
1 

Corona Viruses and the Chemical Senses:  
Past, Present, and Future 

  

Robert Pellegrino1,2, Keiland W. Cooper3, Antonella Di Pizio4, Paule V. Joseph5,  

Surabhi Bhutani6 *☨ & Valentina Parma7*☨ 

 

1Department of Food Science, Institute of Agriculture, University of Tennessee, Knoxville, TN, USA 

2 Smell & Taste Clinic, Department of Otorhinolaryngology, TU Dresden, Dresden, Germany 

3 Interdepartmental Neuroscience Program, University of California Irvine, Irvine (CA), USA 

4 Leibniz-Institute for Food Systems Biology at the Technical University of Munich, 85354 Freising, Germany 

5 Division of Intramural Research, National Institute of Nursing Research (NINR) & National Institute on Alcohol Abuse and 
Alcoholism (NIAAA) National Institutes of Health, Bethesda, MD, 20892, USA. 

6 School of Exercise and Nutritional Sciences, San Diego State University, San Diego, California, USA 

7 Temple University, Philadelphia (PA), USA 

Note: * indicates that these authors contributed equally to the work.  

 

Correspondence to be addressed to:

Surabhi Bhutani, PhD 

School of Exercise and Nutritional Sciences 

San Diego State University  

ENS Building, room 302 

5500 Campanile drive 

San Diego, CA 92182 

sbhutani@sdsu.edu 

Valentina Parma, PhD 

Department of Psychology  

Temple University 

Weiss Hall, Room 874 

1701 North 13th Street 

Philadelphia, PA 19122 

valentina.parma@temple.edu

 

Author contributions: 

KWC, ADP, RP, PVJ, SB and VP all conceived the idea of work, wrote the manuscript and approved its final version.  

 



2 

 

Abstract 

A wealth of rapidly evolving reports suggests that olfaction and taste disturbances may be manifestations 

of the novel COVID-19 pandemic. While otolaryngological societies worldwide have started to consider 

chemosensory evaluation as a screening tool for COVID-19 infection, the true nature of the relationship 

between the changes in chemosensory ability and COVID-19 is unclear. Our goal with this review is to 

provide a brief overview of published and archived literature, as well as the anecdotal reports and social 

trends related to this topic up to April 29, 2020. We also aim to draw parallels between the 

clinical/chemosensory symptomology reported in association to past coronavirus pandemics (such as 

SARS and MERS) and the novel COVID-19. This review also highlights current evidence on persistent 

chemosensory disturbances after the infection has resolved. Overall, our analysis pinpoints the need for 

further studies: 1) to better quantify olfaction and taste disturbances associated with SARS-CoV-2 

infection, compared to those of other viral and respiratory infections, 2)  to understand the relation 

between smell, taste, and chemesthesis disturbances in COVID-19, and 3) to understand how persistent 

are these disturbances after the infection has resolved.  
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Introduction 

Coronavirus disease 2019 (COVID-19) is a disease caused by the new Severe Acute Respiratory 

Syndrome SARS-CoV-2 coronavirus strain (Coronaviridae Study Group of the International Committee 

on Taxonomy of Viruses, 2020). The World Health Organization has so far reported more than 3 million 

confirmed cases of COVID-19 with more than 200,000 deaths by April 29, 2020. COVID-19 quickly 

became a pandemic that  has now rapidly spread across 213 countries, areas or territories worldwide 

(WHO, 2020). The first clinical reports describing the major symptoms associated with COVID-19 

included fever, coughing, fatigue and shortness of breath (Chan et al., 2020; Guan and Zhong, 2020; 

Huang et al., 2020; Wang et al., 2020). Yet, over the course of the past month, other clinical 

manifestations have been indicated as possible ancillary symptoms of COVID-19. Among those is the 

sudden appearance of olfaction and taste disturbances (OTDs) associated with diagnosed or suspected 

COVID-19 positive patients, even in absence of other symptoms. For instance, Gane et al. have recently 

(March 26, 2020) reported about a 48-year-old UK patient who tested positive to the SARSCoV-2 

infection, yet did not present symptoms other than olfactory disturbances (Gane et al., 2020). Evidently, 

and pointed out in a previous report (Walker et al., 2020), a surge in the Google searches for smell and 

taste loss became evident both in one of the first COVID-19 hotspots (Italy) between March 15 and 21 

(Google Trend, 2020b),  and subsequently in the United States, a current hotspot, around March 23 

(Google Trend, 2020c) in parallel to the COVID-19 pandemic in those countries.  

Based on these reports, as well as on onsite clinical evaluations, different ENT societies including 

the UK (Hopkins and Kumar, 2020) and the US (AAO-HNS, 2020a), have advised as a precaution to treat 

the loss of sense of smell as a putative marker of SARS-CoV-2 infection. The American Academy of 

Otolaryngology (AAO) called for anosmia, hyposmia, and dysgeusia to be added to the list of screening 

tools for COVID-19 in asymptomatic individuals (AAO-HNS, 2020a), as of April 17, 2020, the US 

Centers for Disease Control and Prevention officially added them to as an important COVID-19 symptom 
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(Center for Disease Control and Prevention, 2020). The World Health Organization has them listed as less 

common symptoms.  

At present, it is still unclear whether COVID-19 represents a special case of viral infection 

attacking the olfactory system. Additionally, it is also unknown whether the taste disturbances reported 

are a misrepresentation of olfactory disturbances (ODs) rather than reflect the direct impact of SARS-

CoV-2 on taste and chemesthesis pathways. This review aims to summarize the reports available up to 

April 29, 2020 to gather insights on the nature of the relationship between the changes in chemosensory 

ability and COVID-19. We will then highlight the similarities and differences with the symptomatology 

reported in other human coronaviruses and viral infections known to cause OTDs.  

   

Olfaction and Taste Disturbances associated with COVID-19 

The first documented report of OTDs in COVID-19 dates back to February 2020 from China, when Mao 

et al. reported a retrospective study of 214 laboratory-confirmed COVID-19 patients (Mao et al., 2020). 

Data were extracted from electronic medical records of patients hospitalized at the Union Hospital of 

Huazhong University of Science and Technology in Wuhan from January 16, 2020 to February 19, 2020. 

Of this group of patients, the records show that 78 patients (36.4%) presented some forms of neurological 

manifestations. Of those, 11 patients (5.1%) complained specifically of hyposmia and 12 patients (5.6%) 

reported hypogeusia. Although the stage of the disease at which these data were collected is unclear in the 

records, the group included patients with comorbidities known to affect the chemical senses, e.g., diabetes 

(Naka et al., 2010) and anorexia (Aschenbrenner et al., 2008). Even though this early report started to 

underline the association between chemosensory disturbances and COVID-19, the interpretation of these 

data warrant caution in light of the methodology used. Indeed, all data were derived from electronic 

medical records, and minor neurological symptoms, such as OTDs, might not have been adequately 

captured. 

