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INTRODUC TION

The pandemic spread of the severe acute respiratory syndrome coro-
navirus 2 (SARS- CoV- 2), with more than 25 million confirmed infec-
tions and more than 840,000 deaths as of August 31, 2020 from the 
consequences of the virus- associated respiratory disease (coronavirus 
disease 2019 [COVID- 19]), has raised health concerns for patients with 
multiple sclerosis (MS). In Austria, with about 8.5 million inhabitants, 
there are more than 27,000 confirmed SARS- COV- 2 infections, with 
over 700 deaths from COVID- 19 and about 14,500 MS patients [1].

Severity and mortality of COVID- 19 have varied greatly but ap-
pear to be strongly influenced by age, preexisting comorbidities, and 
thereby associated with certain therapies, in particular by ongoing 
immunosuppressive treatments [2,3]. Although MS is typically di-
agnosed in young adults, a substantial number of individuals with 
MS are older than 60 years, a population with a demonstrated in-
creased risk of severe morbidity and mortality from COVID- 19 [3– 6]. 
Immunomodulatory therapies and particularly, immunosuppressive 
therapies used in the treatment of MS, qualitatively and quantita-
tively alter the components of the immune system and are to some 
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Abstract
Background and Purpose: The coronavirus disease 2019 (COVID- 19) pandemic chal-
lenges neurologists in counseling multiple sclerosis (MS) patients with respect to their 
risk for and by severe acute respiratory syndrome coronavirus 2 and in guiding disease- 
modifying treatment (DMT). The objective was to determine the frequency and distribu-
tion of currently known risk factors for COVID- 19 mortality in an MS population.
Methods: Multiple sclerosis patients with at least one complete case report between 
January 1, 2015 and December 31, 2019 from the Innsbruck MS database were cross- 
sectionally included. Frequencies of currently estimated COVID- 19 mortality risk factors 
were analyzed, and the cumulative risk was calculated by a recently developed score. For 
every risk group, the proportions of patients under DMT and immunosuppressive treat-
ment were determined.
Results: Of 1931 MS patients, 63.4% had low risk of COVID- 19 mortality, 26% had mild 
risk, 8.8% had a moderate risk, whereas a combined 0.9% had high or very high risk of 
COVID- 19 mortality. Of the patients at high or very high risk, only one patient received 
DMT and none had an immunosuppressive therapy.
Conclusions: In a population- based MS cohort, the proportion of patients at high risk of 
COVID- 19 mortality is below 1%. Importantly, the vast majority of these MS patients did 
not receive any DMT.
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extent associated with a greater infectious risk, especially concern-
ing viral pathogens [7].

Managing MS during the COVID- 19 pandemic poses an excep-
tional challenge with little published experience, no evidence- based 
guidelines, and mounting pressure from patients and caregivers long-
ing for specific counseling. The objective of this study was to deter-
mine the frequency and distribution of currently known risk factors as 
well as the cumulative risk for COVID- 19 mortality in a MS population 
in relation to the use of disease- modifying treatment (DMT).

METHODS

As previously described in detail, the Innsbruck MS database (IMSD) 
was established at the MS Clinic of the Department of Neurology, 
Medical University of Innsbruck, Innsbruck, Austria, which serves as 
both the primary and secondary reference center mainly for Western 
Austria and its catchment area [8]. The study was approved by the 
ethics committee of the Medical University Innsbruck (ethical ap-
proval number: AM3743- 281/4.3), and written informed consent 
was obtained from every patient. IMSD comprises a cohort of 2468 
patients diagnosed with MS according to McDonald diagnostic cri-
teria [9– 11]. Given the prevalence of MS (148 per 100,000 people) 
and a population of about 1.6 million people in Western Austria, 
this database is likely to include most of the MS patients from this 
catchment area [1,12]. IMSD case reports include demographic data, 
details of MS course, DMT history, and a detailed documentation of 
prior and current comorbidities. Comorbidities were confirmed by 
the respective medical reports stating the diagnosis or corroborated 
by appropriate comedication.

