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Abstract

The outbreak of a severe acute respiratory syndrome caused by a novel coronavirus (COVID-19), has raised health con-
cerns for patients with multiple sclerosis (MS) who are commonly on long-term immunotherapies. Managing MS during
the pandemic remains challenging with little published experience and no evidence-based guidelines. We present five
teriflunomide-treated patients with MS who subsequently developed active COVID-19 infection. The patients continued
teriflunomide therapy and had self-limiting infection, without relapse of their MS. These observations have implications for

the management of MS in the setting of the COVID-19 pandemic.
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Introduction

In late 2019, a novel enveloped RNA beta-coronavirus
(SARS-CoV-2) casing a severe acute respiratory syndrome
(COVID-19) emerged in Wuhan, China. In the span of a few
months, this outbreak developed into a global pandemic,
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with a health care crisis, significant mortality rate, and high
virulence compared to previously known viral respiratory
infections [1]. While the mortality rate in the general popula-
tion is reported to be approximately 2% (variable by region),
individuals with chronic medical conditions and advanced
age have even higher mortality [2]. Multiple strategies are
under investigation for the prevention and treatment of
severe COVID-19, with no vaccine or highly effective ther-
apy currently available [3-6].

Multiple sclerosis (MS) is a chronic immune-mediated
disease of the central nervous system that usually requires
long-term immunotherapy, and affects more than 1 million
Americans [7]. There are currently ~20 FDA-approved dis-
ease-modifying therapies (DMTs) for the treatment of MS,
each resulting in various forms of immunomodulation or
immunosuppression. Previous studies have suggested that
infections in MS patients are more likely to occur when
receiving DMT, require hospitalization more frequently,
and are associated with higher mortality than the general
public [8-10]. Furthermore, systemic infections could trig-
ger disease activity (MS relapse) or worsen pre-existing MS
symptoms (pseudo-relapse) [11].

During the emergence of the COVID-19 pandemic,
there have been significant health concerns for patients
with MS that these medications could increase their risk
for acquiring the viral infection, potentially impair anti-
viral immune responses, and contribute to an unfavorable
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Fig.1 Patient 1: MRI find-
ings. Representative MRI scans
are shown from Patient 1. 3T
imaging: in 2017, at the time of
initial diagnosis of radiologi-
cally isolated syndrome (early
multiple sclerosis—MS), fluid-
attenuated inversion recovery
(upper left, lower middle)
showed multiple supratento-
rial hyperintense white matter
lesions, and a pontine hyperin-
tense lesion (arrow), consistent
with MS. After gadolinium
administration, the left posterior
juxtacortical lesion showed
enhancement (upper middle,
arrow). Right column images
show cervical spinal cord
hyperintensity (arrows) consist-
ent with MS. 7T imaging: a
few years later, T2* imaging
demonstrated central (hypoin-
tense) veins within a majority of
T2 hyperintense lesions (lower
left, arrow), highly consistent
with MS

Fig.2 Patient 2: MRI findings. The most recent fluid-attenuated
inversion-recovery scan is shown from Patient 2, obtained a few
months before COVID-19 infection. Note multiple supratentorial
hyperintense white matter lesions (right image), and a cerebellar
white matter hyperintense lesion (arrow), consistent with multiple
sclerosis

Patient 2

A 52-year-old woman with relapsing—remitting MS (RRMS)
had neurologic symptom onset in 2002, was treated with
teriflunomide since October 2016, and remained stable with
mild disability (mild spastic paraparesis and hypoesthesia of
the lower limbs). She had no comorbidities and received no
other medications. Her last brain MRI from October 2019
was stable (Fig. 2). Her last available blood examinations,
from February 20, 2020, are shown in Table 1. On 10 March,
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the patient developed headaches responsive to paracetamol,
associated with nausea and vomiting, mild fever, asthenia,
and loss of smell. The patient underwent a nasopharyngeal
swab on 15 March that was positive for COVID-19. Due to
mild symptomatology, she was asked to self-quarantine at
home. She was telephone monitored daily by her neurolo-
gist and continued teriflunomide at the same dose. Fifteen
days after COVID-19 symptom onset, she showed gradual
improvement; by the end of March, she completely recov-
ered. Two follow-up swabs performed 48 h apart (31 March
and 2 April) were negative for COVID-19.

