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Abstract

Introduction: Vestibular neuritis (VN) causes acute vertigo from sudden unilateral vestibular
dysfunction, mainly in adults aged 30-60. Previous reviews have focused on clinical and
therapeutic aspects, but the inflammatory and immune mechanisms are less well understood. This
review summarizes recent evidence on viral, immune, and vascular pathways in VN.

Method: A narrative review was conducted using PubMed, Scopus, and Web of Science databases.
Forty articles published between 2001 and 2025 were included, focusing on pathophysiology,
immune pathways, and therapeutic approaches implications.

Results: VN is primarily caused by HSV-1 reactivation, leading to vestibular nerve inflammation.
Other viruses, such as SARS-CoV-2 and Epstein—Barr, are also involved. Immune dysregulation,
characterized by alterations in leukocytes and cytokines, drives neuroinflammation. Vascular
issues, especially blood-labyrinth barrier disruption, worsen swelling. Corticosteroids reduce
inflammation; vestibular rehab aids recovery. Combining treatments improves early outcomes.
Conclusion: VN is a complex disorder caused by viral reactivation, immune inflammation, and
vascular issues. Recovery primarily depends on central compensation, rather than peripheral nerve
regeneration. Combining anti-inflammatory treatment with early rehab yields the best results.



Future research should investigate the molecular connections between viral infection, immune
response, and vestibular damage to develop targeted therapies.
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Introduction

Vestibular neuritis (VN) is a common cause of severe and prolonged vertigo, resulting from a
sudden loss of function in one of the vestibular systems. It ranks as the third most prevalent
peripheral vestibular disorder, with an annual incidence between 3.5 and 15.5 cases per 100,000
people (1,2). This condition most commonly affects adults aged 30 to 60, with no significant
differences noted between genders (3,4). The acute phase lasts for several days, characterized by
vertigo and imbalance, followed by a gradual recovery over weeks. Recurrence is rare, occurring
in only 1.9-10.7% of cases (5). Long-term outcomes are more heavily influenced by central
compensation and psychological factors than by the extent of peripheral damage (6).

Patients with vestibular neuritis commonly present with acute, severe, and persistent vertigo that
lasts longer than 24 hours. This condition is often accompanied by nausea, vomiting, postural
imbalance, and spontaneous horizontal-torsional nystagmus, which beats away from the affected
ear. Hearing remains intact, and no other neurological deficits are observed. Vestibular testing
shows an abnormal head impulse response and caloric weakness on the affected side. Subtypes of
vestibular neuritis include superior, inferior, and total. Inferior involvement generally presents
milder symptoms and may mimic central disorders (4,7-9).

The diagnosis of vestibular neuritis is primarily clinical and must be distinguished from other
vestibular disorders. Unlike Meniere’s disease, it does not involve hearing loss or tinnitus, and
symptoms remain stable. Vestibular migraine differs from vestibular neuritis, as it includes
recurrent episodes of vertigo often linked to a history of migraines, with vestibular tests typically
showing expected results. In contrast, vestibular neuritis presents as a single, prolonged episode of
vertigo accompanied by unilateral vestibular hypofunction, as confirmed by an abnormal head
impulse test or a caloric deficit. Central vestibular disorders can mimic peripheral vertigo but
exhibit additional neurological signs, such as diplopia or limb ataxia, and may also display
abnormal neuroimaging findings. Inferior vestibular neuritis, a rare variant, can present with down-
beating nystagmus and milder vertigo, necessitating careful testing and imaging for accurate
diagnosis (10).

Numerous reviews have thoroughly discussed the clinical features, diagnosis, and treatment
strategies for vestibular neuritis (2, 3), A significant gap still exists in understanding the molecular
and cellular inflammatory pathways underlying it. Recent progress has started to outline the
complex roles of viral reactivation, immune dysregulation, and vascular integrity in this context
pathogenesis (5, 11). This review aims to deliver an updated, focused overview of the
pathophysiology and inflammatory pathways in VN. It integrates evidence from viral triggers,
innate and adaptive immune responses, and blood-labyrinth barrier disruption to provide a
comprehensive understanding of the mechanisms involved.

