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ARTICLE INFO ABSTRACT
Article history: Background: The pathogenesis of multiple sclerosis (MS) involves immune-mediated mechanisms, and
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based on clinical observations and questionnaires. Information about COVID-19 in pediatric-onset
multiple sclerosis (POMS) is scarce. The objective of this study was to collect information on the expe-
I;e;(;wc;r;ls: ¢ multiole sclerosi rience of POMS patients with COVID-19 during the pandemic.
Cgvli’iDr_l]céonse TUTIpTe sclerosts Methods: This cross-sectional study was conducted with POMS patients diagnosed at Hacettepe Uni-
Severity versity Pediatric Neurology Department and under 23 years of age between October 1 and December 31,
Disease-modifying therapy 2021. Those who experienced COVID-19 or had a history of contact and were found seropositive for
COVID-19 were evaluated for the severity of COVID-19, disability, treatment status, and comorbidities.
Results: Among the 101 POMS patients, 13 reported having had COVID-19 and five were exposed and
seropositive but clinically asymptomatic. Of these 18 patients, 14 were <18 years of age at the time of the
study. All 13 patients (72%) reported mild symptoms without hospitalization or respiratory support. Four
of 18 had a neurological disability (Expanded Disability Status Scale [EDSS] scores ranging between 1 and
7.5), while the remaining had a score of 0. The outcome of COVID-19 was not affected by DMTs,
neurological disabilities, and comorbidities.
Conclusions: In this single-center POMS series, the small subgroup of patients who had contacted the
SARS-CoV-2 virus or developed COVID-19 had reported no or mild symptoms. This may be partly related
to the infrequent use of rituximab in this group. Our results corroborate those in adult-onset MS where
no increased risk is reported for patients whose EDSS scores are <6 and who are not on B cell-depleting
DMTs. Although less frequently than in adult MS, immunosuppressive DMTs may be needed in POMS;
therefore, the importance of appropriate vaccination is to be underlined.

© 2022 Elsevier Inc. All rights reserved.

Introduction

Autoimmune disorders are characterized by inflammatory re-
actions due to immune dysregulation and loss of self-tolerance.
Multiple sclerosis (MS) is an autoimmune disorder where
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SARS-CoV-2 infection and a severe course of coronavirus disease
2019 (COVID-19). For this reason, caution about prescribing DMTs
had been discussed early in the pandemic. Evidence on the
outcome of COVID-19 among MS patients receiving DMTs has been
accumulating in the last 2 years and provided some confidence in
their use in the general MS population so far. However, the het-
erogeneity of patients, the existence of special subpopulations, and
the diversity of therapies require data from larger cohorts. In
particular, information on pediatric-onset MS (POMS) patients is
scarce.

POMS accounts for 3-10% of all MS cases. The management of
POMS patients is mostly based on data and experience from adult
MS series. This represents a challenge for pediatric neurologists
because of certain characteristics of MS in the young age group such
as more active inflammation, higher relapse rate, and differences in
the immune system in childhood.!

Despite the observation of the SARS-CoV-2 virus generally
causing a milder disease in children than in adults, children with
chronic neurological conditions like MS, particularly those under
immunomodulatory treatments, deserve special attention during
the pandemic. Currently, data on COVID-19 in POMS patients
treated with DMTs are limited. The aim of this study was to evaluate
the characteristics and outcomes of COVID-19 in POMS patients.

Materials and Methods
Study population

We conducted a cross-sectional study between October 1 and
December 31, 2021, with patients who had been diagnosed with MS
in the Pediatric Neurology Department of Hacettepe University
before 18 years of age. Those currently followed up in adult
neurology clinics and still under the age 23 years were also
included. Information about COVID-19 infection or exposure during
the pandemic was collected from patients or their parents.

None of the patients included in the study had been vaccinated
against SARS-CoV-2 virus at the time of evaluation. Ethical approval
was obtained from Hacettepe University Clinical Research Ethics
Board (2021/23-23).

Data collection

A standardized short questionnaire was given during all routine
clinical visits or by phone call. Those who gave a history of having
been diagnosed with COVID-19 by real-time polymerase chain re-
action (RT-PCR) test were further queried using a more detailed
datasheet. Any positive RT-PCR test reports were obtained from
patients or parents. Patients who reported exposure to COVID-19
but had not been tested by RT-PCR were advised to take a serum
antibody test. Those who tested seropositive were also queried
using the same datasheet. Demographic and clinical data, duration
of disease, last available Expanded Disability Status Scale (EDSS)
scores, treatments in the last 3 months, and comorbidities were
recorded from the hospital registry and confirmed by phone.
Descriptive statistics were used to summarize the data.

