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RESEARCH ARTICLE

Rapid improvement in severe long COVID following perispinal etanercept

Edward Tobinicka , Robert N. Spenglerb , Tracey A. Ignatowskic , Manar Wassela and
Samantha Labordea

aInstitute of Neurological Recovery, Boca Raton, FL, USA; bBrain-Body Research Institute, Lancaster, NY, USA; cDepartment of Pathology and
Anatomical Sciences, Jacobs School of Medicine and Biomedical Sciences, University at Buffalo, The State University of New York, Buffalo,
NY, USA

ABSTRACT
Background: This study aimed to describe the neurological improvements in a patient with severe
long COVID brain dysfunction following perispinal etanercept administration. Perispinal administration
of etanercept, a novel method designed to enhance its brain delivery via carriage in the cerebrospinal
venous system, has previously been shown to reduce chronic neurological dysfunction after stroke.
Etanercept is a recombinant biologic that is capable of ameliorating two components of neuroinflam-
mation: microglial activation and the excess bioactivity of tumor necrosis factor (TNF), a proinflamma-
tory cytokine that is a key neuromodulator in the brain. Optimal synaptic and brain network function
require physiological levels of TNF. Neuroinflammation, including brain microglial activation and excess
central TNF, can be a consequence of stroke or peripheral infection, including infection by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes COVID-19.
Methods: Standardized, validated measures, including the Montreal Cognitive Assessment, Beck
Depression Index-II (BDI-II), Fatigue Assessment Scale, Controlled Oral Word Association Test, Trail
Making Tests, Timed Finger-to-Nose Test, 20 m Self-Paced Walk Test, 5 Times Sit-to-Stand Test and
Grip Strength measured with a Jamar Dynamometer were used to quantitate changes in cognition,
depression, fatigue and neurological function after a single 25mg perispinal etanercept dose in a
patient with severe long COVID of 12months duration.
Results: Following perispinal etanercept administration there was immediate neurological improve-
ment. At 24h, there were remarkable reductions in chronic post-COVID-19 fatigue and depression, and
significant measurable improvements in cognition, executive function, phonemic verbal fluency, bal-
ance, gait, upper limb coordination and grip strength. Cognition, depression and fatigue were exam-
ined at 29 days; each remained substantially improved.
Conclusion: Perispinal etanercept is a promising treatment for the chronic neurologic dysfunction that
may persist after resolution of acute COVID-19, including chronic cognitive dysfunction, fatigue, and
depression. These results suggest that long COVID brain neuroinflammation is a potentially reversible
pathology and viable treatment target. In view of the increasing unmet medical need, clinical trials of
perispinal etanercept for long COVID are urgently necessary. The robust results of the present case
suggest that perispinal etanercept clinical trials studying long COVID populations with severe fatigue,
depression and cognitive dysfunction may have improved ability to detect a treatment effect. Positron
emission tomographic methods that image brain microglial activation and measurements of cerebro-
spinal fluid proinflammatory cytokines may be useful for patient selection and correlation with treat-
ment effects, as well as provide insight into the underlying pathophysiology.
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1. Introduction

Brain dysfunction caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) may extend for months after infec-
tion has resolved1,2. Intractable cognitive dysfunction, depres-
sion, and fatigue are cardinal features of a post-viral syndrome
named, variously, long COVID, post-COVID syndrome, post-
acute sequelae of SARS-CoV-2 infection, or post-Covid-19 con-
dition1,2. In contrast to acute infection, there is no specific
pharmacological or non-pharmacological intervention that is
currently recognized as being effective for long COVID2.

Accumulating evidence suggests that long COVID brain
dysfunction may be caused by over-activation of the brain’s

innate immune system, a pathological condition called neu-
roinflammation3,4. Two components of this deleterious
immune response are activation of microglia, the predomin-
ant resident immune cells in the brain, and increased central
levels of the key neuromodulator, tumor necrosis factor
(TNF), a proinflammatory cytokine that regulates synaptic
and network function in the brain5–9. Microglial activation
and elevated levels of TNF can interact in a positive feed-
forward autocrine loop that perpetuates neuroinflamma-
tion10. Following SARS-CoV-2 infection, neuroinflammation
may occur and persist in the brain even in the absence of
the virus11.
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Current evidence suggests that excess TNF is centrally
involved in the pathogenesis of the brain dysfunction seen
in a wide variety of clinical disorders12,13. Etanercept, a
recombinant dimeric fusion protein, potently reduces the
biological activity of excess TNF. Etanercept has also been
found to reduce microglial activation in at least 15 experi-
mental models14–28; in two of these models, involving influ-
enza virus and Japanese encephalitis virus infection,
etanercept also reduced mortality21,22. Perispinal administra-
tion of etanercept (“perispinal etanercept”), a novel method
designed to enhance its delivery to the brain via carriage in
the cerebrospinal venous system, is an emerging treatment
for neuroinflammatory disorders associated with microglial
activation and excess TNF29–31. Perispinal etanercept has pre-
viously been shown to reduce chronic neurological dysfunc-
tion after stroke, another disorder in which chronic
neuroinflammation is thought to play a central role32–37. The
therapeutic potential of etanercept and other biologic TNF
inhibitors for SARS coronavirus infection has been previously
recognized13,38–40. This study is the first to report the use of
perispinal etanercept for treatment of long COVID neuro-
logical dysfunction. It details the clinical effects of perispinal
etanercept in a patient with chronic, intractable and dis-
abling cognitive dysfunction, fatigue and depression follow-
ing COVID-19.

