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Prevalence of vestibular and systemic symptoms post-COVID-19 and vaccination: neurological and sensory impacts
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ABSTRACT

	Aims: To investigate the prevalence of vestibular and systemic symptoms in immunized individuals, analyzing the statistical association between a history of COVID-19 infection and otoneurological deficits.
Study Design: Observational, analytical cross-sectional study.
Place and Duration of Study: Community of Ribeirão Preto/SP, between May and September 2024.
Methodology: A total of 387 individuals vaccinated against COVID-19 were included. Data were collected via a structured electronic questionnaire. Inferential analysis used the Pearson Chi-square Test (P < .05).
Results: The sample had a mean age of 24.9 years, with 63.8% reporting prior infection. History of the disease was strongly associated with sensory and motor manifestations (p < .05), notably loss of smell/taste (51.8%), loss of balance (8.1%), and dizziness. Tinnitus and dizziness were significantly associated (P < .001) with fatigue (94.6%), headache (87.8%), and blurred vision (18.9%).
Conclusion: COVID-19 has a significant impact on the vestibular system. The interrelation with cognitive symptoms suggests prolonged neuroinflammation, highlighting the need for multidisciplinary rehabilitation.
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1. INTRODUCTION 

Coronavirus disease 2019 (COVID-19), caused by the SARS-CoV-2 virus, resulted in a global pandemic with an unprecedented epidemiological impact. Although primarily recognized and treated as a severe acute respiratory syndrome, clinical evidence rapidly demonstrated its systemic and multifactorial nature ¹. Among extrapulmonary manifestations, neurological and sensory complications have gained significant prominence in clinical practice, directly impacting patients' quality of life in both the short and long term.
The vestibular system, structured by the labyrinth pathways in the inner ear and central nerve connections, is primarily responsible for the maintenance of bodily balance, posture, and spatial orientation. Dysfunctions in this complex system manifest clinically through disabling symptoms such as dizziness, vertigo, tinnitus, and loss of balance ². Studies have reported a significant prevalence of otoneurological complaints in post-COVID-19 patients.
The pathophysiology underlying this vestibular deficit is strongly associated with the neurotropism of SARS-CoV-2. Histopathological studies of human tissues have demonstrated that inner ear cells, including hair cells and Schwann cells, express high levels of angiotensin-converting enzyme 2 (ACE2) receptors and transmembrane proteases. These structures act as an obligatory gateway for the virus. This direct invasion results in cellular damage and chronic neuroinflammation in the vestibulocochlear nerve ³. Consequently, viral infection has come to be identified as a direct trigger for conditions such as vertigo, sudden sensorineural hearing loss, and persistent tinnitus ⁴.
With the advancement of mass vaccination campaigns, which proved to be the fundamental epidemiological pillar for containing pandemic mortality, pharmacovigilance reports also emerged regarding the occurrence of acute vestibular symptoms post-immunization ⁵. Although vaccines are proven to be safe and severe adverse reactions are rare, the documentation of transient dizziness and vertigo following vaccination has raised important scientific questions. It is therefore imperative to investigate the susceptibility of the labyrinthine system to inflammatory processes, in order to differentiate the actual neurotoxic impacts induced by natural viral infection from those resulting from transient systemic immune responses generated by the vaccine ⁵.
Given this scenario, the hypothesis of the present study is that direct prior infection with COVID-19 promotes more aggressive and persistent tissue damage and neuroinflammation in the vestibular system, resulting in a significantly higher prevalence of otoneurological complaints (such as dizziness, tinnitus, and loss of balance) compared to individuals who only received the vaccination regimen but did not contract the disease. The general objective of this study is to investigate the prevalence of vestibular and systemic symptoms in a sample of vaccinated individuals, analyzing the statistical association between a history of prior COVID-19 infection and the development of specific otoneurological deficits
2. material and methods 
2.1 Study Design