Severity of COVID-19

The severity of COVID-19 was categorized as defined by Dong
et al.> based on the clinical characteristics and laboratory and
radiological findings as follows: (1) asymptomatic infection: no
clinical or radiological signs despite the positive RT-PCR test; (2)
mild disease: acute upper respiratory tract infection symptoms
without pneumonia; (3) moderate disease: clinical or radiological
pneumonia; (4) severe disease: progressive respiratory difficulty,
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dyspnea, hypoxia, and/or central cyanosis; (5) critical disease: acute
respiratory distress syndrome (ARDS), shock, and organ
dysfunction.

Results

A total of 101 patients with POMS, F/M 67/34, age 9-23 (mean:
18.7) years were being followed up in our clinic during the period of
the study. The duration of MS was 4-96 (mean: 45) months. All had
the relapsing-remitting form of MS. Their treatments consisted of
interferon-beta (n = 23), teriflunomide (n = 17), dimethyl fumarate
(n=15), fingolimod (n = 9), ocrelizumab (n = 8), glatiramer acetate
(n = 3), cladribine (n = 2), and corticosteroid (n = 1). Twenty-three
patients were not under treatment at the time of the study because
of recent referral, search for a second opinion, adverse effects of the
previously prescribed DMT, use of alternative treatments, or per-
sonal preference. Two patients had discontinued their treatment at
the beginning of the pandemic because of the concern about
immunosuppression.

In total, 18 of 101 patients (17.8%) aged between 9 and 22 years
(F/M: 11/7) had a confirmed COVID-19 infection diagnosed either
by RT-PCR test (n = 13) or by serology (n = 5) during the defined
period (Fig 1). In COVID-19 RT-PCR—positive patients, the average
time from the acute illness to reporting of COVID-19 symptoms was
3.1 months (0-10 months). Fourteen out of 18 patients were
<18 years; all had relapsing-remitting MS.

Among 18 patients included in the study, most had no disability
(EDSS scores 0) except in four cases that had EDSS scores from 1 to
7.5. A comorbid condition was present in four patients: 1 had
obesity, 1 had familial Mediterranean fever, 1 had acute rheumatic
fever, and 1 had cardiac arrhythmia (Table, cases 2, 3, 5, and 10).

COVID-19 infection was asymptomatic in 5 patients and mildly
symptomatic in 13 patients. Confirmation in these groups was by
serology and RT-PCR, respectively (Table). None had pneumonia or
had been hospitalized for COVID-19. Common symptoms were fa-
tigue (n = 6), fever (n = 5), cough (n = 5), sore throat (n = 2),
anosmia (n = 5), ageusia (n = 4), myalgia (n = 3), and arthralgia
(n = 1). The median duration of symptoms was 3 days (1-15 days):
the longest was anosmia in one patient (15 days). Neurological
symptoms reported by 7 patients consisted of headache, anosmia,
and ageusia (Table).

Discussion
During the pandemic, POMS patients continued their treatment

without interruption or dose alteration, as described in guidelines
for MS.> All POMS patients were advised to strictly comply with the

| 101 POMS patients answered |

13 patients with history 17 patients reported

of confirmed COVID-19 exposure to person with
by RT-PCR test COVID-19 were invited

|

13 patients gave a COVID-19
serology test

e

18 patients with -
confirmed COVID-19 | <--meex-] 5 patients detected sero-
positive for SARS-CoV-2

were evaluated

FIGURE 1. Flowchart of patients included in the study. COVID-19, coronavirus disease
2019; POMS, pediatric-onset multiple sclerosis; RT-PCR, real-time polymerase chain
reaction.



I. Oncel, N. Alici, I. Solmaz et al.

TABLE.
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Demographic and Clinical Characteristics of Pediatric-Onset Multiple Sclerosis Patients With Confirmed COVID-19

Patient Age/  Duration of MS EDSS DMT Comorbidity COVID-19 Symptoms Method for COVID-19
Sex (Months) Score Severity Diagnosis
1 17/F 9 0 IFN None Mild disease Cough, fatigue RT-PCR
2 9/F 4 0 None™ FMF Mild disease Fever, fatigue RT-PCR
3 20/F 56 3 TFM ARF Mild disease Headache, fatigue, cough, anosmia  RT-PCR
4 16/M 50 0 IFN None Asymptomatic  None Serology
5 18/M 40 0 None' Obesity (BMI: Mild disease Fever, fatigue RT-PCR
33.3)
6 15/M 15 0 TFM None Asymptomatic  None Serology
7 18/F 14 0 DMF None Asymptomatic  None Serology
8 18/M 11 2 None' None Mild disease Headache, arthralgia, fatigue RT-PCR
9 18/M 31 7.5 ocz None Mild disease Fever, sore throat RT-PCR
10 22/F 58 0 TFM Cardiac Mild disease Sore throat RT-PCR
arrhythmia
11 20/F 71 1 DMF None Mild disease Myalgia, anosmia, ageusia RT-PCR
12 16/F 18 0 IFN None Mild disease Anosmia RT-PCR
13 19/F 43 0 None' None Mild disease Myalgia, fatigue RT-PCR
14 13/F 11 0 DMF + IFN None Asymptomatic  None Serology
15 17]F 26 0 DMF None Asymptomatic  None Serology
16 15/M 96 0 FNG None Mild disease Cough, anosmia, ageusia RT-PCR
17 17/M 4 0 None” None Mild disease Fever, ageusia, cough, headache RT-PCR
18 18/F 95 0 DMF None Mild disease Fever, cough, myalgia, anosmia, RT-PCR

ageusia

Abbreviations:

