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A B S T R A C T   

Background: When the novel coronavirus disease 2019 (COVID-19) appeared, concerns about its course in pa
tients with multiple sclerosis (MS) and neuromyelitis optica spectrum disorder (NMOSD) arose. This study aimed 
to evaluate the incidence, severity and risk factors of the more severe COVID-19 course among MS and NMOSD 
patients. 
Methods: From March 1, 2020, to February 28, 2021, 12 MS centres, representing 70% of the Czech MS and 
NMOSD population, reported laboratory-confirmed COVID-19 cases via the Czech nationwide register of MS and 
NMOSD patients (ReMuS). The main outcome was COVID-19 severity assessed on an 8-point scale with a cut-off 
at 4 (radiologically confirmed pneumonia) according to the World Health Organisatiońs (WHO) COVID-19 
severity assessment. 
Results: We identified 958 MS and 13 NMOSD patients, 50 MS and 4 NMOSD patients had pneumonia, 3 MS and 2 
NMOSD patients died. The incidence of COVID-19 among patients with MS seems to be similar to the general 
Czech population. A multivariate logistic regression determined that higher body mass index (BMI [OR 1.07, 
95% CI, 1.00-1.14]), older age (OR per 10 years 2.01, 95% CI, 1.41-2.91), high-dose glucocorticoid treatment 
during the 2 months before COVID-19 onset (OR 2.83, 95% CI, 0.10-7.48) and anti-CD20 therapy (OR 7.04, 95% 
CI, 3.10-15.87) were independent variables associated with pneumonia in MS patients. Increase odds of pneu
monia in anti-CD20 treated MS patients compared to patients with other disease-modifying therapy (same age, 
sex, BMI, high-dose glucocorticoid treatment during the 2 months before COVID-19 onset, presence of pulmonary 
comorbidity) were confirmed by propensity score matching (OR 8.90, 95% CI, 3.04-33.24). Reports on COVID-19 
infection in patients with NMOSD are scarce, however, data available up to now suggest a high risk of a more 
severe COVID-19 course as well as a higher mortality rate among NMOSD patients. In our cohort, 4 NMOSD 
patients (30.77%) had the more severe COVID-19 course and 2 patients (15.39%) died. 
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Conclusion: : The majority of MS patients had a mild COVID-19 course contrary to NMOSD patients, however, 
higher BMI and age, anti-CD20 therapy and high-dose glucocorticoid treatment during the 2 months before 
COVID-19 onset were associated with pneumonia. Based on this study, we have already started an early 
administration of anti-SARS-CoV-2 monoclonal antibodies and preferential vaccination in the risk group of 
patients.   

1. Introduction 

When COVID-19 appeared in Wuhan in December 2019 and started 
to spread rapidly all around the world, concern about its course in pa
tients with autoimmune diseases including MS and neuromyelitis optica 
spectrum disorder (NMOSD) arose. The effect of immunomodulatory 
drugs and other possible risk factors on the course of this new enemy had 
to be evaluated as soon as possible. The results would influence clinical 
decisions that would have a long-term impact due to the chronicity of 
the diseases and the long-lasting effects of some treatments. 

Already reported data indicates that the majority of MS patients have 
a mild COVID-19 course. Risk factors associated with worse clinical 
severity seem to be similar to that of the general population (Louapre 
et al., 2020a; Mares and Hartung, 2020; Möhn et al., 2020; Salter et al., 
2021; Sharifian-Dorche et al., 2021; Sormani et al., 2021). However, the 
effect of immunomodulatory therapies on the course of COVID-19 has 
not been satisfactorily elucidated yet. As for NMOSD, reports on 
COVID-19 infection are scarce, but the available data (Alonso et al., 
2021; Ciampi et al., 2020; Creed et al., 2020; Fan et al., 2020; Louapre 
et al., 2020b; Sahraian et al., 2020; Zeidan et al., 2020a) indicates a high 
proportion of hospitalized patients and a high mortality rate among 
these patients. 

The aim of this study was to evaluate the incidence, severity and risk 
factors of the more severe course of COVID-19 among MS and NMOSD 
patients when Czechia is one of the countries with the highest number of 
COVID-19 infected people per capita. The large homogenous cohort 
based on the Czech nationwide registry of MS and NMOSD patients 
(ReMuS) may help to clarify COVID-19 characteristics among MS and 
NMOSD patients and help with clinical decisions about prevention, 
treatment and vaccination. 

2. Methods 

2.1. Data collection 

This was a multicenter, retrospective, observational cohort study of 
patients with MS or NMOSD with laboratory-confirmed infection by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The 
data were collected via registry ReMuS from March 1, 2020, to February 
28, 2021. 