2. Methods

Standardized psychometric or neurological instruments that
are widely used clinically to measure neurological and/or
neuropsychological dysfunction were employed to evaluate
the patient prior to and after treatment, as part of the clinic’s
usual medical practice (Table 1). These included measures of:

� Cognition, including executive function: Montreal Cognitive
Assessment48; Mini-Mental State Examination (MMSE)49;
Military Acute Concussion Evaluation (MACE)50; Trail

Making Test, Parts A (TMT-A) and B (TMT-B)51; Controlled
Oral Word Association Test (COWAT)52;

� Fatigue: Fatigue Assessment Scale43,53;
� Depression: Beck Depression Inventory-II (BDI-II)42;
� Motor strength, balance and gait: Grip Strength measured

with a Jamar hydraulic dynamometer41; Five Times Sit-to-
Stand Test47; 20 Meter Self-Paced Walk Test54;

� Upper limb coordination: Timed Finger to Nose Test55.

2.1. Consent and ethics compliance

Ethics committee approval for this case study is not required
under prevailing local medical and ethical standards. Written
consent from the patient for publication of the case report,
including the figure used, was obtained.

3. Case study

A 48-year-old woman presented to the clinic 12months after
developing COVID-19. Her chief complaints were severe diffi-
culties with memory, concentration and fatigue, all of which
had begun during the acute COVID-19 infection and had per-
sisted without diminution for the entire 12-month period.
Prior to COVID-19, she had been working full-time as a coun-
selor and had not been vaccinated against COVID-19. The
patient denied having a current or recent infection and
denied fever, chills, shortness of breath, weight loss, easy
bruising or bleeding. The patient’s prolonged post-viral syn-
drome satisfied the World Health Organization criteria for
“post-COVID condition (long COVID)1.”

The patient’s past medical history included mild asthma
treated occasionally with an albuterol inhaler; seasonal aller-
gic rhinitis; hypothyroidism treated with thyroid replacement;
gastrointestinal reflux disease treated with pantoprazole;
methylenetetrahydrofolate reductase deficiency treated with
chronic methylfolate supplementation; post-hysterectomy
bladder dysfunction treated with tamsulosin; hypertriglyceri-
demia; obesity; chronic neck, upper back and mid-back pain;

Table 1. Neurological and neuropsychological quantitative testing results before and after perispinal etanercept.

Clinical measures Domain Baseline 30m 24h 29d MCIDc

Before PSE After PSE After PSE After PSE

Grip strength (R) (Kg) Motor 14 32 32 5.0�6.541

Grip strength (L) (Kg) Motor 20 28 30
BDIa Depression 23/63 2/63 1/63 542

FASa Fatigue 40/50 10/50 23/50 443

TMT-Ba (seconds) Executive Fn. 52 29
COWAT Executive Fn. 52 64 70 2.844

MOCA Cognition 24/30 27/30 30/30 1.22�2.1545

MMSE Cognition 26/30 29/30 30/30 3.7246

MACE Cognition 21/30 30/30 29/30
TMT-Aa Cognition 17 sec 14 sec
20 m Self-Paced Walk Testa Walking 22 sec 18 sec
5 Times Sit-to- Stand Testa Balance 13 sec 10 sec 2.347

FTN-R (10 s)b Upper Limb Coordination 6 15
FTN-L (10 s)b 7 13.5
aNote: Lower numerical score indicates clinical improvement for the measures marked with an asterisk.
bValues for the FTN test were the number of repetitions performed in 10 s.
cMCID values were derived from previous studies of different populations; MCID values for these measures have not been established for long COVID.
Abbreviations. R, right; L, left; Kg, kilograms; BDI, Beck Depression Inventory-II; FAS, Fatigue Assessment Scale; TMT-B, Trail Making Test; Part B; COWAT,
Controlled Oral Word Association Test; MOCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; MACE, Military Acute Concussion
Evaluation; TMT-A, Trail Making Test; Part A; FTN-R, Timed Finger-to-Nose Test, right upper extremity; FTN-L, Timed Finger-to-Nose Test, left upper extremity; Fn,
Function; MCID, Minimal Clinically Important Difference; m, minutes; h, hours; d, days; PSE, perispinal etanercept;
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a history of a carcinoid tumor of the appendix that was sur-
gically removed; and a history of repeated nephrolithiasis.
There was no history of pre-existing cognitive dysfunction,
fatigue, depression or other psychiatric disorder, drug or
alcohol abuse, smoking, head trauma, immunosuppression,
autoimmune disease, tuberculosis or a positive test for latent
tuberculosis, or frequent infection.

The patient’s COVID-19 had begun with a sore throat,
nasal and sinus congestion, cough, shortness of breath and
fatigue, without initial fever. Three days after symptoms
began, at the primary care physician’s office, the physician’s
notes indicated that the patient was afebrile, with pulse 102,
respiratory rate 16, blood pressure 128/80, and oxygen satur-
ation 96% on room air. The lungs were clear to auscultation,
without rales or wheezes. There was no adenopathy. A rapid
antigen test for SARS-CoV-2 (Abbott BinaxNow) was positive.
The virus was not sequenced. However, infection occurred
before the Delta or Omicron variants became prevalent in
the U.S. The patient was discharged to home with a diagno-
sis of COVID-19, a prescription for an albuterol inhaler and a
pulse oximeter, and pertinent instructions.

