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Abstract: Neuropathic pain has emerged as a significant concern for patients dealing with
persistent post-COVID-19 symptoms. Small fiber neuropathy (SFN) has been identified as
a potential underlying mechanism contributing to long-term pain in these patients. Despite
an increasing body of evidence associating post-COVID-19 SEN with immune dysregula-
tion and neuroinflammation, the exact pathophysiology and optimal treatment remains
unclear. This review aims to explore the pathophysiology, diagnosis, proposed mechanisms,
and treatment of post-COVID-19 SEN. A comprehensive literature review was conducted,
examining studies on SEN, as well as SFN in the context of COVID-19, including clinical
manifestations, diagnostic criteria, and potential treatment modalities. Evidence was gath-
ered from case studies, observational reports, and clinical trials addressing post-COVID-19
neuropathy and SEN. SEN in long COVID presents a heterogeneous range of sensory and
autonomic symptoms. Diagnosis relies on clinical evaluation, quantitative sensory testing,
and confirmatory skin biopsy. Proposed mechanisms include autoimmune dysregulation,
molecular mimicry, direct viral invasion of neural structures, and inflammatory responses.
Pharmacological treatments—such as gabapentin, antidepressants, and corticosteroids—
have demonstrated symptom relief, while immunomodulatory therapies show promise
in immune-mediated cases. Non-pharmacological strategies warrant further investiga-
tion. Post-COVID-19 SEN represents a complex and multifactorial condition requiring
a multidisciplinary approach to diagnosis and management. While merging evidence
supports immune-mediated pathogenesis, further research is needed to establish definitive
mechanisms and optimize targeted therapeutic strategies. Continued investigation into
post-COVID-19 SEN will be crucial in addressing the long-term neurological sequelae of
SARS-CoV-2 infection.

Keywords: small fiber neuropathy; post-COVID-19 neuropathic pain

1. Introduction

“Long COVID” is a term commonly used to describe the myriad of symptoms patients
continue to experience following an acute COVID-19 infection. Approximately 65 million
people worldwide have been identified as having long COVID symptoms [1].
COVID has also been defined as persistent or new symptoms that occur at least four weeks

Long

after the initial infection. Neuropathic pain is one of the 200 symptoms associated with
long COVID [1,2]. It has been suggested that more than one in three patients with long
COVID will develop neuropathic pain [2], which can last for weeks to months or even years.
Recent studies regarding COVID-19 and long-term pain have identified correlation between
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acute SARS-COV-2 infection and resultant small fiber neuropathy (SFN) [1,3-5]. SEN is
a peripheral neuropathy that commonly presents with chronic and diffuse pain, often
described as constant burning pain [6]. Previous case studies have shown patients who
have recovered from COVID-19 presenting with sensory and/or autonomic dysfunction
indicative of SEN [4,5,7,8].

It has been established that infection is one of the main etiologies of SEN [6,9]. HIV [10]
and Hepatitis C [11] are two common infectious agents that elicit immune-mediated,
inflammatory SEN. It has been hypothesized that post-COVID-19 SFN may be the result of
a similar mechanism of infectious autoimmune dysregulation [1,3]. However, due to the
many etiologies associated with SFN, comprehensive patient history, physical examination,
and diagnostic testing are necessary to establish a causal diagnosis of COVID-19-based
SEN [7,8]. In this article, we will review SFN and, specifically, the proposed mechanisms
and treatments modalities for COVID-19-based SFN.

2. Definition and Diagnosis of SFN

Small nerve fibers include small myelinated Ad-fibers and unmyelinated C-fibers
that receive sensory and autonomic input [12]. Small fiber neuropathy occurs when ei-
ther of these small nerve fibers are damaged, resulting in sensory and/or autonomic
dysfunction [9,12]. Small fibers with relatively diminished or absent myelination make
them more vulnerable to stress-induced damage [4]. SFN can be present in two distinct
manners. Length-dependent SEN is associated with distal axonal degeneration, and neu-
ropathic pain typically presents in a “stocking-and-glove” pattern [9,12,13]. In contrast,
non-length dependent SFN does not follow this traditional distribution. Neuropathic pain
may occur in the trunk, face, and proximal extremities [9,13]. Skin biopsy markers have
linked this non-traditional pattern with proximal neuronal degeneration [13].

