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ABSTRACT
Background Sequelae of COVID- 19 in people with 
multiple sclerosis (PwMS) have not been characterised. 
We explored whether COVID- 19 is associated with an 
increased risk of disease activity, disability worsening, 
neuropsychological distress and cognitive dysfunction 
during the 18–24 months following SARS- COV- 2 
infection.
Methods We enrolled 174 PwMS with history of 
COVID- 19 (MS- COVID) between March 2020 and 
March 2021 and compared them to an age, sex, disease 
duration, Expanded Disability Status Scale (EDSS), and a 
line of treatment- matched group of 348 PwMS with no 
history of COVID- 19 in the same period (MS- NCOVID). 
We collected clinical, MRI data and SARS- CoV2 immune 
response in the 18–24 months following COVID- 19 or 
baseline evaluation. At follow- up, PwMS also underwent 
a complete neuropsychological assessment with brief 
repeatable battery of neuropsychological tests and 
optimised scales for fatigue, anxiety, depression and 
post- traumatic stress symptoms.
Results 136 MS- COVID and 186 MS- NCOVID 
accepted the complete longitudinal evaluation. The 
two groups had similar rate of EDSS worsening (15% 
vs 11%, p=1.00), number of relapses (6% vs 5%, 
p=1.00), disease- modifying therapy change (7% vs 
4%, p=0.81), patients with new T2- lesions (9% vs 
11%, p=1.00) and gadolinium- enhancing lesions (7% 
vs 4%, p=1.00) on brain MRI. 22% of MS- COVID and 
23% MS- NCOVID were cognitively impaired at 18–24 
months evaluation, with similar prevalence of cognitive 
impairment (p=1.00). The z- scores of global and 
domain- specific cognitive functions and the prevalence 
of neuropsychiatric manifestations were also similar. No 
difference was detected in terms of SARS- CoV2 cellular 
immune response.
Conclusions In PwMS, COVID- 19 has no impact on 
disease activity, course and cognitive performance 18–24 
months after infection.

INTRODUCTION
Since early 2020, significant efforts were made to 
better understand how SARS- CoV- 2 affects people 
with multiple sclerosis (PwMS) and identify risk 
factors for adverse outcomes with COVID- 19. 
Older age,1 2 more severe disability1 2 and obesity1 

emerged as major risk factors for severe COVID- 19 
infection, with additional risk factors comprising 
black ethnicity,2 cardiovascular comorbidities2 and 
recent treatment with corticosteroids.2 Although a 
significant association between disease- modifying 
therapy (DMT) exposure and COVID- 19 severity 
was not found at the beginning,1 subsequent 
studies showed that rituximab or ocrelizumab was 
associated with a twofold increased risk of severe 
COVID- 19,3 with a 4.5 and 1.63- fold increased risk 
of hospitalisation,2 respectively, and with a twofold 
increased risk of intensive- care unit admission.4

The postacute long- term sequelae and complica-
tions of COVID- 19 infection in terms of increased 
risk of disease activity, disability worsening and 
treatment changes have not been characterised yet 
among PwMS. Additionally, patients may suffer 
from increased neuropsychological distress due to 
COVID- 19 pandemic, with psychological trauma 
following quarantine, infection and eventual hospi-
talisation. These conditions may trigger or worsen 
psychological symptoms frequently described in 
PwMS, including anxiety, fatigue and depression, 
and also post- traumatic stress. Neuropsychiatric 
sequalae emerged among COVID- 19 survivors in 
the general population.5 In particular, patients who 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Several factors associated with multiple 
sclerosis can lead to a severe COVID- 19 
outcome, but less is known regarding the long- 
term consequences after infection.

WHAT THIS STUDY ADDS
 ⇒ The study shows that despite the experience of 
COVID- 19 triggering autoimmune conditions in 
healthy individuals, it does not seem to increase 
the risk of clinicoradiological disease activity 
nor motor and cognitive worsening in people 
with multiple sclerosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This finding supports the lightening of COVID- 
19- preventive policies also in this fragile 
population.
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suffered from a more severe COVID- 19 infection could be at a 
higher risk of long- term consequences.