Over the course of the next week, fever to 39.7 �C, head-
ache, nausea, vomiting, diarrhea, and diffuse myalgias devel-
oped. Ten days after symptom onset, dyspnea worsened and
oxygen saturation dropped to 88% on room air measured
with a pulse oximeter, and the patient went to the emer-
gency department at a local hospital. A portable chest radio-
graph showed an “ill-defined airspace/ground-glass density
of the right lung base.” Computerized tomographic imaging
of the chest, with and without contrast, showed “[e]xtensive
airspace/ground-glass attenuation abnormality involving the
dependent lungs and right upper lobe,” without evidence of
a proximal order pulmonary embolus (Figure 1).
Dexamethasone 0.5mg tablets once per day for 10 days
were prescribed and the patient was discharged to home.
Two days later the patient presented to another emergency
department with chief complaints of right flank pain, hema-
turia and continuing dyspnea. On presentation to the

emergency department, she was afebrile, heart rate 91/
minute, respiratory rate 18/minute, and blood pressure 127/
66. Blood oxygen saturation was measured with a pulse
oximeter as 92% on room air. Computerized tomographic
imaging of the chest, abdomen and pelvis showed “new dif-
fuse bilateral ground-glass opacities involving the visualized
portions of both lungs, no pleural effusion or pneumo-
thorax,” and a 4mm non-obstructing lower pole stone in the
left kidney.

Two weeks after symptom onset, a rapid COVID-19 anti-
gen test was negative, but the patient described continuing
difficulty with short-term memory, mental concentration,
mental organization, word finding and the inability to multi-
task. She reported hyposmia, hypogeusia, poor balance,
decreased sensation in her right cheek, frequent headaches,
slower speech, depression, and continuous debilitating men-
tal and physical fatigue after COVID-19. All of these symp-
toms continued without abatement for months.

Ten months after her COVID-19 diagnosis, during a visit
to her primary care physician, the patient’s height was 1.62
meters, weight 99.79 kg, heart rate 104/minute, blood pres-
sure 118/72, oxygen saturation 98% on room air; urinalysis,
electrolytes, kidney and liver function tests, serum albumin,
serum globulin, and complete blood count were all normal.
All symptoms continued, including cognitive dysfunction
interfering with both work and the normal activities of daily
living, severe fatigue, and depression. Eleven months after
COVID-19 diagnosis, additional laboratory testing was per-
formed by her primary care physician to further evaluate
unrelenting symptoms, including debilitating cognitive dys-
function, severe fatigue and depression: Chest radiographs, 2
views, and magnetic resonance imaging (MRI) of the brain,
without contrast, were normal and a Mantoux tuberculin skin
test was negative.

At 12months the patient presented to the clinic. The
patient’s previous medical and imaging records were
reviewed; the patient completed the Beck Depression
Inventory-II and the Fatigue Assessment Scale. Vital signs
were taken: blood pressure was 130/88, temperature 36.2 C,
respiratory rate 16/minute, heart rate 90/minute. Lungs were
clear to auscultation. Physical exam and neurological and
neurocognitive testing were performed, with results detailed
in Table 1. Written and oral informed consent for administra-
tion of perispinal etanercept was obtained. Perispinal etaner-
cept 25mg was administered external to the ligamentum
flavum, by percutaneous extrathecal perispinal injection over-
lying the C7-T1 interspace of the spine utilizing sterile tech-
nique, followed by Trendelenburg positioning for 7min, as
previously described, as part of our usual practice
of medicine36.

4. Results

Following the single perispinal etanercept dose all clinical
measures examined rapidly improved. Within 30min of peri-
spinal etanercept right hand grip strength more than
doubled and left hand grip strength improved by 40%
(Table 1). Within the first 30min after treatment the patient

Figure 1. Chest computed tomography (CT), axial view, showing pulmonary
infiltrates with ground-glass opacities in the right lung of the patient during
acute COVID-19.
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related subjective improvements in cognition, vision, hearing,
taste, smell, speech, right hand motor control, shoulder spas-
ticity, and right facial sensation.

After 24 h the patient returned to the clinic. The clinical
measures quantitated just prior to treatment were retested.
There were remarkable reductions in standardized measures
of fatigue and depression and objective improvements in
executive function, phonemic verbal fluency, cognition, bal-
ance, gait and upper limb coordination (Table 1). The patient
reported subjective improvements in gait, walking and bal-
ance; that her thinking was clearer; vision less blurry; speech
clearer; arm and leg strength improved; sensation in the
right cheek improved; taste of coffee “stronger,” and mood
and “energy” improved.

Cognition, depression and fatigue were examined at
29 days; each domain, quantitated with the same standar-
dized and validated measures, remained substantially
improved (Table 1). There were no adverse effects from
the treatment.

5. Discussion

In this patient with severe and disabling long COVID brain
dysfunction, a single dose of perispinal etanercept resulted
in immediate neurological improvement, with rapid, signifi-
cant reduction in cognitive dysfunction, fatigue, and depres-
sion that was sustained over the 29 day period of
observation. These results, and the accumulating evidence
supporting the scientific rationale, highlight the need to con-
duct clinical trials with perispinal etanercept as a long COVID
therapeutic.

Rapid improvement in chronic, intractable neurological
dysfunction following perispinal etanercept has been
reported over the course of two decades in a variety of
neurological disorders, including traumatic brain injury,
acquired brain injury, Alzheimer’s disease, treatment-
refractory cancer pain due to bone metastasis and interverte-
bral disc-related neuropathic pain, radiculopathy and
sciatica29,32,56–66. In patients with chronic, neurological dys-
function after stroke, rapid improvements in cognition,
fatigue, sensation, central post-stroke pain, taste, smell,
vision, hearing, etc. have been documented29,32,33,35,36. The
ability of perispinal etanercept to produce rapid neurological
improvement in chronic stroke was confirmed in a double
blind, placebo-controlled, randomized clinical trial performed
at Griffith University in Australia35. The similarities of the
rapid neurological effects of perispinal etanercept in long
COVID and chronic stroke are striking.

