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Abstract: People with multiple sclerosis (PWMS) are at high risk of being affected by the disruption
of health services that occurred during the COVID-19 pandemic months. The aim of this study
was to evaluate the effect of the pandemic on the health outcomes of PWMS. PWMS and MS-free
residing in Piedmont (north-west of Italy) were identified from electronic health records and linked
with the regional COVID-19 database, the hospital-discharge database, and the population registry.
Both cohorts (9333 PWMS and 4,145,856 MS-free persons) were followed-up for access to swab
testing, hospitalisation, access to the Intensive Care Unit (ICU), and death from 22 February 2020
to 30 April 2021. The relationship between the outcomes and MS was evaluated using a logistic
model, which was adjusted for potential confounders. The rate of swab testing was higher in PWMS,
but the positivity to infection was similar to that of MS-free subjects. PWMS had a higher risk of
hospitalisation (OR = 1.74; 95% IC, 1.41–2.14), admission to ICU (OR = 1.79; 95% IC, 1.17–2.72),
and a slight, albeit not statistically significant, increase in mortality (OR = 1.28; 95% IC, 0.79–2.06).
Compared to the general population PWMS with COVID-19 had an increased risk of hospitalization
and admission to the ICU; the mortality rate did not differ.

Keywords: multiple sclerosis; COVID-19; outcome assessment; health care

1. Introduction

Italy was the first European country to be affected by the Coronavirus Disease 2019
(COVID-19) pandemic. Since the first Italian death was recorded in February 2020, the
organisation of health services has been severely affected, leading to a reduction in access
to hospitals and outpatient care services [1]. Patients suffering from chronic diseases have
faced increasing difficulties in coping with the disruption of their care pathways, which
require periodical laboratory tests and the constant monitoring of therapies [2].

Multiple Sclerosis (MS) is a progressive, chronic disease requiring constant monitoring
through specialist assessments and therapies. Thus, people with MS (PWMS) are at a high
risk of being affected by restrictions caused by the pandemic [3,4].

Several case series have been published on the prevalence of COVID-19 infection in
PWMS and their outcomes [5,6], speculating that PWMS are at higher risk for a severe
course of COVID-19 [7–9] and raising concerns among patients. However, most of this
information comes from cohorts of hospitalised patients [10], patients recruited in MS expert
centres [7,11–17], or from electronic health records with selected population coverage [13],
who are, thus, more prone to selection biases and the reduced generalisability of the results.
To address this gap in knowledge, unselected population-based studies are needed.

In Italy, only one study has evaluated the use of healthcare services during the pan-
demic among PWMS, observing a disruption in rehabilitative therapy, home-based services,
and adherence to Disease Modifying Therapies (DMT) [18], but no data were available on
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outcomes. Therefore, we aimed to evaluate, during the first 15 months of the pandemic,
the effect of reduced care on several indicators, including both access to health services and
outcomes, using linked health administrative data to compare the MS population with the
MS-free population of an entire Northern Italian region.

2. Materials and Methods
2.1. Study Population and Data Sources

The study was conducted in Piedmont (a region in the northwest of Italy with ap-
proximately 4,300,000 inhabitants). All residents can rely on a universalistic public health
system that includes all health care services, whose data are routinely collected in an au-
tomated system of databases. To comply with privacy laws, patients’ personal data are
pseudo-anonymised, and all databases are enriched with a unique anonymous identifier,
encrypted to protect the patient’s privacy, which allows a record linkage between them.

Using a previously validated algorithm that has shown to be highly reliable (sensitivity
95.9%, specificity 99.9%) [19], we identified PWMS residing in Piedmont on 22 February
2020: the date of the first death from COVID-19 recorded in Italy. Briefly, the algorithm
was based on the deterministic record linkage of four data sources: hospital discharges
with a primary or secondary diagnosis of MS; the drug prescriptions used for MS; subjects
who obtained exemption from the co-payment of drugs and outpatient visits due to the
diagnosis of MS; patient resident in long-term care facilities with a diagnosis of MS. Any
subject recorded in at least one of the above databases was considered an MS case. Residents
without MS on the same date and within the same range of age as that of PWMS were
considered as an MS-free population.