For this cross- sectional study, we included all MS patients with 
at least one complete case report between January 1, 2015 and 
December 31, 2019. We extracted reported demographic and clin-
ical factors, which are currently estimated as potential risk factors 
for COVID- 19 mortality: age, physical disability (Expanded Disability 
Status Scale [EDSS] score), smoking status, obesity (body mass index 
≥30), DMT status, and presence of cardiovascular disease (coronary 
heart disease and/or ischemic heart failure and/or cardiac valve 
disease), chronic pulmonary disease (asthma or obstructive pulmo-
nary disease [COPD]), diabetes, chronic kidney disease, and current 
malignancy.

Patients were classified regarding their risk of COVID- 19 mor-
tality according to a modified version of a recently developed risk 
score categorizing patients as having either low (<1%), mild (<5%), 
moderate (~15%), high (~30%), or very high risk (~50%) of COVID- 19 
mortality (Table 1) [13]. We analyzed the frequency of risk factors 
in the whole cohort and in three age subgroups (<40 years, 40– 
65 years, >65 years), and we calculated the proportion of the co-
hort in each COVID- 19 mortality risk group and contrasted that to 
the proportion of patients with DMT and, specifically, immunosup-
pressive treatment (alemtuzumab, cladribine, mitoxantrone, ocreli-
zumab, or rituximab).

Statistical analysis

Statistical analysis was performed using SPSS 25.0 (IBM, 
Armonk, NY). Categorical variables were expressed in fre-
quencies and percentages, and continuous variables as mean 
and standard deviation or median and range as appropriate. 
Frequencies of risk factors were compared across age groups 
by χ2 test.

RESULTS

The inclusion process is depicted in detail in Figure 1. Characteristics 
of the final study cohort consisting of 1,931 MS patients are given 
in Table 2.

The frequency of risk factors for COVID- 19 mortality in the 
whole MS cohort and their distribution among the different age 
categories are shown in Table 3. Prevalence of cardiovascular 
disease, chronic obstructive pulmonary disease, chronic kidney 
disease, diabetes, and concurrent malignancy as well as the pro-
portion of patients with severe physical disability due to MS (i.e. 
EDSS > 6) significantly increased with age. The frequency of obe-
sity and smoking did not significantly differ across age groups, 
whereas the rate of patients receiving DMT significantly de-
creased with increasing age.

TA B L E  1  Modified COVID- 19 mortality risk score [Colour table 
can be viewed at wileyonlinelibrary.com]

Factor Score

Diabetes and age <40 years 5

Age ≥65 years 3

Chronic kidney disease 3

Severe physical disability (EDSS >6) 2

Chronic obstructive pulmonary disease 1

Cardiovascular disease 1

Current malignancy 1

Obesity (BMI ≥30) 1

Diabetes 1

Smoking 1

Age <40 years −6

Risk category Score 
interval

Low risk ≤0

Mild risk 1– 3

Moderate risk 4– 7

High risk 8– 11

Very high risk ≥12

Note: Modified according to Bello- Chavolla et al [13].
Abbreviations: BMI, body mass index; EDSS, Expanded Disability Status 
Scale.
Color shades correspond to the level of risk.
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Calculating the COVID- 19 mortality risk according to the 
score, 63.4% had low risk and another 26% mild risk, whereas a 
combined 0.9% had high or very high risk of COVID- 19 mortality. 
Of the patients at high or very high risk, only one patient was 
under DMT, and none received immunosuppressive treatment 
(Table 4).

DISCUSSION

Evidence regarding the specific morbidity and mortality from 
COVID- 19 in patients with MS with or without DMT is scarce. There 
are some anecdotal reports on the course of COVID- 19 in MS patients 
including some on commonly used DMTs, suggesting that MS patients 
do not have an increased risk of contracting symptomatic COVID- 19 

or fatality from COVID- 19 compared with the population at large [14]. 
Recently, neurological disability, age, and obesity were described as 
risk factors for severe forms of COVID- 19 in a cohort study of 347 MS 
patients, but no association was found between DMT exposure and 
COVID- 19 severity [15]. Also, MS patients generally do not display a 
propensity for increased morbidity or mortality from other viral patho-
gens [14]. Thus, one can assume that the currently known risk factors 
in the general population can be extrapolated to the MS population.