This is an observational, analytical cross-sectional study. Participants were required to provide their Informed Consent before participating. The sample size was determined to estimate the prevalence of clinical outcomes in a population-based cross-sectional study. A standard formula for finite populations was applied, considering a 95% confidence level (Z = 1.9), a maximum tolerable margin of error of 5% e = 0.05), and an expected outcome prevalence of 50% (P = 0.5). This approach ensured maximum statistical variance and the most robust sample size possible for this methodological design.
2.2 Participants and Setting
The target population consisted of individuals in Ribeirão Preto/SP who had received at least two vaccine doses, totaling 231,218 people at the start of data collection, according to the Municipal Health Department’s Epidemiological Bulletin. The statistical calculation required a minimum of 384 participants. This research ultimately included 387 community members, with data collected between May and September 2024.
This specific timeframe was selected due to the established vaccination coverage and the epidemiological transition to the post-pandemic period. Furthermore, this interval allowed for the assessment of persistent medium- and long-term otoneurological and systemic sequelae, minimizing measurement bias associated with acute, transient adverse reactions that typically occur immediately following immunization.
2.3 Eligibility Criteria
· Inclusion Criteria: Participants vaccinated against COVID-19 with at least two doses; aged 18 to 75 years; all genders; and possessing the cognitive capacity to understand the Informed Consent and complete the study questionnaire.
· Exclusion Criteria: Individuals who had not received at least two vaccine doses; those younger than 18 or older than 75; and individuals lacking the cognitive condition to answer the survey or provide consent.
2.4 Data Collection Instrument
Data were collected through a detailed structured electronic questionnaire (Google Forms®). The instrument addressed:
Personal Data: Name, gender, and age.
COVID-19 History: Prior infection history and associated symptoms.
Post-Vaccination Data: Presence of side effects after each dose.
Clinical Symptoms: A list including common viral symptoms and those specifically associated with COVID-19.
Vestibular Symptoms: A specific list of symptoms related to vestibular alterations, such as nausea, vertigo, dizziness, visual changes, loss of balance, and tinnitus.
These symptoms were selected for their importance in evaluating potential side effects related to both the infection and the vaccine. The objective was to analyze the incidence of vestibular symptoms relative to the vaccination sequence of the participants.
2.5 Data Analysis
Statistical analysis was performed using IBM SPSS Statistics software, version 26.0.
Descriptive Statistics: Categorical variables, including COVID-19 history, vestibular symptoms (dizziness, vertigo, balance loss, tinnitus), and systemic complaints, were presented as absolute (n) and relative (%) frequencies.
Inferential Statistics: Pearson’s Chi-square test was used to verify significant associations between independent categorical variables. Fisher’s Exact test was applied when more than 20% of the cells in contingency tables had expected frequencies below 5.
Significance: The level of significance for rejecting the null hypothesis was set at 5% (P < .05).
The dependent variables were the otoneurological and systemic complaints, while the independent variables focused on the history of COVID-19 infection.
2.6 Ethical Aspects
The study was approved by the Ethics Committee (opinion No. 6.836.934 and CAAE No. 78904324.9.0000.5498).
3. Results and Discussion
3.1 Results
The final sample consisted of 387 individuals: 297 women (24.91 ± 0.55 years old) and 90 men (24.52 ± 0.78 years old), with no significant difference. Regarding COVID-19 history, 63.8% of the sample reported prior infection. Vaccination data indicated that for the first dose, 59% received Pfizer (N=230), 23% Coronavac (N=90), 15% Astrazeneca (N=59), and 2% Janssen (N=8). For the second dose, 61% received Pfizer (N=239), 18% Coronavac (N=70), 17% Astrazeneca (N=69), 1% Janssen (N=4), while 1% did not receive a second dose (N=4).
Table 1 presents the association between dizziness (or vertigo) and other symptoms. Dizziness was strongly associated with a higher frequency of all evaluated systemic and neurological symptoms (P < .001). Among individuals reporting dizziness, high prevalences were noted for physical fatigue (94.6%), headache (87.8%), and fever (70.3%). Otoneurological and postural control symptoms were also significantly more common, including loss of balance (25.7%; p < .001) and blurred vision (18.9%; p < .001).
Table 1. Association between dizziness/vertigo and other variables
	Symptom Assessed
	No dizziness (%)
	Dizziness (%)
	P-value

