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Abstract

Objective To estimate whether the risk of death from COVID-19 in patients with multiple sclerosis (MS) exceeds that of
the general population.

Methods We conducted a pooled analysis of cohort studies on COVID-19 in patients with MS published until July 31, 2021.
We calculated the pooled crude death rate (CDR) and estimated the indirectly-adjusted age-standardized lethality ratio (SLR)
to assess the risk of death from COVID-19 in patients with MS as compared to general population.

Results Out of 520 articles, 18 fulfilled criteria for pooled analysis, with a total of 5634 patients (28.6% males, mean age
41.8 years). Of them, 111 died, yielding a CDR of 1.97% (95% confidence intervals [CIs] 1.61-2.33). The estimated SLR
was 1.24 (95% ClIs 1.01-1.48) after indirect age-standardization using case-fatality rates obtained from the detailed surveil-
lance data available at the World Health Organization (WHO) website. A leave-one-out sensitivity analysis and the analysis
of temporal trends of SLR from March 2020 to July 2021 provided consistent findings.

Conclusions Our pooled analysis suggests a 24%-increased risk of death from COVID-19 in patients with MS. These find-
ings must be interpreted with caution, mainly because of the difficulties in COVID-19 case detection (especially in the first
pandemic wave) and heterogeneity of the analyzed cohorts. Confirmation in larger population-based studies is warranted.
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Introduction

The ongoing global coronavirus disease 2019 (COVID-19)
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luca.prosperini @ gmail.com pandemic [1] has raised concerns about a possible increased
Carla Tortorella risk of death in people with multiple sclerosis (MS) [2]. Data
carla.tortorella@gmail.com available so far show comparable risk of morbidity [3] and
Shalom Haggiag prognosis [4] towards COVID-19 compared to the general
lvshalom @hotmail.com population [1]. The lethality rate for COVID-19 among MS
Serena Ruggieri patients was estimated at around 3% [5], and in the general
serena.ruggieri @ gmail.com population worldwide around 2.4%, with mixed overall rates
Simonetta Galgani between countries and different age groups [6].
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instead age and male are two risk factors for worse COVID-
19 outcome [5].
Despite the knowledge gain over the last few months, the
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to investigate whether their risk of death exceeds that of the
general population.

Methods
Study design and registration

Our pooled analysis adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) statement [7] and the review protocol was reg-
istered in the PROSPERO database (Registration Number:
CRD42021246205).

Search strategy

To identify studies on COVID-19 in patients with MS, we
searched two medical (PubMed and Google Scholar) and
one pre-print (MedRxiv) databases, using combinations of
MeSH terms for articles published from January, the 1st
2020 until July 31, 2021, as follows: (multiple sclerosis)
AND ((COVID-19) OR (coronavirus) OR (SARS-CoV-2)).
The free-web tool Rayyan was used for screening and select-
ing relevant studies (http://www.rayyan.qcri.org).

To develop our literature search strategy, we applied the
PI(E)COS framework [8], as follows: participants (P): peo-
ple with MS; intervention (I): not applicable; exposure (E):
COVID-19; control (C): not applicable; outcome (O): death
due to COVID-19; study designs or settings (S): observa-
tional studies.

We selected only cohort studies, and excluded case series
and case reports to minimize selection bias. To avoid the
risk of missing relevant articles, we searched for additional
papers through the bibliography of included articles and pre-
viously published reviews. Conference abstracts and articles
written in languages other than English were not considered.
To avoid the risk of duplicated data, we checked for authors
and/or countries where data were collected. When two or
more articles were from the same country, we included mul-
tiple studies only on the condition that there was no author
overlap and that data were collected in different sites. We
excluded studies supported by Pharma Industries.

To assess eligibility, two investigators (LP and SH) inde-
pendently searched for articles, and agreement between them
was required to include an article; disagreement was solved
by a third author after reading the whole article (CT).

Data extraction

From each selected article, we extracted data on sample
size, country of origin, date of database lock, number of
death attributable to COVID-19 and age structure. When
not reported, we derived an approximated age structure from

the mean and standard deviation age by applying the normal
distribution (after checking for normal data distribution).

