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Recovery from COVID-19 in a B-cell-depleted

multiple sclerosis patient

Hannah Wurm, Kate Attfield, Astrid KN Iversen, Ralf Gold, Lars Fugger and Aiden Haghikia

Abstract: Approximately 200,000 multiple sclerosis (MS) patients worldwide receive B-cell-depleting
immunotherapy with rituximab (anti-CD20), which eliminates the ability to generate an antibody response
to new infections. As severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)—specific antibod-
ies might help viral clearance, these patients could be at risk of severe complications if infected. Here,
we report on an MS patient who had received rituximab for ~3 years. The patient was examined 5 days
before the onset of coronavirus disease 2019 (COVID-19) symptoms and was admitted to the hospital
2 days after. She recovered 14 days after symptom onset despite having a 0% B lymphocyte count and not
developing SARS-CoV-2 immunoglobulin G (IgG) antibodies.
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Introduction

The first cases of coronavirus disease 2019 (COVID-
19) were observed in China in December 2019." The
causative virus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is the result of a
zoonotic transmission either directly from bats or via
an intermediate host species.? The virus has spread
globally since January 2020. Morbidity and mortality
rates increase with age and specific comorbidities.?
Disease severity in patients is linked to not only the
viral infection but also the host immune response, cre-
ating an urgent need to understand the virus—host
interplay. Convalescent serum samples have been
applied with apparently good clinical results in
COVID-19,! raising concerns that multiple sclerosis
(MS) patients receiving B-cell-depleting treatment
might suffer severe complications during primary
infection; such concerns are reflected by decisions to
delay the use of anti-CD20 drugs in new patients and
suggestions to consider extended-interval dosing for
those already receiving anti-CD20 therapy, especially
in those who are B-cell depleted or have low levels of
immunoglobulin G (IgG).* This case report suggests
that MS patients receiving B-cell-depleting therapy
are not necessarily at higher risk and demonstrates
that infection can resolve through cellular immune
responses alone.

Report of case

The 59-year-old female MS patient was diagnosed in
2016, and rituximab treatment initiated in September
2017; no CD19+ B-cell reconstitution was detected
at any follow-up visits during the 3 years of treatment
(Figure 1(a)). On 1 April 2020, the patient had a mild
paraparesis and paraspasticity and a limited walking
distance, unchanged since the last admission in
September 2019 (Expanded Disability Status Scale
(EDSS) of 6), and a 0% B-cell count. No COVID-19
symptoms were present. Routine laboratory investi-
gations were normal; magnetic resonance imaging
(MRI) showed a stable disease course since initiation
of rituximab; natural killer (NK), CD4+, and CD8+
T-cell counts were normal; and the CD4/CD8 T-cell
ratio inverted, a common consequence of rituximab
treatment.’

On 5 April 2020, the patient developed a dry cough,
which worsened 2days later with dyspnea, fatigue,
headache, and nausea. The nasopharyngeal swab test
for SARS-CoV-2 was positive, and the patient was
admitted to hospital with a fever of 39°C and low
oxygen saturation. A chest X-ray revealed interstitial
pneumonia (Figure 1(b)), and prophylactic intrave-
nous antibiotic (ampicillin/sulbactam) treatment was
instituted. The dyspnea rapidly improved, CD4-+
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Figure 1. Clinical management of a 59-year-old female patient with progressive multiple sclerosis (MS) infected with
SARS-CoV-2. (a) Disease course. The patient was diagnosed with MS in February 2016. Rituximab treatment was
started in September 2017, and repeat doses were given every 6 months as outlined. Symptoms of COVID-19 developed
on 5 April 2020. All symptoms resolved after 14 days. Box shows IgG, IgM, and IgA counts (left), and CD4+ and CD8+
T-cell counts, CD4+/CD8+ ratios, and NK (CD3+, CD16+, CD56+) cell counts (right). Antibody levels and T-cell
and NK cell counts were measured on 1 April 2020 (5 days before the onset of COVID-19 symptoms) and on 22 April
2020 (1 day after discharge from hospital and 6 days after the first negative SARS-CoV-2 nasopharyngeal swab test). (b)
Chest X-ray. The anteroposterior erect chest X-ray was taken on admission, 7 April, showing typical signs of interstitial
pneumonia with severely decreased lung volumes and reticulation. (¢) Thoracic high-resolution CT (HRCT) chest scan.
The HRCT scan was performed 1 day after discharge from hospital (22 April) showing residual signs of interstitial
pneumonia, that is, dorsobasal dystelectasis (white arrows) and minor honeycombing (red arrow).