A recent positron emission tomography study of chronic
stroke patients and controls using a radiopharmaceutical tar-
geting the translocator protein-18kDa (TSPO PET), a molecu-
lar marker of activated microglia, found extensive microglial
activation in non-infarcted brain tissue in the chronic stroke
patients37. This was the most recent of several studies that
documented chronic microglial activation, and others that
found evidence of global inflammation, in chronic
stroke34,67,68. These findings, together with the evidence of
brain microglial activation following SARS-CoV-2 infection,

suggest that chronic neuroinflammation may be a shared
pathology between chronic stroke and long COVID, and a
viable therapeutic target for perispinal etanercept in
both disorders.

This inference is also supported by an examination of the
physiologic roles of TNF in the brain. TNF is one of the small
group of molecules, called gliotransmitters, that are released
by glia and modulate synaptic function5,69–72. In addition to
TNF, known gliotransmitters include adenosine, ATP, D-
serine, GABA, and glutamate70,72. Optimal synaptic and brain
neuronal network function require the presence of physio-
logical levels of TNF69–72. The mechanisms involved in TNF
modulation of neuronal, synaptic, and network function
include concentration-dependent effects of TNF on astrocyte
glutamate release, TNF-mediated enhancement of synaptic
efficacy (synaptic strength) by increasing surface expression
of AMPA receptors, TNF mediation of synaptic scaling, and
TNF mediation of homeostatic synaptic plasticity69–72. The
ability of excess TNF to perturb brain function is highlighted
by the results of early human clinical trials of recombinant
human TNF, that documented severe, but reversible, CNS
adverse effects, including confusion, headache, memory loss,
expressive aphasia, seizures and fatigue severe enough to
preclude hospital discharge, following intravenous infusion
of the cytokine73,74. One may speculate that the immediate
neurological improvement documented in the present case
study is due to the rapid reduction in excess TNF bioactivity
produced by binding of TNF by etanercept; and that pro-
longed clinical improvement (here seen at 29 days after treat-
ment) is a consequence of etanercept’s interruption of the
known autocrine positive feedforward interaction that exists
between TNF and microglia10,75,76.

Excess levels of TNF in the cerebrospinal fluid (CSF) have
been documented in stroke, traumatic brain injury and after
SARS-CoV-2 infection8,77,78. TNF, the “master regulator” of the
inflammatory response, also induces the production of other
proinflammatory cytokines, such as interleukin-1 and inter-
leukin-6. Measurements of cerebrospinal fluid TNF, interleu-
kin-6, and interleukin-1, as well as TSPO PET imaging, might
prove to be useful for patient selection and correlation with
treatment effects, as well as provide insight into the patho-
physiology underlying long COVID.

The psychometric or neurological instruments used to
assess change in status following treatment in this patient
are widely used clinically to measure neurological and/or
neuropsychological dysfunction. Some of these measures
have been used in previous studies examining the sequelae
of SARS-CoV-2 infection: MOCA49,79–82; MMSE49,79,81,83; BDI-
II82,84; COWAT82; TMT-A82,83 and TMT-B82–84. The TMT-B
measure that showed improvement after perispinal etaner-
cept in the present case study was also selected as a key
measure of cognition in a recent COVID-19 study performed
using data from the UK Biobank84.

The present findings accord with the results of a pro-
spective, longitudinal cohort study of blood samples drawn
from participants 5months after hospital discharge following
COVID-19, in which the investigators found persistent sys-
temic inflammation, with higher levels of inflammatory
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mediators in the “very severe” and the “moderate with cog-
nitive impairment” clusters compared with the “mild cluster”
2. The present findings also accord with previous data show-
ing that peripheral infection or inflammation may lead to
both microglial activation and increased production of TNF
in the brain, and that central elevation of TNF may last far
beyond the time when the peripheral inflammation
resolves75,76.

The chronic neurologic symptoms that had persisted in
this patient prior to perispinal etanercept treatment are com-
monplace in long COVID. A recent longitudinal study of a
cohort of participants without pre-existing neurologic condi-
tions after COVID-19 found fatigue in 90%, memory impair-
ment in 67%, decreased concentration in 60%, gait
abnormalities in 27%, incoordination in 13%, and motor
impairment in 10%82. Two-thirds of study participants had
persistent neurologic symptoms at the 6-month follow-up,
with over half reporting continued impact on quality
of life82.

There are limitations to the degree one can extrapolate
from the enumerated clinical findings. This case study
describes a single case and it is unknown to what extent this
individual is representative of the entire population with
severe long COVID. It is also not possible to determine to
what extent practice effects, placebo effects or other con-
founding factors contributed to the observed results. The
partial recurrence of fatigue at one month suggests that an
additional perispinal etanercept dose or doses may be bene-
ficial for some patients. Clinical trials will be necessary to fur-
ther define the response to treatment in a larger population
and establish optimal dose levels, dosing intervals, and dur-
ation of response to treatment. Nevertheless, the unusual
rapidity, sustained nature, magnitude of improvement, and
concurrence of improvements quantitated using well-known,
standardized instruments across multiple neurological/neuro-
psychological domains (cognition, fatigue, depression, motor
function, co-ordination) support the conclusion that the
changes observed reflect a true therapeutic effect.

Initial Food and Drug Administration (FDA) approval of
etanercept in 1998 was for chronic treatment of adults with
rheumatoid arthritis. Since then, largely due to its efficacy
and generally favorable safety profile, it has become widely
used worldwide chronically by weekly or biweekly injection
for additional rheumatologic disorders, in adults and chil-
dren. Etanercept is contraindicated in sepsis, and according
to the manufacturer’s current package insert, when used for
its labeled indications carries an increased risk of serious
infections, including reactivation of latent tuberculosis, a
small (less than 2%) risk of serious allergic reactions or ana-
phylaxis, a risk of injection site localized skin or soft tissue
reactions, and, rarely, other serious adverse effects. The mag-
nitude of these potential risks following a single dose of peri-
spinal etanercept in an individual with long COVID who does
not have underlying immunosuppression is uncertain. It
would seem prudent to avoid etanercept use in individuals
with a current infection, demyelinating disease, immunosup-
pression, lymphoma or leukemia. Further study in clinical tri-
als will be necessary to gather additional safety data.

