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Abstract

:

Background: Various symptoms have been associated with COVID-19, but little is known about the impacts of COVID-19 on the sensory system, risk factors, and the duration of symptoms. This study assesses olfactory, gustatory, hearing, and vestibular systems after COVID-19. Methods: This cross-sectional, single-center study involved 50 patients one to six months after COVID-19 and reports their patient records and the extent, onset, and duration of olfactory, gustatory, hearing, and balance disorders using questionnaires during and after COVID-19. Sensory symptoms were objectively studied using the following clinical tests after COVID-19 Sniffin’ Sticks, taste tests, tone/speech audiometry, and video head impulse test. Results: Post-COVID-19-patients were suffering from olfactory and gustatory impairment for up to six months. According to the Dizziness Handicap Inventory, balance disorders were less noticed: Overall, about 40% of the patients during COVID-19 and nearly all patients recovered within six months. After COVID-19, clinical tests revealed that 75% were suffering from hyposomnia/anosmia, and 20% of all patients reported mild hypogeusia for up to six months. Vestibular disorders and hearing impairment rarely/did not occur. Females were significantly more affected by sensory impairments than males. Conclusions: COVID-19 particularly caused olfactory and gustatory impairment; balance disorders were present too; vestibular and auditory symptoms were negligible.
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1. Introduction


In December 2019, a novel coronavirus—severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)—emerged, causing a cluster of acute pulmonary syndromes in Wuhan, China [1]. The subsequent COVID-19 rapidly grew into a pandemic, with 80.87 million cases and 1.77 million deaths worldwide as of December 2020 [2]. Symptoms associated with COVID-19 range from mild (fever, headache, dizziness, fatigue, dry cough) to severe disease (pneumonia, acute respiratory distress syndrome, cardiogenic complications) [3,4]. Since sensory systems are affected, reports include not only olfactory and gustatory symptoms but also neurological disorders [5,6,7]. Many patients with COVID-19 feel dizzy [8]; however, it remains unclear whether this symptom reflects the effects of SARS-CoV-2 on the vestibular system or whether the dizziness has another cause. The affecting of motor cranial nerves by other viruses has been well-described (e.g., facial nerve palsy as part of a herpes zoster infection) [9]. The mechanisms and durations of the manifold neurological symptoms of COVID-19 remain unclear, as do the pathogeneses that might underlie them. Direct toxic damage to the central nervous system, and immunological and hypoxic mechanisms, have been discussed in relation to SARS-CoV-2 [10].



This study aimed at objectifying perceived or even unnoticed sensory deficits of the olfactory, gustatory, hearing, and vestibular systems after COVID-19 using the latest clinical diagnostics and structured questionnaires to compare symptoms both during and after the diagnosis of COVID-19. We sought to understand how long sensory deficits persist and whether certain patient characteristics were linked to more severe disease courses.




2. Materials and Methods


2.1. Patients


This study included 50 post-COVID-19 patients from 1 May to 30 November 2020 at the Department of Otorhinolaryngology, Head and Neck surgery. The inclusion criteria were adulthood (>18 years), being six months post-diagnosis of COVID-19, as confirmed by polymerase chain reaction (PCR) from swab samples, and approval by the local health offices. All patients included in this study had suffered from wild type virus. Prior to clinical testing, a clinical examination, including ear microscopy and nasal endoscopy, was performed. This study was approved by the local ethics committee (#2020-549N) and conducted according to the Declaration of Helsinki; all patients gave written informed consent to participate. “During COVID-19” refers to the time period of COVID-19, which was confirmed by a PCR test as mentioned above.




2.2. Smell Test


Olfactory testing was assessed using an extended 32-item Sniffin’ Sticks test (Burghart), as described previously [11]. Sniffin’ Sticks are felt tip pens that carry odors to retrieve a combined threshold, discrimination, and identification (TDI) score. Olfactory thresholds were examined at 16 different concentration levels. In an alternative forced choice (AFC) method, the blinded subjects were asked to identify the odors of three pens. After two correct choices, the concentration was decreased, if not, the concentration was increased. The odor threshold is the average of the last 4 of 7 total turning points.