Symptoms of SEN are representative of sensory and/or autonomic nerve damage. Sen-
sory symptoms include burning, itching, numbness, tingling, and neuropathic pain [1,12].
Pain associated with SFN has been described as an electric shock, squeezing, burning, and
cold [3,9,12]. A sensory symptom found to be strongly suggestive of SEN is allodynia, or
pain triggered by stimuli that should not normally cause pain [6]. For example, allodynia is
often reported in these patients with pain induced simply by bedsheets coming in contact
with their feet [6,9]. Autonomic symptoms have been primarily presented as genitourinary
and/or gastrointestinal involvement. Patients experience constipation, diarrhea, dysuria,
and incontinence [3,6,9]. There have been multiple underlying etiologies identified for
SEN [6,9,12]. The etiologies can be divided into metabolic, inflammatory, infectious, ge-
netic, toxic agent, and idiopathic causes [6,12]. Diabetes is a metabolic condition that has
frequently been associated with SEN [9]. Sjorgen’s syndrome and sarcoidosis are chronic
inflammatory conditions commonly associated with SFN [6]. Hepatitis C, HIV and, more
recently, COVID-19 are infectious agents that have been linked to SFN [3,12]. Toxic and
medication-induced causes for SEN include alcohol-related neuropathy, chemotherapy-
induced neuropathy, and even antibiotics.

Due to the considerable number of SFN causal agents, diagnosis should begin with a
detailed medical, family, and social history [6,9,12]. Appropriate bloodwork and testing
should be performed to determine the underlying etiology of the SEN. A proper neurolog-
ical examination should be conducted; however, it has been noted that normal physical
and neurological exams are often common with SFN patients [9]. Neurological exams can
include testing sensation, vibration, strength, and reflexes [4,8,9]. Other diseases such as
fibromyalgia, multiple sclerosis, complex regional pain syndrome, and chronic inflamma-
tory demyelinating polyneuropathy (CIDP) may have similar presentations to SFN and
can be ruled out with an effective history and physical exam.
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3. Methods

A comprehensive literature review was conducted to investigate the pathophysiology,
diagnosis, proposed mechanisms, and treatment strategies for SEN in the context of post-
COVID-19 infection. The review focused on studies examining both COVID-19-associated
SEN and general SEN pathologies to provide a broader understanding of potential mecha-
nisms and treatment options.

3.1. Databases and Search Strategy

The literature review was performed using PubMed and Google Scholar. Keywords
searched included combinations of the following: “small fiber neuropathy”, “SFN”,
“COVID-19”7, “SARS-COV-2”, “long COVID”, “neuropathic pain”, “post-COVID syn-
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drome”, “autoimmune neuropathy”, “peripheral neuropathies”, “treatment”, “mecha-

/i 7o v

nism”, “chronic pain”, “inflammatory neuropathy”, “autonomic dysfunction”, and “post-
viral neuropathy”. Boolean operators (AND/OR) were applied to refine the search results.

3.2. Time Frame

Articles published between January 2020 and January 2025 were prioritized, corre-
sponding to the global emergence and ongoing evaluation of the COVID-19 pandemic.
The earlier literature on SEN pathophysiology and treatment (pre-2020) was also reviewed
when relevant to contextualize emergent findings.

3.3. Inclusion Criteria

e  Peer-reviewed clinical trials, observational studies, case reports/series, and systematic
reviews;

e  Studies describing SFN and/or in relation to SFN post-COVID-19 infection or vaccination;

e  [English language publications.

3.4. Exclusion Criteria

e  Animal studies, unless they provided novel mechanistic insights applicable to human
pathology;

e  Abstracts without full-text availability;

e  Neuropathic pain studies not addressing SFN.

3.5. Data Extraction and Analysis

Articles were reviewed for information on pathophysiology, diagnostic criteria, clinical
manifestations, proposed mechanisms, and treatment outcomes for post-COVID-19 SFN.
Findings were synthesized to identify prevailing themes, areas of consensus, and current
gaps in the understanding of post-COVID-19 SFN.