From the beginning of the COVID-19 epidemic, a surveillance system was imple-
mented in Piedmont, recording data from all residents undergoing both reverse transcriptase-
polymerase chain reaction (PCR testing) and antigen tests (as soon as they came into use)
for SARS-CoV-2. All personal data are pseudo-anonymised using the same procedures as
described above. The MS and MS-free populations were, thus, linked to the COVID-19
database to identify those who resulted in being COVID-19 positive; finally, they were
further linked to the regional hospital-discharge database (HD) and to the regional registry
office. In this way, we were able to follow up with each patient in terms of hospitalisation
and mortality.

2.2. Outcomes

We considered five separate outcomes that summarised the patients’ disease course
during the epidemic from 22 February 2020 to 30 April 2021. We obtained information about
testing for SARS-CoV-2 (outcome 1) and positive testing (outcome 2) from the surveillance
system; a subject was considered “positive” in the case of either a positive PCR or antigen
test (so-called rapid test) recorded on the surveillance system database. In the case of
more than one positive test, we considered the first one; if a positive antigen test was
followed by a negative PCR test (performed within 7 days from the rapid test), the patient
was considered COVID19-free; in the case of a positive rapid test with no evidence of a
subsequent PCR test, the patient was considered to be affected by COVID-19. The diagnosis
of COVID-19 infection was confirmed by a PCR test for 95% of both MS and MS-free cases.
Hospitalisation within 30 days after testing positive (outcome 3) was determined from
record linkage with the HD. Among these patients, we identified those who were admitted
to an intensive care unit (ICU) (outcome 4) based on whether the HD showed evidence of
admission (or transfer) to an ICU or an ICD9 cm code referring to mechanical ventilation.
Finally, we determined 30-day mortality after testing positive (outcome 5) by record linkage
with the registry office.

2.3. Clinical Characteristics and Comorbidities

We categorised the patients according to their socio-demographics and two comor-
bidities (diabetes and Chronic Obstructive Pulmonary Disease—COPD), which proved
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strongly correlated to both higher rates of infection and worse outcomes, present on 22
February 2020. Age was categorised into 10-year age intervals: <30, 30–39, 40–49, 50–59,
60–69, and >69 years old. Individual educational level, which was available for 80% of
subjects, was obtained by record linkage with the last national census or, for those who
immigrated after the census date, with the educational level recorded in the HD database;
this was classified into four classes: low (<8 years of education), medium (up to 12 years
of education), high (>13 years of education) and missing. Information regarding diabetes
or COPD was obtained using algorithms based on the record linkage of administrative
data sources (HD, drug prescriptions, exemption form co-payment because of confirmed
diagnosis) [20].

2.4. Statistical Analysis

For each of the five outcomes, we calculated the proportions (i.e., the crude preva-
lences) of the variables, and the differences in the baseline characteristics between PWMS
and the MS-free population were evaluated using the χ2 test. To investigate the relationship
between the outcomes and MS, we used a logistic model adjusted for potential confounders
(sex, age, educational level, diabetes, and COPD); the results are presented as odds ratios
(ORs) with 95% confidence intervals. All analyses were performed using SAS System
version 9.4. SAS Institute Inc, Cary, NC, USA.

3. Results

At the beginning of the COVID-19 epidemic, 9333 PWMS and 4,145,856 subjects
without MS, between 6 and 92 years old, resided in Piedmont.

Table 1 presents the characteristics of the two populations. Women made up two-thirds
of MS patients, while, in the MS-free population, sex was evenly distributed. Similarly, age
was differently distributed between PWMS, for which the most frequent classes were 40–49
and 50–59, and for the MS-free population, the most frequent classes were <30 years and
≥70 old. The educational level was higher among PWMS, but the MS-free population had
a larger number of missing values. There were no differences in the prevalence of COPD
between the two groups, while diabetes was more frequent in the MS-free population.

Table 2 shows crude prevalence rates for five outcomes in the two populations. PWMS
were more likely to undergo swab testing (37.9% vs. 32.3%), especially women and younger
subjects. COVID-19 positivity among tested individuals was similar between the two
populations (24.5% vs. 24.3%), with slight differences in age and educational level but no
differences due to comorbidity.