The observation of increasing cases of ODs in concomitance with the COVID-19 spread in Iran  

motivated Iranian researchers to perform an extended cross-sectional study between March 12 and March 
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17, 2020 in order to evaluate this correlation (Bagheri et al., 2020). The results of this study are archived 

in medrxiv.org and include responses from more than 10,000 volunteers (mean ± sd: 32.5 ± 8.6 years old, 

range: 7-78 years; 71.1% female; 81.7% non-smoker) who reported to have anosmia/hyposmia. About 

only 1% of participants reported to be hospitalized and no direct information about COVID-19 diagnosis 

is available. The inclusion criteria for the study responders was experiencing ODs in the 4 weeks prior to 

the beginning of the study, but 83.4% of these volunteers also reported taste disturbances (TDs). The 

onset of anosmia was reported to be sudden in 76.2% of the sample. At the time of the response to the 

survey, 60.9% of respondents reported persistent ODs that lasted for a median of 10 days (range of 

duration of anosmia onset 0 to 30  days), with 17.3% reporting no sense of smell on a categorical scale 

from 0 (no sense of smell) to 10 (full sense of smell), and approximately 48% reporting a sense of smell 

of 3 or below. More than 85% of respondents reported that they were not currently being treated for 

anosmia. Additionally, the high incidence of smell loss across family members (48.2%) suggests that the 

ODs reported may be post-viral in nature. Despite the large sample tested, the combination of lack of 

information on the status of the COVID-19 diagnosis in these patients as well as the correlational analyses 

conducted do not allow us to conclude whether COVID-19 has a causal role in development of OTDs. 

Nevertheless, Bagheri and colleagues (2020) highlight a striking increase in the association of patients 

experiencing OTDs and flu-like symptoms.  

In order to evaluate the prevalence of OTDs in the context of COVID-19, a cross-sectional survey 

was then performed on March 19, 2020 at the Infectious Disease Department of L. Sacco Hospital in 

Milan, Italy (Giacomelli et al., 2020). In this letter to the Editor published in the journal Clinical 

Infectious Diseases, the authors reported the answers of 59 SARS-CoV-2-positive hospitalized patients to 

a simple verbal interview including questions about the presence or absence of OTDs, their type and time 

of onset with respect to the time of hospitalization. Twenty patients (33.9%) reported taste or olfactory 

disorders, and 11 (18.6%) both. Twelve patients (20.3%) reported having experienced their chemosensory 

symptoms before the hospitalization, suggesting that OTDs may anticipate the major COVID-19 clinical 

symptoms. Similarly, 17% of 2428 individuals reported new onset anosmia was not accompanied with 
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other symptoms thought to be associated with COVID-19 (Hopkins et al., 2020). A meta-analysis 

published April 24, 2020 in the Otolaryngology-Head and Neck Surgery Journal reported the prevalence 

of olfactory dysfunction up to 52.7% and gustatory dysfunction about 43.9% for COVID-19 patients 

(Tong et al., 2020), suggesting olfactory and gustatory dysfunctions as common symptoms of COVID-19.  

These results have also been confirmed on a larger sample of 417 mild-to-moderate laboratory-

confirmed COVID-19 patients (mean ± sd: 36.9 ± 11.4 years old, range: 19–77 years, 63.1% female, 

Lechien et al., 2020). This recent study conducted by the Young-Otolaryngologists of the International 

Federation of Oto-rhino-laryngological Societies (YO-IFOS) includes patients from 12 European 

hospitals who completed questionnaires based on the smell and taste component of the National Health 

and Nutrition Examination Survey (Bhattacharyya and Kepnes, 2015) and a short version of the 

Questionnaire of Olfactory Disorders-Negative Statements (sQOD-NS, Mattos et al., 2019). Of those 

patients, 34.5% were in the acute phase of the infection, whereas the rest of the patients did not yet have 

general symptoms. ODs were reported by 85.6% of patients, of which 79.6% reported anosmia and 20.4% 

hyposmia; 11.8% of patients reported ODs before other symptoms, 65.4% after and 22.8% at the same 

time. This study also indicates cases of phantosmia and parosmia in 12.6% and 32.4% of patients, 

respectively. TDs were reported by 88.0% of the patients. Also, the role of other symptoms present during 

the infection (e.g., cough, loss of appetite, fever, and headache) and of pre-existing conditions (e.g., 

allergic rhinitis, asthma, high blood pressure, and hypothyroidism) confounds the interpretation of the 

relationship between OTDs and COVID-19. OTDs persisted after the resolution of other symptoms in 

63.0% of the resolved cases (247 patients). When the final analyses were performed, 25.5% of patients 

reported to have recovered both olfactory and gustatory functions within 2 weeks after the resolution of 

the general symptoms. 

More recently, Kaye et al. 2020 have published the first results obtained from the COVID-19 

Anosmia Reporting Tool for Clinicians promoted by the American Academy of Otolaryngology–Head 

and Neck Surgery (AA-HNS), whose aim is to allow clinicians to anonymously track cases of anosmia 

and dysgeusia related to COVID-19 (Kaye et al., 2020). Among the first 237 responses, anosmia was 
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indicated in 73% of cases prior to the COVID-19 diagnosis and was reported as the initial symptom in 

26.6% of cases. Improvement of OTDs was recorded in 27% of patients 7.2 days post response on 

average and in 85% within 10 days.  

Olfaction and taste loss appeared also as a symptom collected from the COVID Symptom Tracker 

application, developed by a team at King's College London (https://covid.joinzoe.com/us). Fifty nine 

percent of 579 UK patients with laboratory-confirmed diagnosis of COVID-19 declared to experience 

loss of smell and taste, whereas among the 1123 COVID-19 negative patients only 18% of cases were 

associated with smell and taste loss (Menni et al., 2020). Importantly, the results on the correlation 

between loss of taste and smell and COVID-19 were adjusted for age, sex and body mass index. As the 

title of the pre-print by Menni et al. (2020) well summarizes, the “loss of smell and taste in combination 

with other symptoms is a strong predictor of COVID-19 infection”. Indeed, considering a combination of 

loss of OTDs, fever, fatigue, persistent cough, diarrhoea, abdominal pain and loss of appetite produced 

the best predictor of COVID-19 diagnosis (sensitivity: 0.54 [0.44; 0.63], specificity of 0.86 [0.80; 0.90] 

(Menni et al., 2020). Analogous numbers by Yan et al. (2020) showed 68% smell and 71% taste 

impairment for Covid‐19‐positive subjects compared to a respective 16% and 17% for Covid‐19‐negative 

patients (Yan et al., 2020). 

All in all, the preliminary data, which have so far been reported from areas where COVID-19 has 

been highly monitored, suggest that between 5.1% (Mao et al., 2020) to 98.0% (Moein et al., 2020) of 

individuals with symptoms compatible with COVID-19 show some sort of OTDs. In hospitalized patients 

with confirmed COVID-19, this percentage ranges between 33.9% (Giacomelli et al., 2020) and 98.0% 

(Moein et al., 2020), while in a general population, 59% showed mild-to-moderate COVID-19 symptoms 

(Menni et al., 2020). As evident from this brief review, the data have been primarily collected via self-

reports, mostly without differentiation between olfactory and taste symptoms, and neglecting altogether 

chemesthetic phenomena. Even when considering the most studied olfactory loss in combination with 

other symptoms, the identification of true COVID-19 negative cases is maximized, whereas the 
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identification of true positives is around chance level (0.54; Menni et al., 2020). Whether the reported 

taste disturbance is olfactory-dependent or instead reflects true taste loss in COVID-19 is to date unclear.  