Odor discrimination was determined using 16 sets of three odor-containing pens. Subjects were presented three pens, two with an identical scent and one with a different scent. Subjects had to identify which pen had the different scent and indicate the contrasting odor scent again in an AFC-setting.



In the odor identification task, 16 different odors had to be identified, and four different options were presented for each of the 16 odors. The correct choices of all three subtests were combined for the TDI score, making a maximum score of 48 points. Smell was categorized accordingly: anosmia ≤ 15 points, hyposmia 15–31 points, normosmia ≥ 31 points.




2.3. Taste Test


To assess the gustatory function, a standardized taste test was performed. The solvents for four taste qualities (sweet, sour, salty, bitter) were freshly prepared in distilled water (saccharum: 10%; acetic acid: 5%; sodium chloride: 10%; quinine chloride: 1%; as a control for trigeminal testing: raspberry with cherry). Then, 2–3 droplets of the solutions were administered to the subject’s tongue. Subjects had to identify the taste in an alternative forced choice setting.




2.4. Pure Tone Audiometry (PTA) and Speech Audiometry


A pure-tone average was calculated across 250, 500, 1000, 2000, 4000, and 6000 Hz bone-conduction and across 125, 250, 500, 1000, 2000, 4000, 6000, 8000, and 10,000 Hz air-conduction for each side and averaged for both sides. Additionally, pure-tone audiograms were averaged for low, medium, and high frequencies and both sides and analyzed for bone conduction (low: 250–500 Hz, medium: 1000–4000 Hz, high: 6000 Hz) and air conduction (low: 125–500, medium: 1000–4000 Hz, high: 6000–10000 Hz). The Freiburg speech intelligibility test was used to determine speech perception thresholds based on two-digit numbers and the ability to discriminate speech at suprathreshold presentation levels based on monosyllabic nouns [12]. Both tests were carried out in a soundproof cabin with regularly calibrated devices.




2.5. Video Head Impulse Test (vHIT)


To assess the horizontal semicircular canal function, vHIT was performed using a video oculography system (Autronic) with a high-speed infrared camera and an accelerometer to record head and ocular movement at a sampling rate of 250 Hz [13]. The vestibular ocular reflex was measured during short, horizontal head rotations/impulses with aimed head rotations at 100 to 200/s and 5° and 15° (center to lateral position). A minimum of 15 impulses per side were tested to acquire mean gains at 40, 60, and 80 ms and catch-up saccades. Results were interpreted as normal if the median gain was >0.8 and no reproducible catch-up saccades could be identified.




2.6. Subjective Visual Vertical (SVV) Test and Vestibular Evoked Myogenic Potentials (VEMPs)


SVV tests are a psychophysical measure of the angle between gravitational vertical and perceptual vertical that were preformed to screen for otolith dysfunction. Healthy individuals with normal otolith function align the SVV within two degrees of true vertical (0 degrees) [14]. If SVV tests showed abnormal results, then ocular and cervical VEMP testing were performed to further identify and objectify otolith dysfunction, as previously described [15].




2.7. Questionnaires


All subjects were asked to complete a self-constructed questionnaire regarding sensory symptoms at the time of presentation after COVID-19 recovery and during COVID-19, retrospectively. To evaluate the effects on sensory systems, all subjects categorized their smell or taste impairment according to time of appearance; and in quantitative (visual analogue scale (VAS) ranging from 0—no impairment to 10—complete loss of smell/taste) and qualitative manners (open question for type of smell or taste impairment, such as loss of senses or confused or diminished smell and taste). The subjective impairments of the vestibular and auditory systems were assessed for the onset and duration of dizziness and hearing impairment. For the evaluation of vestibular symptoms, subjects filled out the Dizziness Handicap Inventory (DHI) questionnaire for two points in time both during and after COVID-19 [16]. The DHI consists of 25 items evaluating triggers and the impact of dizziness on private social life and work life. Nine items for each area evaluate the functional and emotional aspects of dizziness, and the remaining seven items evaluate physical aspects; answers were “yes”, “no”, and “sometimes”. The calculated point score indicates the severity of the handicap (16–34 mild, 36–52 moderate, >54 severe disability) [16].




