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At the end of 2019, the COVID-19 pandemic began, which at the time of writing continues to be a serious
problem for many areas of medicine, including neurology. Since patients with multiple sclerosis (MS) often
exhibit motor disability and receive disease-modifying therapy (DMT), which has an immunosuppressive effect,
it is plausible that this will affect the susceptibility of MS patients to COVID-19, as well as the course of this
disease. However, current data indicate that the use of DMT does not cause negative prognosis in COVID-19
sufferers, but the motor disability progression associated with MS does. In this study, we present the case re-
ports of 4 patients with relapsing-remitting MS, who developed COVID-19, and despite the use of DMT the course
of the disease was mild. Two patients were treated with dimethyl fumarate, one with Interferon p1b and one with
glatiramer acetate. One of the patients using dimethyl fumarate had lymphopenia. All patients had symptoms of
COVID-19 from the nervous system, the most frequent being headache, which occurred in all patients. The aim of
this article is to present a case series of four patients with MS and COVID-19, and to discuss the available

literature on COVID-19 in patients with MS, with particular consideration of the impact of DMT.

1. Introduction

In December 2019, an epidemic of Coronavirus Disease 2019
(COVID-19), caused by severe acute respiratory coronavirus 2 syndrome
(SARS-CoV-2), broke out in Wuhan, China. The disease spread rapidly
all over the world, and as a result, on 11 March 2020, the COVID-19
epidemic was declared a global pandemic by the World Health Orga-
nization (WHO) [1-3]. SARS-CoV-2 infection can be asymptomatic or
symptomatic with varying degrees of severity — from a mild cold to se-
vere pneumonia. The prognosis of COVID-19 also varies from full re-
covery to acute respiratory failure and death [4,5]. Some patients have
neurological symptoms: headaches and dizziness, olfactory and taste
disorders, quantitative and qualitative impairment of consciousness, or
symptoms of polyneuropathy or muscle injury. There are reported cases
of acute vascular events, meningitis and encephalitis, acute transverse
myelitis, and epileptic seizures. In addition, it should be noted that
sometimes neurological symptoms may precede typical symptoms such
as fever and coughing, but may also occur after the cure of a pulmonary

infection, which is particularly relevant for olfactory and taste disorders
[6-9]. The elderly are more vulnerable to a severe course of the disease,
complications, and death during SARS-CoV-2 infection, especially in
case of comorbidities such as cardiovascular diseases, arterial hyper-
tension, diabetes mellitus, or chronic obstructive pulmonary disease [4].
According to the current state of knowledge, autoimmune diseases,
including multiple sclerosis (MS), are not commonly considered to be
conducive to SARS-CoV-2 infection. However, it should be remembered
that in contrast to the general population, the course of COVID-19 in
patients with MS is modified by many factors. MS is a chronic disease
accompanied by motor insufficiency, generally an increased suscepti-
bility to infection, and an additional factor is the modification of the
immune response by disease-modifying therapy (DMT), i.e., immuno-
modulating and immunosuppressive drugs. Of particular concern may
be those DMTs that can lead to lymphopenia and a reduction in the
number of B lymphocytes, such as alemtuzumab and cladribine, which
could possibly lead to a higher risk of SARS-CoV-2 infection, as well as a
more severe course of the disease. Currently, there is intensive collection
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of data on MS patients diagnosed with COVID-19 in order to draw
clearer and more convincing conclusions [10-15].