T-cell counts increased, the CD4/CD8 ratio normal- On days 14 and 15, after symptom onset, two naso-
ized, and the NK cell count slightly decreased but was  pharyngeal swab test and a cerebrospinal fluid (CSF)
still within the normal range. sample were negative for SARS-CoV-2 (Figure 1(a)).
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All symptoms resolved, and the patient was discharged
13 days after admission. A SARS-CoV-2 IgG antibody
test was negative 18 days after symptom onset, and a
thoracic chest computed tomography (CT) scan
(Figure 1(c)) showed minimal residual signs of inter-
stitial pneumonia (dorsobasal dystelectasis).

Discussion

As cross-neutralization of SARS-CoV-2 by antibodies
to other coronaviruses is unlikely,® this case, suggests
that SARS-CoV-2 infection can resolve solely through
cellular immune responses. This finding is further sup-
ported by a study reporting the successful recovery
from SARS-CoV-2 infection in a set of twins who
lacked B-cells due to X-linked agammaglobulinemia.’
These observations shed light on other COVID-19 stud-
ies,®® which demonstrated that patients with mild dis-
ease symptoms have low antibody levels® and those
with weak IgG responses clear virus faster than those
with strong IgG responses.® Collectively, these findings
suggest that the best correlate of viral clearance might
be obtained by measuring cellular immune responses
rather than antibody levels. Furthermore, potentially
harmful effects of SARS-CoV-2 antibodies toward the
Spike protein are highlighted by experiments with a
SARS-CoV-1-spike Modified vaccinia Ankara (MVA)
vaccine in rhesus macaques.’ In this trial, antibody-
dependent enhancement (ADE) of infection of alveolar
macrophages resulted in a switch from a wound healing
to a proinflammatory phenotype. Subsequent interleu-
kin-6 (IL-6), interleukin-8 (IL-8), and monocyte chem-
oattractant protein-1 (MCP-1/CLL2) secretion ignited a
hyperinflammatory reaction, resulting in severe alveo-
lar damage similar to that seen in some COVID-19
patients.! Thus, if ADE contributes to COVID-19
pathogenesis,!? patients receiving rituximab might be
less likely to develop alveolar hyperinflammation due
to a lack of SARS-CoV-2 antibody production and the
absence of effector-memory B-cell-mediated proin-
flammatory cytokine production.’

Data from a cross-sectional questionnaire study
(n=712) from Iran found that MS patients on B-cell-
depleting therapy had a 2.6-fold increase in the risk of
being in the COVID-19-suspect group. This group
comprised patients who reported fever and cough or
fever and shortness of breath, and those who had a
suggestive chest CT (n=34); however, only two
COVID-19-suspect patients were hospitalized and
neither required intensive care.!! This study suggests
that MS patients as a group have a mild to moderate
disease course regardless of the treatment regimen
and also that those on B-cell-depleting therapy might
be at higher risk of SARS-CoV-2 infection. As none

of the patients were tested for SARS-CoV-2, these
observations need to be verified in a setting where
virus testing is possible.

Recovery from COVID-19 has previously been
reported in one MS patient with hepatitis B infection
who was treated for a year with the B-cell-depleting
drug ocrelizumab and the antiviral drug lamivudine
(3TC).!2 Whereas recovery from COVID-19 in this
patient could potentially be facilitated by lamivudine,
our report highlights that B-cell-depleted MS patients
can clear the virus without the aid of antiviral therapy.
These observations are in line with the lack of fatali-
ties reported by an international pharmacovigilance
case series of 30 ocrelizumab-treated MS patients
infected by SARS-CoV-2.13

It is unknown whether the patient described here, or
any patient who has recovered from SARS-CoV-2
infection in the absence of B-cells, is at higher risk of
reinfection. However, this case suggests that MS
patients receiving B-cell-depleting therapy are not at
higher risk of severe complications from primary
SARS-CoV-2 infection, and demonstrates that viral
clearance is possible without B-cell involvement and
antiviral therapy.
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COVID-19 pneumonia in a multiple sclerosis
patient with severe lymphopenia due to recent

cladribine treatment

Rick Dersch, Thomas Wehrum, Sebastian Fihndrich, Monika Engelhardt,

Sebastian Rauer and Benjamin Berger

Abstract

Background: Most cases of COVID-19 are considered mild, but patients with immunosuppressant treat-
ment might be prone to severe courses of disease. Expert panels advise to delay treatment with cell-
depleting MS therapies during the COVID-19 pandemic.

