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Objective: To report the otologic symptoms that present in patients with COVID-19 infection and investigate the pathogenic characteristics during the period of the pandemic.

Materials and methods: This cross-sectional descriptive study included participants with COVID-19 infection. COVID-19 infection was verified in these patients by nucleic acid test or antigen test. An online questionnaire was developed to analyze the association between the COVID-19 pandemic and the characteristics of otologic symptoms.

Results: This study included 2,247 participants, of which nearly half had one or more otologic symptoms. The presents of otologic symptoms were associated with gender (OR = 1.575, p < 0.0001), age (OR = 0.972, p < 0.0001), and occupation (healthcare worker: p < 0.0001; personnel of enterprises or institutions: OR = 1.792, p < 0.0001; student: OR = 0.712, p < 0.044). The otologic symptoms following COVID-19 infection in order were vertigo (25.95%), tinnitus (19.05%), otalgia (19.00%), aural fullness (17.18%), hearing loss (11.62%), otorrhea (1.25%), and facial paralysis (0.27%).

Conclusion: The present study shows that otologic symptoms are common among the COVID-19 infected participants and that these symptoms mostly recover spontaneously. During the corona-virus pandemic, the involvement of the cochleovestibular system and facial nerve should not be overlooked while treating the COVID-19 infected individuals.

KEYWORDS
COVID-19, otologic symptoms, cross-sectional survey, clinical characteristics, pathological mechanisms


1. Introduction

Almost 3 years have passed since the World Health Organization declared the coronavirus infection (COVID-19) a pandemic. Enormous progress has been made in the impact and response to life-threatening symptoms of COVID-19 across the lifespan (1). Current studies focus on clinical features following COVID-19 infection more in major organs such as lung and heart. However, the concern over otologic manifestations following COVID-19 infection is relatively limited (2–5).

Evidence suggests that hearing loss, tinnitus, vertigo, and facial palsy may work as a potential long-term sequela of COVID-19 reducing the quality of life and negatively affecting interpersonal communication and social life (6–8). Meanwhile, current findings raise the value of unexplained cochleovestibular symptoms during the pandemic, as these may be the only presenting symptoms indicating COVID-19 or partial (1). Therefore, identifying otologic symptoms is very critical.

Though many papers have reported audiovestibular symptoms or facial palsy associated with COVID-19 infection, the underlying pathological mechanisms of otologic symptoms are still unclear (9–11).

To investigate the otologic manifestations thoroughly during the COVID-19 pandemic and to analyze the potential predictive variables, this study investigates the onset, duration, and clinical outcomes of otologic symptoms in patients with COVID-19 infection during the pandemic period in China. To the best of our knowledge, this is an epidemiological survey on this issue with the largest sample size to date.



2. Materials and methods


2.1. Participants

This study included 2247 COVID-positive participants comprising 1,138 without otologic symptoms and 1,109 with otologic symptoms. The patients with COVID-19 infection verified with nucleic acid test or antigen test were recruited in the pandemic period from December 20, 2022 to January 10, 2023. Potential COVID-19-positive participants were approached through a social media application (WeChat). All participants were from 30 provinces in China. Table 1 shows the demographic characteristics of all participants with COVID-19.


TABLE 1 General statistics.

[image: Table 1]



2.2. Study design

To investigate the characteristics of otologic symptoms in individuals with COVID-19 infection during the pandemic period, we conducted a descriptive and analytical cross-sectional study using an online anonymous questionnaire through Questionnaire Star (https://www.wjx.cn/) survey platform.

The study was conducted in accordance with the Declaration of Helsinki, and approved by the Clinical Research Ethics Committee of the First Affiliated Hospital of Chongqing Medical University (K2023-059). Data was managed anonymously.

Briefly, the questionnaire contained an introduction detailing the aim of the study and a statement of participant confidentiality and anonymity. Participants were required to complete the questionnaire consisting of three sections. Section 1 aimed to collect sociodemographic data (age, gender, occupation, education) and general health condition (vaccination, smoking history, drinking history, pre-existing chronic comorbidities). Then the questionnaire put forward a critical question as to whether they ever had any of the following otologic symptoms: otalgia, hearing loss, tinnitus, aural fullness, vertigo, dizziness, disequilibrium, otorrhea, and facial paralysis following COVID-19 infection. If the response was NOT, then the survey was over. If the response was YES, then continue to complete Section 2 designed to investigate general COVID-19 symptoms, including fever/chill, respiratory symptoms (nasal congestion, runny nose, cough, sore throat), systematic symptoms (asthenia, ache, diarrhea, poor appetite), and others (anosmia, dysgeusia). Otologic symptoms following COVID-19 infection were assessed in Section 3. Specifically, we asked participants if they had new otologic symptoms and the onset, duration, and clinical outcomes of these symptoms. Furthermore, participants with pre-existing otologic symptoms were asked if their symptoms deteriorated after contracting COVID-19. In addition, participants were asked if they took any medicine following the COVID-19 infection.