2. Description of the examined group

We present the cases of four patients with the relapsing-remitting
form of MS treated with DMT, residents of the Silesian province, who
developed the COVID-19 infection in the period from March to May
2020. The diagnosis of SARS-CoV-2 infection was based on the typical
symptoms of infection (cough, fever, weakness, osteoarticular pain)
(Table 1) associated with contact with persons with confirmed COVID-
19 (100 % of cases). All patients were tested for SARS-CoV-2 with pos-
itive results. The patients were women (100 %), who on average: were
42 years old, had the disease for 6 years, and had a degree of motor
disability of 4.1 points, according to the EDSS scale. Only one patient
was not affected by accompanying diseases. In the history, two patients
had thyroid diseases, one overweight with lower limb thrombosis. All
patients in the described group had COVID-19 symptoms from the ner-
vous system; headaches occurred in 4 patients and dizziness in 2.
Neurological symptoms were preceded for 1-2 days by symptoms of
airway infections. Two people complained about olfactory and taste
disorders, in one the symptoms occurred on the first day of the disease,
whilst in the second and third, the disorders lasted two days. One of the
patients had attention deficit disorder, which persisted only during the
infection. One patient reported paraesthesias of the left upper limb,
which appeared as the body temperature increased, lasted several hours,
and disappeared spontaneously; this was interpreted as a pseudo-
relapse. The duration of immunomodulatory treatment in the
described group was 3 years on average. One of the patients had mod-
erate lymphopenia (0.86 x 103/pl). DMT therapy was stopped in two
patients during COVID-19 infection. The average duration of infection
was 9 days, and none of the patients required hospitalization and
specialist treatment. In this group, there were no disease relapses and no
progression of motor disability on the EDSS scale. One patient had
persistent lymphopenia (0.82 x 10%/ul). Contrast magnetic resonance
imaging (MRI) of the brain after infection did not show the progression
of demyelinating lesions and signs of disease activity. Visual evoked
potentials (VEP) in all cases showed prolonged latency of P-100 waves.
The results of brainstem auditory evoked potentials (BAEP), nerve
conduction study (NCS) and colour-coded Duplex Doppler (CDD) of
extracranial vessels in all cases were normal. No seizure-type lesions
were recorded in electroencephalography (EEG). Through psychological
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consultations, increased anxiety rates were noted in 3 out of 4 subjects
(Table 2).

3. Discussion

The course of COVID-19 infection is mild in most patients [16,17].
Despite the published case reports, both the risk of infection and the
course of COVID-19 in patients with MS are still unclear [15,18-36]. It is
known that patients with MS are generally more susceptible to infections
[11,37], especially those with a higher degree of disability or serious
comorbidities. On the other hand, existing reports indicate that the
prevalence of COVID-19 in the MS population is similar to the general
population [38]. The diagnosis of COVID-19 in all the presented cases
was based on clinical symptoms and was confirmed by positive
SARS-CoV-2 tests. Some of the case reports of patients with MS in the
literature did not contain confirmation in virological tests, rather were
based on clinical symptoms alone. Among the described cases, as well as
in all our patients, the infection was most often caused by close contact
with a confirmed case [39]. Our observations of patients with MS
showed that the course of SARS-CoV-2 infection in all patients was mild,
and symptoms typical of upper respiratory tract infections, such as
osteoarticular pain and elevated body temperature, were present. Pa-
tients did not require any specialist treatment or hospitalization. Similar
observations were made by Maghzi et al. and Mantero et al., who
described groups of patients with MS, in whom the infection was also
self-limiting. Patients from the Province of Lecco, in the Lombardy re-
gion of Italy, were of similar age, and with a comparable degree of motor
disability according to the EDSS scale [40,41], to those in our study. It is
also worth noting that in the report of Sormani et al., 222 out of 232
patients with MS (96 %) had benign COVID-19 [34]. The mild course of
the infection was also described by Suwanwongse et al. in a young pa-
tient with relapsing-remitting MS, who nevertheless required hospital-
ization for pneumonia [18]. Similarly, Montero-Escribano et al.
presented cases which, despite the mild course of the infection, required
hospital treatment [19]. It is worth noting that in some cases the course
of infection was mild or moderate, despite the occurrence of comor-
bidities other than MS [27]. There are also known descriptions of severe
and critical courses, which in the study of Sormani et al. constituted 2
and 3% respectively, and single fatalities were reported [17,22,31,34].
In patients with SARS-CoV-2 infection, in addition to symptoms typical
of respiratory tract infections, symptoms from the nervous system are
also observed. More than 36 % of hospitalised COVID-19 patients in

Table 1
Clinical characteristics of patients.
Patient 1 2 3 4
Age (years) 30 38 41 57
Sex Female Female Female Female
MS type RRSM RRSM RRSM RRSM
Duration of MS 1 1 14 6
disease (years)
EDSS 4.0 3.5 4.5 4.5
Applied DMT Dimethyl fumarate Dimethyl fumarate Interferon p1b Glatiramer acetate
Lymphocyte count 0.86 1.1 2.5 2.75
[10%/pl] (N:1-3.3)
Comorbidities Hypothyroidism, lower limb varicose veins, None Hashimoto’s thyroiditis Dyslipidaemia, migraine

overweight (BMI 29.06)
PCR-confirmed Yes Yes
COVID-19 infection
Symptoms and
duration of COVID-