ReMuS was established by the Endowment Fund IMPULS (“NF 
IMPULS,” n.d.). The guarantor of expertise of this registry is the Section 
for Neuroimmunology and Liquorology of the Czech Neurological So
ciety. The estimated number of MS patients in Czechia is 20,000, ReMuS 
represents all 15 Czech MS centres and approximately 80% of Czech MS 
patients. The ReMuS is based on informed consent, thus it is possible to 
use retrospective data for scientific and research purposes without 
requiring new approvals. All patients signed an informed consent form 
for inclusion in ReMuS. 

2.2. Population of interest 

Inclusion criteria for analysis were (1) MS or NMOSD, (2) a COVID- 
19 diagnosis based on a positive result of a SARS-CoV-2 polymerase 
chain reaction test (PCR) or positive antigen test or positive serological 
test and (3) known outcome of acute illness (return to normal activities 
or end of self-isolation in asymptomatic cases; or death). Data were 
collected by healthcare professionals retrospectively from the first 

contact until an outcome, taking as baseline the day of symptoms 
appearance or positive laboratory test (if earlier). 

2.3. Variables assessed 

The collected data set was based on the Global Data Sharing initia
tive COVID-19 core data set (Peeters et al., 2020) and the experience of 
MS clinicians and epidemiologists. Data on demographics, MS, immu
nomodulatory treatment, COVID-19 course, comorbidities and basic 
laboratory parameters were obtained (Tables 1 and 5). The primary 
endpoint was the participant́s clinical status at the most severe point of 
their COVID-19 course (on an 8-point ordinal scale), referred to as the 
COVID-19 severity score, where 1 indicated the asymptomatic patient; 2 
the symptomatic patient; 3 patient with suspected pneumonia defined 
by both dry cough and shortness of breath; 4 patient with radiologically 
confirmed pneumonia (chest X-ray/CT scan); 5 need of supplemental 
oxygen; 6 need of non-invasive ventilation or high flow oxygen therapy 
(HFOT); 7 need of invasive ventilation or extracorporeal membrane 
oxygenation (ECMO); and 8 death. 

2.4. Statistical analyses 

The whole analysis was applied to MS patients. Cohort characteris
tics were summarized using mean (SD) for continuous variables and 
frequencies (%) for categorical variables. Data were compared between 
patients without radiologically confirmed pneumonia (mild COVID-19; 
corresponding to COVID-19 severity scores 1-3) and patients with 
radiologically confirmed pneumonia, resp. COVID-19 severity scores of 
4 or more (more severe COVID-19). Our “more severe COVID-19 course” 
corresponded to a “moderate”, “severe” and “very severe COVID-19 
course” according to the World Health Organisation (WHO) definition 
(World Health Organisation, 2020). We did not use any data imputa
tions. Comparison between groups was made using t-test and χ2 as 
appropriate. Two-sided P values were considered statistically significant 
at .05. 

Univariate logistic regression models were performed on relevant 
identified variables to assess their association with COVID-19 outcome 
(mild vs more severe COVID-19). Because of the prior comparison be
tween mild and more severe COVID-19 groups as well as prior reports of 
an association between B-cell depleting antibodies with an increased 
risk of worse COVID-19 courses (Sormani et al., 2021), we categorized 
disease-modifying treatment (DMT) into 3 groups: rituximab and ocre
lizumab (anti-CD20), no current DMT and other DMT (reference). 
Subsequently, a multivariate logistic regression model was performed to 
determine which variables were independently associated with more 
severe COVID-19. Variable selection was based on univariate logistic 
regression. Associations were reported using odds ratios (ORs) and 95% 
CIs. 

Additional analyses were focused on the anti-CD20. We performed 
1:2 propensity score matching. Patients treated with anti-CD20 were 
matched with patients treated with other DMT by determined variables 
from a previous multivariate logistic regression model. Association with 
more severe COVID-19 was reported using OR and 95% CI. We also 
investigated the effect of the duration from the last anti-CD20 infusion 
and the effect of the time since therapy started. 

Sensitivity analyses were run by repeating all analyses using a leave 
one out procedure, rerunning the analysis excluding one of the largest 
MS centres (Prague 2, Prague 5, Teplice) at a time. Data analyses were 
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Table 1 
Patients distribution, demographic and clinical characteristics overall and by 
COVID-19 course.   