Methods: We report a case of a patient with relapsing-remitting multiple sclerosis who developed
COVID-19 pneumonia 2 weeks after the first week of cladribine therapy.

Results: Despite a severe lymphopenia (absolute lymphocyte count 240/uL), the patient had a moderate

course of COVID-19.

Conclusion: Apart from maximal supportive treatment, this could be due to cladribine reducing inflam-
matory response, which probably contributes considerably to severe courses of COVID-19 pneumonia.

Keywords: Multiple sclerosis, cladribine, COVID-19, prognosis

Date received: 17 May 2020; revised: 18 June 2020; accepted: 22 June 2020.

Most cases of COVID-19 are considered mild, but
particularly patients with pre-existing conditions are
prone to severe courses of disease.! Data on patients
with autoimmune disorders requiring immunosup-
pressive therapies are currently scarce.

We report a case of a patient with relapsing-remitting
multiple sclerosis (RRMS) who developed COVID-
19 pneumonia accompanied by distinct lymphopenia
(common toxicity criteria (CTC) grade 3) due to clad-
ribine treatment 2 weeks earlier.
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Table 1. Laboratory data during course of COVID-19 pneumonia (normal reference: range in brackets).

Laboratory Clinical course over time as inpatient treatment
parameters

Baseline 2-5days 14-21days 22-26days Discharge
ALC (/uL) 240 530 370 340 660
(1100-3200)
CRP (mg/L) <5 11.1 250.9 209.9 17.2
(<5)
PCT (ng/mL) n.a. 0.06 0.13 0.17 0.06
(<0.05)
D-dimer (mg/L) n.a. n.a. 0.81 1.05 n.a.
(<0.5)
Interleukin-6 (pg/mL) n.a. 9.1 127.0 76.5 7.5
(<7)
LDH (U/L) n.a. 231 424 376 314
(135-225)
Ferritin (ng/mL) n.a. n.a. 1714 1923 n.a.
(30-400)

ALC: absolute lymphocyte count; CRP: C-reactive protein; PCT: procalcitonin; LDH: lactate dehydrogenase.

Case report

The patient had been diagnosed with multiple sclero-
sis (MS) in 2016 at the age of 55 years and had since
then been on disease-modifying treatment with dime-
thyl fumarate. Lymphocyte counts were constantly
normal, and he was free from disease activity for sev-
eral years.

In November 2019, a relapse with paresis of the right
leg occurred. Magnetic resonance imaging (MRI)
scan revealed multiple new cerebral and spinal cord
lesions, which were in part gadolinium-enhancing.
The treating neurologist decided to escalate treatment
to cladribine, which was started with a dose of 90 mg/
cycle on 10 March 2020. There was no washout
period between discontinuation of dimethyl fumarate
and initiation of cladribine, since absolute lympho-
cyte count (ALC) at this time was normal (1250/uL).

Fourteen days after the first week of cladribine ther-
apy, the patient developed fever and malaise. SARS-
CoV-2 was tested as the symptoms of the patient
developed during the COVID-19 pandemic. An oro-
pharyngeal swab was positive for SARS-CoV-2-
RNA. At this time, the patient showed CTC grade 3
lymphopenia (ALC=240/uL). However, since his
symptoms were rather mild, hospital admission at that
time was not necessary.

Due to persistent fever (39.5°C) and progressive res-
piratory symptoms with thoracic pain, he presented to
our emergency department another 12days later.
Bacterial superinfection was suspected as C-reactive
protein (CRP) and procalcitonin had substantially

increased (122mg/L and 0.13ng/mL, respectively).
Lung ultrasound showed suspicious findings compat-
ible with pulmonary consolidation. The patient was
hospitalized for clinical monitoring, and intravenous
(i.v.) antibiotic therapy with ampicillin/sulbactam was
started. ALC and other laboratory data are shown in
Table 1. Antibiotic treatment was escalated to pipera-
cillin/tazobactam 5 days later due to increased need of
nasal oxygen supply and increasing inflammatory
markers. In addition, hydroxychloroquine was admin-
istered for 5days and inhalative treatment with avi-
ptadil (vasoactive intestinal peptide (VIP)) was
initiated. VIP has potentially anti-inflammatory effects
by expanding regulatory T-cells known to be required
for limiting pulmonary damage.?> Apart from nasal
oxygen supply, he did not need ventilatory support.