Although functional anosmia is generally seen in conjunction with other COVID-19 symptoms, 

anosmia/hyposmia has also been reported as an isolated symptom (Eliezer et al., 2020; Gane et al., 2020; 

Marchese-Ragona et al., 2020; Villalba et al., 2020) or early symptoms in mild symptomatic patients 

(Spinato et al., 2020; Yan et al., 2020), and may be heritable (Williams et al., 2020). One recent 

controlled study even shows evidence that OTDs are more frequent in COVID-19 (39.2%) than other 

viruses such as influenza (12.5%) (Beltrán-Corbellini et al., 2020). However, exploring OTDs in 

infections caused by other coronavirus as well as on other non-corona viruses may help us understand 

whether the spontaneous reports of anosmia and taste disturbances in COVID-19 can fall in the general 

symptomatology of coronavirus illnesses or are indeed special to COVID-19.  

 

Human Coronaviruses and Chemosensory Clinical Manifestations  

In addition to SARS-CoV-2, the coronavirus family includes six other human pathogens named HCoV-

OC43, HCoV-HKU1, HCoV-229E, HCoV-NL63, MERS-CoV, and SARS-CoV that trigger respiratory 

infection in humans (Su et al., 2016). While four of these endemic CoVs found in humans worldwide 

(HCoV-OC43, HCoV-HKU1, HCoV-229E, HCoV-NL63) present themselves as mild upper respiratory 

infection symptoms resembling common cold (Su et al., 2016; Corman et al., 2018), highly infectious 

MERS-CoV and SARS-CoV viruses may cause fatal respiratory disease in humans (Gralinski and Baric, 

2015). MERS-CoV, SARS-CoV, and SARS-CoV-2 are all positive-sense single-stranded enveloped RNA 

viruses that can be transmitted from animal to animal, animal to human, and human to animal. 

Intriguingly, SARS-CoV shares 70-80% of its genetic information with novel SARS-CoV-2 and enters a 

target using the same receptors (Lu et al., 2020), which may provide important comparative insights into 

the symptoms and comorbidities of this novel virus.  

Both SARS-CoV and MERS-CoV became emerging worldwide health concerns after their first 

outbreak in Taipei City in 2003 affecting 32 countries (Zhong et al., 2003), and in the Middle East in 
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2012 affecting 27 countries (Nassar et al., 2018a, 2018b). These infections caused a significant number of 

casualties (SARS-CoV: 8422 cases and 916 casualties; MERS-CoV: 2492 cases and 868 casualties; Meo 

et al., 2020). As with SARS-CoV-2, both these viruses are transmitted through the upper respiratory tract 

by contaminated mucus droplets (Meo et al., 2020). The patterns of SARS-CoV and MERS-CoV 

infections have seasonal variations, with SARS-CoV predominantly active during winter while MERS-

CoV active during the summer months. Most importantly, like SARS-CoV-2 (Lechien et al., 2020), 

studies have reported that SARS-CoV and MERS-CoV infections characterize a wide spectrum, ranging 

from no clinical symptoms (asymptomatic), or mild to severe respiratory illness symptoms, to death (Meo 

et al., 2020). Most of the patients with SARS-CoV and MERS-CoV report clinical symptoms of fever 

with rigor, dry cough, dyspnea, general myalgia, shortness of breath, pneumonia, and even acute 

respiratory failure. Patients also present abdominal pain and disturbances, nausea, vomiting, diarrhoea, 

and acute renal failure. While rare, one study showed that some patients infected with SARS-CoV also 

developed neuromuscular problems 3 weeks after the onset. These neuromuscular problems are 

considered to be concomitant polyneuropathy and/or myopathy (Tsai et al., 2004). Most MERS-CoV 

hospitalized patients have also reported central nervous system involvement and cardiovascular 

symptoms (Arabi et al., 2015; Zegarra-Valdivia et al., 2020). Emerging new reports also suggest that 

COVID-19 patients are at a high risk of thrombocytopenia, elevated D-dimer, prolonged prothrombin 

time, and disseminated intravascular coagulation (Giannis et al., 2020; Klok et al., 2020). A similar 

dysregulation of coagulation cascade and the subsequent formation of intra-alveolar or systemic fibrin 

clots have also been reported in both SARS-CoV and MERS-CoV patients, and in animal models 

(Giannis et al., 2020). Most recently, skin lesions, commonly reported as “COVID toes” have also been 

added to the long list of COVID-19 manifestation (Marzano et al., 2020). Overall, there is an overlap in 

the clinical characteristics of all three viruses, yet this may not tout court translate to similarities in OTDs.  

Data on the contribution of coronaviruses on olfactory acuity and perception are quite rare. For 

instance, experimental nasal inoculation with endemic HCoV-229E in healthy adults increased the 

threshold at which odors can be detected (Åkerlund et al., 1995). These olfactory impairments were 
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correlated with nasal congestion (Åkerlund et al., 1995). Olfactory loss or distortion was reported in 

patients with rhinosinusitis, typically caused by an endemic coronavirus (Rombaux et al., 2016). In the 

case of SARS-CoV and MERS-CoV, olfactory functioning has been rarely studied. To the best of our 

knowledge, only one publication has reported an olfactory connection with SARS-CoV. In particular, a 

young woman reported an acute onset of anosmia 3 weeks after the beginning of the first SARS-CoV 

specific symptoms (Hwang, 2006). This anosmia time course is compatible with the onset of SARS-CoV- 

related peripheral neuropathy as described above (Tsai et al., 2004), suggesting that acute anosmia may 

occur due to coronavirus-related olfactory nerve damage. It is evident from this sparse information on 

olfactory function was not routinely examined by clinicians during the SARS-CoV outbreak. Information 

related to taste and chemesthesis is even less explored and reported. With a large number of SARS-CoV-2 

infected patients reporting acute anosmia, it is imperative to use chemosensory performance measures to 

support diagnosis and/or prognosis of any SARS virus during the acute and convalescent stages.  

On the basis of the available observational data, it seems that olfactory disturbances may not be 

as prominent in SARS and MERS as they have been reported in COVID-19. No experimental nor 

anecdotal information seems to be available with respect to taste and chemesthetic experiences. This 

evidence can be the consequence of i) the lack of routine testing for chemical senses in clinical settings 

not directly specialized in chemosensation (Harris et al., 2006; Hummel et al., 2017b), ii) the larger scale 

at which COVID-19 has been spreading as compared to SARS and MERS, iii) unpopularity of anosmia as 

a significant health concern during SARS and MERS outbreak, iv) having been primed by the media 

reporting on the possibility of experiencing OTDs in association with COVID-19, v) a particular 

susceptibility of the chemical senses to SARS-CoV-2 or even a combination of all of the above is to date 

unknown. A non-exhaustive analysis of OTDs following viral infections at large could further provide 

insights on these questions.  