ARF = Acute rheumatic fever

BMI = Body mass index

DMF = Dimethyl fumarate

DMT = Disease-modifying therapy

EDSS = Expanded Disability Status Scale

FMF = Familial Mediterranean fever

FNG = Fingolimod

IFN = Interferon-beta

0OCZ = Ocrelizumab

RT-PCR = Real-time polymerase chain reaction

TFM = Teriflunomide
" Recent referral, DMT was started after recovery from COVID-19.
f Declined all recommended available DMTs.

health authorities' recommendations for protection during the
pandemic. However, the fact that both MS and its treatment can
increase the risk and severity of a COVID-19 infection has consti-
tuted as a source of concern for patients since the beginning of the
pandemic. Recent multicentric studies with large cohorts of adult
MS patients showed older age, male sex, long disease duration,
higher EDSS score, and recent use of corticosteroids to be associ-
ated with severe COVID-19, while DMTs were safe in COVID-19
except for anti-CD20 monoclonal antibodies, notably rituximab.*>
However, studies on POMS are scarce. To date, only two studies
reported on COVID-19 in POMS. The study by Parrotta et al of 76 MS
patients diagnosed with COVID-19 included nine POMS patients, of
whom two were hospitalized for the need of supplemental oxygen.
Neither required invasive ventilation.® The other study reported 26
POMS patients on natalizumab, of whom none contracted COVID-
19, suggesting no increase in the risk of COVID-19 is expected un-
der this treatment.’

Our study included patients up to 23 years because they were
still under the follow-up of our department during transition to
adult clinics; 14 patients were <18 years of age. Those who had
COVID-19 infection had a mild disease lasting for 2-15 days. The
remaining five patients had asymptomatic infection confirmed by
serum antibody testing. None of the cases required hospitalization,
including 13 who were on DMTs. Except for interferons and gla-
tiramer acetate, DMTs used in the treatment of MS suppress im-
munity to various degrees, and 10 of our patients were receiving
such drugs.® In an ongoing study of POMS and pediatric clinically
isolated syndrome cases whose outcomes have not been reported
yet, 18 patients had confirmed or highly suspected COVID-19, and 4

were hospitalized; three of them were on rituximab treatment.’
Anti-CD20 monoclonal antibody treatments have been related to
worse clinical outcomes of COVID-19 in MS.> We had only one
patient (case 9) on anti-CD20 therapy, ocrelizumab, and thus have
insufficient data to draw a conclusion about this relationship in
POMS.

The presence of comorbidities, especially obesity and cardio-
vascular disease, is associated with more severe COVID-19 in adult
MS patients.* Neurological disability may also increase the risk of
severe COVID-19: in a recent Morbidity and Mortality Weekly
Report by the CDC, 14% of hospitalized patients aged between 12
and 17 years had a neurological comorbidity.!®!" Advanced
disability (EDSS >6) in MS has been described as an independent
risk factor for severe COVID-19 disease in a large registry of adult
patients. In our cohort, 4 of 18 patients (22%) with confirmed
COVID-19 who had a comorbidity and 4 of 18 patients (22%) with
neurological disability, including one patient with an EDSS score of
7.5, had mild COVID-19.

Another question is the effect of the infection on the course of
MS. Viral infections may trigger relapses of autoimmune diseases.'?
However, a previous study found no increase in MS relapses after
contracting COVID-19."* In line with that, none of the patients in
our cohort had experienced a relapse in the three months following
COVID-19.

There are several limitations of this study. We collected data
from patients diagnosed with COVID-19 by RT-PCR test and those
who were found seropositive after a history of exposure. Seropos-
itive patients who were not aware of exposure or did not undergo
an antibody test may have been missed. Information about the
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contact, diagnosis, or clinical characteristics of COVID-19 infection
was based on history and self-reports and therefore may be
incomplete. The time lag between COVID-19 infection and our
study may also bring a recall bias. Our sample size did not permit an
analysis for any individual risk factors or the effect of specific DMTs
on disease course. Our study covered a particular time window: the
emergence of new variants of the virus by the time of publication
was inevitable. Changes in the virulence of the virus and the reg-
ulations for vaccine application now to include ages as young as
12 years in some countries alter the epidemiology of the disease.
The availability and choices of DMTs also vary in different countries.
Therefore, risk groups may differ between studies. Larger and
multiple series are needed to analyze the effects of younger age,
comorbidities, treatments, or environment and identify procedures
to minimize the risks of infection.
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