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Abstract

We report a fatal case of COVID-19 in a 51-year-old African American woman with multiple sclerosis

on natalizumab. She had multiple risk factors for severe COVID-19 disease including race, obesity,

hypertension, and elevated inflammatory markers, but the contribution of natalizumab to her poor

outcome remains unknown. We consider whether altered dynamics of peripheral immune cells in the

context of natalizumab treatment could worsen the cytokine storm syndrome associated with severe

COVID-19. We discuss extended interval dosing as a risk-reduction strategy for multiple sclerosis

patients on natalizumab, and the use of interleukin-6 inhibitors in such patients who contract

COVID-19.
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Background

The novel coronavirus disease (COVID-19) emerged

as an infectious entity in December 2019 and by 11

March 2020 was declared a global pandemic by the

World Health Organization. A majority of infected

patients experience mild to moderate upper respira-

tory symptoms but up to 20% have severe pulmo-

nary disease.1 The risk for severe COVID-19

infection among individuals with multiple sclerosis

(MS), many of whom are treated with immunomod-

ulatory therapy, remains unknown.

Case report

We report a fatal case of COVID-19 in a 51-year-old

African American woman with MS on natalizumab.

Her past medical history includes obesity (body

mass index 53 kg/m2), hypertension and recurrent

urinary tract infections. She had no known

COVID-19 exposure; however, her son and home

health attendant both had cough without fever. She

typically did not leave her residence except for med-

ical appointments.

Her MS symptoms began in 2006 with bilateral hand

numbness postpartum. In 2010 she developed bilat-

eral leg numbness, weakness, and urinary inconti-

nence. Relapsing–remitting MS was diagnosed in

2012, supported by magnetic resonance imaging

(MRI) (Figure 1(a)–(c)). She was treated with inter-

feron beta then natalizumab following a relapse in

2013. She had since received monthly infusions

without disease activity. At her last follow-up visit

in January 2020, she was at her baseline of Medical

Research Council (MRC) grade 4 strength through-

out the left leg and grade 3 throughout the right. Her

Expanded Disability Status Scale was 6.5 and timed

25-foot walk was 18.5 seconds with a rolling walker.

Her most recent natalizumab infusion was adminis-

tered on 12 March 2020.

On 22 March 2020 the patient developed fever,

cough, and worsening paraparesis, which led to hos-

pitalization that evening. Initial vital signs were a

temperature of 39.3�C, heart rate of 112 beats per

minute, blood pressure of 161/89, respiratory rate of
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33 breaths per minute, and oxygen saturation of

98% on ambient air. Physical exam revealed clear

lungs with comfortable breathing, normal heart

sounds, and MRC grade 3 paraparesis. A complete

blood count with differential demonstrated an ele-

vated white blood cell count, elevated neutrophil

percentage, and reduced lymphocyte percentage

(Table 1). A complete metabolic panel was within

normal limits except for a decreased albumin level

of 3.6 g/dL. Inflammatory markers were not elevated

except for C-reactive protein (CRP) and lactate

dehydrogenase (LDH) (Table 1). Chest radiograph

showed low lung volumes (Figure 1(d)). Blood and

urine cultures were negative; however, SARS-CoV-

2 reverse transcription polymerase chain reaction

(RT-PCR) from nasopharyngeal swab returned pos-

itive. She received 5 days of hydroxychloroquine

and azithromycin for COVID-19. Despite scheduled

acetaminophen, the patient continued to have fevers

up to 39.4�C. By hospital day (HD) 4, she required

2–4 L of supplemental oxygen. Her antibiotics were

broadened with vancomycin and piperacillin-

tazobactam. In light of the persistent fevers and

oxygen requirement, there was consideration of

experimental therapy with sarilumab, an antibody

directed against the interleukin-6 (IL-6) receptor,

but she was excluded from the clinical trial because

of MS history and recent natalizumab infusion. On

HD 10 her oxygen requirement acutely worsened to

15 L, and repeat inflammatory markers were elevat-

ed (Table 1). Chest radiograph showed diffuse air-

space opacities (Figure 1(e)). She developed severe

acute respiratory distress syndrome (ARDS) and

vasodilatory shock on HD 11. Despite ventilatory

support and high-dose vasopressors, she remained

hypotensive with evidence of multi-organ failure.

She expired on HD 12.

Discussion

This patient had multiple risk factors associated with

severe COVID-19 including race, hypertension, obe-

sity, high fever (�39�C), and elevated inflammatory

markers (IL-6, CRP, LDH, ferritin, D-dimer).1–4

Unequivocally, her unfortunate outcome was

driven by those factors. Whether natalizumab

could have contributed to the poor outcome is

unknown, but the theoretical risk remains a concern

amidst the current COVID-19 pandemic.