 

Postviral Chemosensory Clinical Manifestations  
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Post-viral chemosensory loss is characterized by a sudden loss of olfactory function or reports of 

disturbance in taste changes after upper respiratory infection (URI) with over 200 viruses causing upper 

respiratory tract infection leading to a decrease in chemosensation (Mäkelä et al., 1998; Dalton, 2004). 

Post-viral olfactory dysfunction (PVOD) is primarily caused by four families of viruses: rhinoviruses, 

influenza, coronaviruses, and parainfluenza. PVOD shows different levels of persistent sensory loss after 

the infection has resolved, leading to anosmia or hyposmia. Hyposmia often emerges during the late 

symptomatic phase of viral illnesses in concomitance with nasal discharge and congestion, following 

symptoms such as headaches, sneezing, chillness, and malaise (Eccles, 2005). In particular, inflammatory 

mediators such as bradykinins (Proud et al., 1988; Shibayama et al., 1996) increase mucus production and 

its drainage as well as swelling of the blood vessels in the nostril leading to a restriction in airflow (Bende 

et al., 1989; Åkerlund et al., 1995). Typically, these intranasal changes account for the majority of smell 

loss during the infection (Dalton, 2004). However, there are some experimental accounts for olfactory 

decline independent of nasal discharge (Åkerlund et al., 1995) and congestion (Hummel et al., 1998a, 

1998b) – implying direct damage to the olfactory sensory neurons (OSNs)  during infection is possible. 

Similarly, asymptomatic smell loss for SARS-CoV-2 has been reported in recent case reports (Gane et al., 

2020; Marchese-Ragona et al., 2020; Villalba et al., 2020). As viral symptoms resolve, chemosensations 

usually return to normal; however, some disturbances may persist (Welge-Lüssen and Wolfensberger, 

2006).  

PVOD is considered a sensorineural disorder as the mechanisms of dysfunction are generally 

attributed to peripheral damage to the olfactory epithelium (OE), which harbors OSNs  (Jafek et al., 1990; 

Yamagishi et al., 1994). Clinical biopsy studies of the OE  have revealed large areas of cicatrization (or 

scarring), decreased number of cilia on the olfactory receptor neuron, and replacement of sensory 

epithelium with respiratory epithelium (Yamagishi et al., 1994; Jafek et al., 2002; Seiden, 2004). 

Meanwhile, PVOD models on parainfluenza show the virus persists in OE and olfactory bulb (OB) tissue, 

reduces regenerative ability, and impairs the physiological function of OSNs (Tian et al., 2016). Indeed, 

central processing pathways related to smell may be damaged through direct transmission of the virus to 
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the brain through the olfactory or trigeminal nerves (Charles et al., 1995; Reiss et al., 1998; Doty, 2003; 

van Riel et al., 2015). Additionally, paresis/paralysis of the cranial nerves and history of neurological 

disease are associated with PVOD more than other olfactory disorders such as chronic rhinosinusitis 

(Jitaroon et al., 2020). Nevertheless, the decrease in sensory input leads to shrinkage of central olfactory 

areas such as the olfactory bulb that has both upstream and downstream effects (Mueller et al., 2005; 

Rombaux et al., 2006; Yao et al., 2018). 

Spontaneous recovery in PVOD happens in a third of patients within three years from initial loss 

(Duncan and Seiden, 1995; Reden et al., 2006; Rombaux et al., 2012) with higher percentages of recovery 

in the first year (Hummel et al., 2017a), yet a significant portion of patients recovering from PVOD will 

still experience parosmia, or a distorted sense of smell (Portier et al., 2000; Frasnelli et al., 2004; Bonfils 

et al., 2005) and phantosmia (Rombaux et al., 2009). The large number of parosmic cases from post-viral 

loss further substantiates that damage to the peripheral rather than central nervous systems are at play. 

Additionally, regenerative capacity of OSNs decreases with age (Wysocki and Gilbert, 1989; Loo et al., 

1996; Mobley et al., 2014), which explains why most PVOD happens in the fourth decade of life and age 

has a negative relationship with recovery (Konstantinidis et al., 2006; Reden et al., 2006).  

A patient’s symptom may not always precisely reveal which chemosensation is altered. While 

most patients may report taste and smell loss, the loss of taste may be reflected by some degree of 

olfactory impairment. There is less evidence that taste sensations are affected directly from the infection 

(Pellegrino et al., 2017) while drugs prescribed for viral illness might impact taste (e.g. protease 

inhibitors, Doty et al., 2008). Intranasal touch sensation, although limited in studies, has been reported to 

decrease in sensitivity (Ren et al., 2012; de Haro-Licer et al., 2013; Pellegrino et al., 2017). Importantly, 

the intranasal trigeminal system functions to release immediate protective mucosal responses and 

provides afferent connections to brainstem reflexes such as coughing, sneezing, gagging, and vomiting 

(Baraniuk and Merck, 2009). Whether this reduction in sensitivity is associated with reduced ability to 

promote the clearing of pathogenic agents from the nasal cavities is currently a speculation. 
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 Conclusions and Future Perspectives 

Although some aspects of COVID-19 manifestations are closely related to those reported in the epidemics 

of SARS and MERS diseases (e.g., Zegarra-Valdivia et al., 2020), this does not seem to be the case for 

OTDs. The available evidence, which has mostly been collected quickly with the goal of either describing 

or predicting COVID-19 new diagnoses, has prioritized estimates of OTDs that are focused on olfactory 

complaints. These reports lack the level of detail that can explain the association between clinical 

manifestations and chemosensory mechanisms. Indeed, while loss of taste is reported as a manifestation 

of COVID-19 in recent literature, currently available self-reports do not always address taste and never 

chemesthesis independent of olfactory complaints. Studies using validated psychophysical methods are 

needed to corroborate the extent of effects of smell and taste loss with COVID-19. To date, only one 

study (Moein et al., 2020) has taken objective measurements of smell loss, reporting the highest number 

of compromised patients. There have been no studies objectively measuring taste (“taste strips”, (Landis 

et al., 2009)) nor trigeminal (“intranasal lateralized test”, (Frasnelli et al., 2011)) function in Covid-19 

patients. Understanding the contribution of the different chemosensory modalities - taste, smell, 

chemesthesis - to COVID-19 may help identify clusters of patients, informing patterns of prognosis for 

post-COVID-19 anosmia. To this end, to fully understand whether COVID-19 anosmia is unique, it is 

paramount to compare its chemosensory manifestations against those reported in patients diagnosed with 

other types of respiratory illness.  

Our current report highlights important gaps in the literature needed to be addressed to understand 

the prevalence of chemosensory reports and potential mechanisms for these symptoms with COVID-19. 