4. Proposed Mechanisms for COVID-19-Based SFN

There have been numerous proposed mechanisms (as depicted in Figure 1) for the
development of small fiber neuropathy post-COVID-19 infection and vaccination; how-
ever, the exact methodology is still largely unknown. There is a substantial amount of
literature suggesting an autoimmune response to COVID-19, including the release of
antibodies against interferon-gamma and interleukin-2 [14]. There have also been case
studies demonstrating positive anti-spike IgG levels. It is possible that this contributes
to autoimmune neuropathy targeting small fibers, which may be particularly vulnera-
ble due to their lack of a myelin sheath, limited capacity for axon repair, and increased
metabolic requirements [15]. Similarly, the COVID-19 vaccine may also transiently increase
autoantibodies and cause small fiber neuropathy through molecular mimicry, although
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the similarity between the viral protein and human nerve tissue protein structure is not
strong [16]. Specifically, TS-HDS/FGFR3 antibodies have been identified in individuals
with autonomic dysfunction due to SEN [17], and have also been associated with SEN fol-
lowing COVID-19 vaccination [18], although their exact role remains unclear and requires
further investigation.

Proposed Mechanisms for

COVID-19-Based SFN

[ |

[ Autoimmune Response ] [ Direct Viral Invasion ]
Immune-mediated small fiber - SARS-CoV-2 infecting neurons
damage post-COVID-19 or expressing ACE2
vaccination - Muscle damage and
Role of anti-spike 1gG and TS- neuromuscular disruption
HDS/FGFRS3 treatment

[ Systemic Inflammation ] [ Unmasking ]
Cytokine storm triggering - COVID-19 uncovering
inflammatory response subclinical neuropathy
Sensitization of nociceptors with - Worsening of preexisting
neuropathic pain conditions
Role of immune dysregulation in - Triggering or aggravation
SFN of neuropathy

Figure 1. Proposed mechanisms for COVID-19-based SFN: autoimmune response, direct viral
invasion, systemic inflammation, and unmasking.

Multiple immunotherapy studies utilizing intravenous immunoglobulin (IVIG) to
treat post-COVID-19 SEN have demonstrated significant improvements in neuropathic
symptoms [19,20]. Therefore, there is a chance that the systemic autoimmune response leads
to a generalized neuronal attack, affecting the small sensory cutaneous nerves to a greater
initial degree due to their susceptible nature. Rather than an autoimmune reaction, there is
also a suggestion of direct invasion of dorsal root ganglia neurons expressing the SARS-CoV-
2 receptor, angiotensin-converting enzyme 2 (ACE2) [21,22]. The ACE-2 receptor facilitates
virus entry into muscle, with myalgias and muscle fatigue being prevalent symptoms
of COVID-19 infection [23,24]. Muscle damage causing disruption of neuromuscular
junctions and connection impairment may lead to the neuropathic symptoms associated
with SEN [25]. Possible small fiber damage resulting from cytokine storms in response
to the COVID-19 virus may also contribute to the widespread neuropathy [26]. Dalakas
suggests that this innate immunity—consisting of activated macrophages, dendritic cells,
and cytokines—rather than adaptive immunity, plays a larger role in post-COVID-19 SFN
by sensitizing skin nociceptors and triggering an inflammatory reaction, thereby causing
neuropathic pain [27]. It has also been observed that COVID-19 has the potential to worsen
neurological symptoms in patients with preexisting neurologic disease [28]. Therefore, it
is possible that the infection does not directly cause neuropathy but rather unmasks it or
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exacerbates preexisting conditions already present in patients [29]. This likely varies on a
case-by-case basis, and whether a particular mechanism is dominant in a certain patient
population or with comorbidities remains to be determined.

Given the heterogeneity of post-COVID-19 SEN presentations, it is likely that not
only one but rather multiple mechanisms are at play, potentially varying based on pa-
tient demographics, comorbidities, and immune responses. Further research on precision
medicine is needed to determine which of these mechanisms predominate in specific pa-
tient populations, as well as to identify potential biomarkers for diagnosis and targeted
treatment approaches.