Patient 3

A 47-year-old man with RRMS initially presented with
myelitis in 2015. He was treated with high dose interferon
beta, and then transitioned to teriflunomide (14 mg daily) in
2016 because of breakthrough disease. He had no comor-
bidities. His exam showed minimal disability with only a
mild loss of vibratory sense in the lower extremities. MRI
from May 2019 was stable (not shown), and the patient
had been doing well. Routine blood examination results
from January 2020 are shown in Table 1. On 20 March, he
reported a sore throat which had been ongoing for 3 weeks.
Two weeks prior, he developed diarrhea and, over the past
few days thereafter, developed a low-grade fever, “nagging”
cough, and mild dyspnea. Nasal swab from 20 March was
positive for COVID-19. His symptoms greatly improved
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over the following days while he self-quarantined at home.
He remained on the same dose of teriflunomide throughout
his infection. On 28 April, he reported a return to running
5 miles a day and working full time; a recent chest X-ray
was normal.

Patient 4

A 38-year-old man with attention deficit disorder, anxi-
ety, alcohol abuse, and homelessness, was diagnosed with
RRMS in 2009. He was on glatiramer acetate for the next
2 years until it was discontinued due to injection site necro-
sis. He remained untreated by DMT for several years, with
clinical relapses involving loss of balance/falls, paresthesias,
cognitive decline, and urinary symptoms. He was placed on
teriflunomide in November 2019 when MRI of the brain
showed a new MS lesion in the corona radiata and the spinal
cord showed multiple MS lesions (not shown). Neurologic
examination showed mild-moderate overall disability. Rou-
tine blood examination from March 2020 is summarized in
Table 1. He reported a confirmed diagnosis of COVID-19
on April 16, 2020 with a low-grade fever and dry cough.
His symptoms rapidly improved over the following few
days without the need for hospitalization; he remained on
the same dose of teriflunomide.

Patient 5

This 79-year-old woman initially developed RRMS symp-
toms in 1992 (left optic neuritis) with exacerbations in 2008
and 2012. She then developed secondary progressive MS
(SPMS) characterized by progressive lower extremity weak-
ness, spasticity, and neurogenic bladder, and was switched
from interferon beta-1a to teriflunomide (14 mg daily) in
September 2017. Her comorbidities included hyperten-
sion and recurrent urinary tract infections. After starting
teriflunomide, her MS stabilized. In November 2019, LFTs
(transaminases) increased to more than ten times normal.
After being discontinued for 2 weeks, teriflunomide was
restarted at a reduced dose (14 mg every other day). From
March 30 to April 2, 2020, she required intensive care hos-
pitalization for Klebsiella pyelonephritis/sepsis but was
negative for COVID-19. Teriflunomide was held during
this hospitalization for 12 days and restarted on 15 April at
14 mg every other day. On 15 April, the patient developed a
dry sore throat and a temperature of 37.7 °C. Nasopharyn-
geal swab was positive for COVID-19. Blood work from
22 April is shown in Table 1. The patient’s temperature did
not exceed 37.5 °C for the 8 days after onset of COVID-
19 symptoms. Her COVID-19 symptoms resolved during
this time. Teriflunomide was continued at the same dose
throughout the course of the COVID-19 illness.

Discussion

Fortunately, a large proportion of patients who develop
COVID-19 have self-limiting disease without requir-
ing hospitalization [1, 2]. The poor outcomes related to
COVID-19 infection are typically due to pneumonia fol-
lowed by acute respiratory distress syndrome. Circula-
tory collapse due to myocarditis and multi-organ failure
may also occur. These severe events are characterized
by a cytokine storm with fulminant immune activation
and direct viral injury to tissue. Both innate and adap-
tive immunities are involved in the response to these types
of viral infections. The activation of the innate immune
system is characterized by the production of Type 1 inter-
ferons and a resurgence of natural killer cells during the
first few days. Interestingly, older non-human primates,
when infected with a virus of the same family, exhibited
stronger innate inflammatory responses than younger
adults, which is accompanied by decreased expression
of type I interferon beta [19]. This may be responsible
for worse outcomes in older individuals [20]. The adap-
tive immune response, which includes CD8+ T cells and
antibody-producing B cells, is activated a few days after
the infection. This provides another line of defense to
limit viral replication, remove infected cells, and produce
long-term antibody-mediated immunity. Older individu-
als also have less efficient T- and B-cell responses which
could contribute to high mortality rates [21]. As a result,
it seems that a delicate balance may be necessary in the
host immune response to successfully confront COVID-
19 infection. Either overactivation of the innate immune
response or an inadequate innate and adaptive immune
response could lead to a poor outcome.