For instance, there is a need to understand the mechanisms of COVID-19 chemosensory changes related 

to conductive and sensorineural issues (Butowt and Bilinska, 2020). In particular, distinguishing each 

aspect of chemosensation in patients with confirmed and suspected COVID-19 diagnosis as well as with 

other respiratory illnesses is needed to determine whether the chemical senses are uniquely affected by 
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the SARS-CoV-2 infection. Case studies have reported asymptomatic OTD with COVID-19; however, its 

clinical usefulness as a biomarker of the disease needs normative data. A hyperinflammatory response 

may lead to varying levels of congestion and damage to the OE while viral proliferation within the 

olfactory mucosa may provide a blood-independent pathway into the brain (Baig et al., 2020). Reports 

show an abundance of nasal epithelial cells expressing cellular receptors and proteases needed for viral 

entry, i.e. angiotensin-converting enzyme 2 (ACE-2) and transmembrane serine protease 2 (TMPRSS2) 

((Brann et al., 2020; Chen et al., 2020; Gupta et al., 2020; Hoffmann et al., 2020; Sungnak et al., 2020) 

along with patients having neurological conditions to SARS-CoV-2 (Mao et al., 2020) and other 

infections leading to PVOD (Jitaroon et al., 2020). Although reports on OTDs in COVID-19 are being 

published or archived every day, the lack of follow-up studies to determine the dynamics of 

chemosensory changes in the disease and its reversibility over time are not currently available. Moreover, 

recent reports indicate that adults with obesity and diabetes - whose chemosensory abilities are often 

compromised - are at high risk for SARS-CoV-2 infection (Lighter et al, 2020); however, none of the 

reports to date have analyzed OTD’s in these sensitive groups. Given the worldwide magnitude of this 

pandemic and the relevance of smell and taste loss as symptoms of COVID-19, understanding 

chemosensory changes should be performed on a global scale to account for possible confounds that 

would limit the interpretability of this association and to reach the numerous people that may not be in the 

position to receive a formal diagnosis.   

 

Acknowledgements:  

The collaboration among the authors on the present paper started in the context of the Global 

Consortium of Chemosensory Research (GCCR), an open science collaboration initiated to 

coordinate world-wide crowdsourced research aimed at understanding the reports of the 

chemosensory issues.  



15 

 

Funding Support: PVJ is supported by the National Institute of Nursing Research under award 

number 1ZIANR000035-01. PVJ is also supported by the Office of Workforce Diversity, National 

Institutes of Health and the Rockefeller University Heilbrunn Nurse Scholar Award. 

 

References 

AAO-HNS. 2020a. AAO-HNS: Anosmia, Hyposmia, and Dysgeusia Symptoms of Coronavirus 
Disease. 
Åkerlund, A., Bende, M., and Murphy, C. 1995. Olfactory Threshold and Nasal Mucosal 
Changes in Experimentally Induced Common Cold. Acta Otolaryngol (Stockh). 115:88–92. 
Arabi, Y.M., Harthi, A., Hussein, J., Bouchama, A., Johani, S., Hajeer, A.H., Saeed, B.T., Wahbi, 
A., Saedy, A., AlDabbagh, T., et al. 2015. Severe neurologic syndrome associated with Middle 
East respiratory syndrome corona virus (MERS-CoV). Infection. 43:495–501. 
Aschenbrenner, K., Scholze, N., Joraschky, P., and Hummel, T. 2008. Gustatory and olfactory 
sensitivity in patients with anorexia and bulimia in the course of treatment. J Psychiatr Res. 
43:129–137. 
Bagheri, S.H.R., Asghari, A.M., Farhadi, M., Shamshiri, A.R., Kabir, A., Kamrava, S.K., Jalessi, 
M., Mohebbi, A., Alizadeh, R., Honarmand, A.A., et al. 2020. Coincidence of COVID-19 
epidemic and olfactory dysfunction outbreak. Otolaryngology. 
Baig, A.M., Khaleeq, A., Ali, U., and Syeda, H. 2020. Evidence of the COVID-19 Virus Targeting 
the CNS: Tissue Distribution, Host–Virus Interaction, and Proposed Neurotropic Mechanisms. 
ACS Chem Neurosci. 11:995–998. 
Baraniuk, J.N., and Merck, S.J. 2009. Neuroregulation of Human Nasal Mucosa. Ann N Y Acad 
Sci. 1170:604–609. 
Beltrán-Corbellini, Á., Chico-García, J.L., Martínez-Poles, J., Rodríguez-Jorge, F., Natera-
Villalba, E., Gómez-Corral, J., Gómez-López, A., Monreal, E., Parra-Díaz, P., Cortés-Cuevas, 
J.L., et al. 2020. Acute-onset smell and taste disorders in the context of Covid-19: a pilot 
multicenter PCR-based case-control study. Eur J Neurol. 
Bende, M., Barrow, I., Heptonstall, J., Higgins, P.G., Al-Nakib, W., Tyrrell, D.A.J., and Åkerlund, 
A. 1989. Changes in Human Nasal Mucosa during Experimental Coronavirus Common Colds. 
Acta Otolaryngol (Stockh). 107:262–269. 
Bhattacharyya, N., and Kepnes, L.J. 2015. Contemporary assessment of the prevalence of 
smell and taste problems in adults. The Laryngoscope. 125:1102–1106. 
Bonfils, P., Avan, P., Faulcon, P., and Malinvaud, D. 2005. Distorted Odorant Perception: 
Analysis of a Series of 56 Patients With Parosmia. Arch Otolaryngol Neck Surg. 131:107–112. 
Brann, D.H., Tsukahara, T., Weinreb, C., Logan, D.W., and Datta, S.R. 2020. Non-neural 
expression of SARS-CoV-2 entry genes in the olfactory epithelium suggests mechanisms 
underlying anosmia in COVID-19 patients. BioRxiv. 2020.03.25.009084. 
Butowt, R., and Bilinska, K. 2020. SARS-CoV-2: Olfaction, Brain Infection, and the Urgent Need 
for Clinical Samples Allowing Earlier Virus Detection. ACS Chem Neurosci. 
Center for Disease Control and Prevention. 2020. Symptoms of Coronavirus. 
Chan, J.F.-W., Yuan, S., Kok, K.-H., To, K.K.-W., Chu, H., Yang, J., Xing, F., Liu, J., Yip, C.C.-
Y., Poon, R.W.-S., et al. 2020. A familial cluster of pneumonia associated with the 2019 novel 
coronavirus indicating person-to-person transmission: a study of a family cluster. The Lancet. 