No. (%)1 

Characteristic Overall (n 
= 958)2 

Mild COVID- 
19 (n = 874) 

More severe 
COVID-19 (n 
= 50) 

Demographic 
Age, mean (SD), y 43.46 

(10.94) 
42.88 
(10.79) 

51.95 (10.81) 

Male 272 
(28.42) 

238 (27.26) 21 (42.00) 

BMI, mean (SD)3 25.98 
(5.17) 

25.84 (5.10) 28.25 (5.38) 

Ever smoker (former + current 
smoker)4 

154 
(18.44) 

143 (18.19) 11 (23.40) 

Pregnancy5 5 (0.73) 5 (0.94) 0 
Healthcare professional 80 (8.29) 74 (8.51) 4 (8.00) 

COVID-19 
COVID-19 reinfection patients 5 (0.52) 4 (0.46) 1 (2.00) 
Vaccination before infection 3 (0.31) 3 (0.34) 0 
COVID-19 duration, mean (SD), 
d 

16.08 
(8.55) 

15.58 (7.33) 27.16 (17.18) 

Confirmed by PCR 857 
(89.46) 

790 (90.39) 47 (94.00) 

Confirmed by antigen test 16 (1.67) 13 (1.49) 3 (6.00) 
Confirmed by serological test 49 (5.11) 48 (5.49) 0 
COVID-19 onset in Czechia 958 

(100.00) 
874 (100.00) 50 (100.00) 

Hospitalisation 43 (4.49) 9 (1.03) 34 (68.00) 
Duration of hospitalisation 
(SD), d 

9.02 (8.57) 9.78 (15.58) 8.82 (5.33) 

ICU stay 10 (1.04) 0 10 (20.00) 
Duration of ICU stay (SD), d 5.5 (3.91) 0 5.5 (3.91) 

COVID-19 symptoms 
New/worsening neurological 
symptoms 

122 
(13.25) 

106 (12.33) 10 (30.30) 

Consequent relapse treated 
with glucocorticoids 

26 (2.82) 19 (2.21) 6 (18.18) 

Fever (>38◦C) 376 
(40.52) 

327 (37.63) 41 (82.00) 

Dry cough 398 
(42.89) 

346 (39.77) 44 (88.00) 

Fatigue 708 
(76.05) 

651 (74.66) 48 (96.00) 

Pain (joints, bones, muscles) 452 
(49.08) 

411 (47.40) 33 (71.74) 

Sore throat 178 
(19.41) 

168 (19.42) 9 (18.75) 

Shortness of breath 202 
(21.72) 

157 (18.03) 39 (78.00) 

Nasal congestion 347 
(37.80) 

331 (38.44) 13 (26.53) 

Chills 269 
(29.43) 

231 (26.83) 34 (69.39) 

Loss of smell or taste 501 
(54.28) 

483 (55.52) 15 (31.91) 

Headache 473 
(51.36) 

437 (50.52) 30 (61.22) 

Gastrointestinal symptoms 209 
(22.55) 

185 (21.29) 24 (48.98) 

Anorexia 97 (10.54) 82 (9.51) 15 (30.61) 
Nausea 90 (9.77) 76 (8.81) 14 (28.57) 
Vomiting 36 (3.91) 29 (3.36) 7 (14.29) 
Diarrhoea 112 

(12.16) 
100 (11.59) 12 (24.49) 

Abdominal pain 57 (6.20) 50 (5.80) 7 (14.29) 
Tromboembolism 4 (0.44) 1 (0.12) 3 (6.00) 
Conjunctivitis6 16 (2.24) 16 (2.41) 0 
Skin rash7 15 (2.13) 14 (2.13) 1 (0.02) 

Comorbidities 
One or more comorbidities 303 

(31.63) 
260 (29.75) 27 (54.00) 

Cardiac comorbidity 44 (4.69) 35 (4.07) 8 (16.00) 
Hypertension 112 

(11.85) 
91 (10.53) 14 (28.00) 

Diabetes 20 (2.12) 16 (1.86) 3 (6.00)  

Table 1 (continued )  

No. (%)1 

Characteristic Overall (n 
= 958)2 

Mild COVID- 
19 (n = 874) 

More severe 
COVID-19 (n 
= 50) 

Chronic liver disease 25 (2.65) 23 (2.67) 1 (2.00) 
Chronic kidney disease 3 (0.32) 3 (0.35) 0 
Chronic neurological and 
neuromuscular disease 

55 (5.78) 41 (4.73) 4 (8.00) 

Pulmonary comorbidity 27 (2.87) 22 (2.55) 5 (10.00) 
Imunodeficiency disease 10 (1.06) 10 (1.16) 0 
Malignancy 17 (1.80) 14 (1.63) 2 (4.00) 
Other relevant comorbidity 94 (9.96) 80 (9.33) 4 (8.00) 
Prothrombotic mutation8 12 (66.67) 10 (62.50) 2 (100.00) 

MS 
MS duration, mean (SD), y 12.52 

(11.25) 
12.19 
(10.74) 

17.74 (17.55) 

EDSS < 4 712 
(75.42) 

662 (76.98) 29 (58.00) 