6. Conclusions

Perispinal etanercept is a promising treatment for the
chronic neurologic dysfunction that may persist after reso-
lution of acute COVID-19, including chronic cognitive dys-
function, fatigue, and depression. The present results suggest
that long COVID neuroinflammation is a potentially reversible
pathology and viable treatment target. They also suggest
that investigation of other drugs or biologics that are cap-
able of targeting aspects of brain neuroinflammation, includ-
ing microglial activation and excess TNF, could be a
productive direction for future long COVID research.

In view of the increasing unmet medical need, clinical tri-
als of perispinal etanercept for long COVID are urgently
necessary. The robust results of the present case suggest
that perispinal etanercept clinical trials studying long COVID
populations with severe fatigue, depression and cognitive
dysfunction may have an improved ability to detect a treat-
ment effect, in comparison with those trials studying a more
diverse population. Prospective selection of those individuals
most likely to respond to treatment for inclusion in the clin-
ical trial is an enrichment strategy. Enrichment strategies are
explicitly recommended by the FDA Center for Biologics
Evaluation and Research to support determination of the effi-
cacy of biologics in clinical trials85. Trial enrichment is of par-
ticular importance when studying heterogeneous
populations, to improve the validity of the trial’s
conclusions85.

Positron emission tomographic methods capable of imag-
ing microglial activation and measurements of cerebrospinal
fluid proinflammatory cytokines, including TNF, interleukin-6,
and interleukin-1, may be useful for patient selection and
correlation with treatment effects, as well as provide insight
into the underlying pathophysiology.

Transparency

Declaration of funding

None.

Declaration of financial/other relationships

E.T. has multiple issued and pending U.S. and international patents cov-
ering delivery devices and methods of use of etanercept, including
methods of perispinal administration, for treatment of neurological dis-
orders, including neurological sequelae of stroke, brain injury, and SARS-
CoV-2 infection, receives royalties from these patents, and utilizes these
methods in his medical practice. R.S. and T.A.I. have no potential con-
flicts of interest. M.W. and S.L. are employed by the corresponding
author’s medical clinic but otherwise have no potential conflicts of inter-
est. Peer reviewers on this manuscript have no relevant financial or
other relationships to disclose.

Author contributions

All authors made a significant contribution to the work reported. E.T.
conceived, designed, and drafted the majority of the manuscript. E.T.,
M.W., and S.L. acquired the data. R.S., T.A.I., M.W. and S.L. contributed to
the drafting of the manuscript and the revisions. All authors critically
reviewed the article, reviewed and agreed on all versions of the article

CURRENT MEDICAL RESEARCH AND OPINION 2017



before submission and after revision, and take responsibility for
its content.

Acknowledgements

None.

Informed consent

The patient gave written permission for publication of the manuscript
and the included figure (Figure 1).

ORCID

Edward Tobinick http://orcid.org/0000-0001-7614-499X
Robert N. Spengler http://orcid.org/0000-0001-7107-4013
Tracey A. Ignatowski http://orcid.org/0000-0002-8033-4566
Manar Wassel http://orcid.org/0000-0001-5767-8267
Samantha Laborde http://orcid.org/0000-0002-7024-644X

References

[1] Soriano JB, Murthy S, Marshall JC, WHO Clinical Case Definition
Working Group on Post-COVID-19 Condition, et al. A clinical case
definition of post-COVID-19 condition by a Delphi consensus.
Lancet Infect Dis. 2022;22(4):e102–e107.

[2] Group P-CC Clinical characteristics with inflammation profiling of
long COVID and association with 1-year recovery following hospi-
talisation in the UK: a prospective observational study. Lancet
Respir Med. 2022. DOI:10.1016/S2213-2600(22)00127-8

[3] Schwabenland M, Salie H, Tanevski J, et al. Deep spatial profiling
of human COVID-19 brains reveals neuroinflammation with dis-
tinct microanatomical microglia-T-cell interactions. Immunity.
2021;54(7):1594–1610 e11.

[4] Garc�ıa-Grimshaw M, Sankowski R, Vald�es-Ferrer SI. Neurocognitive
and psychiatric post-coronavirus disease 2019 conditions: patho-
genic insights of brain dysfunction following severe acute respira-
tory syndrome coronavirus 2 infection. Curr Opin Neurol. 2022;
35(3):375–383.

[5] Ignatowski TA, Noble BK, Wright JR, et al. TNFalpha: a neuromo-
dulator in the central nervous system. Adv Exp Med Biol. 1996;
402:219–224.

[6] Benameur K, Agarwal A, Auld SC, et al. Encephalopathy and
encephalitis associated with cerebrospinal fluid cytokine altera-
tions and coronavirus disease, Atlanta, Georgia, USA, 2020. Emerg
Infect Dis. 2020;26(9):2016–2021.

[7] Heir R, Stellwagen D. TNF-Mediated homeostatic synaptic plasti-
city: from in vitro to in vivo models. Front Cell Neurosci. 2020;14:
565841.

[8] Pilotto A, Odolini S, Masciocchi S, et al. Steroid-responsive
encephalitis in coronavirus disease 2019. Ann Neurol. 2020;88(2):
423–427.

[9] Lee MH, Perl DP, Nair G, et al. Microvascular injury in the brains
of patients with covid-19. N Engl J Med. 2021;384(5):481–483.

[10] Kuno R, Wang J, Kawanokuchi J, et al. Autocrine activation of
microglia by tumor necrosis factor-alpha. J Neuroimmunol. 2005;
162(1–2):89–96.