16 

395:514–523. 
Charles, P.C., Walters, E., Margolis, F., and Johnston, R.E. 1995. Mechanism of Neuroinvasion 
of Venezuelan Equine Encephalitis Virus in the Mouse. Virology. 208:662–671. 
Chen, R., Wang, K., Yu, J., Chen, Z., Wen, C., and Xu, Z. 2020. The spatial and cell-type 
distribution of SARS-CoV-2 receptor ACE2 in human and mouse brain. BioRxiv. 
2020.04.07.030650. 
Corman, V.M., Muth, D., Niemeyer, D., and Drosten, C. 2018. Hosts and Sources of Endemic 
Human Coronaviruses. Adv Virus Res. 100:163–188. 
Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. 2020. The 
species Severe acute respiratory syndrome-related coronavirus: classifying 2019-nCoV and 
naming it SARS-CoV-2. Nat Microbiol. 5:536–544. 
Dalton, P. 2004. Olfaction and anosmia in rhinosinusitis. Curr Allergy Asthma Rep. 4:230–236. 
Doty, R.L. 2003. The Olfactory System and the Nasal Mucosa as Portals of Entry of Viruses, 
Drugs, and Other Exogenous Agents into the Brain. CRC Press. 
Doty, R.L., Shah, M., and Bromley, S.M. 2008. Drug-induced taste disorders. Drug Saf. 31:199–
215. 
Duncan, H.J., and Seiden, A.M. 1995. Long-term Follow-up of Olfactory Loss Secondary to 
Head Trauma and Upper Respiratory Tract Infection. Arch Otolaryngol Neck Surg. 121:1183–
1187. 
Eccles, R. 2005. Understanding the symptoms of the common cold and influenza. Lancet Infect 
Dis. 5:718–725. 
Eliezer, M., Hautefort, C., Hamel, A.-L., Verillaud, B., Herman, P., Houdart, E., and Eloit, C. 
2020. Sudden and Complete Olfactory Loss Function as a Possible Symptom of COVID-19. 
JAMA Otolaryngol Neck Surg. 
Frasnelli, J., Hummel, T., Berg, J., Huang, G., and Doty, R.L. 2011. Intranasal Localizability of 
Odorants: Influence of Stimulus Volume. Chem Senses. 36:405–410. 
Frasnelli, J., Landis, B.N., Heilmann, S., Hauswald, B., Hüttenbrink, K.B., Lacroix, J.S., Leopold, 
D.A., and Hummel, T. 2004. Clinical presentation of qualitative olfactory dysfunction. Eur Arch 
Oto-Rhino-Laryngol Off J Eur Fed Oto-Rhino-Laryngol Soc EUFOS Affil Ger Soc Oto-Rhino-
Laryngol - Head Neck Surg. 261:411–415. 
Gane, S.B., Kelly, C., and Hopkins, C. 2020. Isolated sudden onset anosmia in COVID-19 
infection. A novel syndrome? Rhinology. 
Giacomelli, A., Pezzati, L., Conti, F., Bernacchia, D., Siano, M., Oreni, L., Rusconi, S., 
Gervasoni, C., Ridolfo, A.L., Rizzardini, G., et al. 2020. Self-reported olfactory and taste 
disorders in SARS-CoV-2 patients: a cross-sectional study. Clin Infect Dis. 
Giannis, D., Ziogas, I.A., and Gianni, P. 2020. Coagulation disorders in coronavirus infected 
patients: COVID-19, SARS-CoV-1, MERS-CoV and lessons from the past. J Clin Virol Off Publ 
Pan Am Soc Clin Virol. 127:104362. 
Google Trend. 2020b. Google trends on searching olfactory and gustatory with covid in Italy. 
Google Trend. 2020c. Google trends on searching olfactory and gustatory with covid in United 
States of America. 
Gralinski, L.E., and Baric, R.S. 2015. Molecular pathology of emerging coronavirus infections. J 
Pathol. 235:185–195. 
Guan, W., and Zhong, N. 2020. Clinical Characteristics of Covid-19 in China. N Engl J Med. 
NEJMc2005203. 
Gupta, K., Mohanty, S.K., Kalra, S., Mittal, A., Mishra, T., Ahuja, J., Sengupta, D., and Ahuja, G. 
2020. The molecular basis of loss of smell in 2019-nCoV infected individuals. 
Haro-Licer, J. de, Roura-Moreno, J., Vizitiu, A., González-Fernández, A., and González-Ares, 
J.A. 2013. Long Term Serious Olfactory Loss in Colds and/or Flu. Acta Otorrinolaringol Engl Ed. 
64:331–338. 
Harris, R., Davidson, T.M., Murphy, C., Gilbert, P.E., and Chen, M. 2006. Clinical Evaluation 



17 

and Symptoms of Chemosensory Impairment: One Thousand Consecutive Cases from the 
Nasal Dysfunction Clinic in San Diego. Am J Rhinol. 20:101–108. 
Hoffmann, M., Kleine-Weber, H., Schroeder, S., Krüger, N., Herrler, T., Erichsen, S., 
Schiergens, T.S., Herrler, G., Wu, N.H., Nitsche, A., et al. 2020. SARS-CoV-2 Cell Entry 
Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. 
Cell. 181:271–280. 
Hopkins, C., and Kumar, N. 2020. Loss of sense of smell as marker of COVID-19 infection. 
Hopkins, C., Surda, P., and Kumar, N. 2020. Presentation of new onset anosmia during the 
COVID-19 pandemic. Rhinology. 
Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., Zhang, L., Fan, G., Xu, J., Gu, X., et al. 
2020. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. The 
Lancet. 395:497–506. 
Hummel, T., Landis, B.N., and Rombaux, P. 2017a. Disrupted Odor Perception. In: Springer 
Handbook of Odor. Springer. pp. 79–80. 
Hummel, T., Rothbauer, C., Barz, S., Grosser, K., Pauli, E., and Kobald, G. 1998a. Olfactory 
Function in Acute Rhinitisa. Ann N Y Acad Sci. 855:616–624. 
Hummel, T., Rothbauer, C., Pauli, E., and Kobal, G. 1998b. Effects of the nasal decongestant 
oxymetazoline on human olfactory and intranasal trigeminal function in acute rhinitis. Eur J Clin 
Pharmacol. 54:521–528. 
Hummel, T., Whitcroft, K.L., Andrews, P., Altundag, A., Cinghi, C., Costanzo, R.M., Damm, M., 
Frasnelli, J., Gudziol, H., Gupta, N., et al. 2017b. Position paper on olfactory dysfunction. Rhinol 
J. 0:1–30. 
Hwang, C.-S. 2006. Olfactory neuropathy in severe acute respiratory syndrome: report of A 
case. Acta Neurol Taiwanica. 15:26–28. 
Jafek, B.W., Hartman, D., Eller, P.M., Johnson, E.W., Strahan, R.C., and Moran, D.T. 1990. 
Postviral Olfactory Dysfunction. Am J Rhinol. 4:91–100. 
Jafek, B.W., Murrow, B., Michaels, R., Restrepo, D., and Linschoten, M. 2002. Biopsies of 
Human Olfactory Epithelium. Chem Senses. 27:623–628. 
Jitaroon, K., Wangworawut, Y., Ma, Y., and Patel, Z.M. 2020. Evaluation of the Incidence of 
Other Cranial Neuropathies in Patients With Postviral Olfactory Loss. JAMA Otolaryngol Neck 
Surg. 
Kaye, R., Chang, D., Kazahaya, K., Brereton, J., and Denneny, J. 2020. COVID-19 Case 
Tracker. Johns Hopkins University. Otolaryngol Head Neck Surg. 
Klok, F.A., Kruip, M.J.H.A., Meer, N.J.M. van der, Arbous, M.S., Gommers, D. a. M.P.J., Kant, 
K.M., Kaptein, F.H.J., Paassen, J. van, Stals, M. a. M., Huisman, M.V., et al. 2020. Incidence of 
thrombotic complications in critically ill ICU patients with COVID-19. Thromb Res. 
Konstantinidis, I., Haehner, A., Frasnelli, J., Reden, J., Quante, G., Damm, M., and Hummel, T. 
2006. Post-infectious olfactory dysfunction exhibits a seasonal pattern. Rhinology. 44:135–139. 
Landis, B.N., Welge-Luessen, A., Brämerson, A., Bende, M., Mueller, C.A., Nordin, S., and 
Hummel, T. 2009. “Taste Strips” - a rapid, lateralized, gustatory bedside identification test based 
on impregnated filter papers. J Neurol. 256:242–248. 
Lechien, J.R., Chiesa-Estomba, C.M., De Siati, D.R., Horoi, M., Le Bon, S.D., Rodriguez, A., 
Dequanter, D., Blecic, S., El Afia, F., Distinguin, L., et al. 2020. Olfactory and gustatory 
dysfunctions as a clinical presentation of mild-to-moderate forms of the coronavirus disease 
(COVID-19): a multicenter European study. Eur Arch Otorhinolaryngol. 
Loo, A.T., Youngentob, S.L., Kent, P.F., and Schwob, J.E. 1996. The aging olfactory epithelium: 
Neurogenesis, response to damage, and odorant-induced activity. Int J Dev Neurosci. 14:881–
900. 
Lu, R., Zhao, X., Li, J., Niu, P., Yang, B., Wu, H., Wang, W., Song, H., Huang, B., Zhu, N., et al. 
2020. Genomic characterisation and epidemiology of 2019 novel coronavirus: implications for 
virus origins and receptor binding. Lancet Lond Engl. 395:565–574. 