EDSS >= 4 232 
(24.58) 

198 (23.02) 21 (42.00) 

High dose glucocorticoid 
during the 2 months before 
COVID-19 onset9 

63 (6.98) 53 (6.35) 9 (19.15) 

Other recently used 
immunosuppressive drug 

39 (4.14) 35 (4.08) 2 (4.00) 

Last absolute white blood cell 
count before 
COVID-19 (x10^9/l) (SD)10 

6.77 (2.23) 6.75 (2.20) 7.19 (2.58) 

Last absolute lymphocyte cell 
count before 
COVID-19 (x10^9/l) (SD)11 

2.06 (2.11) 2.07 (2.15) 1.20 (1.11) 

DMT at the date of COVID-19 
onset 

838 
(87.66) 

766 (87.94) 40 (80.00) 

Interferons 237 
(24.82) 

222 (25.49) 6 (12.00) 

Glatiramer acetate 135 
(14.14) 

130 (14.93) 4 (8.00) 

Teriflunomide 82 (8.59) 76 (8.73) 4 (8.00) 
Dimethyl fumarate 86 (9.01) 78 (8.96) 1 (2.00) 
Natalizumab 74 (7.75) 64 (7.35) 3 (6.00) 
Fingolimod 109 

(11.41) 
102 (11.71) 4 (8.00) 

Siponimod 1 (0.10) 1 (0.11) 0 
Ponesimod 3 (0.31) 3 (0.34) 0 
Ocrelizumab 76 (7.96) 60 (6.89) 14 (28.00) 
Rituximab 5 (0.52) 3 (0.34) 2 (4.00) 
Alemtuzumab 3 (0.31) 3 (0.34) 0 
Cladribine 26 (2.72) 24 (2.76) 2 (4.00) 

No DMT 118 
(12.36) 

105 (12.06) 10 (20.00) 

Duration of ocrelizumab/ 
rituximab treatment (SD), y 

1.81 (2.04) 1.56 (1.70) 3.00 (2.80) 

Time from last dost of 
ocrelizumab/rituximab (SD), 
d 

113.45 
(64.48) 

114.86 
(65.15) 

108 (61.52) 

MS centre 
Ceske Budejovice 54 (5.64) 52 (5.95) 2 (4.00) 
Hradec Kralove 62 (6.47) 38 (4.35) 2 (4.00) 
Jihlava 30 (3.12) 30 (3.43) 0 
Olomouc 34 (3.55) 33 (3.78) 1 (2.00) 
Ostrava 92 (9.60) 84 (9.61) 8 (16.00) 
Pilzen 73 (7.62) 70 (8.00) 3 (6.00) 
Prague 10 25 (2.61) 23 (2.63) 0 
Prague 2 248 

(25.89) 
225 (25.74) 21 (42.00) 

Prague 4 37 (3.86) 34 (3.89) 3 (6.00) 
Prague 5 146 

(15.24) 
140 (16.02) 6 (12.00) 

Teplice 119 
(12.42) 

114 (13.04) 4 (8.00) 

Zlin 38 (3.97) 31 (3.55) 0  

1 All data not available for all individuals, the percentage corresponds to the 
proportion of patients with known value; 

2 34 patients have unknown COVID-19 course, 
3 data were missing for 21.29% of patients, 
4 data were missing for 12.84% of patients, 
5 data were missing for 7.3% of patients, 
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performed in R version 4.0.2. 
Due to the small sample size of the NMOSD patient cohort, we used 

just descriptive statistics for them. 

3. Results 

3.1. Population 

As of February 28, 2021, 958 MS laboratory-confirmed COVID-19 
patients with known infection outcome and 13 NMOSD patients were 
reported. The characteristics of MS patients are shown in Table 1. 
Briefly, almost half of the patients were reported by MS centres in Pra
gue (47.60%), mean age was 43.36 years (SD 10.94), most patient́s 
Expanded Disability Status Scale (EDSS) was lower than 4 (75.42%) and 
the mean MS duration was 12.52 years (SD 11.25). In a majority of 
patients, COVID-19 infection was confirmed by PCR (89.46%). 
Approximately one third of patients had one or more comorbidities. Not 
all data were available for all individuals, but we did not use any data 
imputations. We could not have classified 34 patients as mild or more 
severe COVID-19 because of their unknown pneumonia status. 

3.2. Incidence 

The estimated number of MS patients in Czechia is 20,000. At the 
time of this analysis, ReMuS contained information about 13,471 pa
tients from 12 participating MS centres with at least one visit to an MS 
centre in the previous 12 months, thus our patient base represented 
almost 70% of Czech MS patients. As of February 28, 2021, 1004 
laboratory-confirmed COVID-19 patients with MS were reported 
(ongoing COVID-19 included). That means approximately 7.45% of MS 
patients had COVID-19. At the same time, there were 1,240,302 
laboratory-confirmed COVID-19 cases in Czechia (11.59% of the Czech 
population) (Komenda et al., 2021), (Český statistický úřad). The inci
dence of COVID-19 among patients with MS seems to be similar (or 
lower) to the general Czech population. 