Method

This study was conducted as a narrative review intended to offer an integrated overview of current
understanding of the pathophysiology, immune mechanisms, and clinical features of vestibular
neuritis. Relevant literature was gathered through extensive searches of PubMed, Scopus, and Web
of Science. The search used key terms and Boolean operators to ensure comprehensive coverage:
("vestibular neuritis" OR "vestibular neuronitis") AND ("viral infection" OR "immune-mediated"



OR "inflammation" OR "pathophysiology" OR "Herpes simplex virus type 1" OR "HSV-1" OR
"blood-labyrinth barrier"). Inclusion criteria included original research articles and reviews
published in English from 2001 to 2025, focusing on clinical features, pathophysiology,
immune/inflammatory pathways, and treatments for vestibular neuritis. The exclusion criteria
comprised studies that did not focus mainly on VN's pathophysiology and articles without
accessible full texts. This process yielded 40 relevant articles for detailed review and synthesis.
Since this review is narrative in nature, a formal risk-of-bias assessment or quality appraisal tool
was not used.

Etiology and Pathogenesis

Viral hypothesis

The viral hypothesis suggests that VN is mainly caused by a viral infection or reactivation,
particularly of HSV-1. This theory is the most widely accepted explanation for the development of
VN, although other viruses and mechanisms have also been considered. HSV-1 is significantly
implicated in the cause of VN due to its capacity to establish lifelong latency in sensory neurons,
including those found in the vestibular ganglion (11).

Reactivated latent HSV-1 can trigger inflammatory responses that damage the vestibular nerve,
resulting in symptoms of VN, including vertigo, spontaneous nystagmus, imbalance, and nausea.
Studies have detected HSV-1 DNA in vestibular ganglia and labyrinth tissues, supporting this
theory (12,13).

The text provides direct molecular evidence of the presence of a virus in the affected neural
structures. Additionally, the histopathological characteristics of nerve damage observed in viral
neuropathy closely resemble those seen in other viral neuropathies, such as herpes zoster oticus.
This resemblance reinforces the idea that a viral-mediated mechanism is involved (14).
Experimental studies using animal models have further supported this association, as inoculating
HSV-1 into the middle ear or pinna has been shown to replicate both the vestibular dysfunction
and neuronal degeneration that are characteristic of human VN (11,15).

Serological and epidemiological data indicate that a substantial proportion of patients with VN
exhibit evidence of recent or past viral infections, particularly following upper respiratory tract
infections. These observations suggest a link between viral reactivation, particularly of HSV-1,
and the onset of VN (16). Other viral agents, in addition to HSV-1, have been associated with the
onset of vestibular neuritis. Recent observations during the COVID-19 pandemic have highlighted
SARS-CoV-2 as a possible trigger for vestibular dysfunction. Patients with confirmed COVID-19
infections may experience acute vertigo, spontaneous nystagmus, or symptoms resembling
vestibular neuritis, often accompanied by hearing loss (17-19).

Although comprehensive vestibular testing has not been consistently conducted in the reports, the
timing suggests that SARS-CoV-2 may cause vestibular nerve injury either through direct viral
invasion or by immune-mediated inflammation. There have also been rare cases of VN
documented following COVID-19 vaccination, which include both mRNA and adenoviral vector
vaccines. However, these occurrences are isolated and do not have established causal relationships
(20,21).

Together, these findings suggest that while HSV-1 is the most established viral agent responsible
for vestibular neuritis, other viruses, including SARS-CoV-2, Epstein-Barr virus, and possibly
influenza, may be associated with either direct infection or immune-mediated mechanisms (22).

Immune-mediated mechanisms



Recent evidence suggests that immune-mediated processes play a crucial role in the development
of VN, beyond the direct reactivation of the virus. VN may not be caused solely by the cytopathic
effects of the virus but rather by the host’s immune response triggered by viral infection or
reactivation, particularly of HSV-1. In some patients, damage to the vestibular nerve appears to
result from an inappropriate immune reaction following HSV-1 infection, rather than from direct
viral invasion. The presence of HSV-1 DNA in the vestibular ganglia, along with the association
of genetic factors that regulate HSV-1 replication and susceptibility to the disease, strongly
supports this hypothesis (2).

Recent studies using Mendelian randomization have offered further insights into the
immunological mechanisms involved. Specific inflammatory mediators, such as eotaxin and
monocyte chemotactic protein-2, have been linked to a decreased risk of vascular
neovascularization. Conversely, higher levels of the T-cell surface glycoprotein CD5 are associated
with an increased risk of VN. This suggests that these proteins may act as potential biomarkers or
therapeutic targets (23).