In general, age ≥65 years seems to be the most important 
demographic risk factor for COVID- 19 severity and mortality 
[2,3,16]. Estimates indicate that up to 10% to 20% of MS patients 
are aged ≥65 years, with 18% in our cohort [6]. Whether increased 
COVID- 19 mortality in older patients reflects impaired regula-
tion of immune responses and whether this may be accentuated 
or mitigated in patients with autoimmune diseases pertaining to 
some immunoregulatory deficits remains to be elucidated [14]. 
Besides age, presence of comorbidities (i.e. cardiovascular disease, 
COPD, chronic kidney disease, malignancy, obesity, and smok-
ing) is associated with increased risk for COVID- 19 severity and 
mortality [2,3,16,17]. The prevalence of these risk factors found 
in our cohort matches well the reported prevalence in MS popu-
lations [18– 21]. With respect to this prevalence and considering 
the population- based nature of the IMSD cohort capturing more 
than 80% of the theoretical MS prevalence in Western Austria, our 
cohort is likely representative of a European, primarily Caucasian, 
MS population [1,8,12,22].

In recent months, there have been various attempts to quantify 
the cumulative risk for COVID- 19 severity/mortality. Most of the 
studies combined demographic data and comorbidities with clinical, 
laboratory- chemical, or radiographic findings at admission, which is 
not suitable for quantifying the risk in the general population. Hence, 
we used a recently developed risk score categorizing patients' risk 
of COVID- 19 mortality based on age and comorbidities [13]. The 
score was modified by adding severe physical disability (EDSS ≥6) 
as an additional risk factor relatively weighted according to a recent 

F I G U R E  1  Study inclusion flowchart. 
MS, multiple sclerosis

TA B L E  2  Demographics and clinical characteristics of the cohort

Whole cohort, 
n = 1931

Femalesa  1394 (72.2)

Age, yearsb  45 (15– 88)

Disease duration, yearsb  15 (1– 54)

RRMSa  1214 (62.9)

SPMSa  578 (29.9)

PPMSa  139 (7.2)

EDSS 3.0 (0– 9.5)

Current DMT 1198 (62.0)

Immunosuppressive treatment 91 (4.7)

Abbreviations: DMT, disease- modifying therapy; EDSS, Expanded 
Disability Status Scale; MS, multiple sclerosis; PPMS, primary 
progressive MS; RRMS, relapsing- remitting MS; SPMS, secondary 
progressive MS.
aNumber (percentage).
bMedian and range.
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publication indicating that an EDSS ≥6 was associated with a twofold 
increased risk of severe COVID- 19 [15].

Encouragingly, the proportion of patients theoretically at high risk 
of COVID- 19 mortality if they contract the virus is below 1%, which is 
within the range of global mortality reports averaging about 3% in the 
general population [23]. Although there is no evidence- based guid-
ance, various expert committees have published recommendations 
on how to manage MS patients and DMT during the COVID- 19 pan-
demic. The initial approaches offered very conservative advice, with 
some even suggesting discontinuation of DMT, whereas published 
guidelines have now become less cautious as assuring experiences are 
growing [24]. Our data add to that, as they show that the overwhelm-
ing proportion of MS patients are not to be considered at high risk of 
COVID- 19 mortality. Also, most of the high- risk group is not even re-
ceiving DMT, thus rendering the question of stopping DMT in patients 
with high risk of COVID- 19 mortality somewhat marginal. Theoretical 
considerations suggest that DMTs might even mitigate the overshoot-
ing immune response, which is likely pathophysiologically underlying 
the development of acute respiratory distress syndrome (ARDS) in 
COVID- 19 [14]. However, there are no conclusive data regarding the 
effect of DMTs on the frequency of serious COVID- 19 complications, 
including ARDS, to date. Still, in patients with low to moderate risk 