2.8. Statistical Analysis


Data were summarized using descriptive statistics in total numbers (N), percentages, arithmetic means, and standard deviation (SD) using IBM SPSS (version 20.0, Armonk, NY, USA) and GraphPad Prism (version 8, San Diego, CA, USA). An unpaired t-test was used for statistical analysis of parametric data, and for nonparametric data the Mann–Whitney U test or the Wilcoxon test was performed. Confidence intervals are listed along with significance tests in Table S1. Questionnaires and clinical tests were examined for correlation using Pearson correlation coefficient (Table S2). If data were missing, the patient was excluded from the corresponding analysis. To demonstrate a moderate effect (Cohen’s = 0.4) for 2 paired samples, a sample size of 50 has sufficient power (assuming alpha = 0.05 and power = 0.8). This has been verified using the SAS procedure PROC POWER. A p-value below 0.05 was considered statistically significant.





3. Results


3.1. Patient Characteristics


All subjects were recruited 1–6 months following COVID-19 confirmation by a positive PCR swab test result. In total, 23 men and 27 women with an average age of 45 years participated (Table 1). Of all patients, 88% were treated on an outpatient basis, 6% received inpatient care, and 4% received intensive care. Symptoms associated with COVID-19 persisted for 19 days on average. The consumption of noxious agents, such as tobacco or alcohol, was not the norm (tobacco: 2%; alcohol: 34%). Hypertension and thyroid dysfunction were the most common comorbidities.




3.2. Presence and Duration of Sensory Dysfunction after COVID-19


Sensory impairment of COVID-19 patients was assessed using questionnaires. The presence, exact beginning, and duration of symptoms are summarized in Table 2. Most patients retrospectively reported that they had sensory COVID-19-associated symptoms which affected smell (78%), taste (84%), hearing (16%), and balance (48%).



The beginning of sensory symptoms after diagnosis was similar (olfactory: 4.9 days, gustatory: 3.7 days, balance: 3.2 days, hearing: 2.9 days after diagnosis). However, many patients were unable to identify when their symptoms began.



The presence of olfactory and gustatory symptoms was frequently limited to ongoing cases of COVID-19 (olfactory: 30%; gustatory: 42%), but often continued (olfactory: 42%; gustatory: 38%). While dizziness was common, particularly during COVID-19 (30%) and even afterwards (10%), hearing was only impaired during and/or after COVID-19 in a relatively small number of cases (8%). The mean duration of olfactory and gustatory symptoms was 17–20 days. Vestibular and hearing impairments lasted 11–12 days on average.



Some patients (16%) reported pre-existing gustatory and olfactory impairments before COVID-19. A minority of subjects (olfactory: 4%; gustatory: 2%) described their symptoms as exclusively present after COVID-19.




3.3. Reduced Perception of Smell and Taste during and after COVID-19


Figure 1A,D shows the degrees of loss of smell and taste as rated by the patients. Olfactory and gustatory symptoms were reported by 85% and 82% of all patients, respectively, as happening during COVID-19. Olfactory disorders were frequently reported for up to 6 months (1–3 months: 53%; 4–6 months: 83% of patients); gustatory impairment lasted less frequently (1–3 months: 39%; 4–6 months: 61% of patients). While symptoms tended to persist, smell and taste were significantly reduced during COVID-19 compared to the following months (Table S1: smell/taste VAS: p < 0.0001). Retrospectively, 58% of all patients classified their smell disorder as complete anosmia and 45% as complete taste loss.