	Physical fatigue
	45,00%
	94,60%
	<0,001

	Headache
	41,20%
	87,80%
	<0,001

	Fever
	28,80%
	70,30%
	<0,001

	Shortness of breathe
	15,70%
	59,50%
	<0,001

	Emotional Exhaustion
	15,30%
	52,70%
	<0,001

	Loss of smell/taste
	29,70%
	58,10%
	<0,001

	Nausea or Vomiting
	7,70%
	44,60%
	<0,001

	Memory Loss
	10,50%
	35,10%
	<0,001

	Loss of Balance
	1,00%
	25,70%
	<0,001

	Blurred/Obscured Vision
	1,60%
	18,90%
	<0,001

	Loss of Motor Coordination
	0,60%
	12,20%
	<0,001

	Hearing Loss
	0,60%
	6,80%
	<0,001



Regarding COVID-19 infection history (Table 2), patients who contracted the disease presented a significantly higher prevalence of all investigated clinical symptoms (P < .05). The most frequent complaints in the COVID-19 group were physical fatigue (82.6%) and headache (74.1%). Characteristic neurological and sensory symptoms showed strong statistical associations, notably loss of smell or taste reported by 51.8% of the COVID-19 group versus 5.7% in the non-infected group (P < .001).
Table 3 details the association between tinnitus and clinical variables. Similar to dizziness findings, tinnitus was statistically associated with a more exacerbated global symptomatology. Patients with tinnitus reported high rates of physical fatigue (92.5%) and loss of smell/taste (70.3%). A strong correlation was found between tinnitus and other neurological impairments, such as memory loss (48.1% vs. 12.7%; p < .001) and loss of balance (33.3% vs. 3.6%; p < .001).

Table 2. Association between COVID-19 and other variables.
	Symptom Assessed
	No COVID-19 (%)
	COVID-19 (%)
	P-value

	Physical fatigue
	5,00%
	82,60%
	<0,001

	Headache
	7,90%
	74,10%
	<0,001

	Fever
	4,30%
	55,10%
	<0,001

	Shortness of breathe
	5,70%
	51,80%
	<0,001

	Emotional Exhaustion
	0,70%
	37,20%
	<0,001

	Loss of smell/taste
	2,90%
	33,60%
	<0,001

	Nausea or Vomiting
	0,70%
	22,70%
	<0,001

	Memory Loss
	2,90%
	22,30%
	<0,001

	Loss of Balance
	1,40%
	8,10%
	0,006

	Blurred/Obscured Vision
	0,00%
	7,70%
	<0,001

	Loss of Motor Coordination
	0,00%
	4,50%
	0,011

	Hearing Loss
	0,00%
	2,80%
	0,044



Table 3. Association between tinnitus and other variables.
	Symptom Assessed
	No tinnitus (%)
	Tinnitus (%)
	P-value