A recent study in PwMS showed that COVID‐19 is not asso-
ciated with increased risk of relapses or disability at a 6 months 
of follow- up.6 In this study, 94% of patients had a complete 
recovery 1 year after COVID‐19 infection, and a mild initial 
COVID- 19 disease course was the only predictor of a full 
resolution.6 Fatigue, hyposmia and dyspnoea were residual 
COVID- 19 symptoms at months 3 and 6 postinfection, but not 
after 1 year.6 Emerging data suggest that COVID- 19 may deter-
mine detrimental immunologic, neurologic and neuropsychiatric 
effects that may persist several months after the resolution of 
the infection.7 The literature showed that individuals recovering 
from COVID- 19 infection may suffer from persistent symp-
toms, a condition known as long COVID or postacute sequelae 
of COVID- 19.8 RNA sequencing analysis showed significant 
perturbations to gene expressions in COVID- 19 survivors, 
persisting at least 6 months after infection, possibly explaining 
long COVID as immune consequence of COVID- 19 infection.

Given these premises, this study evaluated a well- characterised 
cohort of PwMS who suffered from COVID- 19 in comparison 
with a cohort of PwMS with no history of COVID- 19. We 
explored whether COVID- 19 is associated with an increased 
risk of clinical and MRI activity, disability worsening and treat-
ment changes during the 18–24 months following SARS- COV- 2 
infection. We also evaluated the presence and severity of cogni-
tive impairment and neuropsychiatric manifestations (depres-
sion, anxiety, fatigue and post- traumatic stress symptoms) 
18–24 months after SARS- COV- 2 infection. Finally, we assessed 
whether COVID- 19 had an impact on the cellular immune 
response to SARS- COV- 2 at follow- up.

METHODS
For this case–control study, we enrolled patients afferent to the 
Multiple Sclerosis Center of the IRCCS San Raffaele Hospital, 
who had a diagnosis of MS according to 2017 McDonald Criteria.9 
The study started in March 2020 and ended in December 2022. 
We expanded a previously enrolled cohort of PwMS,10 enrolling 
a total of 174 PwMS who had a confirmed COVID- 19 infection 
between March 2020 and March 2021 (PwMS with history of 
COVID- 19 (MS- COVID)). Inclusion criteria were typical clin-
ical symptoms of COVID- 19, such as fever, cough and dyspnoea, 
and a positive nucleic acid amplification test for SARS- CoV- 2 
at the time of experiencing symptoms, or a positive IgG or 
IgM SARS- CoV- 2 serology within 3 months following typical 
COVID- 19 symptoms. The majority of patients suffered from a 
mild COVID- 19 infection. Only seven of them suffered from a 
severe COVID- 19 infection requiring hospitalisation.

A separate group of 348 PwMS who did not have a history 
of COVID- 19 symptoms or diagnosis between March 2020 and 
March 2021 (MS- NCOVID) were randomly selected from the 
Multiple Sclerosis Center cohort. The MS- COVID and MS- N-
COVID groups were matched at a ratio of 1:2 by age (within 4 
years), sex, Expanded Disability Status Scale (EDSS, within 0.5), 
disease duration (within 3 years) and line of treatment (first or 
second line). First- line treatments included glatiramer acetate, 
interferon, teriflunomide and dimethyl fumarate, whereas 
second- line treatments included fingolimod, natalizumab, 
cladribine, rituximab, ocrelizumab and alemtuzumab. All partic-
ipants were unvaccinated against SARS- CoV- 2 due to the histor-
ical moment of the study.

Both MS- COVID and MS- NCOVID patients were enrolled 
within 1 year after the infection (MS- COVID) or initial evaluation 

(MS- NCOVID). This initial evaluation, performed at enrolment 
between March 2020 and March 2021, will be called ‘baseline 
evaluation’. Data collection was obtained by direct patient inter-
view during a scheduled neurological evaluation.

We included patients who agreed (1) to have their longitu-
dinal clinical data collected, (2) to undergo a neuropsychological 
assessment 8–24 months after the initial evaluation and (3) who 
performed at least one brain MRI during this period.