The objective measures of smell and taste confirmed persistent impairment in many patients after up to six months (Table 3, Figure 1B,E). TDI scores revealed that 72% of all study participants suffered from hyposmia and 4% from anosmia following COVID-19 (Table 3).



In contrast, gustatory impairment was less frequent, with 16% of patients reporting hypogeusia and 2% reporting ageusia during clinical testing (Table 3). Overall, gustatory dysfunction was less frequently observed than olfactory impairment after COVID-19. There was little variation for the different taste qualities (sweet 12%> salty 8%> bitter 4%> sour 2%). However, smell and taste did not vary between 1–3 months and 4–6 months after COVID-19 (Figure 1B,E). The subjective assessment of smell and taste (VAS) and the objective testing (i.e., Sniffin’ Sticks) showed a medium correlation for TDI scores (Table S2: TDI score: r = −0.5, p = 0.001).



In the objective testing for olfactory and gustatory dysfunction, female participants were significantly more affected than males (Figure 1C,F: p < 0.05). Interestingly, the subjective perception of smell and taste assessed using the VAS did not differ between genders (Figure S1A,B).




3.4. Decreased Dizziness during First Months of Follow-Up


The subjective perception of vertigo among the study participants was acquired using the DHI. Dizziness was common during COVID-19: 38% of patients reported mild to severe symptoms. These symptoms were less persistent, as only 23% and 6% of cases reported mild symptoms at 1–3 and 4–6 months, respectively (Figure 2A, Table S1: p < 0.001).



Women were more likely to experience dizziness than men (Figure 2B, p < 0.05), and their symptoms tended to be more severe and were more likely to persist.




3.5. Vestibular and Auditory Functions Rarely Affected after COVID-19


One patient showed abnormal SVV test results; cervical VEMP and ocular VEMPs were absent on the left side, indicating a left otolith dysfunction. Another patient presented with an abnormal vHIT. All other patients presented with normal otolith and semicircular canal function (Table 3, Figure S2). PTAs and Freiburg speech audiograms revealed normal to mild hearing loss. Some patients had to be excluded because of pre-existing hearing disorders. However, the frequency-specific analysis showed hearing loss particularly in higher frequencies compared to lower (bone-conduction: 36% vs. 20%, air conduction: 48% vs. 36%; Table S3). Two patients out of 50 (4%) indicated acute tinnitus during and after COVID-19.





4. Discussion


In our cohort, 74–80% of COVID-19 patients suffered from olfactory and/or gustatory dysfunction for at least two weeks. While the initial rates were comparable to those reported by Moein and Niklassen (96% hyposmia in COVID-19 patients), our patients tended to have prolonged symptoms. Many patients reported symptoms even after 4–6 months (hyposmia (53%), anosmia (12%), and hypogeusia (22%), as compared to 63% recovering by 4–5 weeks in the cohort of Moein et al. [17,18,19]). In other studies, most patients (70–80%) indicated complete recovery from chemosensory disorders within 1–2 months [20,21]. These comparatively high recovery rates could be due to their exclusively questionnaire-based study design without objectivization and without the need for a visit to the clinic. Hence, while their recovery rates might have been overestimated, our rates might be too low due to selection bias.



In contrary to other data, we did not observe significant differences among certain taste qualities after COVID-19, which might have been due to the flaws of self-assessment [19,22]. Additionally, taste recovery rates are much higher and faster than smell recovery rates. This could be caused by the location of the SARS-CoV-2 reservoir, which is mainly in the nose and nasal cavities, which would sustain inflammatory responses and the impairment of smell [23]. Additionally, the renewal of taste buds is usually a matter of 10 days; however, the renewal of olfactory neurons takes several weeks [24,25]. Women were more affected by smell and taste dysfunction according to their TDI scores compared to men, which has been observed by others before [26]. Gender-related differences were observed only in the objective data from the Sniffin’ Sticks or taste tests, but not in the results from the questionnaires. This result is even more interesting, since the normative data reported by Oleszkiewicz et al. showed lower TDI scores for males [27].