[11] Spudich S, Nath A. Nervous system consequences of COVID-19.
Science. 2022;375(6578):267–269.

[12] Frankola KA, Greig NH, Luo W, et al. Targeting TNF-alpha to eluci-
date and ameliorate neuroinflammation in neurodegenerative
diseases. CNS Neurol Disord Drug Targets. 2011;10(3):391–403.

[13] Clark IA. Chronic cerebral aspects of long COVID, post-stroke syn-
dromes and similar states share their pathogenesis and perispinal
etanercept treatment logic. Pharmacol Res Perspect. 2022;10(2):
e00926.

[14] Marchand F, Tsantoulas C, Singh D, et al. Effects of etanercept
and minocycline in a rat model of spinal cord injury. Eur J Pain.
2009;13(7):673–681.

[15] Aden U, Favrais G, Plaisant F, et al. Systemic inflammation sensi-
tizes the neonatal brain to excitotoxicity through a pro-/anti-
inflammatory imbalance: key role of TNFalpha pathway and
protection by etanercept. Brain Behav Immun. 2010;24(5):
747–758.

[16] Chio CC, Lin JW, Chang MW, et al. Therapeutic evaluation of eta-
nercept in a model of traumatic brain injury. J Neurochem. 2010;
115(4):921–929.

[17] Shen CH, Tsai RY, Shih MS, et al. Etanercept restores the antinoci-
ceptive effect of morphine and suppresses spinal neuroinflamma-
tion in morphine-tolerant rats. Anesth Analg. 2011;112(2):
454–459.

[18] Chastre A, Belanger M, Beauchesne E, et al. Inflammatory
Cascades driven by tumor necrosis factor-alpha play a major role
in the progression of acute liver failure and its neurological com-
plications. PLOS One. 2012;7(11):e49670.

[19] Roh M, Zhang Y, Murakami Y, et al. Etanercept, a widely used
inhibitor of tumor necrosis factor-alpha (TNF-alpha), prevents ret-
inal ganglion cell loss in a rat model of glaucoma. PLOS One.
2012;7(7):e40065.

[20] Chio CC, Chang CH, Wang CC, et al. Etanercept attenuates trau-
matic brain injury in rats by reducing early microglial expression
of tumor necrosis factor-alpha. BMC Neurosci. 2013;14:33.

[21] Shi X, Zhou W, Huang H, et al. Inhibition of the inflammatory
cytokine tumor necrosis factor-alpha with etanercept provides
protection against lethal H1N1 influenza infection in mice. Crit
Care. 2013;17(6):R301.

[22] Ye J, Jiang R, Cui M, et al. Etanercept reduces neuroinflammation
and lethality in mouse model of Japanese encephalitis. J Infect
Dis. 2014;210(6):875–889.

[23] Camara ML, Corrigan F, Jaehne EJ, et al. Effects of centrally
administered etanercept on behavior, microglia, and astrocytes
in mice following a peripheral immune challenge.
Neuropsychopharmacol. 2015;40(2):502–512.

[24] Bae HW, Lee N, Seong GJ, et al. Protective effect of etanercept,
an inhibitor of tumor necrosis factor-alpha, in a rat model of ret-
inal ischemia. BMC Ophthalmol. 2016;16:75.

[25] Al Salihi MO, Kobayashi M, Tamari K, et al. Tumor necrosis factor-
alpha antagonist suppresses local inflammatory reaction and
facilitates olfactory nerve recovery following injury. Auris Nasus
Larynx. 2017;44(1):70–78.

[26] Hasturk AE, Gokce EC, Yilmaz ER, et al. Therapeutic evaluation of
tumor necrosis factor-alpha antagonist etanercept against trau-
matic brain injury in rats: ultrastructural, pathological, and bio-
chemical analyses. Asian J Neurosurg. 2018;13(4):1018–1025.

[27] Pinto A, Berdasco C, Arenas-Mosquera D, et al. Anti-inflammatory
agents reduce microglial response, demyelinating process and
neuronal toxin uptake in a model of encephalopathy produced
by Shiga toxin 2. Int J Med Microbiol. 2018;308(8):1036–1042.

[28] Li Y, Fan H, Ni M, et al. Etanercept reduces neuron injury and
neuroinflammation via inactivating c-Jun N-terminal kinase and
nuclear factor-kappaB pathways in Alzheimer’s disease: an
in vitro and in vivo investigation. Neuroscience. 2022;484:
140–150.

[29] Tobinick E. Perispinal etanercept advances as a neurotherapeutic.
Expert Rev Neurother. 2018;18(6):453–455.

[30] Tobinick E, Vega CP. The cerebrospinal venous system: anatomy,
physiology, and clinical implications. MedGenMed. 2006;8(1):53.

[31] Tobinick EL. Perispinal delivery of CNS drugs. CNS Drugs. 2016;
30(6):469–480.

[32] Tobinick E. Rapid improvement of chronic stroke deficits after
perispinal etanercept: three consecutive cases. CNS Drugs. 2011;
25(2):145–155.

[33] Tobinick E, Kim NM, Reyzin G, et al. Selective TNF inhibition for
chronic stroke and traumatic brain injury: an observational study
involving 629 consecutive patients treated with perispinal etaner-
cept. CNS Drugs. 2012;26(12):1051–1070.

2018 E. TOBINICK ET AL.

https://doi.org/10.1016/S2213-2600(22)00127-8


[34] Shi K, Tian DC, Li ZG, et al. Global brain inflammation in stroke.
Lancet Neurol. 2019;18(11):1058–1066.

[35] Ralph SJ, Weissenberger A, Bonev V, et al. Phase I/II parallel dou-
ble-blind randomized controlled clinical trial of perispinal etaner-
cept for chronic stroke: improved mobility and pain alleviation.
Expert Opin Investig Drugs. 2020;29(3):311–326.