Osteoarticular pains, fever up to 38 °C,
diarrhoea, general weakness, headaches,

19 paraesthesias of the left upper limb,
7 days 10 days
DMT treatment Yes No
during COVID-19
infection

Headaches and dizziness, rhinitis,
fever up to 38 °C, olfactory and taste
disorders, attention deficit disorder,

headaches
Yes Yes

Osteoarticular pains,
headaches and dizziness,

Osteoarticular pains, fever up to
38 °C, headaches, olfactory and
taste disorders, coughing, fever > 38 °C
6 days 12 days

Yes No

MS - multiple sclerosis; RRSM - relapsing-remitting MS; EDSS — Expanded Disability Status Scale; DMT - disease modifying therapies; PCR — polymerase chain re-

action; COVID-19 —Coronavirus Disease 2019.



M. Adamczyk-Sowa et al.

Table 2

Tests performed after SARS-CoV-2 infection.
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Patient

1

EDSS

Lymphocyte count
[10%/pl] (N:
1-3.3)

Neutrophil count
[10%/pl] (N:
1.6-6)

WBC [10°/p1] (N:
4-10.5)

Monocyte count
[10%/pl] (N:
0.15-0.6)

Eosinophil count
[10°/ul] (N:
0.2-0.5)

Basophil count
[10%/p1] (N:
0.01-0.1)

HCT [%] (N:
37-47)

RBC [10%/pl] (N:
4.2-5.4)

Hb [g/dL] (N:
12.5-16]

MCV [fL] (N:
78-100)

MCH [pg] (N:
27-31)

MCHC [g/dL] (N:
32-36)

RDW-CV [%] (N:
11.5-14.5)

RDW-SD [fL]

PLT [103/pl] (N:
150—-450)

MPV [fL] (N:
6—9.5)

PDW [fL] (N:
9.8-16.2)

P-LCR [%] (N:
19.1-47)

PCT [%] (N:
0.15-0.5)

CRP [mg/L] (N:
0-5)

1G [10%/pl] (N:
0-0.015)

NRBC [10%/p1] (N:
0-0.03)

MICROR [%] (N:
0.14-5.79)

MACROR [%] (N:
3.3-5.56)

ALT [U/L] (N:
0-41)

AST [U/1] (N:
0—40)

Total bilirubin
[umol/L] (N:
5-21)

Direct bilirubin
[pmol/L] (N:
0-3.4)

Creatine kinase [U/
L] (N: 10—-200)

Serum creatinine
[pmol/L] (N:
44-80)

GFR [ml/min/1.73
m?]

Blood sodium
[mmol/L] (N:
136—-146)

4.0
0.82

4.58

6.33

0.55

0.26

0.01

13.2

88

29.9

13

42.1
244

10.4

11.6

27

0.25

1.38

0.01

1.7

3.5

14.8

18.4

4.7

74

53

125.73

3.5
1.47

4.18

6.22

0.08

0.01

12.5

84.3

28

12.9

39
250

11.3

13.5

0.02

3.4

3.9

24.1

21.5

3.2

50

4.5
2.25

6.39

10.08

0.7

0.1

0.01

37.1

4.39

12.4

84.5

28.2

33.4

13.3

41.1
356

10

10.8

24.3

0.35

9.01

0.03

2.9

3.9

15

13.9

<2.5

77

55

4.5
2.82

3.08

5.42

0.24

0.02

40.7

14.3

89.6

31.5

10.6

19
16

8.9

66

80

4.3

(continued on next page)
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Table 2 (continued)
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Patient

Blood potassium
[mmol/L] (N:
3.5-5)

TSH [pIU/mL] (N:
0.27-4.2)

General urine test
(only abnormal
results)

Head MRI with
contrast

VEP
BAEP
NCS
EEG

CDD of extracranial

No abnormal results

Number and size of demyelination
lesions with an image similar to the
previous examination, without
activity signs

Abnormal

Normal

Normal

Record with focal lesions bilaterally
in the parasagittal region

Normal

2.54

Number and size of demyelination
lesions with an image similar to the
previous examination, without
activity signs

Abnormal

Normal

Normal

Normal record

Normal

0.839

Number and size of demyelination
lesions with an image similar to the
previous examination, without
activity signs

Abnormal

normal

Normal

Normal record

Normal

1.160

pH = 5; 6—8 leukocytes per high-
power field; 2—4 erythrocytes per
high-power field

Number and size of demyelination
lesions with an image similar to the
previous examination, without
activity signs