3.3. COVID-19 symptoms 

The number of patients with particular COVID-19 symptoms is 
shown in Table 1. The most common symptom was fatigue. New or 
worsening neurological symptoms were reported in 122 (13.25%) pa
tients, 26 (21.31%) of them had a consequent relapse treated with 
glucocorticoids. All symptoms, as well as consequent relapse, were more 
common among patients with more severe COVID-19, except for sore 
throat, nasal congestion and loss of smell or taste. 

3.4. Risk factors for a more severe COVID-19 

The distribution of COVID-19 severity scores according to the 
different DMT in MS patients is presented in Table 2. A total of 50 pa
tients (5.41%) had a more severe COVID-19. Supplemental oxygen was 
necessary for 9 patients (0.98%), non-invasive ventilation or HFOT for 
12 (1.30%), invasive ventilation for one (0.11%) and 3 patients died 

(0.33%). 
Risk factors for more severe COVID-19 in univariate analysis are 

reported in Table 3. Variables associated with increased risk of more 
severe COVID-19 in the univariate logistic regression model that were 
considered for retention in the multivariate logistic regression model are 
reported in Table 4. From the variables with significant mutual corre
lations, the one with the highest predictive value was always selected for 
the multivariate analysis. Among selected variables, older age (OR per 
10 years 2.01, 95% CI, 1.41-2.91), higher BMI (OR 1.07, 95% CI, 1.00- 
1.14), anti-CD20 therapy (OR 7.04, 95% CI, 3.10-15.87) and high-dose 
glucocorticoid treatment during the 2 months before COVID-19 onset 
(OR 2.83, 95% CI, 0.10-7.48) were shown to be independent variables 

6 data were missing for 25.57% of patients, 
7 data were missing for 26.41% of patients, 
8 data were missing for 98.12% of patients, 
9 data were missing for 5.74% of patients, 
10 data were missing for 30.69% of patients and patients treated with S1P 

modulators (fingolimod, siponimod, ponesimod) were excluded due to the 
mechanism of this druǵs action, 

11 data were missing for 32.15% of patients and patients treated with S1P 
modulators (fingolimod, siponimod, ponesimod) were excluded due to the 
mechanism of this druǵs action, SD = standard deviation, BMI = body mass 
index, PCR = polymerase chain reaction, ICU = intensive care unit, EDSS =
expanded disability status scale 

Table 2 
Patients grouped by DMT and COVID-19 severity score  

DMT/SEVERITY SCORE 1 2 3 4 5 6 7 8 

Interferons 11 194 17 4 0 2 0 0 
Glatiramer acetate 7 108 14 2 0 2 0 0 
Teriflunomide 0 65 11 3 0 1 0 0 
Dimethyl fumarate 7 60 11 0 0 1 0 0 
Natalizumab 4 52 8 1 2 0 0 0 
S1P modulators 4 86 16 2 0 1 0 1 
Anti-CD20 3 51 9 9 4 2 1 0 
Alemtuzumab 0 3 0 0 0 0 0 0 
Cladribine 0 22 2 0 0 1 0 1 
No current DMT 5 83 17 4 3 2 0 1 
Total (n = 920) 41 724 105 25 9 12 1 3 

DMT = disease modifying therapy, Anti-CD20 = ocrelizumab and rituximab, 
S1P modulators = fingolimod, siponimod and ponesimod, 1 = asymptomatic 
patient, 2 = symptomatic patient, 3 = patient with suspected pneumonia defined 
by both dry cough and shortness of breath, 4 = patient with radiologically 
confirmed pneumonia (chest X-ray or CT scan), 5 = need of supplemental oxy
gen, 6 = need of non-invasive ventilation or high-flow oxygen therapy, 7= need 
of invasive ventilation or extracorporeal membrane oxygenation, 8 = death 

Table 3 
Risk factors of more severe COVID-19 course – univariate analysis  

GROUP n OR 95% CI p-value 

Age per 10y 924 2.16 1.63, 
2.84 

<0.001 

Male 923 1.93 1.07, 
3.44 

0.026 

One or more comorbidities 924 2.77 1.56, 
4.96 

<0.001 

Cardiac comorbidity 910 4.49 1.84, 
9.86 

<0.001 

Pulmonary comorbidity 912 4.24 1.37, 
10.9 

0.005 

Diabetes 912 3.37 0.77, 
10.6 

0.060 

Ever smoker (former/current) 833 1.37 0.65, 
2.68 

0.37 

BMI 744 1.08 1.02, 
1.13 

0.003 

EDSS 910    
EDSS < 4  — —  
EDSS >= 4  2.42 1.34, 

4.32 
0.003 

DMT category 921    
A. DMT except for anti-CD20  — —  
B. No current DMT  2.79 1.24, 