[36] Tobinick E. Immediate resolution of hemispatial neglect and cen-
tral post-stroke pain after perispinal etanercept: case report. Clin
Drug Investig. 2020;40(1):93–97.

[37] Schaechter JD, Hightower BG, Kim M, et al. A pilot [(11)C]PBR28
PET/MRI study of neuroinflammation and neurodegeneration in
chronic stroke patients. Brain Behav Immun Health. 2021;17:
100336.

[38] Tobinick E. TNF-alpha inhibition for potential therapeutic modula-
tion of SARS coronavirus infection. Curr Med Res Opin. 2004;
20(1):39–40.

[39] Feldmann M, Maini RN, Woody JN, et al. Trials of anti-tumour
necrosis factor therapy for COVID-19 are urgently needed. Lancet.
2020;395(10234):1407–1409.

[40] Robinson PC, Richards D, Tanner HL, et al. Accumulating evidence
suggests anti-TNF therapy needs to be given trial priority in
COVID-19 treatment. Lancet Rheumatol. 2020;2(11):e653–e655.

[41] Bohannon RW. Minimal clinically important difference for grip
strength: a systematic review. J Phys Ther Sci. 2019;31(1):75–78.

[42] Hiroe T, Kojima M, Yamamoto I, et al. Gradations of clinical sever-
ity and sensitivity to change assessed with the beck depression
Inventory-II in Japanese patients with depression. Psychiatry Res.
2005;135(3):229–235.

[43] de Kleijn WP, De Vries J, Wijnen PA, et al. Minimal (clinically)
important differences for the fatigue assessment scale in sarcoid-
osis. Respir Med. 2011;105(9):1388–1395.

[44] Blum D, Meador K, Biton V, et al. Cognitive effects of lamotrigine
compared with topiramate in patients with epilepsy. Neurology.
2006;67(3):400–406.

[45] Wu CY, Hung SJ, Lin KC, et al. Responsiveness, minimal clinically
important difference, and validity of the MoCA in stroke rehabili-
tation. Occup Ther Int. 2019;2019:2517658.

[46] Burback D, Molnar FJ, St John P, et al. Key methodological fea-
tures of randomized controlled trials of Alzheimer’s disease ther-
apy. Minimal clinically important difference, sample size and trial
duration. Dement Geriatr Cogn Disord. 1999;10(6):534–540.

[47] Meretta BM, Whitney SL, Marchetti GF, et al. The five times sit to
stand test: responsiveness to change and concurrent validity in
adults undergoing vestibular rehabilitation. VES. 2007;16(4–5):
233–243.

[48] Nasreddine ZS, Phillips NA, Bedirian V, et al. The montreal cogni-
tive assessment, MoCA: a brief screening tool for mild cognitive
impairment. J Am Geriatr Soc. 2005;53(4):695–699.

[49] Aiello EN, Fiabane E, Manera MR, et al. Screening for cognitive
sequelae of SARS-CoV-2 infection: a comparison between the
Mini-Mental state examination (MMSE) and the Montreal
Cognitive Assessment (MoCA). Neurol Sci. 2022;43(1):81–84.

[50] McCrea M, Guskiewicz K, Doncevic S, et al. Day of injury cognitive
performance on the military acute concussion evaluation (MACE)
by U.S. military service members in OEF/OIF. Mil Med. 2014;
179(9):990–997.

[51] Fawns-Ritchie C, Deary IJ. Reliability and validity of the UK bio-
bank cognitive tests. PLOS One. 2020;15(4):e0231627.

[52] Henry JD, Crawford JR. A meta-analytic review of verbal fluency
performance following focal cortical lesions. Neuropsychology.
2004;18(2):284–295.

[53] Hendriks C, Drent M, Elfferich M, et al. The fatigue assessment
scale: quality and availability in sarcoidosis and other diseases.
Curr Opin Pulm Med. 2018;24(5):495–503.

[54] Master H, Coleman G, Dobson F, et al. A narrative review on
measurement properties of fixed-distance walk tests up to 40
meters for adults with knee osteoarthritis. J Rheumatol. 2021;
48(5):638–647.

[55] Gagnon C, Mathieu J, Desrosiers J. Standardized finger-nose test
validity for coordination assessment in an ataxic disorder. Can j
Neurol Sci. 2004;31(4):484–489.

[56] Tobinick EL. Targeted etanercept for treatment-refractory pain
due to bone metastasis: two case reports. Clin Ther. 2003;25(8):
2279–2288.

[57] Tobinick EL. Targeted etanercept for discogenic neck pain:
uncontrolled, open-label results in two adults. Clin Ther. 2003;
25(4):1211–1218.

[58] Tobinick EL, Britschgi-Davoodifar S. Perispinal TNF-alpha inhib-
ition for discogenic pain. Swiss Med Wkly. 2003;133(11–12):
170–177.

[59] Tobinick E, Davoodifar S. Efficacy of etanercept delivered by peri-
spinal administration for chronic back and/or neck disc-related
pain: a study of clinical observations in 143 patients. Curr Med
Res Opin. 2004;20(7):1075–1085.

[60] Tobinick E, Gross H, Weinberger A, et al. TNF-alpha modulation
for treatment of Alzheimer’s disease: a 6-month pilot study.
MedGenMed. 2006;8(2):25.

[61] Tobinick E. Perispinal etanercept for treatment of Alzheimer’s dis-
ease. Curr Alzheimer Res. 2007;4(5):550–552.

[62] Tobinick EL, Gross H. Rapid improvement in verbal fluency and
aphasia following perispinal etanercept in Alzheimer’s disease.
BMC Neurol. 2008;8(1):27.