of COVID- 19 mortality, the benefit– risk ratio seems to be in favor of 
at least continuing and likely also initiating DMT when indicated by 
the course of MS in the respective individual patient. Importantly, the 
standard of care for MS patients including continuation of safety mon-
itoring procedures needs to be upheld as far as possible depending 
on local circumstances [14,24]. As always, treatment decisions should 
be extensively discussed with patients and individually tailored, tak-
ing into account all MS- specific parameters as well as, for example, 
comorbidities, social circumstances, and personal risk perception [25].

As a limitation of this study, our data provide risk estimates based 
on theoretical weighting as opposed to actually observing the morbidity 
and mortality of COVID- 19 in MS patients. Also, the risk score applied 
was modified to include all the relevant reported demographic and 
comorbidity- derived risk factors without formally validating the mod-
ifications. Furthermore, the original score was developed in a Mexican 
population, which might limit applicability to other ethnicities, especially 
if the distribution of risk factors varies between populations. Thus, our 
results naturally have to be interpreted cautiously. However, the goal of 
this study was to provide a general impression of the proportion of MS 
patients at risk rather than exact risk estimates.

In conclusion, we showed in a population- based MS cohort that 
the proportion of patients at high risk of COVID- 19 mortality is 

TA B L E  3  Risk factors for COVID- 19 mortality in the multiple sclerosis population and age subgroups

Whole cohort, 
n = 1,931

Age group 
<40 years, n = 967

Age group 40– 
65 years, n = 611

Age group 
>65 years, n = 353

p 
valueb 

Cardiovascular diseasea  48 (2.5) 3 (0.3) 10 (1.6) 35 (9.9) <0.001

Chronic obstructive pulmonary diseasea  116 (6.0) 21 (2.2) 37 (6.1) 58 (16.5) <0.001

Chronic kidney diseasea  21 (1.1) 1 (0.1) 4 (0.6) 16 (4.5) <0.001

Diabetesa  119 (6.2) 22 (2.3) 45 (7.4) 52 (14.7) <0.001

Obesity, BMI >30a  235 (12.2) 111 (11.5) 70 (11.5) 54 (15.3) 0.139

Current malignancya  24 (1.2) 2 (0.2) 9 (1.5) 13 (3.7) <0.001

Smokinga  502 (26.0) 234 (24.2) 171 (28.0) 97 (27.5) 0.193

EDSS >6a  335 (17.3) 94 (9.7) 128 (21.0) 113 (32.0) <0.001

Receiving DMTa  1198 (62.0) 791 (81.2) 353 (57.8) 54 (15.3) <0.001

Abbreviations: BMI, body mass index; DMT, disease- modifying therapy; EDSS, Expanded Disability Status Scale.
aNumber (percentage).
bCalculated by χ2 test across age groups.

Risk category
Patients at 
risk

Proportion 
under DMT

Proportion under 
immunosuppressive treatment

Low risk (score ≤0) 1224 (63.4) 863 (70.5) 69 (5.6)

Mild risk (score 1– 3) 501 (26.0) 291 (58.1) 15 (2.9)

Moderate risk (score 4– 7) 170 (8.8) 30 (17.7) 7 (4.1)

High risk (score 8– 11) 13 (0.7) 1 (8.3) 0 (0)

Very high risk (score ≥12) 3 (0.2) 0 (0) 0 (0)

Note: Immunosuppressive treatment, alemtuzumab, cladribine, mitoxantrone, ocrelizumab or 
rituximab.
Abbreviation: DMT, disease- modifying therapy.
Color shades correspond to the level of risk.

TA B L E  4  Distribution of patients at risk 
for COVID- 19 mortality with proportions 
under DMT [Colour table can be viewed 
at wileyonlinelibrary.com]
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below 1%, with the vast majority of the high- risk group not receiving 
DMT, let alone immunosuppressive treatment.
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