Overall, post-COVID symptoms have been observed to be more prevalent in women than in men in various other studies [28,29,30]. In the literature, different explanations exist for these gender-related differences: The higher expression levels of the angiotensin-converting-enzyme-2 (ACE2) and lower levels of pro-inflammatory cytokines (i.e., interleukin-6) in women after viral infections could explain their higher susceptibility to developing olfactory and gustatory post-COVID symptoms [30,31]. 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 the perception of sensory symptoms, such as dizziness [32].



The objective (TDI-scores) and subjective (VAS) data for olfactory impairment showed a strong correlation (−0.6, Table S2), whereas gustatory and balance disorders showed no correlation. Overall, olfactory impairment was underestimated and gustatory disorders were overrated in self-assessed tests compared to the objective data. The subjective overestimation of gustatory symptoms might have been caused by the misunderstanding of the difference between smell and taste within the study population, which has also been observed by others, too [22]. Direct comparisons of objective and subjective assessments of olfactory loss in COVID-19 in a systematic review also showed objective testing to be more sensitive [33]. Additionally, the DHI interrogates different origins of balance disorders; however, the vHIT specifically tests an impairment of the semicircular canal. Overall, most of the objective tests are more specific than the subjective questionnaire surveys. Thus, objective measurements should be preferred to detect even unnoticed disorders of the sensory senses; some researchers have even suggested that objective smell and taste dysfunctions are sensitive indicators of COVID-19 [34,35].



The duration of smell and taste impairment was limited due to our cross-sectional and partly retrospective study design. In 20–30% of cases, sensory symptoms were ongoing during clinical tests, and the memories of symptoms could have been distorted in retrospect. Although a longitudinal study design would be more adequate to precisely detect possible effects on the sensory organs in the course of the disease and afterwards, practical reasons and hygiene guidelines make the assessment of the tests difficult, especially during the infectious phase of COVID-19; for example, a sound-attenuated booth with regularly calibrated equipment is needed for comparable auditory and vestibular assessment.



Standardized DHI questionnaires showed dizziness was a common symptom during the acute phase of infection, but tended to improve swiftly. However, some patients reported persistent dizziness for up to six months. Women were significantly more affected by dizziness during/after COVID-19. This does not seem surprising, as peripheral vestibular disorders and unspecific dizziness are more prevalently reported by women, as women overall seem to be more susceptible to dizziness and dizziness-related reductions in quality of life [36,37,38].



Interestingly, vestibular laboratory testing and hearing assessments revealed normal vestibular and cochlear function in the study population. Hence, it seems unlikely that the dizziness experienced by patients during infection was caused by SARS-CoV-2 affecting the vestibular system itself, as a sign of compensating for loss of function would be expected in vHIT [39]. However, recently, cases of vestibular neuritis and sudden onset sensorineural hearing loss post-COVID-19 have been described [40,41,42]. Nevertheless, the pathophysiology for the deficits described in those cases vary: the sudden sensorineural hearing losses were caused by intralabyrinthine hemorrhage or vestibular neuritis [40,42,43].



There might be multiple explanations for why individuals with COVID-19 experience dizziness during infection: hyperventilation due to (subjective) dyspnea, for example, can lead to dizziness and light-headedness, which is often seen in patients with anxiety disorders [44]. Moreover, orthostatic cardiovascular factors, especially in combination with fever and potential hypovolemia, and anxiety-associated hyperventilation, might lead to dizziness. Four percent of our patients indicated acute tinnitus after COVID-19. In the meta-analysis of Jafari et al., subjective tinnitus of 4.5% was calculated for the 1.3% to 23.2% tinnitus occurrence rates of COVID-19 patients [45,46,47]. However, it is controversial if the tinnitus is induced by the virus or a psychological side effect due to the mental stress [48]. In comparing pure tone averages, we did not observe significant changes; however, the frequency-specific analysis revealed that higher frequencies are more affected than medium/lower. The reported subjective auditory loss of COVID-19 patients varied from 0.6% to 10% in previous studies [45,49]. De Souza et al. compared PTAs and frequency-specific hearing loss in COVID-19 patients with moderate to severe disease courses to primary care patients (control). They observed mild to moderate hearing loss, particularly for frequencies above 1 kHz, which is in line with our observation [50].