Considering the subjects who tested positive, the probability of hospitalisation was
higher for PWMS of both sexes, all ages, and educational levels; there were no differences
for patients affected by COPD, while those with diabetes were less likely to be hospitalised.

The two most severe outcomes, ICU admission and mortality, showed an opposite
pattern: ICU admissions were slightly higher in PWMS (2.7% vs. 2.0%), but 30 days
mortality (including in- and out-hospital) was lower (2.2% vs. 3.7%). Regarding the former,
differences were evident only for sex (MS women more likely admitted) and diabetes (MS-
free more likely admitted), while there were no differences for age, educational level, or
COPD. As for mortality, statistically significant differences emerged for age (with different
results depending on the age considered) and educational level.

The multivariate model (Figure 1), which was adjusted for all the potential confounders
we considered, confirmed that PWMS had a higher probability of being tested for COVID-
19 (OR = 1.15; IC 95%: 1.10–1.20) but showed no differences in positivity when testing
(OR = 1.00; IC 95%: 0.93–1.08). Among the positive individuals, PWMS had a higher risk
of hospitalisation (OR = 1.74; IC 95%: 1.41–2.14) and ICU admission (OR = 1.79; IC 95%:
1.17–2.72) and a slight increase in mortality risk, which, however, was not statistically
significant (OR = 1.28; IC 95%: 0.79–2.06).
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Table 1. Characteristics of the study populations.

MS MS-Free

N % N % p Value

Sex
Female 6312 67.63 2,12,6591 51.29

<0.0001Male 3021 32.37 2,019,265 48.71

Age classes
<30 631 6.76 933,271 22.51

<0.0001

30–39 1406 15.06 474,793 11.45
40–49 2392 25.63 647,139 15.61
50–59 2557 27.40 700,519 16.90
60–69 1481 15.87 565,251 13.63
70+ 866 9.28 824,883 19.87

Educational
level
Low 653 7.00 647,560 15.62

<0.0001
Middle 3836 41.10 1,402,528 33.83
High 4593 49.21 1,268,956 30.61

Missing 251 2.69 826,812 19.94

CODP
No 9223 98.82 4,086,427 98.57

0.0385Yes 110 1.18 59,429 1.43

Diabetes
No 8847 94.79 3,877,900 93.54

<0.0001Yes 486 5.21 267,956 6.46

Table 2. Crude prevalence of the variables by each of the five outcomes.

Swab Positivity Hospitalization Intensive Care Unit Mortality

MS MS-
Free

p-
Value MS MS-

Free
p-

Value MS MS-
Free

p-
Value MS MS-

Free
p-

Value MS MS-
Free

p-
Value

Number 3540 1,340,433 868 325,803 116 38,179 23 6471 19 12,004

% % % % % % % % % %

Total 37.93 32.33 <0.0001 24.52 24.31 0.7669 13.36 11.72 0.1323 2.65 1.99 0.1619 2.19 3.68 0.0194

Sex
Female 39.16 33.46 <0.0001 24.19 24.26 <0.0001 11.20 9.06 0.0003 2.68 1.13 <0.0001 1.67 3.09 0.4525Male 35.35 31.14 25.28 24.35 18.15 14.63 2.59 2.94 3.33 4.40

Age
classes

<30 44.06 34.16

<0.0001

23.74 21.01

<0.0001

1.52 0.79

<0.0001

0.00 0.06

0.1301

0.00 0.01

0.0002

30–39 43.39 35.88 21.80 22.57 3.01 1.99 0.00 0.25 0.00 0.03
40–49 39.88 33.82 23.17 25.53 5.43 4.11 0.90 0.71 0.00 0.16
50–59 36.72 33.26 25.24 26.15 17.30 8.86 3.80 1.88 1.27 0.54
60–69 30.25 27.41 25.22 25.06 23.89 19.26 5.31 4.84 5.31 2.97
>=70 35.91 28.94 31.51 26.49 31.63 33.32 6.12 4.48 10.20 16.19

Educational
level
Low 33.23 30.66

<0.0001

29.95 27.41

<0.0001

27.69 25.23

<0.0001

3.08 3.36

0.1237

6.15 11.84

0.0130Middle 35.32 31.51 27.31 26.07 15.95 12.10 3.24 2.28 2.97 2.97
High 41.06 37.33 22.00 23.45 8.92 8.00 2.17 1.61 0.96 1.54