Clinical assessment
In both groups, we retrospectively collected the same clinical 
data of our previous study done at baseline evaluation.10 During 
the following 18–24 months, patients underwent regular neuro-
logical follow- up with scheduled outpatient visits every 3–6 
months. During the visits, we collected the EDSS,11 disease 
phenotype and its changes (relapsing- remitting, primary progres-
sive, secondary progressive), number of relapses, DMT and its 
change, occurrence and number of new/enlarging T2 lesions on 
brain MR imaging, occurrence and number of enhancing lesions 
on postgadolinium T1- weighted images, occurrence and number 
of COVID- 19 infections from baseline evaluation. Brain MR 
imaging was performed as per clinical practice using different 
scanners and protocols of acquisition, limiting the possibility to 
perform quantitative analysis of lesion volumes.

At follow- up, EDSS worsening was defined by an EDSS score 
increase ≥1.5,  1.0  or  0.5,  confirmed  after  a  3- month  relapse- 
free  period,  when  baseline  EDSS  score  was  0,  ≤5.5 or ≥6.0, 
respectively.

Neuropsychological assessment and neuropsychiatric 
manifestations
18–24 months after COVID- 19 infection or initial evaluation, 
PwMS underwent a neuropsychological evaluation using the 
Brief Repeatable Battery of Neuropsychological Tests (BRB- 
N).12 Specifically, the selective recall test was used to evaluate 
verbal memory, the 10/36 spatial recall test was used to eval-
uate visual memory, the symbol digit modalities test was used 
to evaluate information processing speed, the Paced Auditory 
Serial Addition Test 2” and 3” per digit version was used to eval-
uate attention, and the word list generation was used to evaluate 
verbal fluency. Z- scores for all BRB- N tests were calculated using 
sex- adjusted, age- adjusted and education- adjusted regression 
models according to the normative data from an Italian repre-
sentative sample.13 Then z- scores for specific cognitive domains 
were quantified by averaging z- scores of tests belonging to the 
previous cognitive domains, as previously described.14 Finally, 
z- scores of global cognitive functions (obtained by averaging 
z- scores of cognitive domains) were quantified.14 Test failure 
was defined as a score 1.5 SD below normative values.15 Cogni-
tive impairment was defined as failure on tests in at least two 
different cognitive domains.15

In addition, the Modified Fatigue Impact Scale (MFIS)16 
was used  to assess  fatigue, and MS patients with a  score ≥ 38 
were considered fatigued.17 The Hospital Anxiety and Depres-
sion Scale (HADS)18 was used to assess anxiety and depression, 
and MS patients with  a  score ≥8  in one of  the  two  subscales 
exhibited clinically relevant anxiety or depression symptoms.17 
The Pittsburgh Sleep Quality Index (PSQI)19 was used to assess 
sleep quality, and a PSQI score >5 indicated poor sleep quality.19 
Finally, we administered the Impact of Event Scale- Revised (IES- 
R)20 to assess the psychological effects of a prior COVID- 19 
infection or the COVID- 19 pandemic event as well as the poten-
tial existence of post- traumatic stress symptoms. The presence 
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of post- traumatic stress disorder symptoms was indicated by a 
score ≥ 33.20

Assessment of immune response to SARS-CoV2 (ELISPOT 
assay)
T- cell responses to SARS- CoV- 2 were measured using Human 
IFN-γ ELISpot PRO kit (Mabtech) 18–24 months after 
COVID- 19 infection or initial evaluation.

Cryopreserved peripheral blood mononuclear cells were 
rapidly thawed, viability was assessed by 0.4% trypan blue dye 
exclusion, and cells were rested in 10% human serum-Iscove's 
Modified Dulbecco Medium with 20 U/mL IL- 2 at 37°C in a 
humidified 5% CO2 incubator for 2 hours before stimulation. 
4×105 cells/well were added to strip- plate precoated with anti- 
IFN-γ (mAb 1- D1K) and stimulated with a pool of combined 
peptides to cover the domains of the entire spike protein ‘S’ 
(PepTivator SARS- CoV- 2 Prot_S, S1 and S+, Miltenyi) and 
the nucleocapsid phosphoprotein ‘N’ (PepTivator SARS- CoV- 2 
Prot_N, Miltenyi). The final concentration of each peptide in 
the cell suspension was 1 µg/mL. Anti- CD3 was used as a posi-
tive control. All stimulation conditions were performed in 
the presence of anti- CD28 (1 µg/mL). Plates were incubated 
for 18 hours at 37°C with 5% CO2. Spot- forming cells were 
detected according to the antibody manufacturer’s instructions 
and counted using an automated ELISpot Reader System (CTL 
software). The number of spots was expressed as spots/4×105 
cells.