Nevertheless, our results suggest that SARS-CoV-2 does not seem to affect the peripheral end organs of the inner ear itself, as no altered vestibular function was observed, nor was any significant loss of hearing found in study participants.



As the nasal cavities and pharyngeal mucosa are considered as SARS-CoV-2 reservoirs, SARS-CoV-2 is hypothesized to enter through the neural–mucosal interface of the olfactory mucosa. Interestingly, in animal models the sustentacular cells within the olfactory epithelium have been targeted by the virus [23,51] and the angiotensin-converting enzyme 2 (ACE2) has been identified as the main entrance receptor for the uptake of SARS-CoV-2 [52,53]. The infection of the olfactory epithelium with the virus causes cell death and desquamation, which can lead to a loss of olfactory neurons and consequently hyposomnia or anosmia. Whereas the affecting of the olfactory nerve has been investigated carefully, only a few studies have hypothesized about the causes for the effects in other sensory systems: (i) The first hypothesis is that sensory cells are impaired in their functions because of inflammatory processes. Particularly, in the airway epithelium, interferon and toll-like receptors are overexpressed. Additionally, higher interferon expression is associated with overexpression of ACE2 receptors, which in turn makes the cells more vulnerable [54,55]. (ii) The other hypothesis is that the virus spreads along the axons to other locations of the central nervous system [56]. Other cranial nerves in the brain stem could be affected [57]. Thus, caudal cranial nerves are less often involved due to their rather distant location from the olfactory nerve. However, this is controversial because losses of sensory functions in patients are usually associated with positive disease progression without encephalitis [58]. Nevertheless, it would explain the occurrence of auditory and vestibular symptoms in some patients. Thus, it is not surprising that the neuronal effects of SARS-CoV-2 on the olfactory and gustatory systems have appeared frequently, whereas malfunctions of the vestibulocochlear nerve are rare.



Our study limitations: Firstly, our sample size was—although statistically sufficient—rather small, with 50 patients included. Additionally, only patients who had suffered from SARS-CoV-2 wild type infection were included. A bigger sample size and especially patients who had undergone a virus variant infection would have been interesting to include. Presently, there unfortunately is still no literature available that compares or examines the influences of different SARS-CoV-2 virus variants on the sensory system. This would be of special interest, as potential differences are certainly conceivable, since patients infected with omicron overall suffer from other/milder symptoms than patients infected with wild type virus or the delta variant [59]. The top five symptoms that are linked to an omicron infection, for example, do not include sense of smell or taste, which were most common with the alpha variant [60]. Therefore, future studies should also include objective measurements of the sensory system, in order to detect possible differences in the impacts of SARS-CoV-2 virus variants on the sensory system.