Missing 32.67 27.35 21.95 19.93 11.11 3.59 0.00 0.50 0.00 0.93

COPD
No 37.91 32.23 0.0213 24.54 24.28 0.1322 13.05 11.16 0.2220 2.68 1.91 0.2537 2.10 3.43 0.5586Yes 40.00 39.50 22.73 25.53 40.00 39.32 0.00 5.76 10.00 18.34

Diabetes
No 37.95 32.18 <0.0001 24.19 24.07 0.1382 12.56 9.93 0.0126 2.71 1.66 0.0346 2.09 2.90 0.0919Yes 37.65 34.52 30.60 27.48 25.00 32.40 1.79 5.82 3.57 13.22
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4. Discussion

This study, based on the large, unselected population of an entire region of Italy,
showed that PWMS had the same probability of testing positive and dying from COVID-19
as the general population. They were tested more frequently for SARS-CoV-2 and had a
higher probability of being hospitalised and admitted to an ICU.

Several case series have been published on the prevalence of COVID-19 infection and
its outcomes in PWMS, with contradictory results. Moghadasi et al. [5] meta-analysed
data from twelve articles with a number of 1394 possible/confirmed cases of PWMS and
COVID-19 infection among 101,462 MS patients. The pooled prevalence of suspected
COVID-19 in MS patients was 4%, the pooled prevalence of hospitalisation in infected
cases was 10%, and the pooled prevalence of death in hospitalised cases was 4%. These
case series recruited extremely heterogeneous patients with regard to possible risk factors
for poor outcomes, including age, disease course, disability status, drugs used, and co-
morbidity. Furthermore, they were collected in different periods of the pandemic, which
may imply further different prevalence and probability of outcomes. These hospital-based
collections of cases lacked appropriate controls, thus hampering any comparison with the
general population.

Our population-based study compares the incidence of COVID-19 infection and its
outcomes in all PWMS with the general population of the same age span in the same
area. A few other studies have used a similar design, although with some limitations.
Eder et al. [21,22], using health administrative data from Ontario-Canada, compared
adult MS patients with matched non-MS individuals from the general population and
provided age- and sex-adjusted measures of risk. Despite the OR for MS patients of SARS-
CoV2 testing being 1.11, the risk of SARS-CoV-2 infection was not significantly elevated
(OR = 0.77). Similar to our result, the risks were higher for hospitalisation (1.77), and for
a composite measure of severity (2.01), including admission to the ICU, ventilation, or
death during admission (2.01). Richter et al. [10] conducted a retrospective cross-sectional
study using the administrative database of all hospitalised patients diagnosed with PCR-
confirmed COVID-19, comparing 551 individuals with a concurrent MS diagnosis with
156,973 without MS. When stratified by age group, the risk of ICU admission and the use
of invasive or non-invasive ventilation was lower for MS compared to non-MS individuals,
and in-hospital mortality was not significantly different between the two groups. Both
studies, covering a large number of MS patients, did not show an increased prevalence of
SARS-CoV-2 infection in PWMS. The other outcomes of our study were hardly comparable
because Richter et al. limited their evaluation only to hospitalised PWMS and in-hospital
mortality, and Eder et al. used an outcome combining ICU admission and in-hospital death.

Other studies identified patients in specialised MS centres or nationwide databases,
where patients were recruited on a voluntary basis and may not be representative of the
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whole population of PWMS, thus introducing a possible selection bias. Different study
designs were used, comparing the prevalence of infection and its outcomes between cohorts
of PWMS and the age- and the sex-matched general population [7,23,24], or simply with
COVID-19 data from the general population, without taking into account its age and sex
distribution [16,17,24]. Sormani et al. [7] found an increased risk of severe events (RR = 2.12
for hospitalisation, 2.19 for ICU admission, and 2.43 for death) in an Italian cohort from MS
centres. A Spanish study [23] found a lower infection incidence rate in PWMS patients than
in the general population (adjusted incidence rate ratio = 0.78) but a higher hospitalisation
rate (relative risk = 5.03) and also found a significantly lower case-fatality ratio in PWMS
than in the general population of the same area, although this was based on only five
deaths. Fernandes et al. [25] reported a similar proportion of SARS-CoV-2 positive PCR in
MS patients and a slight excess of deaths, although based on only five deaths, compared to
the general Scottish population. However, compared with an age- and sex-matched general
population (through different linkage systems), the information obtained from these three
cohorts is valid only for MS patients carrying characteristics similar to those of the cohorts
and cannot be straightforwardly transferred to the whole of PWMS.