Statistical analysis
Disease duration at baseline was computed at COVID onset for 
MS- COVID patients and at interview for MS- NCOVID patients. 
Continuous variables were reported as median and IQR, while 
categorical variables as absolute and relative frequencies. For 
baseline characteristics, continuous variables were compared 
between the two groups (MS- COVID and MS- NCOVID) by 
using the Mann- Whitney test, while categorical variables with 
the Fisher’s exact test. For outcome variables, continuous vari-
ables (neuropsychological/ neuropsychiatric scores and ELISPOT 
variables) were compared between the two groups (MS- COVID 
and MS- NCOVID) by using the median regression adjusted for 
age and sex, while categorical variables (change in clinical char-
acteristics and categorised neuropsychological/neuropsychiatric 
scores) with the logistic regression adjusted for age and sex. 
When needed, in all the analyses, p values were adjusted with 
Bonferroni’s correction to account for multiple testing.

For sensitivity analysis, all the analyses were performed also 
by excluding patients of the MS- NCOVID group who got the 
COVID during the follow- up.

For all statistical analyses, the significant level was 0.05. All 
statistical analyses were performed using R V.3.6.2 (http:// www. 
R-project.org/).

RESULTS
Study population
Amidst the 174 PwMS with a history of COVID- 19 and the 348 
PwMS with no such history, 136 and 186, respectively, fulfilled 
the criteria. The two groups, MS- COVID and MS- NCOVID, 
were comparable in terms of age, sex, disease duration, EDSS, 
disease phenotype and type of DMTs used (table 1).

Clinical and MRI assessment at follow-up
Median EDSS at follow- up was 1.5 (IQR=1.0–2.63) in the 
MS- COVID group and 2.0 (IQR=1.5–3.38) in the MS- NCOVID 
group (p=0.1074). During follow- up, four patients (2.94%) 
from the MS- COVID group and four patients (2.15%) from the 
MS- NCOVID group had a change of disease clinical phenotype. 
Table 2 summarises results of associations between MS group and 
change in disease/patient characteristics. During follow- up, 21 
PwMS from MS- COVID group and 20 from MS- NCOVID group 
had EDSS worsening (adjusted p=0.71). Percentage of patients 
with relapses (6.6% vs 5.4%, adjusted p=1.00), need for DMT 
change (7.4% vs 3.8%, adjusted p=0.99), new/enlarging brain 
T2- hyperintense lesions (8.8% vs 10.2%, adjusted p=1.00) and 
gadolinium- enhancing lesions (6.7% vs 3.9%, adjusted p=1.00) 
were similar between the two groups. Type of ongoing DMT 
among patients with any evidence of disease activity was similar 
among the two groups (data not shown).

Table 1 Main demographic and clinical characteristics of the two 
study groups at baseline

Variable
MS- COVID
(n=136)

MS- NCOVID 
(n=186) P- value

Sex male, number (%) 55 (40.4%) 59 (31.7%) 0.13*

Median age (IQR) 41 (33; 49) 45 (35; 52) 0.07†

Median disease duration at 
baseline (IQR)

9.44 (5.11; 16.44) 12.35 (3.77; 20.22) 0.32†

Median EDSS at baseline (IQR) 1.5 (1;3) 1.5 (1.5;2.5) 0.50†

Phenotype at baseline, 
number (%)

0.09*

  RR 4 (2.9%) 2 (1.1%)

  SP 130 (95.6%) 174 (93.6%)

  PP 2 (1.5%) 10 (5.9%)

Ongoing treatment at 
baseline, number (%)

0.50*

  First- line 76 (55.9%) 96 (51.6%)

  Second- line 60 (44.1%) 90 (48.4%)

*Fisher’s exact test.
†Mann- Whitney U test.
EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; PP, primary 
progressive; RR, relapsing- remitting; SP, secondary progressive.