5.84 
0.009 

C. Anti-CD20  7.44 3.70, 
14.6 

<0.001 

MS duration, y 920 1.04 1.01, 
1.07 

0.003 

High dose glucocorticoid therapy during the 2 
months before COVID-19 onset 

882 3.49 1.52, 
7.32 

0.002 

OR = odds ratio, CI = confidence interval, BMI = body mass index, EDSS =
expanded disability status scale, DMT = disease modifying therapy, Anti-CD20 
= ocrelizumab and rituximab 
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associated with a more severe COVID-19 course. 
In 1:2 propensity score matching (Figure 1), patients treated with 

anti-CD20 compared to the same sex, age, presence of pulmonary co
morbidity, BMI and high-dose glucocorticoid treatment during the 2 
months before COVID-19 onset, patients treated with other DMT had an 
almost 9-fold increased odds of a more severe COVID-19 course (OR 
8.90, 95% CI 3.04-33.24, p<.00001). Exploratory analyses revealed no 
association between COVID-19 severity and the time passed since the 
last anti-CD20 infusion as well as the duration of anti-CD20 treatment. 

Sensitivity analyses run by repeating all the analyses using a leave 
one out procedure rerunning the analysis excluding one of the largest 
MS centres one at a time, showed risk factors that were consistent with 

the entire cohort. 

3.5. Patients with NMOSD 

Characteristics of 13 laboratory-confirmed patients with COVID-19 
and NMOSD are presented in Table 5. Although no statistical analysis 
can be performed because of the low number of patients in this cohort, 
we observed a high prevalence of more severe COVID-19 as well as a 
high fatality rate among these patients. Four NMOSD patients (30.77%) 
had the more severe COVID-19 course and 2 patients (15.39%) died. 

4. Discussion 

We present a large homogenous cohort of MS and NMOSD patients 
with COVID-19 collected via the Czech nationwide registry ReMuS. Our 
patient base represents almost 70% of Czech MS patients. The data 
collection was initiated when the first case of COVID-19 was spotted in 
Czechia on March 1, 2020, the majority of patients was, however, 
infected from October 2020 to January 2021 (88.67%). Czechia was one 
of the countries with the highest number of COVID-19 infected people 
per capita, but at that time the availability of COVID-19 laboratory tests 
was quite sufficient. Unlike the previous studies (Louapre et al., 2020a; 
Salter et al., 2021; Sormani et al., 2021) we didńt have to include sus
pected COVID-19 cases. That́s the probable reason we have a higher 
proportion of asymptomatic patients. We also didńt use any data im
putations and all values were obtained from healthcare professionals. 

As opposed to previous publications, our data analysis was based on 
the WHO definition (World Health Organisation, 2020) of COVID-19 
severity and reflected the presence of pneumonia, not hospitalization. 
This can eliminate the bias derived from hospitalisation because of lack 

Table 4 
Risk factors of more severe COVID-19 course – multivariate analysis  

GROUP OR 95% CI p-value 

Age per 10y 2.01 1.41, 
2.91 

<0.001 

Male 1.46 0.71, 
2.95 

0.295 

Pulmonary comorbidity 3.10 0.72, 
10.56 

0.092 

BMI 1.07 1.00, 
1.14 

0.033 

No current DMT 1.15 0.40, 
3.10 

0.787 

Anti-CD20 7.04 3.10, 
15.87 

<0.001 

High dose glucocorticoid therapy during the 2 
months before COVID-19 onset 

2.83 0.10, 
7.48 

0.041 

n = 738, OR = odds ratio, CI = confidence interval, BMI = body mass index, 
DMT = disease modyfing drug, Anti-CD20 = ocrelizumab and rituximab 

Figure 1. Absolute standardized mean difference of covariates before and after matching  
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of self-sufficiency or because of preventive COVID-19 treatment (e.g., 
convalescent plasma). Moreover, some patients avoid hospitalisation in 
crowded hospitals during the pandemic, despite pneumonia or poor 
health. The severity of hospitalized patients also varies over time. At the 
beginning of the pandemic, almost every patient was isolated in a hos
pital. The presence of pneumonia also plays an important role in the 
long-term impact of COVID-19(George et al., 2020). 