In our study, we included participants if they met the following inclusion criteria: (1) COVID-19 infection was verified by nucleic acid test or antigen test; (2) Participation in the study was voluntary. The incorrect and uncompleted questionnaires have been excluded.



2.3. Statistical analysis

SPSS 26.0 for Windows software (SPSS Inc., Chicago, Il, USA) was used for statistical analysis. Descriptive statistics included total numbers (N), percentages (%), median (Mean) and interquartile range (IQR). Single factor analysis was used with the chi-square test, Fisher's exact test, or the Mann–Whitney U test for predictor variables (demographics, comorbidities, clinical characteristics, and presentation). Logistic regression analysis was subsequently used to assess the associations between each significantly different variable and the outcome. Odds ratio (OR), p-value ( ≤ 0.05), and 95% confidence interval (CI) were used to identify any significant relationships among variables.




3. Results


3.1. Participant characteristics

We recruited 2,247 COVID-positive participants comprising 1,138 without otologic symptoms and 1,109 with otologic symptoms. Table 1 shows the demographic characteristics of all participants with COVID-19. The study included 34.27% males and 65.73% females with a median age of 36.0 years (IQR, 28.0 to 46.0 years). Among the individuals, healthcare workers accounted for the largest proportion (47.89%), and soldiers the least (1.34%). The vast majority of the participants were highly educated [with an undergraduate degree (66.98%), with a graduate degree or above (21.63%)], a few smoked (10.5%), more than half had no drinking history (59.15%), and almost all were vaccinated with the COVID-19 vaccine (97.73%). The most frequent comorbidities were hypertension (5.7%) and diabetes (1.8%).

Among these demographic and comorbidities variables, we found significant differences in age, gender, occupation, and incidence rate of hypertension between the participants without otologic symptoms and those with otologic symptoms. A subsequent binary logistic regression revealed that the COVID-19 participates with otologic symptoms were associated with age (OR = 0.972, 95%CI:0.963–0.981, p < 0.0001), gender (OR = 1.575, 95%CI:1.311–1.893, p < 0.0001), occupation (healthcare worker: p < 0.0001; personnel of enterprises or institutions: OR = 1.792, 95%CI:1.376–2.333, p < 0.0001; student: OR = 0.712,95%CI:0.511-0.991, p < 0.044) (Table 2).


TABLE 2 Multivariable regression analysis for otologic symptoms.
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3.2. Otologic symptoms

Among all the COVID-19 infected participants, the number of participants complaining of vertigo, tinnitus, otalgia, aural fullness, hearing loss, otorrhea, and facial paralysis were 583 (25.95%), 428 (19.05%), 427 (19.00%), 386 (17.18%), 261 (11.62%), 28 (1.25%), 6 (0.27%), respectively (Figure 1).


[image: Figure 1]
FIGURE 1
 Otologic symptoms in the COVID-19 infected individuals.


The most common otologic symptom reported in the course of COVID-19 infection was vertigo. Of the 583 participants with vertigo (dizziness, disequilibrium), 401 (68.78%) reported dizziness, 222 (38.08%) reported vertigo attacks with body position change, 161 (27.62%) reported experiencing unstable standing and walking, 68 (11.66%) reported vertigo who felt spinning around. More than half patients had nausea (52.66%), 38.59% had sweating, and 21.27% had vomiting during vertigo attacks. Nearly half of these participants had occasional vertigo attacks (48.54%). There were 83.19% experiencing vertigo for the first time and 16.81% with previous vertigo disease. In 48.71% of participants, vertigo recovered completely, and in 40.65% partially (Table 3).


