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Abstract
Coronavirus disease 2019 (COVID-19) is a highly infectious disease and was designated a pandemic by the World Health Organization (WHO) on March 11, 2020. There are no classical manifestations of the disease. The most prevalent symptoms include fever, cough, dyspnea, myalgia and headache. The main route of transmission of the severe acute respiratory syndrome coronavirus-2 is through the upper respiratory tract. Therefore, it is not strange to find different ear, nose and throat (ENT) symptoms in individuals infected with this virus. Olfactory dysfunction is a common feature of COVID-19; either it is the only presenting symptom or it accompanies other manifestations of the disease. Other otolaryngological features such as sudden sensorineural hearing loss (SSNHL), dysphonia, nasal obstruction, sore throat, etc. are less frequent manifestations of COVID-19. These features, in addition, to being presented early in the disease process, certain long-standing symptoms like parosmia, dysphonia, and persistent deafness, are other characteristics of the disease. Geographical variation in otorhinolaryngological prevalence is another problem with this debilitating disease. Local and systemic adverse effects (local site injection pain, fever, myalgia, headache, and others) of the COVID-19 vaccines are more frequent than otolaryngological side effects (anosmia, hyposmia, Bell’s palsy, SSNHL, etc.). We aimed in this review to summarize the early and persistent ENT symptoms of COVID-19 or after the various COVID-19 vaccines.
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Core Tip: The most common otorhinolaryngological manifestations of coronavirus disease 2019 (COVID-19) are olfactory dysfunctions rather than other symptoms (sore throat, nasal obstruction, deafness, dysphonia, tinnitus, etc.). They might be present alone or associated with other common features of the disease (fever, cough, myalgia, headache and dyspnea). Adverse effects of the COVID-19 vaccines include local injection pain, fever, myalgia, headache, and others. Otorhinolaryngological side effects like Bell’s palsy, anosmia and deafness due to COVID-19 vaccines are reported in the literature as individual cases or small case series. We review the currently available evidence regarding the otorhinolaryngological features of COVID-19 or after vaccination.

INTRODUCTION
The coronavirus disease 2019 (COVID-19) is highly contagious and caused by the novel severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)[1]. COVID-19 affects all medical and surgical specialties. Therefore, at the beginning of the COVID-19 pandemic, questions emerged in the mind of ear, nose and throat (ENT) surgeons. First, how can they protect themselves while performing routine tasks in outpatient clinics, wards, and theaters[2,3]. Second, how should they behave with patients who need surgical operations, particularly upper aero-digestive procedures[4]. Lastly, how they can use telemedicine to lessen the burden on health services[5]. 
COVID-19 has a diversity of presenting features, including classical (fever, cough, fatigue, dyspnea and headache) and nonclassical symptoms like smell and taste abnormalities[6]. It is considered a unique disease because not all affected individuals complain of the same clinical features, as well as long-standing persistence of some of these symptoms in certain patients. Furthermore, the features of the disease vary according to the ethnicity, geographical location, age of the patients, and waves of the disease[7-9]. 
Otorhinolaryngological symptoms like anosmia, ageusia, dysphonia, deafness, and others might be the only presenting symptom or accompany other features of COVID-19[10]. Patients with these symptoms are screened for the disease by reverse transcriptase polymerase chain reaction of naso- or oropharyngeal swabs to rule out or confirm the disease or quarantine them. Therefore, they play an essential role in controlling the disease[11]. 
At the beginning of 2021, several vaccines against COVID-19 were approved and given to people to achieve herd immunity to end this pandemic[12]. There is an appearance of certain clinical features, including general and otorhinolaryngological symptoms, following vaccination[13]. We aimed to summarize the various otorhinolaryngological features due to COVID-19 or following vaccination. 