5. Conclusions


Our data confirm a high incidence of impaired olfactory and gustatory function in patients during and after COVID-19. Moreover, the results suggest that the cochlear and vestibular impairment by SARS-CoV-2 is negligible, unlike the gustatory and especially the olfactory systems. Additionally, women were significantly more affected by dizziness, hypogeusia, and hyposmia compared to men. Objective measurements should be preferred to further analyze the effects of COVID-19 on the sensory system and to detect potentially unnoticed distorted functions.
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Figure 1. Impacts of COVID-19 on the olfactory and gustatory systems. Patients categorized their smell and taste dysfunction on a VAS (0—no impairment; 10—complete smell/taste loss) retrospectively for the time during COVID-19 and for 1–6 months after COVID-19. (A) Self-assessed impact on smell during and after COVID-19. The sense of smell was strongly impaired during COVID-19 and improved in the initial 6 months following COVID-19. (B) Olfactory impairment was measured using Sniffin’ Sticks to determine TDI scores. Most subjects suffered from hyposmia during the initial 6 months after COVID-19. (C) Women showed significantly stronger olfactory impairment than men. (D) Self-assessed taste dysfunction during infection and within the initial 6 months after COVID-19. The sense of taste partially recovered in the initial 6 months after COVID-19. (E) Gustatory impairment was detected via taste test and is shown as a percentage. Most patients showed fully recovered gustatory function. (F) Women were significantly more often affected by taste dysfunction than men; n: number of patients; p-values below 0.05 were considered significant (* p < 0.05, **** p < 0.0001). 
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Figure 2. Influence of COVID-19 on the sense of balance. All patients were asked to classify their vertigo symptoms both during and after COVID-19 using the Dizziness Handicap Inventory, a 25-item multiple choice questionnaire. (A) During COVID-19, more than half of patients reported having at least mild symptoms of dizziness that improved during the initial six months following COVID-19. (B) Women experienced significantly more balance disorders than men both during and after COVID-19 (* p < 0.05, **** p < 0.0001). 
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Table 1. Characteristics of COVID 19 patients.
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	Characteristics
	N (%)





	Age
	



	20–40 years
	22 (44)



	41–76 years
	28 (56)



	Mean ± SD
	45 ± 15.44



	Gender
	



	Male
	23 (46)



	Female
	27 (54)



	Location
	



	Outpatient
	44 (88)



	Inpatient
	3 (6)



	Intensive care
	2 (4)



	No data
	1 (2)



	Duration of disease
	



	1–7 days
	4 (8)



	8–14 days
	21 (42)



	15–30 days
	17 (34)



	30–60 days
	6 (12)



	No data
	2 (4)



	Mean ± SD
	18.54 ± 11.01



	Follow up after COVID-19
	



	1–3 months
	32 (64)



	4–6 months
	18 (36)



	Mean (days) ± SD
	69.12 ± 41.61



	Smoker
	



	Yes
	1 (2)



	No
	49 (98)



	Alcohol consumption
	



	Yes
	17 (34)



	No
	32 (64)



	No data
	1 (2)



	Medical history
	



	Hypertension
	10 (20)



	Atrial Fibrillation
	2 (4)



	Depression
	3 (6)



	Asthma
	4 (8)



	Thyroid dysfunction
	8 (16)



	Medication
	



	Hypertensive medication
	11



	Antilipemic medication
	4



	Antidepressant medication
	5



	Asthma medication
	3



	Analgesics
	3



	Others
	21
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Table 2. Questionnaire data of sensory dysfunction during and after COVID-19.
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	Olfactory

N (%)
	Gustatory

N (%)
	Hearing

N (%)
	Vestibular

N (%)





	Presence of symptoms
	
	
	
	



	None

Before COVID-19
	8 (16)

3 (6)
	8 (16)

0 (0)
	34 (68)

8 (16)
	23 (46)

3 (6)



	COVID19-associated symptoms:
	
	
	
	



	Only during COVID-19
	15 (30)
	21 (42)
	3 (6)
	15 (30)



	During and after
	21 (42)
	19 (38)
	1 (2)
	5 (10)



	Only after
	2 (4)
	1 (2)
	0 (0)
	4 (8)



	No data
	1 (2)
	1 (2)
	4 (8)
	0 (0)



	Total
	50 (100)
	50 (100)
	50 (100)
	50 (100)



	Initial begin of COVID-19 associated symptoms
	
	
	
	



	With onset of COVID-19
	9 (18)
	10 (20)
	1 (2)
	8 (16)



	1–7 days after onset
	20 (40)
	24 (48)
	4 (2)
	13 (26)



	8–14 days after onset
	5 (10)
	4 (8)
	0 (0)
	2 (4)



	15–21 days after onset
	0 (0)
	0 (0)
	0 (0)
	1 (4)