TABLE 3 Questionnaire data of the COVID-19 infected patients with vertigo.
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Tinnitus was the second most common otologic symptom. Our study found that 173 (40.42%) patients described their tinnitus as occasional, 162 (37.85%) as intermittent and tolerable, 86 (20.09%) as continuous and tolerable, and only 7 (1.64%) as intolerable. The quantities of the COVID-19 infected participants with tinnitus who described their tinnitus as low-frequency, high-frequency, and hard to say were similar. Most cases recovered completely or partially without taking medicines (Table 4).


TABLE 4 Questionnaire data of the COVID-19 infected patients with tinnitus.
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In our study, participants with unilateral otalgia (56.67%) were a little more than those with bilateral otalgia (43.33%). Otalgia usually tended to be intermittent (82.90%). The median score of visual analog scale used to describe the severity of otalgia was 4.0 (IQR, 3.0 to 6.0). Most cases did not take any medicine (Table 5).


TABLE 5 Questionnaire data of the COVID-19 infected patients with otalgia.
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Aural fullness was found in more than one-third of all participants with otologic symptoms (34.81%). 155 (40.16%) described their aural fullness as occasional, 147 (38.08%) as intermittent and tolerable, 75 (19.43%) as continuous and tolerable, and only 9 (2.33%) as intolerable. Almost all cases recovered completely or partially without taking any medicine (Table 6).


TABLE 6 Questionnaire data of the COVID-19 infected patients with aural fullness.

[image: Table 6]

Hearing loss was reported by 11.62% of participants. The severity of hearing loss was estimated by patients based on their subjective feeling as mild (78.16%), medium (17.62%), and severe (4.21%). Most participants could not determine how long exactly this symptom had persisted. Furthermore, one unanticipated finding was that participants with bilateral hearing loss were more than those with unilateral hearing loss. 83.14% of participants didn't take any medication during the course of hearing loss. 26.82% of participants recovered completely, and 55.17% recovered partially (Table 7).


TABLE 7 Questionnaire data of the COVID-19 infected patients with hearing loss.
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It was shown that 28 out of 2247 participants (1.25%) had otorrhea. 13 (46.43%) described their otorrhea as occasional, 7 (25.00%) as intermittent, and 8 (28.57%) as continuous. The proportion of the COVID-19 infected participants with unilateral otorrhea was much higher than those with bilateral otorrhea. A majority of these cases did not take medication and over half of the participants recovered completely or partially (Table 8).


TABLE 8 Questionnaire data of the COVID-19 infected patients with otorrhea.
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The least common otologic symptom was facial paralysis (0.27%). Five out of 6 had previous history, but only 1 took medication. All of them recovered completely or partially (Table 9).


TABLE 9 Questionnaire data of the COVID-19 infected patients with facial paralysis.
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In general, there was not much difference in incidence between the unilateral and bilateral otologic symptoms except otorrhea and facial paralysis (Figure 2A). It was noteworthy that more than half suffered from new onset of otologic symptoms except those with facial paralysis (Figure 2B). In addition, the proportion of individuals taking no medications was overwhelmingly higher (Figure 2C). Furthermore, these symptoms mostly recovered partially or completely (Figure 2D).


[image: Figure 2]
FIGURE 2
 (A) Side of otologic symptoms. (B) Previous history of otologic symptoms. (C) Usage of medication for otologic symptoms. (D) Prognosis of otologic symptoms.




3.3. General symptoms of COVID-19

Overall, 0.63% of the participants with otologic symptoms had no general symptoms. Similar to previous studies, the most frequently reported general symptoms were cough (90.44%), asthenia (84.40%), fever (78.63%), nasal congestion (78.45%), sore throat (73.85%), and runny nose (71.15%) (Figure 3).


[image: Figure 3]
FIGURE 3
 General symptoms of the COVID-19 infected with otologic symptoms.





4. Discussion

COVID-19 primarily infects the respiratory system (12). However, recent studies have demonstrated the involvement of not only major organs and systems like respiratory systems and cardiovascular system, but also cochleovestibular system and facial nerve (1, 13).

In this cross-sectional descriptive study, we found that nearly half the participants with positive nucleic acid test or antigen test of COVID-19 had one or more otologic symptoms through an online questionnaire survey during the COVID-19 pandemic period in China. Furthermore, occurrences of otologic symptoms were associated with gender, since female participants were significantly more affected than males. This finding is consistent with previous studies reporting that post-COVID-19 symptoms are more prevalent in women than in men (14, 15). Various theories have been proposed to explain the gender-related differences. For example, the higher expression level of the angiotensin-converting-enzyme-2 (ACE2) and lower level of pro-inflammatory cytokines (i.e., interleukin-6) in women after viral infections could explain their higher susceptibility to developing post-COVID otologic symptoms (16, 17). Additionally, unfavorable psychological factors, such as stress, sleep, anxiety, and depressive disorders, were observed to a greater extent in women and might also have an impact on perception of sensory symptoms such as dizziness (18).