5. Treatments for SFN

The primary treatment for SFN aims to target the underlying etiology [3,9]. Ideally,
if the inciting agent can be identified and addressed, resolution of the primary problem
may lead to an improvement or even the resolution of SFN symptoms. However, given the
heterogeneity of SFN causes and the frequent difficulty in pinpointing an exact etiology,
individualized treatment plans remain challenging [3]. Regardless of the underlying
cause, treatment plans for SEN (Table 1) typically aim to relieve the symptoms, especially
neuropathic pain [7-9,11].

Pharmacological interventions play a major role in symptom control. The anticonvul-
sant gabapentin has been recommended as a first-line treatment for neuropathic pain [3,8,9].
In a case study [8], gabapentin 300 mg was administered orally, once daily, to symptomati-
cally treat a patient with post-COVID-19 SFN who subsequently reported adequate pain
relief. Pregabalin, a structural analog of gabapentin, is another common anticonvulsant
used to treat SEN-associated neuropathic pain [3,9].
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Table 1. Current treatments and associated mechanisms, side effects, and dosing for SFN.

Treatment Type Mechanism Common Side Effects Notes Optimal Dosing

Calcium channel modulators decrease ;

Anticonvulsants: calcium inﬂux, lnhlbltlng neuronal These are Currently recommended as a ng?gintltronggSigggé?’g—:’;(g)ama/]daYI

Gabapentin depolarization, decreasing Dizziness, sedation, fatigue [30].  first-line therapy for SFN, including in the Proeab Il)in—S tart at 25_7§ o }7 4

Pregabalin hyperexcitability, and inhibiting pain setting of post-COVID-19 neuropathy [3]. regaba art a &/ day,
pathways [30] titrate to 150-600 mg/day [4].
Norepinephrine and serotonin reuptake Alongside anticonvulsants, these are

Antid ts: is inhibited in the synaptic cleft, recommended as a first-line therapy for Duloxetine—Begin at 30 mg/day,

. IG I; : :}()Belflsgile;-ne) increasing levels of these Nausea, dry mouth, sexual SFN-related pain [3]. TCAs should be increase to 60 mg/day if tolerated [31]

TCAs (Nortriptyline) neuromodulators within the CNS, dysfunction, constipation [30]. avoided in older adults due to risk of severe ~ Nortriptyline—Start at 10-25 mg/day,

leading to a descending inhibitory effect
on pain perception [30].

adverse events, including arrhythmia and
cognitive impairment.

titrate to 50-75 mg/day [31].

Lidocaine—topical

Local anesthetic blocks nerve action
potentials by prolonging inactivation
phase of voltage-gated sodium channels
[32]

Burning, itching, swelling at
applied location [32].

Considered as a second-line therapy due to
low effect sizes; however, it may be used a
first-line therapy in case of side effects from
other first-line agents, particularly in the
elderly [3].

Use cream as needed in affected areas,
patch may be used up to 3 times per
day [33].

Selectively binds to opiate receptors in

CNS, reducing propagating pain signals.

Although controversial in the treatment of
non-malignant associated pain, they may

Opioids Tramadol specifically also exhibits Dizz'ir'less, const‘ipation, be considered as a second-line option with Trgmadol—25—50 mg once or twice
(Tramadol) inhibition OF; seroton}i]n and vomiting, sedation [32]. good efficacy in COVID—19—re1at}ej d SEN daily, max 400 mg/day [34].
norepinephrine reuptake [32]. [3,9,14].
Have been shown to be effective in certain
Anti-inflammatories reduce trials for post-COVID-19 SEN, particularly
Corticosteroids transcription of genes involved in Weight gain, indigestion, in higher doses and in younger patients Pulse dosing (40-60 mg/day for
(Prednisone) inflammation and synthesis of restlessness, mood changes [35].  with rapid onset of symptoms [3-5,15]. 5-10 days), taper as appropriate [17].

cytokines [35].

Considered as second-line therapy due to
risks of long-term steroid treatment.

IV Immunoglobulin
(IVIG)

Acts as an immunomodulator,
neutralizing harmful autoantibodies,
inhibiting pro-inflammatory cytokines,
and blocking Fc receptors on immune
cells attenuating overall immune
response [36].

Headache, fever, rash, fatigue,
myalgias [36].

Emerging therapy with varying outcomes,
from significant symptom relief to no
significant changes [4,5,16]. Efficacy based
on etiology of SEN being immune
mediated.