Studies comparing outcomes in PWMS from a geographical area with non-adjusted
nationwide data found a lower or similar prevalence of COVID-19 infection [16,17,24]
and hospitalisation or mortality rates due to COVID-19 [14]. However, a possible bias
determined by the comparison of MS cohorts recruited in a single region with nationwide
data could be added to those outlined above.

We found a significantly higher percentage of PWMS resorting to swabs. Although in
Italy [18] as elsewhere [26], the use of healthcare services by PWMS during the pandemic
was reduced, this may not be true for the prescription of swabs. This result is in line with
what has been observed among patients with immune-mediated inflammatory diseases [21]
and other chronic diseases [27,28]. Higher rates of testing may be explained by several
factors, including the perception of a higher risk of COVID-19 by PWMS and their doctors,
general higher health awareness of PWMS, higher attention to symptoms, and the need to
test for SARS-CoV-2 before hospital admission or out-patient visits.

However, the probability to test positive was not different from the general population.
Although PWMS usually experience a higher frequency of infections compared with the
general population [29,30], this does not seem to apply to SARS-CoV-2 infection.

The risk of hospitalisation was overall higher for PWMS, and it was almost double for
PWMS under 60 years, compared to the general population. Comorbidity with diabetes and
COPD did not increase the risk of hospitalisation in PWMS. There is no clear explanation
for this: it has been postulated that this may be due to the use of admission criteria that
precautionary prioritised patients with chronic comorbidities and/or taking immunosup-
pressive medication [23]. On the other hand, as a general reduction in the hospitalisation
rate occurred in Italy during the pandemic [1], we could not exclude that this affected
PWMS less, thus giving the impression of an apparent increase in their hospitalisation rate.

Once hospitalised, women with MS, but not men, had a higher risk of being admitted
to the ICU. Other known risks for severe COVID-19 disease, such as age, COPD, and
diabetes [31], did not substantially increase the risk of PWMS being admitted to the ICU in
our cohort.

Finally, the proportion of deaths was lower among PWMS than in the general pop-
ulation, but after adjustment for possible confounders, we found a slightly higher risk
for PWMS, although this was not statistically significant. This discrepancy is most likely
due to the younger age of PWMS compared with the general population, combined with
the well-known higher mortality of COVID-19 infections in the oldest [31]. Thanks to the
linkage with the regional population register, we obtained information about patients who
died in and outside of the hospital, either before they could be admitted or after they were
discharged, which was not possible in other studies [10,22].

Age was the clearest determinant of hospitalisation, admission, and mortality in
PWMS with COVID-19, mirroring what was observed in the general population [31]. A
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metaanalysis of 15 studies [6] showed age, male sex, disability, and comorbidity to be major
determinants of poor outcomes, and studies based on clinical cohorts also added the use
of CD-20 medications [6,7,16]. In our study, we did not find a clear influence of sex but
confirmed that two frequent comorbidities, diabetes, and COPD, were associated with
higher hospitalisation and mortality in PWMS as well, although to a lesser extent than
in the general population. Unfortunately, from electronic records, we obtained neither
information on the degree of disability nor on the therapies prescribed to patients, thus
preventing the stratification of these two important determinants.

This is one of the few population-based studies to compare testing for SARS-CoV-2,
positive testing, hospitalisation within 30 days after testing positive, admission to the ICU,
and 30-day in- and out-hospital mortality between PWMS and the MS-free population. The
full coverage of the entire populations of PWMS and MS-free subjects followed during
the pandemic, and the complete reporting of their whole clinical paths, from swab testing
to health outcomes, avoided some of the major limitations of previous studies, including
selection and attrition bias, and a lack of adequate controls.