Severe COVID-19 infection is associated with lym-

phopenia, lung infiltration by monocytes/

Figure 1. Radiographic studies. Baseline neuroimaging: sagittal (a) and axial (b) views of brain magnetic resonance

imaging (MRI), sagittal view of cervical spine MRI (c). Chest radiographs on admission (d) and post-intubation on

hospital day (HD) 11 (e).
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macrophages, and markers of systemic inflamma-

tion.1–4 Elevations of IL-6, IL-2R, tumor necrosis

factor (TNF) alpha, CRP, LDH, ferritin, and

D-dimer result from cytokine storm syndrome

where uncontrolled immune cell activation leads to

excess cytokine release, ARDS, hypercoagulation,

and multi-organ dysfunction.4,5 Unlike many MS

treatments, natalizumab does not suppress the periph-

eral immune system. Rather, this monoclonal anti-

body against the a4b1-integrin prevents leukocyte

transmigration across the blood-brain barrier and

often causes relative increases in peripheral lympho-

cyte, monocyte, and eosinophil counts within the

normal range,6,7 as observed in our patient (Table

1). Natalizumab treatment also increases cytokine-

producing T cells in peripheral blood, particularly

those expressing TNF, interferon-c, IL-6, and IL-17.8

In considering the relationship between this patient’s

natalizumab treatment and her COVID-19 infection,

the frequent interaction with healthcare facilities

necessitated by a monthly infusion could have

increased her risk of contracting COVID-19.

Extended interval natalizumab dosing is under

investigation for minimizing opportunistic infection

risk while maintaining efficacy. Observational data

from extended interval dosing (every 6 weeks) sug-

gest preservation of the MS therapeutic effect rela-

tive to standard dosing.9 Additionally, the effect of

natalizumab on peripheral immune cells begins to

reverse between 4 and 8 weeks from the last dose.7

During the COVID-19 pandemic, temporarily imple-

menting extended interval dosing on a case-by-case

basis could both reduce exposure to high-risk health-

care facilities and modulate the peripheral immune

cell subpopulations that facilitate the cytokine

storm.5,7

In COVID-19-infected patients, strategies for treat-

ing cytokine storm include glucocorticoids, intrave-

nous immunoglobulin, and monoclonal antibodies

against the IL-6 pathway, sarilumab and tocilizu-

mab.4,5 Our patient was not considered a candidate

for sarilumab or tocilizumab because of perceived

baseline immunosuppression. The inhibition of the

IL-6 pathway could be a relevant strategy in MS

patients with severe COVID-19 infection, and in

such cases MS specialists are important advocates

to include in the inpatient discussions on immuno-

modulatory management.

Table 1. Laboratory trends.

Date

14 October

2013

Pre-NTZ

14 January

2020

Baseline

22 March

2020

ED

23 March

2020

HD 1

31 March

2020

HD 9

2 April

2020

HD 11

CBC with differential

White blood count

(�103 cells/uL)

4.5 8.71 16.12 8.27 5.44 10.54

Neutrophil (%) 50 54.5 78.2 59.9 54 75

Absolute neutrophil count (cells/uL) 2280 4750 12610 4950 2940 7910

Lymphocyte (%) 40 36.4 14.0 25.3 42 21

Absolute lymphocyte count (cells/uL) 1800 3170 2250 2090 2500 2420

Monocyte (%) 9 6.5 5.6 13.2

Absolute monocyte count (cells/uL) 400 570 900 1090

Hemoglobin (g/dL) 10.7 7.9 7.1 6.3 7.2 7.4

Platelet count

(�103 cells/uL)

383 337 457 344 224 384

Inflammatory markers

C-reactive protein (mg/L) 11.77 131.32 174.34

Erythrocyte sedimentation rate (mm/h) 78

Procalcitonin (ng/mL) 0.07 0.89

Interleukin-6 (pg/mL) 12.3 105.0

Lactate dehydrogenase (U/L) 333 709

Ferritin (ng/mL) 10.8 709.9

D-dimer (ug/mL) 0.7 6.95 4.25

CBC: complete blood count; ED: emergency department; HD: hospital day; NTZ: natalizumab.
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Conclusion

Individual case reports are useful for generating

hypotheses and reflecting on practice patterns.

Ongoing MS case series and registries will provide

the statistically robust findings needed to guide

immunomodulatory care of MS patients in the con-

text of COVID-19.
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