CHARACTERISTICS OF SARS-CoV-2
Coronaviruses contain several viruses that infect animals, which may be transmitted to humans and cause acute respiratory illnesses ranging from mild to severe and even critical forms. In 2002 and 2012, two fatal respiratory disease viruses in humans, SARS-CoV-1 and Middle East respiratory syndrome coronavirus, respectively, originated from animals. Therefore, new coronaviruses are considered a major health problem at the beginning of the 21st century[14]. The novel SARS-CoV-2 which emerged in Wuhan, China in December 2019, is a highly infectious virus from a group of coronaviruses. It is the causative agent of COVID-19[1]. 
Although SARS-CoV-2 is mostly transmitted through droplet or direct contact, transmission through aerosols, urine, mother-to-child, tears, and fecal–oral transmission are other routes[15–19]. The respiratory tract is the part of the body most commonly affected by SARS-CoV-2. However, any organ in the body can be infected by this virus[20]. The specific receptor, angiotensin-converting enzyme (ACE)-2, is distributed in the lungs, vascular endothelial cells, cardiac tissues, kidneys, brain, liver, intestine, pharynx, olfactory epithelium, and other sites and is the targeting receptor of the virus[20].
Similar to other RNA viruses, the novel SARS-CoV-2 has the continuous ability to mutate various genes. As a consequence, these mutating forms enhance the activity of the virus concerning transmissibility and infectivity. An obvious example is the appearance of the delta variant that infected millions of people across the globe[21]. 
As a result of the emergence of new variants, the Centers for Disease Control and Prevention and the World Health Organization (WHO) have independently developed a classification system for distinguishing various SARS-CoV-2 variants. This system divided these variants into variants of concern (VOCs) and variants of interest (VOIs)[22].
The VOCs are divided into five variants; alpha, beta, gamma, delta and omicron. All of them have mutations in the receptor-binding domain (RBD) and the N-terminal domain (NTD), of which the N501Y mutation located in the RBD is seen commonly in all types except the delta type. This enhances the affinity of the spike protein for the ACE-2 receptors, increasing the viral binding and thereby entrance into the host cells. Two new preprints found that a single mutation of N501Y alone enhances the affinity of the RBD to the ACE-2 receptors about 10-fold more than the ancestral strain (N501-RBD). The binding affinity of both beta and gamma variants with mutations N417/K848/Y501-RBD and ACE-2 receptors was lower than that of N501Y-RBD and ACE-2 receptors. Omicron was rapidly identified as a VOC due to > 30 changes to the spike protein of the virus as well as a sharp increase in the number of cases observed in South Africa. Various mutations were reported; for example A63T in the matrix; T91 in the envelope; Q498R in the RBD of the spike; R203K in the nucleocapsid protein; Y145del in the spike NTD; in addition to many other mutations in the non-structural and spike proteins. As a result, omicron has 13-fold more infectivity of the virus and is 2.8-fold more transmissible than the delta type[22].
VOIs are a group of variants with specific genetic markers that have been linked to changes that may cause increased virulence, inhibition of antibody neutralization as a result of an infection or vaccination, the ability to evade detection, or a decrease in the effectiveness of treatments or vaccination. Currently, the WHO has named eight VOIs, these are epsilon (B.1.427 and B.1.429), lambda (C.37), zeta (P.2), mu (B.1.621), iota (B.1.526), kappa (B.1.617.1), eta (B.1.525), and theta (P.3)[22].

CLINICAL FEATURES OF COVID-19
It is well-known that the most common presenting symptoms of COVID-19 are fever, cough and shortness of breath[23]. However, one of the peculiar characteristics of COVID-19 is that there is no particular symptom that supports its diagnosis and differentiates it from other respiratory infections caused by other viruses. 
As a result of the capability of the SARS-CoV-2 to infect the cells in various parts of the body through the ACE-2 receptor, diverse clinical features might be the presenting symptoms, either as an isolated symptom or a combination of complaints. The following, but not exclusively, headache, dizziness, cranial nerve palsy, nausea, vomiting, diarrhea, abdominal pain, and features of renal or heart failure, are manifestations of the disease[24]. Therefore, in the era of COVID-19, every complaint should be taken into consideration to rule out or confirm the diagnosis of this disease to prevent the transmission of the disease and treat the affected people promptly and early.