Data analysis

We first calculated the pooled crude death rate (CDR) from
all selected studies [9], and its relative 95% confidence inter-
vals (CI), as follows:

n of observed deaths
Total N of patients ’

CDR =

DR x (1 — CDR
05%Cls = CDR + 196 x 1/ S2RX U = CDR) )
Total N of patients
We then estimated the age-standardized lethality ratio
(SLR), and its 95% ClIs [9], by an indirect standardization
method [10], as follows:

n of observed death

SLR = )
n of expected death

95%Cls = SLR + 1.96 X SLR .
\/ n of observed death

To calculate the expected deaths attributable to COVID-
19, we fixed as reference the age-specific case-fatality rates
(CFRs) of COVID-19 obtained from the detailed surveil-
lance data available on the World Health Organization
(WHO) website (https://covid19.who.int). We used time-
and country-restricted CFRs, i.e. we restricted the reference
data collection to the time frames of the selected articles for
each included country. In case of lack of data on a specific
country or world region, we ran a free web search to obtain
age-specific CFRs of COVID-19 from other sources.

A leave-one-out sensitivity analysis was conducted by
iteratively removing one article at a time to confirm that our
findings were not driven by any single study.

Finally, we also projected the monthly changes of SLR
in order to take into account that CFRs changed over time
and across countries (mainly depending on differences in
the extent of testing or in the contagion trajectory through
the outbreak) [6].

Results
Search findings

The flow chart for study selection (according to PRISMA
statement) is shown in the Fig. 1.
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Fig.1 PRISMA flow-chart for study selection

Our search retrieved 525 articles; after removing dupli-
cates and screening from title and abstract, we assessed 140
full-text articles for eligibility. Of these, 18 articles [11-28]
met the eligibility criteria. Most of the data were collected
during the first pandemic wave, with database lock set in
April 2020 [23], May 2020 [14, 18, 22, 24], June 2020 [13,
15, 16, 19, 21], whereas data of the remaining studies were
collected until September 2020 [26, 27], October 2020 [11],
December 2020 [17, 25], February 2021 [12, 28], April 2021
[20].

Data were collected in different sites in Iran (three arti-
cles) [14, 15, 24] and United States (two articles) [18, 23];
two articles included data from different countries of Latin
America [11] and North America [25]. The remaining arti-
cles were from Austria [17], Brazil [16], Chile [19], Czechia
[28], France [22], Italy [27], Netherland [21], Poland [20],
Saudi Arabia [12], Spain [13], Turkey [26]. Three articles
included also data of 20 patients with neuromyelitis optica
spectrum disorder that were removed from further analysis
[11, 19].

Characteristics of participants
The pooled cohort consisted in 5634 patients. Their mean
pooled age was 41.8 years and there were 1590 out of 5568

(28.6%) males (no data on sex ratio was reported in one arti-
cle including 66 patients [14]). The Table 1 shows the main
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» Case series or case reports (n = 62)
* High risk of duplicated data (n = 60)

characteristics of included studies. Out of 5634 patients,
3968 (70.4%) received a COVID-19 diagnosis as confirmed
at a positive reverse transcriptase polymerase chain reaction
(RT-PCR) on nasal and/or pharyngeal swabs, whereas the
remaining 1666 (29.6%) were suspected cases on the basis
of clinical symptoms and signs.

Selected articles reported 111 deaths in 5634 patients
with suspected or confirmed COVID-19, yielding a CDR of
1.97% (95% ClIs 1.61-2.33). Overall, 873 patients required
hospitalization, yielding a hospitalization rate of 15.5%
(95% ClIs 14.6-16.4).

Lethality of COVID-19 in patients with MS

The estimated SLR was 1.24 (95% Cls 1.01-1.48) after indi-
rect standardization using time- and country-restricted data
of general population. Most of the reference data were acces-
sible on the detailed surveillance data at the WHO website
[11, 13, 16, 17, 19-22, 26-28], whereas age-specific CFRs
for Iran and Saudi Arabia were not available; therefore, we
used data from Eastern Mediterranean Region as reference
information [12, 14, 15, 24]. Reference data for articles con-
ducted in United States [18, 23] and North America [25]
were available at the Centers for Disease Control and Pre-
vention (CDC) website (https://www.cdc.gov/coronavirus/
2019-nCoV/index.html).
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Table 1 Main characteristics of included cohort studies on COVID-19 in multiple sclerosis

Study Country Data lock Sample size Deaths Hospitalization Confirmed cases™ Mean age
(First author)