A bacterial pathogen could not be identified. A
repeated oropharyngeal swab 28 days after onset of the
infection was still positive for SARS-CoV-2-RNA.
The patient was discharged after 16 days because res-
piratory symptoms and fever had ceased and inflam-
matory markers had declined. During COVID-19
pneumonia, neurological symptoms remained stable,
and due to the infection, the second cladribine cycle
has thus far been postponed.

Written informed consent was obtained from the
patient to report his individual cases.

Discussion
Despite immunosuppressive therapy with cladribine
and severe lymphopenia, our case of an RRMS patient
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showed a fairly moderate,! albeit prolonged course of
COVID-19 pneumonia with need of nasal oxygen
supply and bacterial superinfection requiring i.v. anti-
biotic treatment. The patient recovered without any
sequelae.

In line with our report, a milder course of COVID-19
infection in an ocrelizumab-treated MS patient was
reported recently.> Expert panels advise to delay the
treatment with cell-depleting MS therapies during the
COVID-19 pandemic and consider alternatives, or to
postpone subsequent cycles if a patient was already on
treatment.* With regard to cladribine, these concerns are
based on the sustained B- and T-lymphocyte reduction
following treatment, which predisposes patients to
infections. However, cladribine has only limited effects
on innate immunity. It remains unclear why those two
immunosuppressed MS patients showed rather mild to
moderate courses of COVID-19 infection. Nevertheless,
in a recently published MS cohort (none on cladribine
treatment),> and in cancer patients, mild-to-moderate
courses of disease have also been observed.® It has been
suggested that not a direct effect of the pathogen, but the
host response characterized by hyperinflammation with
cytokine release determines severity of COVID-19
infections.” Novi et al.3 speculated that reduced inter-
leukin (IL)-6 release due to ocrelizumab treatment
might have exhibited a protective role in their patient.
Even though cladribine also potentially leads to reduced
levels of various pro-inflammatory cytokines,® IL-6 lev-
els rose markedly in our case. Therefore, the reason
why our patient showed a moderate course of COVID-
19 infection could not finally be clarified, but was prob-
ably in part due to the maximal supportive care.

In summary, the first case report of an MS patient devel-
oping COVID-19 infection with severe lymphopenia
while under immunosuppressive therapy with cladrib-
ine is reassuring because the patient did not develop a
fatal disease course and recovered without any seque-
lac. However, larger case series are necessary before
more reliable conclusions can be drawn.
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COVID-19 and high-efficacy multiple sclerosis
therapies: Time for business as usual?

Wallace J Brownlee

During the Coronavirus-19 (COVID-19) pandemic,
many neurologists have adopted a cautious approach to
treating multiple sclerosis (MS) by delaying lympho-
cyte-depleting therapies (Cladribine, Alemtuzumab,
anti-CD20 agents), due to concerns that treatment
may increase the risk and/or severity of COVID-19
infection.!

In this issue of Multiple Sclerosis Journal, two
patients are reported who received treatment with
Cladribine? or Rituximab? during the escalating
COVID-19 pandemic in Europe. Both patients were
hospitalized within a month of treatment with con-
firmed COVID-19 infection. Remarkably, despite
severe lymphopenia due to recent Cladribine or
undetectable B-lymphocyte counts from long-term
Rituximab therapy, both patients only developed
moderate COVID-19 pneumonia with good recov-
ery. These new cases add to an increasing number of
reports of favourable outcomes in MS patients
receiving high-efficacy, lymphocyte-depleting ther-
apies who have developed COVID-19 infection.*?

In the vast majority of people with MS, COVID-19
produces a mild illness.® Preliminary data suggest that
older age, comorbidities and more advanced physical
disability are more strongly associated with poor out-
comes in people with MS with COVID-19 than dis-
ease-modifying therapy use.® With falling rates of
new COVID-19 infections in most countries, and
reassuring reports of mild COVID-19 infection even
in our most immunosuppressed patients, are we now
ready for business as usual when treating MS? The
answer is probably yes, and in many otherwise
healthy, young adults with MS, the risks of disability
worsening from delayed initiation or re-treatment
with a high-efficacy treatment (or opting for a less
effective treatment) will outweigh the potential risks
of severe COVID-19 infection.
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