Some limitations of our study should be considered: first, even if we used a highly
reliable validated algorithm to identify MS cases from electronic health records, some
misclassification could have occurred. Second, as reported above, it was impossible to
stratify MS patients with respect to their drug therapy, either DMD or steroids, since
this information was no more available in our administrative database; since it has been
shown that COVID-19 related outcomes may differ, depending on the type of drugs
taken [15,32,33], our results suffer from the inverse effects on health outcomes of the
different therapies of the MS population. Additionally, we were not able to classify patients
according to their level of disability, a risk factor for unfavourable outcomes, since this
information was not available. However, from the perspective of public health, it is of great
interest to notice that, unlike that which has been reported in other studies from Europe
(including Italy) [5,7,9], PWMS resident in Piedmont suffering from MS does not have an
increased risk of mortality compared to the MS-free population. Third, except for COPD
and diabetes, we were not able to better describe the clinical characteristics of the two
populations and to adjust for the different likelihood of severe outcomes. However, to
partially overcome this issue, we adjusted for educational level, which is widely considered
a proxy of comorbidities and health status [34]. Fourth, since outcomes depended largely
on the policies of the tracing of infected people adopted in the local territory and on the
access and quality of the care delivered, our results were only partially generalisable to
other Italian regions or other countries. Lastly, it remains to be ascertained whether the
rates of adverse outcomes have changed in subsequent waves of COVID-19 following the
appearance of new SARS-CoV-2 variants and changes in the pattern of care in patients
with COVID-19.

5. Conclusions

In a large population study, we have shown that PWMS experience a higher rate of
testing for COVID-19 infection but have the same rate of positivity compared to the general
population. PWMS with COVID-19 have an increased risk of hospitalisation and admission
to the ICU, but their mortality rate does not differ from that of the general population.
Therefore, the quality of care provided to patients with severe chronic conditions such as
MS has remained at good levels, even during the pandemic’s highest peak.
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K.; Słowik, A.; Wnuk, M.; et al. Clinical course and outcome of SARS-CoV-2 infection in multiple sclerosis patients treated with
disease-modifying therapies—The Polish experience. Neurol. Neurochir. Pol. 2021, 55, 212–222. [CrossRef] [PubMed]

15. Klineova, S.; Harel, A.; Farber, R.S.; DeAngelis, T.; Zhang, Y.; Hentz, R.; Leung, T.M.; Fong, K.; Smith, T.; Blanck, R.; et al.
Outcomes of COVID-19 Infection in Multiple Sclerosis and Related Conditions: One-Year Pandemic Experience of the Multicenter
New York COVID-19 Neuroimmunology Consortium (NYCNIC). Mult. Scler. Relat. Disord. 2021, 55, 103153. [CrossRef]

16. Redone, B. Neuroimmunology Brazilian Study Group Focused on COVID-19 and MS. Incidence and clinical outcome of
Coronavirus disease 2019 in a cohort of 11,560 Brazilian patients with multiple sclerosis. Mult. Scler. 2021, 1352458520978354.
[CrossRef]

https://doi.org/10.1038/s41598-021-00982-4
https://doi.org/10.1007/s00592-022-01855-6
https://www.ncbi.nlm.nih.gov/pubmed/35182231
https://doi.org/10.1177/1355819620975069
https://www.ncbi.nlm.nih.gov/pubmed/33337256
https://doi.org/10.1016/j.msard.2020.102512
https://doi.org/10.1007/s10072-021-05373-1
https://doi.org/10.1016/j.neurol.2021.10.003
https://doi.org/10.1212/NXI.0000000000001105
https://doi.org/10.1007/s00415-021-10803-3
https://www.ncbi.nlm.nih.gov/pubmed/34533590
https://doi.org/10.1002/acn3.51408
https://doi.org/10.1186/s42466-021-00143-y
https://doi.org/10.1001/jamaneurol.2020.2581
https://www.ncbi.nlm.nih.gov/pubmed/32589189
https://doi.org/10.1212/NXI.0000000000000835
https://doi.org/10.1016/j.msard.2021.103217
https://www.ncbi.nlm.nih.gov/pubmed/34418735
https://doi.org/10.5603/PJNNS.a2021.0031
https://www.ncbi.nlm.nih.gov/pubmed/33856686
https://doi.org/10.1016/j.msard.2021.103153
https://doi.org/10.1177/1352458520978354


