463 (3.9%) 2.11 (0.69, 6.39) 1.34 (0.42, 4.24) 12/463 (2.6%) 1.64 (0.45, 5.96) 0.53 (0.13, 2.24) 

Rituximab 24/251 (9.6%) 7.52 (2.37, 23.81)* 5.52 (1.71, 17.84)* 7/251 (2.8%) 2.96 (0.66, 13.29) 1.70 (0.38, 7.62) 

Analysis by multilevel mixed-effects logistic regression, estimating OR (95% CI). aMultivariable models adjusted for age, sex, MS-phenotype, 

and EDSS. Abbreviations: DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; ICU = Intensive Care Unit; MS = 

multiple sclerosis; OR = odds ratio. 

Results in boldface denote statistical significance (p<0.05). 
 

* Significant after family-wise Holm’s step down multiple comparisons adjustment. 

Note: Other DMT was queried as “On another drug not listed”, as well as aggregated with siponimod due to infrequency of persons on this 

DMT. 
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