2 g/kg over 2-5 days/month for
1-3 cycles, may repeat depending on
response [4].

Non-pharmacologic:
Acupuncture,

Oil massage,
Electrical nerve
stimulation

Although mechanisms vary, these
provide local and temporary
symptomatic pain-relief [37].

Limited systemic effects, may
experience skin irritation at
exposed sites.

These treatments have not been thoroughly
explored in post-COVID-19 neuropathy;
however, they have been shown to provide
temporary pain relief in many

conditions [37].

N/A, used adjunctively, sessions
typically weekly or biweekly for
acupuncture or stimulation [38].
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In addition, antidepressants have been recommended as symptomatic treatment of
SEN-associated neuropathic pain [3,9,39]. Specifically, tricyclic antidepressants, such as
nortriptyline, are used for their analgesic and anti-inflammatory effects [39]. Serotonin—
norepinephrine reuptake inhibitors, such as duloxetine, are also used to reduce neuropathic
pain [3,9,39]. These medications modulate pain perception by increasing serotonin and
norepinephrine levels in the central nervous system, resulting in pain relief [3,9,39]. There
has been some evidence that topical therapies, such as lidocaine patches, can provide
localized pain relief [3,9,39]. These treatments can be particularly useful in patients who
experience focal pain, or those who may not be able to tolerate systemic medications
due to side effects. Additionally, opioids—while typically reserved for refractory cases
due to dependency concerns—have shown some efficacy in managing severe SFN-related
pain [3,9,39].

Corticosteroids have been shown to be effective in treating SFN-associated neuropathic
pain through their anti-inflammatory effects [40]. One study [40] showed marked improve-
ment in neuropathic pain in four patients with acute onset SEN after oral prednisone
treatment. In terms of treatment for post-COVID-19 SEN, corticosteroids have been shown
to be effective in treating neuropathic pain [4,5]. Oaklander et al. (2022) had 35.3% of their
participants placed on corticosteroid treatment. One participant reported a 90% improve-
ment in her symptoms [4]. The patient involved in a case study by Panagiotides et al. (2023)
reported a modest reduction in pain when placed on high-dose cortisone [5]. However,
low-dose cortisone was not effective [5]. Corticosteroid treatment is thought to diminish
the inflammatory immune response incited by COVID-19 [4].

IV Immunoglobulin (IVIG) is an emerging SEN treatment, especially in post-COVID-
19 cases [4,5]. IVIG therapy has been explored as a potential option for SEN patients,
with varying outcomes. While some case series have reported significant symptom relief
following IVIG administration, a randomized controlled trial did not find a statistically sig-
nificant difference between the SFN patients and the controls receiving IVIG [41]. However,
IVIG treatment may provide greater benefit when the etiology is known to be immune
mediated [41]. COVID-19-related SEN has been posited to be induced by an autoimmune
inflammatory reaction, which may be an indication for IVIG treatment [3]. Five patients
with post-COVID-19 SEN received repeated IVIG treatment and reported improvements in
their symptoms [4]. Another case study utilized IVIG treatment. Initially, the patient re-
ported only modest improvement in pain and hand redness. However, after IVIG treatment
was re-initiated a few months later, significant symptomatic improvement was reported [5].
While these findings are promising, further research is needed to establish the efficacy of
IVIG treatment and to determine optimal patient selection criteria for its use in treating
post-COVID-19 SEN [42].

In addition, non-pharmacologic interventions can play a role in managing SFN.
Acupuncture and essential oil massage therapy on the feet may provide temporary pain
relief [37]. Yoga and meditation have also been shown to improve quality of life in patients
with neuropathic pain [37]. Other nonpharmacological options that have been used to
symptomatically treat patients with SEN include cool socks, foot tents, and transcutaneous
electrical nerve stimulation machines [9]. However, non-pharmacological options have
been minimally explored in patients with post-COVID-19 SEN, and no clinical trials have
been conducted to evaluate the effectiveness of these interventions [9].