	31 days after onset
	1 (2)
	0 (0)
	
	



	No data
	15 (30)
	12 (24)
	45 (90)
	26 (52)



	Total
	50 (100)
	50 (100)
	50 (100)
	50 (100)



	Mean ± SD
	4.86 ± 5.68
	3.74 ± 3.29
	3.2 ± 3.49
	2.96 ± 4.59



	Duration of disease
	
	
	
	



	1–7 days
	9 (18)
	11 (22)
	1 (2)
	14 (28)



	8–14 days
	7 (14)
	10 (20)
	1 (2)
	2 (4)



	15–21 days
	4 (8)
	6 (12)
	1 (2)
	1 (5)



	22–120 days
	5 (12)
	7 (14)
	0 (0)
	4 (8)



	No data
	25 (50)
	16 (32)
	47 (94)
	29 (58)



	Total
	50 (100)
	50 (100)
	50 (100)
	50 (100)



	Mean ± SD
	19.92 ± 27.37
	16.53 ± 20.4
	11.33 ± 9.07
	11.67 ± 14.73
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Table 3. Clinical test data of sensory dysfunction after COVID-19 infection.
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	Olfactory Test
	
	Gustatory Test



	Sniffing sticks
	
	Taste test
	



	 Threshold
	3.03 ± 2.73
	 Normal taste (100%)
	40 (80)



	 Discrimination
	12.24 ± 2.38
	 Hypogeusia (25–75%)
	8 (16)



	 Identification
	12.63 ± 2.57
	 Ageusia (0%)
	1 (2)



	
	
	 No data
	1 (2)



	TDI score
	27.78 ± 5.37
	 Total
	50 (100)



	 Normosmia (≥ 31 pts)
	11 (22)
	Retronasal irritation test
	



	 Hyposmia (15–31 pts)
	36 (72)
	 Perceived and identified
	39 (78)



	 Anosmia (≤15 pts)
	2 (4)
	 Perceived
	8 (16)



	 No data
	1 (2)
	 No perception
	3 (6)



	 Total
	50 (100)
	 Total
	50 (100)



	
	Audiometric Test
	
	Vestibular Test



	PTA—bone conduction
	
	Video head impulse test
	



	 Normal hearing (0–20 dB)
	36 (72)
	(vHIT)
	



	 Mild (20–40 dB)
	6 (12)
	 Normal
	48 (96)



	 Medium (40–60 dB)
	0 (0)
	 Abnormal
	1 (2)



	 Severe (>60 dB)
	0 (0)
	 No data
	1 (2)



	 No data/Pre-existing
	8 (16)
	 Total
	50 (100)



	 Total
	50 (100)
	 Mean ± SD
	1.03 ± 0.15



	 Mean ± SD
	11.3 ± 6.7
	
	



	PTA—air conduction
	
	
	



	 Normal hearing (0–20 dB)
	27 (54)
	
	



	 Mild (20–40 dB)
	15 (30)
	
	



	 Medium (40–60 dB)
	0 (0)
	
	



	 Severe (>60 dB)
	0 (0)
	
	



	 No data/Pre-existing
	8 (16)
	
	



	 Total
	50 (100)
	
	



	 Mean ± SD
	18.2 ± 8.3
	
	



	Freiburg speech audiogram
	
	
	



	 Numbers at 50%
	−9.56 ± 13.22
	
	



	 No data
	8 (16)
	
	



	 Monosyllables at 65 dB
	93.91 ± 13.12
	
	



	 No data
	10 (20)
	
	



	 Total
	50 (100)
	
	



	Tympanogram
	
	
	



	 Normal
	46 (96)
	
	



	 Abnormal
	3 (6)
	
	



	 No data
	1 (2)
	
	



	 Total
	50 (100)
	
	



	Stapedius reflex test
	
	
	



	 Normal
	22 (44)
	
	



	 Abnormal
	14 (28)
	
	



	 No data
	14 (28)
	
	



	 Total
	50 (100)
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