Table 2 Clinical and MRI characteristics of the two study groups at follow- up

Patients experiencing
MS- COVID
(n=136)

MS- NCOVID
(n=186)

OR of MS- COVID vs MS- NCOVID
(95% CI)* P- value*

EDSS worsening, number (%) 21 (15.4%) 20 (10.8%) 1.66 (0.84 to 3.29) 0.71

Relapses, number (%) 9 (6.6%) 10 (5.4%) 1.21 (0.47 to 3.12) 1.00

DMT change, number (%) 10 (7.4%) 7 (3.8%) 1.93 (0.72 to 5.48) 0.99

New/enalarging T2 lesions, number (%) 12 (8.8%) 19 (10.2%) 0.78 (0.35 to 1.66) 1.00

Gadolinium- enhancing lesions, number (%) (six missing) 9 (6.7%) 7 (3.9%) 1.66(0.60 to 4.80) 1.00

*ORs and p values from univariate logistic regression analyses were adjusted for age and sex. P values were adjusted with Bonferroni’s correction to account for multiple testing.
DMT, disease- modifying treatment; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis.
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The analysis was repeated by excluding the 58 MS- NCOVID 
patients who developed COVID- 19 infection during the 18–24 
months after baseline and results were similar (data not shown).

Neuropsychological and neuropsychiatric assessments at 
follow-up
Table 3 summarises the results of neuropsychological and neuro-
psychiatric assessments. Twenty- eight (22.05%) MS- COVID and 
40 (22.99%) MS- NCOVID patients were cognitively impaired, 
with no between- group significant difference in the prevalence of 
cognitive impairment (adjusted p=1.00). The z- scores of global 
cognitive functions, verbal and visual memory, information 
processing speed, attention and verbal fluency did not signifi-
cantly differ between the two groups of patients (see table 3).

No significant differences in MFIS, HADS anxiety, HADS 
depression, PSQI and IES- R scores nor in the prevalence of 
fatigue, anxiety, depression, poor sleep quality and post- traumatic 
stress disorder symptoms were found between MS- COVID and 
MS- NCOVID patients (all adjusted p=1.00).

Also in this case, the results of the between- group compari-
sons were similar when excluding MS- NCOVID who developed 
COVID- 19 infection during the 18–24 months after baseline 
(data not shown).

Assessment of immune response to SARS-CoV2
No significant difference emerged in terms of CD3 spots, spike 
spots, nucleocapsid spot between MS- COVID and MS- NCOVID 
patients (all adjusted p=1.00) (table 4). The results were similar 
after exclusion of MS- NCOVID who developed COVID- 19 
infection during the 18–24 months after baseline (data not 
shown).

DISCUSSION
This study aimed to evaluate the impact of SARS- CoV- 2 infection 
on disease activity, disability progression, cognitive impairment, 
neuropsychiatric manifestations and cellular immune response 
in PwMS during 18–24 months after infection. We found no 
statistically significant differences in terms of clinical and MRI 
disease activity, disability progression and treatment change 
between the MS- COVID and MS- NCOVID groups during the 
follow- up period, consistent with the results of a previous study, 
with shorter follow- up.6 In addition, the MS- COVID group did 
not have a higher prevalence of cognitive impairment or neuro-
psychiatric symptoms, such as depression, anxiety, fatigue and 
stress compared with the MS- NCOVID group. These findings 
are consistent with those of a meta- analysis that showed that 
pandemic- related restrictions had no significant impact on the 

Table 3 Comparison of neuropsychological and neuropsychiatric variables between MS- COVID and MS- NCOVID patients at follow- up

Variable N
MS- COVID
(n=136)

MS- NCOVID
(n=186) P- value*

Median Z Verbal Memory, median (IQR) 302 0.58 (−1.15; 0.08) 0.86 (−1.58; −0.07) 0.18†

Median Z Visual Memory, median (IQR) 301 0.06 (−0.75; 0.68) 0.18 (−0.86; 0.55) 1.00†