Surprisingly, we found that the older adults were less likely to have otologic symptoms. Previous reports have shown that infected older individuals have more severe clinical symptoms and outcomes, and the association between age and symptoms/outcomes is often attributed to increased comorbidities in the older adults. Nonetheless, Almishaal et al. (19) did not find a statistically significant increase in audiovestibular symptoms among the old compared to younger participants. Moreover, our result was consistent with the study by Lechien et al. (3) who reported that young people more often manifested ENT symptoms.

In addition, the professions such as healthcare worker and personnel of enterprises or institutions were positive factors for otologic symptoms. This finding has extended our knowledge of the association between occupation and post-COVID-19 otologic symptoms. We speculated that this might be due to richer awareness of disease development from healthcare worker. In addition, the nature of the personnel of enterprises or institutions makes it easier for them to observe subtle changes in the body.

It has been well-known that vertigo may significantly affect the quality of life. Our study identified that vertigo was the most common otologic symptom. In the studies by Korkmaz et al. (20) and Zieba et al. (21) the incidence rates of vertigo were similar to ours (31.8%, 34%, and 25.95% respectively). There might be multiple explanations why individuals with COVID-19 infection experience vertigo (dizziness, disequilibrium). Firstly, the neuroinvasive and neurotropic properties of COVID-19 virus in the central and peripheral nervous systems have been reported (22–25). Recent studies have shown a high affinity of this virus for angiotensin-converting enzyme 2 (ACE2), which is frequently found in the nervous system and nasal mucosa (26, 27). COVID-19 can be transferred through the olfactory nerve and bulb to the central nervous system directly, or through viremia (24, 28). Secondly, novel coronavirus can directly infect the human inner ear and cochleovestibular nerve because human inner ear tissue co-expresses the ACE2 receptor for novel coronavirus (29). Furthermore, an autoimmune-mediated mechanism has also been proposed as a potential mechanism. In severe cases of COVID-19 infection, an autoimmune-mediated process causes an uncontrolled viral replication and an exaggerated systemic response leading to an increase of pro-inflammatory cytokine levels (i.e., cytokine storm) which may constitute a potential source of damage for many body organs including the inner ear (30–32). Vascular pathologies were also proposed as a potential mechanism for COVID-19-mediated vestibular manifestations given the evidence that a significant proportion of COVID-19 patients develop coagulation abnormalities (33, 34). It is worth of note that these are the mechanisms that not only may cause vertigo but also may cause other otologic symptoms such as tinnitus, otalgia, and hearing loss. It is important to highlight that factors other than the primary infection itself can generate vertigo symptoms. Studies have revealed a significant contribution of body weakness and fatigue resulting from metabolic and nutritional dysfunctions to the manifestation of vestibular symptoms during the acute phase of COVID-19 infection (19, 35).

Tinnitus was the second most common otologic symptom shown in the present study. It is unclear whether tinnitus is directly related to COVID-19 infection or not. Additionally, as stated in literatures, the relationship between COVID-19 and the onset of tinnitus or worsening of the preexisting tinnitus may depend on the negative effects of stress and anxiety generated by the pandemic process (36, 37). Our result falls within previously reported estimates ranging from 0.35% to as high as 35% (16). In addition, our study identified that nearly half participants with tinnitus presented worsening tinnitus, which was consistent with previous study by Xia et al. (38) who reported an increase in tinnitus severity during the pandemic.

We investigated otalgia following COVID-19 infection and found a similar incidence rate with that of tinnitus. The majority of sufferers presented with mild to moderate intermittent otalgia. Most patients with otalgia presented pain around the ear or in the ear canal without local redness, swelling, or heat. We speculate it as neuropathic pain due to direct involvement of trigeminal nerve and greater auricular nerve by virus (39). Indeed, certain aural diseases such as otitis media can also cause otalgia (39, 40).