RHINOLOGICAL FEATURES OF COVID-19 
Early research from various countries found that patients with this disease have olfactory and gustatory dysfunctions (OGDs). Therefore the WHO considers these abnormalities as official symptoms of the disease[25]. 
The possible mechanisms of the olfactory dysfunction include olfactory cleft obstruction, infection of the sustentacular supporting cells, which express ACE-2 receptors, and injury, either in the olfactory sensory cells via a neuropilin-1 receptor or the olfactory bulb[26,27]. A study by Xu et al[28] reported that the ACE-2 receptors are distributed in the tongue epithelial cells, explaining the possibility of the entrance of the virus through the buccal mucosa. However, an experimental study on a mouse model revealed that there is no such expression of ACE-2 in taste buds, but there is a significant distribution in the basal part of the filiform papillae[29]. Therefore, the possible mechanism of taste dysfunction due to COVID-19 is the direct destruction of the taste receptors due to the viral infection of the epithelial cells with associated inflammation.
OGDs start early during the disease course, either presenting alone or associated with other features of COVID-19. OGDs due to SARS-CoV-2 are more common than other viral causes of upper respiratory tract infections. OGDs are classified into quantitative (hyposmia, hypogeusia, anosmia or ageusia) or qualitative (dysgeusia, parosmia or phantosmia). The majority of these symptoms resolve within a short time, but some might persist for longer, even following the resolution of respiratory manifestations[30]. Of note, from the author’s experience, at the beginning of the first wave of COVID-19 in June 2020 in Ramadi City, Iraq, many patients with quantitative OGDs of short duration were seeking advices in public or private clinics. Most of them were resolved spontaneously within a short period (within 2 wk). The first case of parosmia was seen at the end of July 2020 in a 20-year-old woman for 5 mo. This patient acquired COVID-19 on March 1, 2020, in Baghdad City. The number of OGDs decreased in subsequent waves. On the contrary, duration of qualitative OGDs for an average of 6 mo was relatively more frequent. This could be due to either the first variant of the COVID-19 having a greater propensity to attack the chemosensory regions; people were developing herd immunity from infection of a large population; or COVID-19 vaccination.
Other various rhinological manifestations, such as nasal obstruction, rhinorrhea and sneezing, may be symptoms of COVID-19 but less frequent than OGDs. COVID-19 patients with a history of chronic illness such as diabetes mellitus, hypertension, or cardiac problems are specifically in danger of developing complications such as rhinocerebral mucormycosis[31].

OTOLOGICAL FEATURES OF COVID-19
Several otological manifestations might be a feature of COVID-19 patients, such as sudden sensorineural hearing loss (SSNHL), tinnitus, vertigo, dizziness, otalgia, Bell’s palsy, etc. They are either single or multiple presenting symptoms and either alone or accompanied by other features of COVID-19[11,32].
A lot of investigations from different geographical areas have reported that dizziness is one of the main manifestations of COVID-19. A prior study from China, reported that dizziness was the main neurological manifestation of the disease[33]. Dizziness is postulated to result from the neuroinvasive nature of SARS-CoV-2. There are five possible mechanisms for SARS-CoV-2 to affect neuronal tissues: the virus reaches the nerve tissues through the blood, which in turn binds with ACE-2 receptors that are present in the capillary endothelium; hypoxia; direct invasion; immune-mediated insult; and hypercoagulopathy[34,35]. 
Hearing impairment, whether conductive or sensorineural, might be due to COVID-19. Conductive hearing loss is mostly due to Eustachian tube dysfunction. However, direct invasion of the middle ear is another possible cause. Direct invasion of the inner ear results in the initiation of inflammation, which leads to its destruction and superadded infection by microorganisms like bacteria and fungi[11]. This consequence process results in sensorineural deafness. SNHL due to COVID-19 has been reported[11,36,37], but, the causal relationship between its occurrence and the exact pathogenesis is hardly explained owing to two points. First, there was only a low number of studies that presented as case reports or a small number of cases. Second, other studies found that there was no change in the prevalence of the SSNHL between the pre-pandemic and pandemic periods[38]. However, a recent study from Italy found that there was a significantly higher average pure-tone and vestibular involvement in patients with SSNHL in the COVID-19 period in comparison with the pre-pandemic era[38]. Therefore, we recommend further study to explore the role of this disease in the prevalence and mechanisms of SSNHL. Ear problems during this pandemic should be taken into consideration, particularly if they are not associated with other features to rule out or confirm the disease for better prevention and control of the COVID-19.

THROAT FEATURES OF COVID-19
SARS-CoV-2 affects the upper aerodigestive tissues via ACE-2 or transmembrane protease/serine subfamily member 2 receptors[39], leading to different manifestations like dysgeusia, sore throat, hoarseness, dysphagia and odynophagia. Moreover, this virus infection can present with acute laryngitis either as acute epiglottitis in adulthood or croup in infants[40,41]. Although COVID-19-induced acute laryngitis is uncommon, being aware of laryngeal difficulties has the following benefits: participation in early disease diagnosis, infection isolation and control, prevention of infection progression, and correct treatment of airway obstruction[40].
A recent multicenter study from Saudi Arabia identified sore throat in 20.9% of the total COVID-19 confirmed cases (1734), ageusia in 11.4% and odynophagia in 9.6%[42]. Sore throat was identified in 153 of 1099 (13.9%) of laboratory-confirmed COVID-19 patients from 552 hospitals in China during the early stages of the pandemic[16]. In 1420 confirmed cases of mild to moderate COVID-19 from 18 European hospitals, taste dysfunction was reported in 54.2%, sore throat in 52.9%, dysphonia in 28.4% and dysphagia in 19.3%[43]. We may conclude from the studies stated above that throat symptoms are common in COVID-19 patients and that the distribution of these manifestations varies geographically. Specific symptoms such as dysphonia and dysphagia may have emerged as a consequence of COVID-19 treatment, particularly in patients who require breathing support[44].