Median Z IPS, median (IQR) 299 0.25 (−0.78; 1.11) 0.15 (−0.91; 0.48) 1.00†

Median Z Attention, median (IQR) 222 0.33 (−0.94; 0.31) 0.61 (−0.99; −0.02) 1.00†

Median Z Verbal fluency, median (IQR) 300 0.21 (−0.90; 0.48) 0.38 (−1.07; 0.18) 1.00†

Median Z Global, median (IQR) 222 0.12 (−0.61; 0.28) 0.27 (−0.66; 0.08) 1.00†

Cognitive impairment, number (%) 301 28 (22.1%) 40 (23.0%) 1.00‡

MFIS Fatigue, number (%) 308 45 (34.6%) 67 (37.6%) 1.00‡

Median MFIS score, median (IQR) 308 31 (16.25; 41) 30 (17.25; 44.75) 1.00†

HADS Anxiety, number (%) 306 45 (35.2%) 65 (36.5%) 1.00‡

Median HADS Anxiety score, median (IQR) 306 6 (3;9) 5.5 (3;9) 1.00†

HADS Depression, number (%) 306 18 (14.1%) 29 (16.3%) 1.00‡

Median HADS Depression score, median (IQR) 306 3 (1;6) 3 (2;6) 1.00†

PSQI Poor quality sleep, number (%) 309 78 (60.0%) 103 (57.5%) 1.00‡

Median PSQI score, median (IQR) 309 7 (4;9.75) 6 (4;9) 1.00†

IES_R PTSD, number (%) 308 18 (13.9%) 26 (14.6%) 1.00‡

Median IES_R score, median (IQR) 308 8 (2;19) 11 (3;24.75) 1.00†

*P- values were adjusted with Bonferroni’s correction to account for multiple testing.
†Median regression adjusted for age and sex.
‡Logistic regression adjusted for age and sex.
HADS, Hospital Anxiety and Depression Scale; IES_R, Impact of Event Scale- Revised; IPS, information processing speed; MFIS, Modified Impact Fatigue Scale; MS, multiple 
sclerosis; PSQI, Pittsburgh Sleep Quality Index; PTDS, post- traumatic stress disorder.

Table 4 Comparison of ELISPOT variables between MS- COVID and MS- NCOVID patients at follow- up

Variable N
MS- COVID
(n=136)

MS- NCOVID
(n=186) P- value*

Median CD3 spots/400.000 cells (IQR) 222 1506 (1158; 1810) 1544 (1076; 1828.5) 1.00†

Median Spike spots/400.000 cells (IQR) 239 307 (142.5; 491.5) 292 (94; 432) 1.00†

Median Nucleocapsid spots/400.000 cells (IQR) 251 156.5 (44.75; 337.25) 133 (25; 291) 1.00†

*P- values were adjusted with Bonferroni’s correction to account for multiple testing.
†Median regression adjusted for age and sex.
MS, multiple sclerosis.
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mental health of PwMS, although they frequently experienced 
anxiety and depression during the pandemic.5

Elispot assays showed no difference in term of cellular 
immune response to SARS- CoV- 2 between MS- COVID and 
MS- NCOVID patients. This was not unexpected, considering 
that almost all MS- NCOVID patients were vaccinated during the 
follow- up period, likely interfering with the assay results.

In the general population, patients with COVID- 19 are at 
risk for different post- COVID- 19 conditions.21 Risk factors 
for post- COVID- 19 sequelae are female sex, older age, higher 
BMI, active smoking status and comorbidities (asthma, chronic 
obstructive pulmonary disease, diabetes, immunosuppression). 
Among the post- COVID- 19 conditions, researchers observed 
cases of post- COVID- 19 autoimmune and inflammatory diseases 
in individuals who had recovered from the virus.22 Two large 
retrospective cohort studies23 24 were conducted to better under-
stand this connection. The studies found that the incidence of 
autoimmune conditions, including rheumatoid arthritis, systemic 
lupus erythematosus, vasculitis, inflammatory bowel disease and 
type 1 diabetes, was higher in individuals who had COVID- 19 
compared with those who did not. Another study25 revealed a 
higher likelihood of acquiring an autoimmune condition after 
COVID- 19 compared with a non- COVID- 19 group. Although 
these studies do not prove a causal link, they provide compelling 
evidence of an increased risk of diverse autoimmune diseases 
following SARS- CoV- 2 infection, enhancing the need to investi-
gate this possible association in PwMS. Although no longitudinal 
case–control study investigated whether patients with previous 
autoimmune conditions are at higher risk of exacerbation after 
COVID- 19 infection, some relapses have been described among 
patients with systemic lupus erythematosus26 and autoimmune 
haemolytic anaemia.27