Immunological profiling of VN patients has shown an imbalance in circulating leukocytes. This is
characterized by an increased ratio of neutrophils to lymphocytes, indicating acute inflammation.
Additionally, there is a reduction in the total number of T lymphocytes and CD8" T cells. As a
result, there is an elevated CD4*/CD8" ratio, which reflects immune dysregulation similar to what
is observed in autoimmune conditions (24), suggesting that activated CD40* monocytes and
macrophages can contribute to microvascular occlusion within vestibular structures, leading to
decreased perfusion, ischemic injury, and subsequent neuronal dysfunction (25,26). HSV-1 may
worsen this process due to its ability to evade immune surveillance. By inhibiting antigen
presentation and altering T-cell responses, HSV-1 can remain in a latent state, allowing it to cause
prolonged inflammation upon reactivation. This persistence can lead to ongoing tissue damage
within the vestibular system (11). The findings suggest that VN is not a uniform disorder caused
by a single pathogen; rather, it is a multifactorial condition where viral infections and immune
activation work together to cause injury to the vestibular nerve. This combination of factors
indicates that neuroinflammation may be the common pathway leading to neural dysfunction and
the clinical symptoms associated with the condition.

Clinical studies consistently demonstrate that patients with viral infections often have increased
neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios. These results suggest enhanced
systemic inflammation and a rapid immune response. Additionally, peripheral blood mononuclear
cells exhibit higher levels of tumor necrosis factor-alpha and CD40 subsets, reflecting a
coordinated effort from both innate and adaptive immune systems. These cells play a crucial role
in supporting leukocyte adhesion, migration, and local cytokine production. Such processes can
lead to microvascular damage and endothelial dysfunction, which may cause thrombotic changes
in the vestibular organ (5,27,28).

Inflammatory and vascular changes can weaken the blood-labyrinth barrier (BLB), leading to local
swelling and worsening vestibular problems. The BLB plays a vital role in maintaining ionic and
fluid balance in the inner ear and shielding vestibular sensory structures from harmful circulating
substances. Infections or autoimmune responses can induce inflammation that damages
endothelial tight junctions, impairs pericyte function, and increases vascular permeability. This can
cause fluid buildup, or edema, in the vestibular system. Research indicates that pericyte
detachment, basement membrane irregularities, and endothelial cell injury are linked to barrier
failure and fluid accumulation. Although the precise link between BLB disruption and vestibular
neuritis remains under investigation, pericyte dysfunction and vascular alterations are increasingly



recognized as important factors. Nerve edema within narrow bony canals may compress nearby
vessels, worsening ischemia and barrier integrity. The loss or dysfunction of pericytes appears to
control this process, while inflammatory mediators and neutrophil extracellular traps may further
impair endothelial function and promote vascular leakage (29-33).

Inflamed Vestibular Nerve

///V

Semicircular Canals
j Viral Particles — 3 LN @
. Ve

/4

B <
Vestibular Nerve a 2
e "/r - e :

, ~ 0 6?
= ///'/)

Blood Vessel

oim .
e
e —

——

—— Immune Cells

Nerve Swelling

Demyelination

. ,)' D- Ischemia

Cochlea

* Viral Infection * Immune Response  + Inflammation

* Vascular Impairment

Figure 1: Vestibular neuritis pathophysiology

Therapeutic Implications

Corticosteroids are commonly used to manage VN due to their potent anti-inflammatory and
immunosuppressive properties, which help reduce swelling and promote recovery of the vestibular
nerve. A review of clinical trials and systematic reviews suggests that steroid therapy may provide
modest short-term benefits, particularly in accelerating the recovery of vestibular function in the
early stages of recovery.

Meta-analyses of both randomized and non-randomized studies have shown that patients receiving
corticosteroids have higher rates of caloric test normalization. The pooled odds ratios for these
studies range from approximately 2.4 to 3.1 in favor of treatment, indicating that about six to seven
patients need to be treated to achieve early functional improvement. However, evidence regarding
long-term outcomes—such as relief from symptoms, restoration of balance, and quality-of-life
measures like dizziness handicap scores—tremains inconsistent. Systematic reviews and umbrella
analyses suggest that while corticosteroids may enhance caloric recovery within the first month,
this improvement does not lead to sustained reductions in vertigo severity or functional disability
(34,35). A prospective randomized trial comparing corticosteroid therapy, vestibular rehabilitation,
and their combination found no significant differences in outcomes after 12 months. This suggests
that while corticosteroids may accelerate recovery, they do not influence long-term prognosis (36).
Additionally, the overall certainty of the evidence is limited due to small sample sizes, varying



study quality, and methodological differences across trials. Although adverse effects are typically
mild, they occur more frequently in patients treated with steroids (37), highlighting the need for
careful patient selection. Overall, current data indicate that corticosteroids may help facilitate early
vestibular compensation but do not provide a lasting benefit for long-term recovery. Early
initiation of vestibular rehabilitation is crucial, and future well-designed randomized controlled
trials are necessary to establish the optimal role, timing, and dosage of corticosteroid therapy in
cases of vestibular neuritis.