First, corresponding to previous publications, we confirmed that the 
majority of MS patients have a mild COVID-19 course. In our cohort, 
there was even a little lower proportion of patients with more severe 
COVID-19 outcome and a considerably lower mortality rate in com
parison to the North American Registry of Patients with MS (COViMS) 
(3.3%) (Salter et al., 2021), the French MS registry (Covisep) (3.5%) 
(Louapre et al., 2020a), Italian cohort (Musc-19) (1.54%), review of 
German authors (4.00%) (Möhn et al., 2020), review of Canadian and 
Iranian authors (1.8%) (Sharifian-Dorche et al., 2021) and the general 
Czech population (1.8%) (Komenda M. et al., 2021). This could be 
caused by a different definition of a more severe COVID-19 outcome as 
well as a higher proportion of asymptomatic and minimally symptom
atic patients in our cohort. The other reason is possibly low represen
tation of high-risk older patients without DMT, with comorbidities and 
long MS duration, who are not followed in ReMuS (the mean age in 
COViMS is 47.7, in ReMuS 43.46; one and more comorbidities are pre
sent in half of the patients in COViMS compared to a third in ReMuS). 
We also included only laboratory-confirmed cases. In older patients with 
higher EDSS, there is a lower probability of undergoing a laboratory test 
due to their limited mobility. Some patients also may have behaved 
more cautiously and adhered more strictly to public health recommen
dations due to their chronic illness. Furthermore, the mortality rates are 
not consistent among publications probably because of the low numbers 
of deaths. 

Second, we identified independent risk factors for COVID-19 in 
multivariate analysis. Similar to data from other MS registries and the 
general population, we confirmed higher age and BMI as independent 
risk factors of more severe COVID-19 (Goumenou et al., 2020; Louapre 
et al., 2020a; Möhn et al., 2020; Salter et al., 2021; Sharifian-Dorche 
et al., 2021; Sormani et al., 2021). In agreement with the COViMS 
(Salter et al., 2021), Musc-19 (Sormani et al., 2021) and with data in 
other autoimmune diseases (Gianfrancesco et al., 2020), we confirmed 
that high-dose glucocorticoid treatment during the 2 months before 
COVID-19 onset is associated with a worse disease course. This was not 
unexpected, as glucocorticoids affect the immune system, reducing 
responsiveness to infections. 

However, the 4 largest publications (Louapre et al., 2020a; Möhn 
et al., 2020; Salter et al., 2021; Sormani et al., 2021) are not entirely 

consistent on the question of the effect of immunomodulatory therapies 
on the course of COVID-19, especially anti-CD20. The Covisep registry 
(Louapre et al., 2020a), as well as the German review of 873 patients 
(Möhn et al., 2020), reported no association of anti-CD20 therapies with 
worse COVID-19 outcomes. Its small sample size and inconsistency may 
have limited the ability to detect associations. On the other hand, the 
increased frequency of more severe COVID-19 in people treated with 
anti-CD20 compared to other DMT was observed in Musc-19 (Sormani 
et al., 2021) as well as in our study. In our cohort, 81 MS patients were 
treated with antiCD20 and 16 of them contracted pneumonia. We 
proved that assumption via multivariate logistic regression and pro
pensity score matching. Nevertheless, none of the antiCD20 treated MS 
patients died. 

The most common adverse events in patients treated with anti-CD20 
therapy are viral respiratory infections. Anti-CD20 therapy binds to 
CD20 on the surface of B-cells, effectively depleting them, and interferes 
with antibody development. Therefore, B-cell depletion could poten
tially compromise antiviral immunity, including the development of 
SARS-CoV-2 antibodies. (Mehta et al., 2020; Syed, 2018) Serological 
studies following COVID-19 infection as well as COVID-19 vaccination 
in patients treated with anti-CD20 therapy will be crucial to determine 
the characteristics of the immune response to COVID-19 to help with 
clinical decisions about treatment and vaccination. We did not observe a 
link between time from last infusion of anti-CD20 or duration of 
anti-CD20 treatment. This can be due to the small sample size, but it is 
consistent with the idea that the immunological effect of anti-CD20 
treatment may last longer than 6 months. 

We should also mention the higher proportion of patients with 
consequent relapse after COVID-19 infection among those with a more 
severe COVID-19 course in our cohort (Table 1). Longitudinal studies are 
needed to evaluate the long-term consequences of COVID-19, relapse 
rate included. 

Information on COVID-19 and pregnancy is still scarce, even more so 
when it comes to pregnancy in MS patients. Pregnant women do not 
appear to be at greater risk of COVID-19 infection. While the risk of 
critical care appears increased relative to the general population, there 
does not appear to be a significantly higher mortality rate. (Yam et al., 
2020) In our cohort, 5 pregnant MS patients with COVID-19 were re
ported, all with a mild COVID-19 course (2 in the first trimester, 2 in the 
third trimester, one unknown). 