PwMS needed a longer time to recover from COVID- 19 
than healthy controls in this study.28 Although case reports29 30 
initially suggested a possible association between COVID- 19 and 
MS disease activity as well as other CNS autoimmune condi-
tions,31 a previous study did not detect an increased frequency 
of relapses during the pandemic period.32 This negative finding 
was unexpected. As mentioned above, autoimmune sequelae of 
COVID- 19 have been abundantly described as well as in PwMS 
following systemic infections.33 34

In the general population, fatigue and cognitive impairment 
have been described ≥6 months  after COVID- 19,35 especially 
in older patients. However, our patients were relatively young 
(41 years), had low disability (EDSS 1.5), the majority had a 
mild form of COVID- 19 infection. Overall, these factors might 
explain the relatively low percentage of cognitively impaired MS 
patients and the lack of consequences from COVID- 19 on cogni-
tive functioning and fatigue.

Despite these encouraging results, longer term impact of 
COVID- 19 among PwMS must be further investigated, particu-
larly among PwMS with a previous severe COVID- 19 infection. 
Magnitude and type of immune system response are known to 
be influenced by an individual’s exposure history, which includes 
previous infections, vaccinations and microbial metabolites.36 
For instance, measles infection could reduce preinfective anti-
body repertoire and alter immune response to future new infec-
tive events.37 In general, infective events can either enhance or 
hinder future immune response.

PwMS have a complex alteration of the immune system 
with altered immune homeostasis.38 A recent study showed 
that patients who developed mild COVID- 19 (as most of our 
patients) had increased response to immune stimuli, such as 
influenza vaccination.39

However, among our patients, no difference was detected in 
terms of disease activity or disease- related outcomes. Similar 
single- cell whole- transcriptomic approaches39 could be useful to 
better understand the long- term impact of COVID- 19 on the 
immune system in PwMS.

Based on these findings, it may be appropriate to suggest that 
PwMS can begin to return to their normal lives with less fear 
of COVID- 19. This is in line with the policy adopted by most 
governments as a result of the conclusion of the COVID- 19 
pandemic. Of course, caution and good hygiene practices 
should still be encouraged, as the virus can still pose a risk to 
anyone, regardless of their immune status, particularly because 
future variants can have a different spectrum of neurological 
symptoms.40

Our study is not without limitations. Most patients from 
both groups were vaccinated 18–24 months after the baseline 
evaluation, significantly reducing the likelihood of detecting a 
difference in terms of T- cell response between them. COVID- 19 
severity was generally mild, with only seven patients requiring 
inpatient admission for severe COVID- 19 infection. Further 
studies should investigate the presence of sequelae among PwMS 
with severe COVID- 19 infection. Nevertheless, our findings are 
still reassuring. First, our patients were not vaccinated at the 
time of COVID- 19 infection, and the severity of infection has 
decreased significantly since the beginning of the pandemic and 
the commencement of vaccination efforts. Other limitations are 
the relatively short follow- up period and the relatively small 
sample. Future studies with longer follow- up periods and larger 
sample sizes are needed to confirm these findings and shed more 
light on the long- term impact of COVID- 19 in PwMS. Finally, 
PwMS did not undergo a neuropsychological assessment at 
baseline, thus not allowing us to identify possible worsening of 
cognition during the study. However, considering the relatively 
small and almost identical percentage of patients with cognitive 
deficits at follow- up in the two groups, which were well matched 
for all disease- related features at baseline, we do not expect any 
influence of COVID- 19 infection on this aspect in our study.
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