Abnormal

Normal

normal

Record with focal lesions in the left
frontotemporal region

Normal

vessels

Psychological test Increased anxiety rate Increased anxiety rate

Normal emotional state Increased anxiety rate

EDSS - Expanded Disability Status Scale; N — normal result; ; WBC — white blood cells count; HCT — haematocrit; RBC - red blood cells count; Hb — haemoglobin; MCV —
mean corpuscular volume; MCH — mean corpuscular haemoglobin; MCHC — mean corpuscular haemoglobin concentration; PLT — platelets count; MPV — mean platelet
volume; PDW - platelet distribution width; P-LCR - platelet large cell ratio; PCT — procalcitonin; CRP — C-reactive protein; IG — immature granulocyte count; NRBC —
nucleated red blood cells; MICROR - microcytes (micro red blood cells); MACROR - macrocytes (macro red blood cells); ALT — alanine transaminase; AST — aspartate
transaminase; LDH - Lactate dehydrogenase; TSH — thyroid-stimulating hormone; MRI - magnetic resonance imaging; VEP — visual evoked potential; BAEP — brainstem
auditory evoked potential; NCS — nerve conduction study; EEG - electroencephalography; CDD — Color-Coded Duplex Doppler. Deviations from the normal results are

bold.

Wuhan, China, developed neurological symptoms, mostly related to
central manifestations (dizziness and headaches). In a smaller percent-
age of cases, symptoms from the peripheral nervous system (most often
olfactory and taste disorders) were reported [42]. In all our patients in
the course of COVID-19, neurological symptoms from the CNS and pe-
ripheral nervous system occurred, which disappeared spontaneously.
Mantero et al. also described similar symptoms, which occurred in 75 %
of patients [40]. A recently published Spanish study, investigating a
group of 60 patients with MS and COVID-19, coexisting neurological
symptoms were also frequently observed [19]. In patients presented by
Gemcioglu, Novi, Bollo or Suwanwongse [18,21,43,44] there were no
neurological symptoms in single cases. In the available literature there
are no reports of increased frequency of MS relapses in the course of
COVID-19, which is in line with the observations of our patients. Due to
the well-known suppressing effect on the immune system of DMT, it
seems puzzling how these drugs affect the risk of SARS-CoV-2 infection,
as well as its course in patients with MS. Some DMTs, i.e., interferon-f
and glatiramer acetate, have an immunomodulating effect, although
they do not increase the risk of systemic infections. However, other
drugs used to treat MS have an immunosuppressive effect, which is
associated with alterations in the number, proliferation, trafficking and
function of lymphocytes, leading to an increased risk of infections,
including viral and respiratory infections [11-13,45]. In our own ob-
servations, both in patients who did not continue their treatment and
those whose treatment was continuous, the course of SARS-CoV-2
infection was similar. Mild symptoms of infection also occurred in a
patient with moderate lymphopenia while using dimethyl fumarate, so
similarly to Loonstra et al., we did not find any association between low
lymphocyte levels and severity of SARS-CoV-2 infection [31]. Dersch
et al. also described a case of a patient in whom the course of COVID-19
was moderate, even despite severe lymphopenia induced by cladribine
[25]. Similar observations were also made by Maghzi et al. and Mantero
et al., who described groups of patients with mild COVID-19 who
received ongoing DMT, which is in line with other case descriptions in
the literature, and the results of the Italian pilot phase of investigation of
COVID-19 in patients with MS [24,28-34,36,39,40]. In March and April
2020, a group of experts from the Section of MS and Neuroimmunology
of the Polish Neurological Society (PTN) developed a position on the