The mechanisms of action of MS immunotherapies span
a wide range of targets in the adaptive and innate immune
systems. As a result, we speculate on the immunobiologic
mechanisms pertaining to teriflunomide’s potential role
regarding the favorable outcomes of COVID-19 (Fig. 3).
The active metabolite of leflunomide, teriflunomide is an
oral FDA-approved DMT shown to limit relapses and the
progression of physical disability in patients with relapsing
forms of MS [22]. The drug selectively and reversibly inhib-
its dihydro-orotate dehydrogenase (DHODH), an important
mitochondrial enzyme in the de novo pyrimidine synthesis
pathway. The downstream effect is reduced proliferation of
rapidly dividing cells, including activated T and B lympho-
cytes, without causing cell death [22]. Owing to the selective
targeting of activated immune cells without cell lysis, teriflu-
nomide reduces the level of immune activation without the
major immunosuppression that occurs with several other MS
DMTs. Thus, one possible beneficial effect of teriflunomide
in the face of COVID-19 may be to prevent an excessive/
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Fig.3 Teriflunomide: relevant potential dual mechanisms of actions.
Teriflunomide may express a dual action relevant to active COVID-19
infection. Teriflunomide could potentially interfere with viral replica-
tion in infected cells by blocking de novo pyrimidine synthesis and
exerting an antiviral effect (left image). In addition, within immune
cells (right image), teriflunomide could dampen the unwanted host
immune activation through three distinct mechanisms: 1. reducing

fulminant host immune response, while maintaining an ade-
quate defense against the virus. Furthermore, as we look to
the future availability of a vaccine against SARS-CoV-2,
it is also helpful to note that teriflunomide-treated patients
with MS generally developed effective immunity to seasonal
influenza and rabies after these vaccinations [23, 24].
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cytokine production, in particular IL-6, which is thought to contrib-
ute to acute respiratory distress syndrome in COVID-19 infection;
2. decreasing immune cell activation by disrupting interactions with
antigen-presenting cells (via non-DHOH-mediated impairment of
integrin activation and decreased protein aggregation); and 3. block-
ing cell proliferation through depletion of the intracellular pyrimidine
pool

In addition, there is emerging evidence suggesting a direct
antiviral effect for teriflunomide and other DHODH inhibi-
tors against a range of viruses such as Theiler’s, virulent
Newcastle disease, respiratory syncytial, Ebola, cytomeg-
alovirus, Epstein—Barr, and picornavirus (foot-and-mouth
disease) [25-28]. Moreover, a preliminary pre-clinical study
suggests that teriflunomide could combat COVID-19 though
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dual antiviral and immunomodulatory actions [29]. The pro-
posed main mechanism of antiviral action is depletion of
cellular de novo nucleotides biosynthesis, which is required
for viral replication (Fig. 3). However, these data should
be interpreted with caution, given that there are no clinical
studies to date directly demonstrating an antiviral effect of
teriflunomide in humans.

Patient 5 had the highest risk of mortality from COVID-
19 (due to age and hypertension) and required an intensive
care admission for a bacterial infection preceding COVID-
19. However, even in the face of these hazards, she recovered
completely from COVID-19 while continuing to be treated
with teriflunomide. On the other hand, it is important to note
that this patient was different from the other four patients,
given that she was on a lower (every other day) dose of teri-
flunomide during the COVID-19 illness and did not receive
the drug for 12 days preceding infection. However, given
the long half-life of teriflunomide, the drug most likely had
carry-over biologic effects in the days immediately preced-
ing the onset of COVID-19 [30].

In conclusion, our observations suggest that teriflunomide
may not need to be discontinued in patients with MS who
develop an active COVID-19 infection. Furthermore, addi-
tional studies may be warranted to assess if the drug can be
used to treat COVID-19. However, we must acknowledge
that the favorable outcome in our patients may have been
unrelated to teriflunomide, given that most patients recover
spontaneously without treatment. Moreover, this case series
was small, retrospective, open-label, uncontrolled, and non-
randomized; future studies are necessary to confirm and
extend our preliminary findings.
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