Life 2023, 13, 1089 9 of 9

17. Stastna, D.; Menkyova, I.; Drahota, J.; Mazouchova, A.; Adamkova, J.; Ampapa, R.; Grunermelova, M.; Peterka, M.; Recmanova,
E.; Rockova, P.; et al. Multiple sclerosis, neuromyelitis optica spectrum disorder and COVID-19: A pandemic year in Czechia.
Mult. Scler. Relat. Disord. 2021, 54, 103104. [CrossRef]

18. Colais, P.; Cascini, S.; Balducci, M.; Agabiti, N.; Davoli, M.; Fusco, D.; Calandrini, E.; Bargagli, A.M. Impact of the COVID-19
pandemic on access to healthcare services amongst patients with multiple sclerosis in the Lazio region, Italy. Eur. J. Neurol. 2021,
28, 3403–3410. [CrossRef]

19. Gnavi, R.; Picariello, R.; Alboini, P.E.; Cavalla, P.; Grasso, M.F.; Richiardi, P.; Bertolotto, A.; Barizzone, N.; Cantello, R.; Leone,
M.A.; et al. Validation of an algorithm to detect multiple sclerosis cases in administrative databases in Piedmont (Italy): An
application to the estimate of prevalence by age and ur-banization level. Neuroepidemiology 2021, 55, 119–125. [CrossRef]

20. Canova, C.; Simonato, L.; Amidei, C.B.; Baldi, I.; Zuanna, T.D.; Gregori, D.; Danieli, S.; Buja, A.; Lorenzoni, G.; Pitter, G.; et al. A
Systematic Review of Case-Identification Algorithms for 18 Conditions Based on Italian Healthcare Administrative Databases: A
Study Protocol. Epidemiol. Prev. 2019, 43, 8–16.

21. Eder, L.; Croxford, R.; Drucker, A.M.; Mendel, A.; Kuriya, B.; Touma, Z.; Johnson, S.R.; Cook, R.; Bernatsky, S.; Haroon, N.; et al.
Understanding COVID -19 Risk in Patients with Immune-Mediated Inflammatory Diseases: A Population-Based Analysis of
SARS—CoV -2 Testing. Arthritis Care Res. 2021, 75, 317–325. [CrossRef] [PubMed]

22. Eder, L.; Croxford, R.; Drucker, A.M.; Mendel, A.; Kuriya, B.; Touma, Z.; Johnson, S.R.; Cook, R.; Bernatsky, S.; Haroon, N.; et al.
COVID-19 hospitalizations, intensive care unit stays, ventilation and death among patients with immune mediated inflammatory
diseases compared to controls. J. Rheumatol. 2022, 49, 523–530. [CrossRef] [PubMed]

23. Moreno-Torres, I.; Meca Lallana, V.; Costa-Frossard, L.; Oreja-Guevara, C.; Aguirre, C.; Suárez, A.; Moreno, M.G.; Canelo, L.B.;
Muñoz, J.S.; Aladro, Y.; et al. Risk and outcomes of COVID-19 in patients with multiple sclerosis. Eur. J. Neurol. 2021, 28,
3712–3721. [CrossRef] [PubMed]

24. Piñar Morales, R.; Ramírez Rivas, M.A.; Barrero Hernández, F.J. SARS-CoV-2 infection and seroprevalence in patients with
multiple sclerosis. Neurologia 2021, 36, 698–703. [CrossRef] [PubMed]

25. Fernandes, P.M.; O’Neill, M.; Kearns, P.K.; Pizzo, S.; Watters, C.; Baird, S.; MacDougall, N.J.; Hunt, D.P. Impact of the first
COVID-19 pandemic wave on the Scottish Multiple Sclerosis Register population. Wellcome Open Res. 2020, 5, 276. [CrossRef]

26. García-Azorín, D.; Seeher, K.M.; Newton, C.R.; Okubadejo, N.U.; Pilotto, A.; Saylor, D.; Winkler, A.S.; Triki, C.C.; Leonardi, M.
Disruptions of neurological services, its causes and mitigation strategies during COVID-19: A global review. J. Neurol. 2021, 268,
3947–3960. [CrossRef]