18 

Mäkelä, M.J., Puhakka, T., Ruuskanen, O., Leinonen, M., Saikku, P., Kimpimäki, M., Blomqvist, 
S., Hyypiä, T., and Arstila, P. 1998. Viruses and Bacteria in the Etiology of the Common Cold. J 
Clin Microbiol. 36:539–542. 
Mao, L., Jin, H., Wang, M., Hu, Y., Chen, S., He, Q., Chang, J., Hong, C., Zhou, Y., Wang, D., 
et al. 2020. Neurologic Manifestations of Hospitalized Patients With Coronavirus Disease 2019 
in Wuhan, China. JAMA Neurol. 
Marchese-Ragona, R., Ottaviano, G., Nicolai, P., Vianello, A., and Carecchio, M. 2020. Sudden 
hyposmia as a prevalent symptom of COVID-19 infection. MedRxiv. 2020.04.06.20045393. 
Marzano, A.V., Genovese, G., Fabbrocini, G., Pigatto, P., Monfrecola, G., Piraccini, B.M., 
Veraldi, S., Rubegni, P., Cusini, M., Caputo, V., et al. 2020. Varicella-like exanthem as a 
specific COVID-19-associated skin manifestation: multicenter case series of 22 patients. J Am 
Acad Dermatol. 
Mattos, J.L., Edwards, C., Schlosser, R.J., Hyer, M., Mace, J.C., Smith, T.L., and Soler, Z.M. 
2019. A brief version of the questionnaire of olfactory disorders in patients with chronic 
rhinosinusitis. Int Forum Allergy Rhinol. 9:1144–1150. 
Menni, C., Valdes, A., Freydin, M.B., Ganesh, S., Moustafa, J.E.-S., Visconti, A., Hysi, P., 
Bowyer, R.C.E., Mangino, M., Falchi, M., et al. 2020. Loss of smell and taste in combination 
with other symptoms is a strong predictor of COVID-19 infection. MedRxiv. 
2020.04.05.20048421. 
Meo, S.A., Alhowikan, A.M., Al-Khlaiwi, T., Meo, I.M., Halepoto, D.M., Iqbal, M., Usmani, A.M., 
Hajjar, W., and Ahmed, N. 2020. Novel coronavirus 2019-nCoV: prevalence, biological and 
clinical characteristics comparison with SARS-CoV and MERS-CoV. Eur Rev Med Pharmacol 
Sci. 24:2012–2019. 
Mobley, A.S., Rodriguez-Gil, D.J., Imamura, F., and Greer, C.A. 2014. Aging in the olfactory 
system. Trends Neurosci. 37:77–84. 
Moein, S.T., Hashemian, S.M.R., Mansourafshar, B., Khorram-Tousi, A., Tabarsi, P., and Doty, 
R.L. 2020. Smell dysfunction: a biomarker for COVID-19. Int Forum Allergy Rhinol. 
Mueller, A., Rodewald, A., Reden, J., Gerber, J., Kummer, R. von, and Hummel, T. 2005. 
Reduced olfactory bulb volume in post-traumatic and post-infectious olfactory dysfunction. 
NeuroReport. 16:475–478. 
Naka, A., Riedl, M., Luger, A., Hummel, T., and Mueller, C.A. 2010. Clinical significance of smell 
and taste disorders in patients with diabetes mellitus. Eur Arch Otorhinolaryngol. 267:547–550. 
Nassar, M.S., Bakhrebah, M.A., Meo, S.A., Alsuabeyl, M.S., and Zaher, W.A. 2018a. Global 
seasonal occurrence of middle east respiratory syndrome coronavirus (MERS-CoV) infection. 
Eur Rev Med Pharmacol Sci. 22:3913–3918. 
Nassar, M.S., Bakhrebah, M.A., Meo, S.A., Alsuabeyl, M.S., and Zaher, W.A. 2018b. Middle 
East Respiratory Syndrome Coronavirus (MERS-CoV) infection: epidemiology, pathogenesis 
and clinical characteristics. Eur Rev Med Pharmacol Sci. 22:4956–4961. 
Pellegrino, R., Walliczek-Dworschak, U., Winter, G., Hull, D., and Hummel, T. 2017. 
Investigation of chemosensitivity during and after an acute cold. Int Forum Allergy Rhinol. 
7:185–191. 
Portier, F., Faulcon, P., Lamblin, B., and Bonfils, P. 2000. [Signs and symptoms, etiologies and 
clinical course of parosmia + in a series of 84 patients]. Ann Oto-Laryngol Chir Cervico Faciale 
Bull Soc Oto-Laryngol Hopitaux Paris. 117:12–18. 
Proud, D., Reynolds, C.J., Lacapra, S., Kagey-Sobotka, A., Lichtenstein, L.M., and Naclerio, 
R.M. 1988. Nasal provocation with bradykinin induces symptoms of rhinitis and a sore throat. 
Am Rev Respir Dis. 137:613–616. 
Reden, J., Mueller, A., Mueller, C., Konstantinidis, I., Frasnelli, J., Landis, B.N., and Hummel, T. 
2006. Recovery of Olfactory Function Following Closed Head Injury or Infections of the Upper 
Respiratory Tract. Arch Otolaryngol Neck Surg. 132:265–269. 
Reiss, C.S., Plakhov, I.V., and Komatsu, T. 1998. Viral Replication in Olfactory Receptor 