To date, there are only a few published cases of COVID-19 in patients 
with NMOSD (Alonso et al., 2021; Ciampi et al., 2020; Creed et al., 2020; 
Fan et al., 2020; Louapre et al., 2020b; Sahraian et al., 2020; Zeidan 
et al., 2020b). From 46 confirmed or highly suspected patients with 
COVID-19, 20 (43.48%) had a mild infection course, 20 (43.48%) 

Table 5 
Characteristics of patients with neuromyelitic optica spectrum disorder (NMOSD) and COVID-19  

Sex, Age, 
yr 

NMOSD 
duration, yr 

EDSS Antibody 
status 

Therapy HDG2 COVID-19 severity 
score 

Comorbidities 

F, 30 0.93 3.5 Seronegative Rituximab, prednisone 17,5 mg/ 
day 

No 2 Former smoker 

M, 70 14.53 6.5 AQP4+ Prednisone 20 mg/day No 8 Cardiovascular comorbidity, hypertension, 
rheumatoid arthritis 

F, 52 10.08 2.0 AQP4+ Inebilizumab No 4 No 
F, 42 2.68 3.5 Seronegative Rituximab No 2 Pulmonary comorbidity 
M, 47 17.41 3.5 Seronegative Rituximab No 4 Pulmonary comorbidity 
F, 40 16.46 1.5 AQP4+ Prednisone 5mg/day No 3 Thyreopathy 
M, 44 5.67 1.5 AQP4+ Rituximab No 2 Psoriasis, former smoker 
F, 67 5.72 6.0 AQP4+ Rituximab No 8 Hypertension, malignancy 
F, 60 15.32 4.5 Seronegative No therapy No 2 Pulmonary comorbidity, obesity 
M, 45 5.76 1.5 AQP4+ Rituximab No 2 Psoriasis 
F, 19 0.41 1.5 Seronegative Azthioprine 75 mg/day, 

prednisone 5 mg/day 
No 2 No 

F, 55 9.57 3.0 AQP4+ Azathioprine 100 mg/day No 2 No 
M, 63 1.34 2.0 Seronegative No therapy No 2 Malignancy 

HDG2 = high dose glucocorticoid during the previous 2 months, F = female, M = male, COVID-19 severity score: 2 = symptomatic patient, 3 = patient with suspected 
pneumonia defined by both dry cough and shortness of breath, 4 = patient with radiologically confirmed pneumonia (chest X-ray or CT scan), 8 = death 
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required hospitalisation and 6 (13.04%) patients died from COVID-19. A 
total of 5 deaths occurred in patients under treatment with rituximab, 
and one with prednisone. That corresponds to our findings. In our 
cohort, above 30% of patients had a more severe COVID-19 course and 
approximately 15% of patients died. Reports on COVID-19 infection in 
patients with NMOSD are scarce, so it is not possible to draw definite 
conclusions regarding the severity of the infection in these patients. 
Further research to combine NMSOD cases globally is needed. However, 
data available up to now suggest a high risk of a more severe COVID-19 
course as well as a higher mortality rate among NMOSD patients. 

Limitations of this analysis include low representation of children as 
well as older patients without DMT, with comorbidities and long MS 
duration, who are not followed in ReMuS. In older patients with higher 
EDSS, there is also less probability to undergo a laboratory test because 
of their limited mobility. Not all patients underwent a CT scan or chest 
X-ray so more severe cases could be underestimated. Otherwise, there 
can be an improved outcome in comparison to the general population 
due to greater adherence to public health recommendations because of 
MS diagnosis. Finally, although the multivariate analysis and propensity 
score matching adjusted for the effect of DMT on COVID-19 severity for 
the main confounding factors, we cannot exclude that some residual 
confounding can partly explain the observed associations. 

5. Conclusion 

Overall, this study confirms that a majority of MS patients have a 
mild COVID-19 course. Anti-CD20 therapy, high-dose glucocorticoid 
during the 2 months before COVID-19 onset and risk factors known in 
the general population such as higher BMI and age were associated with 
more severe COVID-19 course. These findings are in agreement with 
previous studies as well as knowledge about infections in MS patients. It 
will be important to look at longitudinal and serological studies to 
evaluate the long-term consequences of COVID-19 and the characteris
tics of the immune response in MS patients. Contrarily, it seems that 
NMOSD patients are at higher risk of worse COVID-19 course, even 
though the COVID-19 reports are scarce. 

The results from this analysis are very important for clinical practice. 
Based on this study, we have already started an early administration of 
anti-SARS-CoV-2 monoclonal antibodies and preferential vaccination in 
the group of patients treated by anti-CD20. We continue to collect this 
data and plan to publish it soon. 
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