Alonso [11] Latin America  Oct 2020 129 0 (0%) 16 (12.4%) 118 (91.5%) 415
Alshamrani [12]  Saudi Arabia Feb2021 70 0 (0%) 10 (14.3%) 70 (100%) 337
Arrambide [13] Spain Jun2020 326 7 (2.15%) 79 (24.2%) 120 (36.8%) 44.8
Barzegar [14] Iran May 2020 66 1(1.52%) 2 (3.0%) 6 (9.1%) 37.3
Bayat [15] Iran Jun2020 76 2 (2.63%) 12 (15.8%) 8 (10.5%) 38.5
Brum [16] Brazil Jun2020 94 1 (1.06%) 12 (12.8%) 22 (23.4%) 40.6
Bsteh [17] Austria Dec2020 126 4 (3.17%) 13 (10.3%) 126 (100%) 432
Chaudhry [18] USA May 2020 40 4 (10.0%) 21 (52.5%) 40 (100%) 52.8
Ciampi [19] Chile Jun 2020 14 0 (0%) 5(35.7%) 11 (78.6%) 34.7
Czarnowska [20]  Poland Apr2021 396 1 (0.25%) 27 (6.8%) 396 (100%) 40.1
Loonstra [21] Netherland Jun 2020 86 4 (4.65%) 22 (25.6%) 43 (50.0%) 455
Louapre [22] France May 2020 347 12 (3.46%) 73 (21.0%) 146 (42.1%) 44.6
Parrotta [23] USA Apr2020 72 5 (6.94%) 15 (20.8%) 35 (48.6%) 44.9
Sahraian [24] Iran May 2020 68 2 (2.94%) 17 (25.0%) 68 (100%) 37.3
Salter [25] North America  Dec2020 1626 49 (3.01%) 320 (19.7%) 1,345 (82.7%) 477
Sen [26] Turkey Sep2020 309 3(0.97%) 94 (30.4%) 291 (94.2%) 36.9
Sormani [27] Ttaly Sep2020 844 13 (1.54%) 96 (11.4%) 279 (33.1%) 45.0
Stastna [28] Czechia Feb2021 945 3(0.32%) 39 (4.1%) 844 (89.3%) 435
Pooled - - 5634 111(1.97%) 873 (15.5%) 3968 (70.4%) 418

*By positive reverse transcriptase polymerase chain reaction (RT-PCR) on nasal and/or pharyngeal swabs

Table2 Leave-one-out Study CDR 95% Cls SLR 95% Cls

sensitivity analysis; note that a

standardized lethality ratio> 1.0 (First author) Lower Upper Lower Upper

indicates increased risk of death bound bound bound bound

attributable to COVID-19 in

patients with MS as compared — Alonso [11] 2.01 1.64 2.38 1.28 1.04 1.52

to general population — Alshamrani [12] 1.99 1.62 2.36 1.25 1.02 1.48
— Arrambide [13] 1.95 1.58 2.33 1.18 0.96 1.41
— Barzegar [14] 1.97 1.61 2.34 1.24 1.01 1.47
— Bayat [15] 1.96 1.59 2.32 1.23 1.00 1.46
— Brum [16] 1.98 1.61 2.35 1.25 1.02 1.49
— Bsteh [17] 1.94 1.57 2.30 1.21 0.98 1.44
— Chaudhry [18] 1.91 1.55 227 1.22 0.99 1.45
— Ciampi [19] 1.97 1.61 2.33 1.25 1.01 1.48
— Czarnowska [20] 2.09 1.71 2.48 1.37 1.12 1.63
— Loonstra [21] 1.92 1.56 2.29 1.22 0.99 1.45
— Louapre [22] 1.87 1.50 2.23 1.27 1.02 1.52
— Parrotta [23] 1.90 1.54 2.26 1.21 0.98 1.44
— Sahraian [24] 1.95 1.59 232 1.23 1.00 1.46
— Salter [25] 1.54 1.16 1.92 1.41 1.06 1.76
— Sen [26] 2.02 1.65 2.40 1.22 0.99 1.45
— Sormani [27] 2.04 1.64 2.44 1.14 0.92 1.37
— Stastna [28] 2.30 1.87 2.73 1.31 1.06 1.56

CDR crude death rate, CIs confidence intervals, SLR standardized lethality ratio
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The leave-one-out sensitivity analysis confirmed that this
estimate did not change substantially even after iteratively
removing one study at a time, thus indicating that the pooled
result was not driven by any single study (see Table 2).

The Fig. 2 shows changes over time of the age-standard-
ized SLR using the distribution of case-fatality rates by age;
except for the first few months of the COVID-19 pandemic,
the estimated SLR was steadily above 1.00, indicating an
increased risk of death attributable to COVID-19 in patients
with MS as compared to general population.