Vestibular rehabilitation therapy is crucial for recovery after vestibular neuritis, a common
peripheral vestibular disorder that leads to sudden and prolonged vertigo, typically without
accompanying hearing or neurological symptoms. While the exact cause of VN remains unclear,
several potential factors have been suggested, including viral infections, ischemic injury to the
anterior inferior cerebellar artery, and immune-mediated mechanisms (3). Traditional management
often involves symptomatic treatment using vestibular suppressants and antiemetics, as well as
specific pharmacologic interventions such as corticosteroids or antivirals, and structured vestibular
rehabilitation exercises aimed at enhancing central vestibular compensation (3).

Clinical evidence consistently shows that introducing vestibular rehabilitation early in the disease
process accelerates symptom resolution and promotes functional recovery. Patients who begin
targeted rehabilitation exercises soon after diagnosis typically experience a quicker reduction in
dizziness, greater improvement in daily activities, and better adaptation to head and body
movements. These improvements are often accompanied by reduced anxiety and dizziness-related
disabilities, indicating both physical and psychological benefits of rehabilitation (38).

A recent case study confirms the effectiveness of vestibular rehabilitation in cases of post-
infectious vertigo. During the COVID-19 pandemic, numerous patients with vestibular neuritis—
like symptoms after SARS-CoV-2 infection were successfully treated using standard vestibular
rehabilitation techniques. Although symptom severity and recovery times varied, a structured
home-based approach significantly reduced dizziness-related disability and resolved vertigo, even
without medication. These results indicate that vestibular rehabilitation remains beneficial for
COVID-19-related vestibular neuritis and can be safely conducted remotely or at home when in-
person therapy is not feasible (39).

While objective measures, such as postural stability and gait speed, may not always reflect
significant changes, patients frequently report increased confidence and balance in their daily lives.
Additionally, combining vestibular rehabilitation with pharmacological therapy tends to provide
extra benefits compared to medication alone. Evidence suggests that while corticosteroids may
help control the acute inflammatory response and restore peripheral vestibular function,
rehabilitation promotes central reorganization and long-term adaptation. This integrative approach
enhances vestibular compensation, reduces residual dizziness, and leads to improved overall
recovery outcomes (40).

Vestibular rehabilitation should be considered an essential part of managing vestibular neuritis.
Customized exercise programs that focus on gaze stabilization, postural control, and dynamic
balance—when started early and progressively advanced—can help restore functional stability and
enhance the quality of life. When paired with appropriate medical treatment, VRT maximizes the
potential for neural plasticity, resulting in a more comprehensive and lasting recovery.

In summary, effectively managing VN requires addressing both the acute peripheral recovery and
the long-term central compensation. Corticosteroids can assist with the early restoration of
vestibular function by reducing inflammation and neural edema; however, their benefits tend to be
temporary. In contrast, vestibular rehabilitation offers lasting improvements through neuroplastic



adaptation, restoring balance, gaze stability, and daily functioning. The early initiation of
personalized rehabilitation is a crucial component of therapy, with corticosteroids primarily
serving as a supportive measure during the acute recovery phase.

Conclusion

VN is a complex disorder resulting from the interaction of viral, immune, and vascular
mechanisms, which together lead to acute vestibular dysfunction and neuroinflammation. The
herpes simplex virus type 1 is the most commonly implicated cause; however, there is growing
evidence that immune dysregulation, cytokine-mediated damage, and disruptions to the blood-
labyrinth barrier also play significant roles in the development of this condition.

Clinically, VN is generally self-limiting, with recovery largely depending on the brain's ability to
compensate for central vestibular loss, rather than the extent of damage to the peripheral nerves.
Among the available treatments, corticosteroids may help restore vestibular function in the early
stages by reducing inflammation, though their long-term benefits are limited. On the other hand,
early and tailored vestibular rehabilitation is crucial for effective treatment, as it promotes neural
plasticity, enhances postural stability, and facilitates psychological adaptation.

A comprehensive treatment strategy that combines medical interventions with rehabilitation
appears to be the most effective way to maximize recovery.

Future research should focus on elucidating the molecular mechanisms that link viral and immune
factors to vestibular injury, as well as on developing evidence-based treatment protocols that
support both peripheral and central recovery.
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