management of patients with MS using treatment affecting the natural
course of the disease in case of the COVID-19 pandemic. The recom-
mendations were based on the currently available knowledge and un-
derstanding of the disease, and are constantly being updated [46,47]. In
two of the patients we described in March 2020, for the period of
SARS-CoV-2 infection, the treatment of MS was stopped, based on the
then binding guidelines of the expert group of the Section of MS and
Neuroimmunology of the PTN. Further patients continued to use DMT,
which did not affect the severity of COVID-19. At the end of June 2020, a
study involving 347 patients with MS with SARS-CoV-2 infection was
published [35]. It showed that DMT did not affect the severity of
COVID-19, although it should be noted that cladribine and alemtuzumab
were not commonly used in this cohort. This study also showed that
disability related to MS, as well as age and obesity, were independent
risk factors for the severity of SARS-CoV-2 infection in patients with MS.
However, there is some concern that DMT, which causes lymphopenia
and depletion of the B lymphocyte count (e.g., cladribine, alemtuzumab,
ocrelizumab, rituximab, and others), may contribute to the morbidity
and more severe course of COVID-19, which should suggest an indi-
vidual approach to the use of individual drugs in individual patients [15,
29,45,48]. Nevertheless, in view of the reassuring data and recom-
mendations to date, it appears that the majority of patients who have
been treated with DMT should continue this therapy, and that an
adequate DMT should be initiated in the majority of patients who have
just been diagnosed with MS [21,34,35,49]. Due to the lack of infor-
mation on the consequences that may occur after SARS-CoV-2 infection
in patients with MS [10], we have performed both neurological and
additional control tests in our patients. In the neurological examination
we did not observe the progression of the neurological deficit and the
state of motor disability on the EDSS scale. In the performed neuro-
imaging study, we did not describe the progression of demyelinating
changes. In June of this year, there were published the results of a
retrospective, multi-centre study of French patients with COVID-19 and
neurological symptoms, in whom brain MRI was performed. In MRI the
most frequent findings were: intracerebral haemorrhages (54 %),
involvement of medial temporal lobe (43 %), hyperintensive lesions in
the white matter (30 %), microhaemorrhages in the white matter (24 %)
[50]. Similarly, in a multicentre, randomised study conducted in Italy,
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MRI was dominated by acute ischaemic strokes and intracerebral hae-
morrhages, and 29 % of patients did not have an internal cardio-vascular
risk profile. According to Mahammedi’s observations in patients with
COVID-19, brain MRI also shows posterior reversible encephalopathy
syndrome (PRES), hypoxic ischaemic encephalopathy, cerebral venous
thrombosis, Guillian-Barre syndrome, and Miller-Fisher syndrome [51].
Initially, ischaemic and haemorrhagic complications were reported in
COVID-19 patients [52,53]. At present, there are also described the
uneven demyelinating lesions in the brain and spinal cord, which are
considered complications of SARS-CoV-2 infection [54,55]. It is also
worth noting that Palao et al. presented the first case of MS shortly after
possible COVID-19 infection (PCR analysis was negative, although the
authors assumed an infection history based on positive IgM and IgG in
immunological tests, clinical symptoms, and a shared place of residence
with a person with a confirmed infection). In this publication, the au-
thors considered the cause-related relationship between the infection
and the onset of MS and thus suggested that SARS-CoV-2 may, like some
other viruses, play a role in causing demyelinating diseases [56]. There
are currently no reports of lesions in neuroimaging studies in patients
with MS and COVID-19 in the available literature. In the NCS performed
in our study, no motor or sensory conduction disorders were found.
Evoked potential abnormalities were reported in the VEP with values
similar to those prior to COVID-19 infection. In the CDD examination of
extracranial vessels, no blood flow abnormalities were observed, which
are described in SARS-CoV-2 infected patients in computed tomography
(CT) angiography and MR angiography [57,58]. EEG records in 50 % of
the described subjects were normal, while in the remaining cases no
seizure changes were found. There are known cases of epileptic seizures
in the course of SARS-CoV-2 infection (including status epilepticus)
[59-62]. EEG records have described the slowing of basic activities, but
it is worth adding that the authors of some publications suggest the
possibility of a specific pattern of EEG recording in patients with
COVID-19 [63-65]. Moreover, neurocognitive dysfunction and psychi-
atric symptoms have been described in patients with COVID-19 [66,67].
Also, in patients with MS and SARS-CoV-2 infection, cases of changed
mental state have been reported [22]. There are indications that the very
awareness of the prevailing COVID-19 pandemic, even without the
infection, may have a negative impact on stress and anxiety levels, as
well as cognitive and neuropsychiatric functions of patients with MS,
and SARS-CoV-2 infection could therefore cause even greater anxiety in
these patients than in the general population, which may be related to
patients’ knowledge of the therapies used and their impact on the im-
mune system [68]. A psychological assessment was carried out on our
patients, in which the majority of subjects (75 %) showed an increased
rate of anxiety, but no neurocognitive dysfunction was observed.

4. Conclusions

In view of the current COVID-19 pandemic and the lack of infor-
mation on the consequences of SARS-CoV-2 infection in patients with
MS, it is necessary to constantly monitor the course of the infection itself
and to perform follow-up examinations upon recovery in order to assess
possible complications.
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