Discussion

We explored whether the COVID-19-related risk of death
of patients with MS exceeds that of the general population.
For this purpose, we pooled available literature data and
used indirect age-standardization to allow the comparison
of lethality with the general population [10]. We found a
24%-increased risk of death from COVID-19 in patients
with MS according to the standard population used as ref-
erence. Both the leave-one-out sensitivity analysis and the
temporal trends over months in SLR provided consistent
findings, except for the first pandemic wave when monitor-
ing and tracking systems for COVID-19 cases were not fully
established yet and strategies used for SARS-CoV-2 detec-
tion varied hugely across different countries [6].

The overall CFRs of COVID-19 in the general population
differ between countries, are sex-dependent (greater risk in
men than women) and age-dependent, with an exponential
increase above 60 years. For this reason, despite the CDR
similar to that of general population, the increased risk of
death from COVID-19 observed in MS cohorts after age-
standardization is not surprising as patients with MS are on
average younger and predominantly women [5].

Other than male sex, older age, presence of comorbid-
ity (shared with the general population) [4, 5], several

Fig.2 Standardised lethality 4.0
ratio over time according to case 35 |
fatality rates-distribution by ’

age obtained from the detailed 3.0 A

surveillance data available on
the World Health Organiza-
tion (WHO) website (https://
covid19.who.int); note that a
standardized lethality ratio> 1.0
indicates increased risk of death
attributable to COVID-19 in

standardized lethality ratio
* 95% confidence intervals

MS-specific risk factors for a more severe COVID-19 course
were suggested, namely worse disability level [13], progres-
sive disease course [13, 15], lymphopenia [13, 28], steroid
administration shortly before SARS-COV-2 infection [18,
27], current treatment with anti-CD20 agents [25, 27, 29].
Interestingly, current treatment with interferon beta formu-
lations seems to exert a protective role on the COVID-19
severity [5]. However, other articles did not find any asso-
ciation between specific disease-modifying therapies and
COVID-19 severity or lethality [13, 17, 21, 22, 23].

The possible detrimental effect of disease-modifying
treatments on COVID-19 severity is a major concern during
the pandemic, especially in relation to drug-induced lym-
phopenia. In this regard, not only anti-CD20 agents (namely
ocrelizumab and rituximab), but also alemtuzumab, cladrib-
ine, dimethyl fumarate, fingolimod may potentially represent
a risk factor for worse COVID-19 outcome. Nevertheless,
none of the afore mentioned disease-modifying therapies,
with except for anti-CD20 agents, has been associated with
increased severity or lethality of COVID-19 until now [5].
Possible, not mutually exclusive, explanations are: (1) the
more intense and prolonged B-cell depletion by anti-CD20
agents (as compared with the other immunosuppressant
disease-modifying therapies) affecting the mature B-cell
response that is crucial for neutralizing SARS-COV-2 [30];
(2) the increased susceptibility to SARS-COV-2 infection in
patients treated with anti-CD20 agents [29] that, in turn, may
merely rise the chance of fatal outcome [31]; (3) the wider
use of anti-CD20 agents in older patients with progressive
disease course [13, 25]. However, the reasons why COVID-
19 might result in an increased lethality in MS people than
in general population deserves further research efforts that
go beyond the scope of this study. Owing the mixed results
from cohort studies conducted so far, mainly attributable to
the small number of patients with fatal outcomes, sharing
data initiatives were established to assess the determinants
for COVID-19 severity in MS [32].

patients with MS as compared ® 0.5 1
to general population &D 0.0 ! |
& &
@‘b‘é\ VQ\\ Qtﬁ 5&\
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Our findings must be interpreted with caution and a num-
ber of limitations should be borne in mind.

First, our estimations were standardized using data sub-
jected to reporting delays, variation in data transmission and
in case definition across different countries over time [6],
mainly due to diverse testing strategies or shortage of diag-
nostic tests, especially during the first wave of the COVID-
19 pandemic.

Second, we pooled data from heterogeneous MS cohorts
suffering from both referral bias towards more severe cases
(for studies mainly based on suspected or confirmed cases)
and the risk of including infections other than COVID-19
(for articles mainly based on suspected cases).

Thirdly, we could not applied an indirect sex- and age-
standardized approach, as none article reported the structure
by sex and age of the included MS cohorts. In this regard,
we cannot exclude an underestimation of the SLR, consider-
ing the prevalence of female sex in MS population and the
greater lethality of COVID-19 in men.

Notwithstanding these limitations, our findings suggest an
increased risk of death from COVID-19 in patients with MS.
Confirmation in larger population-based studies and iden-
tification of MS-specific risk factors are highly desirable.
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