27. Van der Meer, D.; Pinzon-Espinosa, J.; Lin, B.D.; Tijdink, J.K.; Vinkers, C.H.; Guloksuz, S.; Luykx, J.J. Associations between
psychiatric disorders, COVID-19 testing probability and COVID-19 testing results: Findings from a population-based study.
BJPsych Open 2020, 6, e87. [CrossRef]

28. Salerno, S.; Zhao, Z.; Sankar, S.P.; Salvatore, M.; Gu, T.; Fritsche, L.G.; Lee, S.; Lisabeth, L.D.; Valley, T.S.; Mukherjee, B. Under-
standing the patterns of repeated testing for COVID-19: Association with patient characteristics and outcomes. medRxiv 2020.
[CrossRef]

29. Murtonen, A.; Kurki, S.; Hänninen, K.; Soilu-Hänninen, M.; Sumelahti, M.L. Common comorbidities and survival in MS: Risk for
stroke, type 1 diabetes and infections. Mult. Scler. Relat. Disord. 2018, 19, 109–114. [CrossRef]

30. Persson, R.; Lee, S.; Yood, M.U.; Wagner, U.C.M.; Minton, N.; Niemcryk, S.; Lindholm, A.; Evans, A.; Jick, S. Infections in patients
diagnosed with multiple sclerosis: A multi-database study. Mult. Scler. Relat. Disord. 2020, 41, 101982. [CrossRef]

31. Williamson, E.J.; Walker, A.J.; Bhaskaran, K.; Bacon, S.; Bates, C.; Morton, C.E.; Curtis, H.J.; Mehrkar, A.; Evans, D.; Inglesby, P.;
et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 2020, 584, 430–436. [CrossRef] [PubMed]

32. Sormani, M.P.; De Rossi, N.; Schiavetti, I.; Carmisciano, L.; Cordioli, C.; Moiola, L.; Radaelli, M.; Immovilli, P.; Capobianco, M.;
Trojano, M.; et al. Disease-Modifying Therapies and Coro-navirus Disease 2019 Severity in Multiple Sclerosis. Ann. Neurol. 2021,
89, 780–789. [CrossRef] [PubMed]

33. Hada, M.; Mosholder, A.D.; Leishear, K.; Perez-Vilar, S. Systematic review of risk of SARS-CoV-2 infection and severity of
COVID-19 with therapies approved to treat multiple sclerosis. Neurol. Sci. 2022, 43, 1557–1567. [CrossRef] [PubMed]

34. Marmot, M. Social determinants of health inequalities. Lancet 2005, 365, 1099–1104. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.msard.2021.103104
https://doi.org/10.1111/ene.14879
https://doi.org/10.1159/000513763
https://doi.org/10.1002/acr.24781
https://www.ncbi.nlm.nih.gov/pubmed/34486829
https://doi.org/10.3899/jrheum.211012
https://www.ncbi.nlm.nih.gov/pubmed/35105713
https://doi.org/10.1111/ene.14990
https://www.ncbi.nlm.nih.gov/pubmed/34152073
https://doi.org/10.1016/j.nrl.2021.03.005
https://www.ncbi.nlm.nih.gov/pubmed/34103271
https://doi.org/10.12688/wellcomeopenres.16349.1
https://doi.org/10.1007/s00415-021-10588-5
https://doi.org/10.1192/bjo.2020.75
https://doi.org/10.1101/2020.07.26.20162453
https://doi.org/10.1016/j.msard.2017.10.019
https://doi.org/10.1016/j.msard.2020.101982
https://doi.org/10.1038/s41586-020-2521-4
https://www.ncbi.nlm.nih.gov/pubmed/32640463
https://doi.org/10.1002/ana.26028
https://www.ncbi.nlm.nih.gov/pubmed/33480077
https://doi.org/10.1007/s10072-021-05846-3
https://www.ncbi.nlm.nih.gov/pubmed/35006442
https://doi.org/10.1016/S0140-6736(05)71146-6
https://www.ncbi.nlm.nih.gov/pubmed/15781105

	Introduction 
	Materials and Methods 
	Study Population and Data Sources 
	Outcomes 
	Clinical Characteristics and Comorbidities 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