OTORHINOLARYNGOLOGICAL FEATURES FOLLOWING VARIOUS COVID-19 VACCINES
A vaccine is defined as a preparation of biological material that gives an active acquired immunity against a specific infectious agent. This happens by stimulating an immune response to an antigen (molecule of the microorganism)[45]. The first vaccine was developed by Edward Jenner in 1796 against smallpox[46]. Vaccination is the most effective method for long-term prevention and control of any infectious disease. Scientists in various countries since the beginning of the COVID-19 pandemic have mobilized to find effective vaccines to control COVID-19. These efforts have resulted in the development of many vaccines against SARS-CoV-2. The Pfizer COVID-19 vaccine (BNT162b2) was the first vaccine to be approved by the WHO for emergency use on December 31, 2020. Other vaccines were developed later, such as Astra-Zeneca/Oxford COVID-19, Ad26.COV2.S, etc.[47].
The COVID-19 vaccines have both local and systemic adverse effects, including headache, fatigue, muscular soreness, malaise, chills, and joint discomfort. Klugar et al[48] found that the majority of participating healthcare workers (n = 599) experienced at least one of the symptoms listed above. Furthermore, the study found that mRNA-based immunizations had a higher incidence of local adverse effects than viral vector-based immunizations (78.3% vs 70.4%; P = 0.064). The opposite was true for systemic adverse effects (87.2% vs 61%; P = 0.001). The majority of these adverse reactions subsided 1-3 d after immunization[48]. 
Although local and systemic manifestations are common following COVID-19 immunizations, otorhinolaryngological symptoms, such as anosmia, ageusia, SSNHL, Bell's palsy, and others, are rarely documented in the literature (Table 1)[25,49-54].

CONCLUSION
COVID-19 has a wide range of symptoms experienced by those who are infected. Smell and taste abnormalities are the most common ENT symptoms of the disease. They are either the only presenting symptom or associated with other clinical features of COVID-19. Other ENT manifestations such as SSNHL, dysphonia, nasal obstruction, etc. are less common than OGDs. COVID-19 is characterized by geographical diversity in symptomatology as well as long-term symptoms. The identification of ENT symptoms is critical in illness prevention and control. The side effects of several COVID-19 vaccinations include anosmia, bell’s palsy, SSNHL, tinnitus, and others; however they are less common than the local and systemic signs that occur after vaccination.
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Table 1 Following coronavirus disease 2019 immunizations, some studies observed otorhinolaryngological problems
	Ref.
	Country
	Date
	Number of cases
	Symptoms
	Vaccine

	Colella et al[49]
	Italy
	February 2021
	1
	Left Bellʼs palsy
	First dose of Pfizer

	Repajic et al[50]
	United States
	February 2021
	1
	Left Bellʼs palsy
	Second dose of Pfizer

	Konstantinidis et al[25]
	Greece Germany
	May 2021
	2
	Hyposmia 
	Second dose of Pfizer

	Keir et al[51]
	United States
	June 2021
	1
	Phantosmia
	Second dose of Pfizer

	Lechien et al[52]
	France Belgium Italy
	September 2021
	6
	Smell abnormalities (n = 5); taste abnormality (n = 1)
	The first injection of AstraZeneca (n = 4); a second injection of Pfizer (n = 2)

	Wichova et al[53]
	United States
	October 2021
	30
	Hearing loss (25), vertigo (5), dizziness (8), tinnitus (15)
	Moderna (n = 18), Pfizer (n = 12)

	J. Jeong and H. S. Choi[54]
	Korea
	December 2021
	3
	SSNHL
	One case after Oxford-AstraZeneca, 2 cases after Pfizer


SSNHL: Sudden sensorineural hearing loss.