Aural fullness is a recognized classical symptom of transient Eustachian tube dysfunction which may be triggered by many causes, the most common being upper respiratory viral infections (41). Indeed, as the cellular receptor for the COVID-19, ACE2 was detected in the Eustachian tube of mice and in the autopsy of the middle ear tissues of COVID-19 positive decedents, which indicates that these structures are likely susceptible to COVID-19 infection leading to aural fullness (42, 43).

Hearing loss following COVID-19 infection may be sensorineural, conductive, or mixed. Classification of hearing loss in this study was not available since audiometry is not possible for an online survey. A growing body of evidence suggests that patients with COVID-19 are at risk of developing sudden sensorineural hearing loss (SSNHL) (44, 45). The incidence of hearing loss (11.62%) in our study was consistent with a retrospective observational study, which showed that over 10% of COVID-19 patients with self-reported chemosensory loss complained of hearing loss (46). In contrast, the prevalence was higher than those in some earlier systematic reviews reporting a prevalence of about 5.08%−8.7% (13, 47). The precise reason for SNHL post COVID-19 infection is currently unknown yet, but recent studies have indicated the importance of endothelial dysfunction and micro-thrombosis (48). Also, the virus is associated with the increased activation of immune system (49, 50). It should be noted that the majority of the extant research emphasizes that viral infection of the cochlea nerve or central nervous system is one of the more common presumed etiologies (51, 52). In addition, there could be conductive deafness due to middle ear diseases such as otitis media and Eustachian tube dysfunction resulting from COVID-19 infection.

Few studies investigate otorrhea among COVID-19 infected individuals in detail, and only a few cases with otitis media have been reported. In our study, we found that the prevalence of otorrhea is much lower than the symptoms mentioned earlier. Of these participants, nearly half suffered from otitis media recurrence. A possible explanation for this might be that COVID-19 infects the middle ear directly through the ACE2. Moreover, some studies identified COVID-19 virus in mastoid or middle ear (43, 53). After being infected by COVID-19, on the one hand, the patients may suffer from weakened immunity that tends to result in otitis media. On the other hand, the middle ear may experience secondary bacterial infection, which deteriorates the existed otitis media.

Last but not least, some researches have reported that COVID-19 may cause facial nerve palsy (54, 55). Mehrdad Estakh et al. (11) have shown that there is enough evidence suggesting that patients with COVID-19 infection may present with facial palsy as the initial clinical manifestation. According to recent studies, the COVID-19 virus may damage facial nerve function by direct toxic effects on the nerve or by increasing hypercoagulopathy (23). Increased deterioration of nerve function can occur due to direct viral damage or an autoimmune event that can trigger a boost in inflammation of the nerve (56). For instance, facial palsy was regarded as neuronal damage secondary to severe complications like Guillain-Barré Syndrome (GBS) (57). Previous studies have shown combined facial and trigeminal nerve palsy after COVID-19 infection (58). Nevertheless, the incidence rate of facial palsy is very low. We found that only 6/2247 (0.27%) patients had facial paralysis, of which 5 out of 6 had previous history. Therefore, further studies are needed to investigate the potential mechanism of facial palsy following COVID-19 infection. Physicians, however, should keep undoubtedly in mind the likelihood of facial palsy post COVID-19 infection and treat it accordingly.

A key superiority of our study is that we recruited participants during the acute phase of COVID-19 infection with a large sample size. Furthermore, our questionnaire covers common otologic symptoms and thus enables a comprehensive analysis of the correlation between COVID-19 infection and otologic symptoms. Nevertheless, there are a few limitations that need to be considered in this study. Firstly, the data collected were self-reported by patients via the social media application WeChat without objective diagnostic and audiological tests. Secondly, the use of a single social media platform may result in sampling bias since some older individuals are less likely to complete the online questionnaire. Thirdly, the vast majority of questionnaires were filled out in a few days after COVID-19 infection. Further studies are needed to investigate the long-term impact of COVID-19 infection on ear.



5. Conclusion

Our study shows that otologic symptoms are common among the COVID-19 infected individuals during the acute phase of the pandemic period, and that these symptoms mostly appear to recover spontaneously. However, the true prevalence of involvement of the cochleovestibular system and facial nerve in COVID-19 patients around the world is unknown. Given that most of the studies are from a single institution with a small sample size, the published data must be interpreted with caution. In addition, more comprehensive otologic tests are required to further elucidate the pathogenesis of the underlying dysfunctions of the cochleovestibular system and facial nerve after COVID-19 infection.
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