[63] Tobinick EL, Gross H. Rapid cognitive improvement in Alzheimer’s
disease following perispinal etanercept administration.
J Neuroinflammation. 2008;5:2.

[64] Tobinick E. Deciphering the physiology underlying the rapid clin-
ical effects of perispinal etanercept in alzheimer’s disease. Curr
Alzheimer Res. 2012;9(1):99–109.

[65] Tobinick E, Rodriguez-Romanacce H, Levine A, et al. Immediate
neurological recovery following perispinal etanercept years after
brain injury. Clin Drug Investig. 2014;34(5):361–366.

[66] Tobinick E, Rodriguez-Romanacce H, Kinssies R, et al. Perispinal
etanercept for traumatic brain injury. In: Heidenreich KA, editor.
Chapter 7, new therapeutics for traumatic brain injury. New York:
Academic Press/Elsevier; 2017.

[67] Gerhard A, Schwarz J, Myers R, et al. Evolution of microglial acti-
vation in patients after ischemic stroke: a [11C](R)-PK11195 PET
study. Neuroimage. 2005;24(2):591–595.

[68] Pappata S, Levasseur M, Gunn RN, et al. Thalamic microglial acti-
vation in ischemic stroke detected in vivo by PET and
[11C]PK1195. Neurology. 2000;55(7):1052–1054.

[69] Beattie EC, Stellwagen D, Morishita W, et al. Control of synaptic
strength by glial TNFalpha. Science. 2002;295(5563):2282–2285.

[70] Halassa MM, Fellin T, Haydon PG. The tripartite synapse: roles for
gliotransmission in health and disease. Trends Mol Med. 2007;
13(2):54–63.

[71] Santello M, Volterra A. TNFalpha in synaptic function: switching
gears. Trends Neurosci. 2012;35(10):638–647.

[72] Bains JS, Oliet SH. Glia: they make your memories stick!. Trends
Neurosci. 2007;30(8):417–424.

[73] Spriggs DR, Sherman ML, Michie H, et al. Recombinant human
tumor necrosis factor administered as a 24-hour intravenous infu-
sion. A phase I and pharmacologic study. J Natl Cancer Inst.
1988;80(13):1039–1044.

[74] Schwartz JE, Scuderi P, Wiggins C, et al. A phase I trial of recom-
binant tumor necrosis factor (rTNF) administered by continuous
intravenous infusion in patients with disseminated malignancy.
Biotherapy. 1989;1(3):207–214.

[75] Qin L, Wu X, Block ML, et al. Systemic LPS causes chronic neuro-
inflammation and progressive neurodegeneration. Glia. 2007;
55(5):453–462.

[76] Riazi K, Galic MA, Kuzmiski JB, et al. Microglial activation and
TNFalpha production mediate altered CNS excitability following
peripheral inflammation. Proc Natl Acad Sci USA. 2008;105(44):
17151–17156.

[77] Zaremba J, Skrobanski P, Losy J. Tumour necrosis factor-alpha is
increased in the cerebrospinal fluid and serum of ischaemic

CURRENT MEDICAL RESEARCH AND OPINION 2019



stroke patients and correlates with the volume of evolving brain
infarct. Biomed Pharmacother. 2001;55(5):258–263.

[78] Tarkowski E, Andreasen N, Tarkowski A, et al. Intrathecal inflam-
mation precedes development of alzheimer’s disease. J Neurol
Neurosurg Psychiatry. 2003;74(9):1200–1205.

[79] Bonizzato S, Ghiggia A, Ferraro F, et al. Cognitive, behavioral, and
psychological manifestations of COVID-19 in post-acute rehabili-
tation setting: preliminary data of an observational study. Neurol
Sci. 2022;43(1):51–58.

[80] Hosp JA, Dressing A, Blazhenets G, et al. Cognitive impairment
and altered cerebral glucose metabolism in the subacute stage
of COVID-19. Brain. 2021;144(4):1263–1276.

[81] Matos AMB, Dahy FE, de Moura JVL, NeuroCovBR Study Group,
et al. Subacute cognitive impairment in individuals with mild and
moderate COVID-19: a case series. Front Neurol. 2021;12:678924.

[82] Shanley JE, Valenciano AF, Timmons G, et al. Longitudinal evalu-
ation of neurologic-post acute sequelae SARS-CoV-2 infection
symptoms. Ann Clin Transl Neurol. 2022. DOI:10.1002/acn3.51578

[83] Di Pietro DA, Comini L, Gazzi L, et al. Neuropsychological pattern
in a series of Post-Acute COVID-19 patients in a rehabilitation
unit: Retrospective analysis and correlation with functional out-
comes. Int J Environ Res Public Health. 2021;18(11):5917.

[84] Douaud G, Lee S, Alfaro-Almagro F, et al. SARS-CoV-2 is associ-
ated with changes in brain structure in UK biobank. Nature. 2022;
604(7907):697–707.

[85] Enrichment strategies for clinical trials to support determination
of effectiveness of human drugs and biological products, guid-
ance for industry. Silver Spring, MD: U.S. Food and Drug
Administration, Center for Biologics Evaluation and Research;
2019. Available from: https://www.regulations.gov/document/
FDA-2012-D-1145-0040

2020 E. TOBINICK ET AL.

https://doi.org/10.1002/acn3.51578
https://www.regulations.gov/document/FDA-2012-D-1145-0040
https://www.regulations.gov/document/FDA-2012-D-1145-0040

	Abstract
	Introduction
	Methods
	Consent and ethics compliance

	Case study
	Results
	Discussion
	Conclusions
	Transparency
	Declaration of funding
	Declaration of financial/other relationships
	Author contributions
	Acknowledgements
	Informed consent
	Orcid
	References