	Physical fatigue
	51,60%
	92,50%
	<0,001

	Headache
	47,70%
	81,40%
	<0,001

	Fever
	32,50%
	70,30%
	<0,001

	Shortness of breathe
	34,40%
	66,60%
	<0,001

	Emotional Exhaustion
	19,10%
	66,60%
	<0,001

	Loss of smell/taste
	21,10%
	62,90%
	<0,001

	Nausea or Vomiting
	12,70%
	48,10%
	<0,001

	Memory Loss
	12,70%
	40,70%
	<0,001

	Loss of Balance
	2,20%
	40,70%
	<0,001

	Blurred/Obscured Vision
	3,60%
	33,30%
	<0,001

	Loss of Motor Coordination
	0,50%
	18,50%
	<0,001

	Hearing Loss
	1,90%
	14,80%
	<0,001



3.2 Discussion
Our findings corroborate recent international literature, which classifies otoneurological dysfunctions as significant sequelae of SARS-CoV-2 infection. Population-based studies have demonstrated that prior COVID-19 infection significantly increases the risk of developing peripheral vestibular and auditory conditions, including benign paroxysmal positional vertigo, vestibular neuritis, sudden sensorineural hearing loss, and tinnitus ⁸'⁹. The high prevalence of dizziness found in our post-infection sample, and its strong association with visual and kinetic symptoms, has also been reported in recent surveys pointing to vertigo as one of the most frequent and disabling neurological complaints following recovery from the acute phase of the disease ¹⁰.
The pathophysiological justification for the involvement of the vestibular and auditory systems is based on the neurotropism of SARS-CoV-2 and subsequent neuroinflammation. Investigations of human inner ear tissue have proven that hair cells and Schwann cells abundantly express angiotensin-converting enzyme 2 (ACE2) receptors, as well as proteases, which are mandatory cofactors for viral entry into the cell ³. This direct viral invasion of the labyrinthine cells and cranial nerves provides an explanation for the pathophysiological mechanics and direct damage to inner ear structures.
Additionally, the statistically significant association found in our study between vestibular symptoms (dizziness and tinnitus) and perceptual and cognitive alterations (such as memory loss and blurred vision) suggests the involvement of the central nervous system. Studies indicate that post-infectious inflammation of nervous tissue affects not only peripheral cranial nerves, such as the vestibulocochlear nerve, but can also dysregulate central pathways for balance processing, causing imbalance and dizziness to manifest as symptoms of prolonged neuroinflammation ⁹'¹⁰.
A finding of particular relevance in the present study is the high prevalence of otoneurological symptoms in an eminently young sample (mean age of 24.9 years). Historically, vestibular dysfunctions and tinnitus present a higher incidence in older age groups. However, post-COVID-19 syndrome (Long COVID) has broken this clinical paradigm. Corroborating our results, a recent epidemiological survey conducted by Xia et al. ¹¹ demonstrated that individuals under 30 years of age showed a significantly higher susceptibility to developing persistent tinnitus after infection. Similarly, Jaber et al. ¹², evaluating a cohort with a mean age of 27, identified dizziness (26%) and hearing loss as highly disabling prolonged symptoms, strongly associated with severe fatigue—a systemic pattern that accurately mimics the statistical associations (dizziness and physical fatigue) found in our sample.
Furthermore, it is crucial to contextualize these findings regarding the vaccination status of the studied population, as all participants received the COVID-19 immunization schedule. Although the literature categorically states that vaccination substantially reduces the risk of hospitalization and the overall severity of post-COVID-19 syndrome ¹³, our data evidence that immunization does not absolutely block the development of neuroinflammatory sequelae after breakthrough infections. Recent studies confirm that, even in vaccinated cohorts, a significant portion of patients continues to report persistent residual symptoms, such as chronic fatigue and otoneurological deficits, months after the acute phase of the disease ¹⁴. This reinforces the hypothesis that the trigger for dizziness and tinnitus does not derive primarily from an adverse and transient response to the vaccine, but rather from structural damage caused by direct viral invasion, requiring continuous clinical monitoring.
In this context, the findings of the present study are of extreme importance for the planning and construction of public health interventions in Brazil, especially within the scope of the Unified Health System (SUS). The high prevalence of persistent vestibular symptoms in the community demands a restructuring of post-COVID-19 care lines, evidencing that assistance should not be restricted solely to cardiopulmonary rehabilitation. Contemporary international literature highlights the urgency of implementing primary and specialized care models that integrate active screening and early rehabilitation for neurosensory disorders ¹⁵. The structuring of multidisciplinary protocols directed at the integrated management of dizziness, tinnitus, and associated fatigue is essential to mitigate the prolonged socioeconomic impact of the infection, preventing chronic functional disability and promoting the return to work and quality of life for the affected population ¹⁶.
Regarding prognosis, longitudinal evidence indicates that otoneurological manifestations of post-COVID-19 syndrome frequently take on a chronic and fluctuating character. Complaints of dizziness, tinnitus, and fatigue can persist for months or even years after the acute infection, establishing a framework of prolonged disability that delays the individual's return to routine activities ¹⁷. From a health management perspective, the chronicity of this condition projects an alarming economic challenge for the SUS. The transition of COVID-19 from an acute emergency to a chronic morbidity generates a continuous demand for specialized medical consultations, high-cost complementary exams, and, fundamentally, months of vestibular and motor rehabilitation. The impact on Brazilian public health costs is aggravated not only by the increase in direct expenditures but also by indirect costs associated with workplace absenteeism and loss of productivity of the population affected by otoneurological sequelae ¹⁸.

4. Conclusion
In conclusion, the results demonstrate that COVID-19 has a significant and multifactorial impact on the vestibular system, showing a strong association with symptoms such as dizziness, loss of balance, and tinnitus. The intrinsic interrelationship between these otoneurological complaints and systemic and cognitive symptoms reinforces the hypothesis of virus-induced tissue damage and neuroinflammation. These findings highlight the need for a multidisciplinary clinical approach involving physicians, physical therapists, and speech-language pathologists for the comprehensive screening, assessment, and rehabilitation of post-COVID-19 sequelae in the population.
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