19 

Neurons and Entry into the Olfactory Bulb and Braina. Ann N Y Acad Sci. 855:751–761. 
Ren, Y., Yang, L., Guo, Y., Xutao, M., Li, K., and Wei, Y. 2012. Intranasal trigeminal 
chemosensitivity in patients with postviral and post-traumatic olfactory dysfunction. Acta 
Otolaryngol (Stockh). 132:974–980. 
Riel, D. van, Verdijk, R., and Kuiken, T. 2015. The olfactory nerve: a shortcut for influenza and 
other viral diseases into the central nervous system: The olfactory nerve: a shortcut for viruses 
into the CNS. J Pathol. 235:277–287. 
Rombaux, P., Huart, C., Deggouj, N., Duprez, T., and Hummel, T. 2012. Prognostic Value of 
Olfactory Bulb Volume Measurement for Recovery in Postinfectious and Posttraumatic Olfactory 
Loss. Otolaryngol Neck Surg. 147:1136–1141. 
Rombaux, P., Huart, C., Levie, P., Cingi, C., and Hummel, T. 2016. Olfaction in Chronic 
Rhinosinusitis. Curr Allergy Asthma Rep. 16:41. 
Rombaux, P., Martinage, S., Huart, C., and Collet, S. 2009. Post-infectious olfactory loss: a 
cohort study and update. B-ENT. 5 Suppl 13:89–95. 
Rombaux, P., Mouraux, A., Bertrand, B., Nicolas, G., Duprez, T., and Hummel, T. 2006. 
Olfactory Function and Olfactory Bulb Volume in Patients with Postinfectious Olfactory Loss. 
The Laryngoscope. 116:436–439. 
Seiden, A.M. 2004. Postviral olfactory loss. Otolaryngol Clin North Am. 37:1159–1166. 
Shibayama, Y., Skoner, D., Suehiro, S., Konishi, J.-E., Fireman, P., and Kaplan, A.P. 1996. 
Bradykinin levels during experimental nasal infection with rhinovirus and attenuated influenza 
virus. Immunopharmacology. 33:311–313. 
Spinato, G., Fabbris, C., Polesel, J., Cazzador, D., Borsetto, D., Hopkins, C., and Boscolo-
Rizzo, P. 2020. Alterations in Smell or Taste in Mildly Symptomatic Outpatients With SARS-
CoV-2 Infection. JAMA. 
Su, S., Wong, G., Shi, W., Liu, J., Lai, A.C.K., Zhou, J., Liu, W., Bi, Y., and Gao, G.F. 2016. 
Epidemiology, Genetic Recombination, and Pathogenesis of Coronaviruses. Trends Microbiol. 
24:490–502. 
Sungnak, W., Huang, N., Bécavin, C., Berg, M., and Network, H.L.B. 2020. SARS-CoV-2 Entry 
Genes Are Most Highly Expressed in Nasal Goblet and Ciliated Cells within Human Airways. 
Tian, J., Pinto, J.M., Cui, X., Zhang, H., Li, L., Liu, Y., Wu, C., and Wei, Y. 2016. Sendai Virus 
Induces Persistent Olfactory Dysfunction in a Murine Model of PVOD via Effects on Apoptosis, 
Cell Proliferation, and Response to Odorants. PLoS ONE. 11. 
Tong, J.Y., Wong, A., Zhu, D., Fastenberg, J.H., and Tham, T. 2020. The Prevalence of 
Olfactory and Gustatory Dysfunction in COVID-19 Patients: A Systematic Review and Meta-
Analysis. Otolaryngol-Head Neck Surg. 
Tsai, L.-K., Hsieh, S.-T., Chao, C.-C., Chen, Y.-C., Lin, Y.-H., Chang, S.-C., and Chang, Y.-C. 
2004. Neuromuscular disorders in severe acute respiratory syndrome. Arch Neurol. 61:1669–
1673. 
Villalba, N.L., Maouche, Y., Ortiz, M.B.A., Sosa, Z.C., Chahbazian, J.B., Syrovatkova, A., 
Pertoldi, P., Andres, E., and Zulfiqar, A.-A. 2020. Anosmia and Dysgeusia in the Absence of 
Other Respiratory Diseases: Should COVID-19 Infection Be Considered? Eur J Case Rep Intern 
Med. 
Walker, A., Hopkins, C., and Surda, P. 2020. The use of google trends to investigate the loss of 
smell related searches during COVID-19 outbreak. Int Forum Allergy Rhinol. n/a. 
Wang, Z., Yang, B., Li, Q., Wen, L., and Zhang, R. 2020. Clinical Features of 69 Cases with 
Coronavirus Disease 2019 in Wuhan, China. Clin Infect Dis. ciaa272. 
Welge-Lüssen, A., and Wolfensberger, M. 2006. Olfactory Disorders following Upper 
Respiratory Tract Infections. Taste Smell. 63:125–132. 
WHO. 2020. World Health Organization (WHO, 2020) Coronavirus disease (COID-19) 
Pandemic. 
Williams, F.M., Freydin, M., Mangino, M., Couvreur, S., Visconti, A., Bowyer, R.C., Roy, C.I.L., 



20 

Falchi, M., Sudre, C., Davies, R., et al. 2020. Self-reported symptoms of covid-19 including 
symptoms most predictive of SARS-CoV-2 infection, are heritable. MedRxiv. 
2020.04.22.20072124. 
Wysocki, C.J., and Gilbert, A.N. 1989. National Geographic Smell Survey. Effects of age are 
heterogenous. Ann N Y Acad Sci. 561:12–28. 
Yamagishi, M., Fujiwara, M., and Nakamura, H. 1994. Olfactory mucosal findings and clinical 
course in patients with olfactory disorders following upper respiratory viral infection. Rhinology. 
32:113–118. 
Yan, C.H., Faraji, F., Prajapati, D.P., Boone, C.E., and DeConde, A.S. 2020. Association of 
chemosensory dysfunction and Covid-19 in patients presenting with influenza-like symptoms. Int 
Forum Allergy Rhinol. n/a. 
Yan, C.H., Faraji, F., Prajapati, D.P., Ostrander, B.T., and DeConde, A.S. 2020. Self-reported 
olfactory loss associates with outpatient clinical course in Covid-19. Int Forum Allergy Rhinol. 
Yao, L., Yi, X., Pinto, J.M., Yuan, X., Guo, Y., Liu, Y., and Wei, Y. 2018. Olfactory cortex and 
Olfactory bulb volume alterations in patients with post-infectious Olfactory loss. Brain Imaging 
Behav. 12:1355–1362. 
Zegarra-Valdivia, J., Chino Vilca, B.N., Tairo, T., Munive, V., and Lastarria, C. 2020. 
NEUROLOGICAL COMPONENT IN CORONAVIRUSES INDUCED DISEASE: SYSTEMATIC 
REVIEW OF SARS-CoV, MERS-CoV, AND SARS-CoV- 2. Open Science Framework. 
Zhong, N.S., Zheng, B.J., Li, Y.M., Poon,  null, Xie, Z.H., Chan, K.H., Li, P.H., Tan, S.Y., Chang, 
Q., Xie, J.P., et al. 2003. Epidemiology and cause of severe acute respiratory syndrome (SARS) 
in Guangdong, People’s Republic of China, in February, 2003. Lancet Lond Engl. 362:1353–
1358. 