Overall, SEN treatment remains highly individualized, with a multimodal approach
often required to achieve optimal symptom control. Further research is needed to refine
treatment strategies and explore emerging therapeutic options, particularly in cases with
novel or poorly understood etiologies such as post-COVID-19 SFN.
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6. Discussion

In the aftermath of the SARS-CoV-2 pandemic, global healthcare efforts have largely
shifted toward managing acute infections and implementing prevention strategies. How-
ever, as time has passed and more data have become available, persistent post-infectious
symptoms—often referred to as “long COVID”—have emerged as a significant public health
concern. Among these symptoms, orthostatic lightheadedness, palpitations, gastrointesti-
nal dysfunction, chronic pain, and dysesthesias suggest the possible involvement of small
nerve fibers, raising the question of an association with small fiber neuropathy (SFN).

Although SFN may not be the most reported manifestation of long COVID, its com-
plex and multifactorial pathophysiology makes it a particularly challenging condition
to diagnose and manage. Case reports have documented patients with ongoing sen-
sory and autonomic dysfunction months after the initial infection, with clinical presen-
tations consistent with SEN. Infectious diseases have long been recognized as triggers
for polyneuropathies [43], including Hepatitis C, HIV, and viral etiologies associated
with Guillain—Barré syndrome, placing COVID-19 within a broader context of infection-
related neuropathies.

SFN may be present in a length-dependent or non-length-dependent pattern. The for-
mer is typically characterized by a “stocking-and-glove” distribution of symptoms, while
the latter may involve the trunk, face, or proximal extremities. Symptoms often include
neuropathic pain, described as burning, itching, tingling, numbness, and hypersensitivity,
such as allodynia. These result from dysfunctional small myelinated Aé-fibers and un-
myelinated C-fibers. Autonomic symptoms, including gastrointestinal and genitourinary
disturbances, are also frequently observed.

Diagnosis of SEN begins with a thorough history and physical examination. The cur-
rent gold standard for confirmation is a skin biopsy to evaluate intraepidermal nerve
fiber density. Additional diagnostic tools, such as quantitative sensory testing and
nerve conduction studies, may be employed to support the diagnosis and exclude other
neuropathic processes.

While the precise pathophysiological mechanism linking COVID-19 to SFN remains
uncertain, an autoimmune-mediated response following infection is a leading hypothesis.
This is supported by elevated antibody levels against interferon-gamma, interleukins, and
IgG observed in some patients. Another theory posits that COVID-19 may exacerbate or
unmask preexisting neurological conditions in susceptible individuals rather than directly
causing SFN.

One of the most significant challenges in studying COVID-19-related SFN is the limited
sample size in current research. Small cohorts reduce the generalizability of findings and
hinder the ability to fully assess the condition’s prevalence and impact within the broader
population of individuals experiencing long COVID symptom:s.

Treatment typically involves addressing any underlying etiology, with symptomatic
management playing a key role. There is moderate to strong evidence supporting the use
of anticonvulsants such as gabapentin for treating neuropathic pain. Moderate evidence
also exists for other pharmacologic options, including tricyclic antidepressants, serotonin—
norepinephrine reuptake inhibitors (SNRIs), and, to a lesser extent, topical lidocaine,
opioids, and corticosteroids. Intravenous immunoglobulin (IVIG) has shown promise in
some cases; however, the strength of evidence remains limited, and further studies are
needed to evaluate its efficacy in this specific patient population.

7. Conclusions

SEN has gained increased attention due to its association with long COVID. Symptoms
such as allodynia, dysesthesia, and autonomic dysfunction—previously underrecognized—
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are now more frequently linked to SEN through improved diagnostic evaluation. The
immune-mediated and inflammatory responses to SARS-CoV-2 appear to contribute to the
development or unmasking of this condition in certain individuals. SFN can substantially
impact quality of life, affecting sleep, sensation, autonomic function, and daily activities.
This highlights the importance of continued research—mnot only to manage COVID-19’s
evolving clinical presentations but to better understand the mechanisms underlying its
long-term neurological effects.

To improve outcomes, there is a critical need for more accurate epidemiological
data regarding SFN in the context of long COVID. Better characterization of this patient
subgroup may enable earlier diagnosis and more targeted treatment approaches. As the
virus continues to evolve [44], addressing its long-term neurological sequelae, including
SEN, will remain a crucial aspect of post-pandemic healthcare.
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