Isolated, sudden, recoverable olfactory dysfunction: a pathognomonic sign of COVID-19 
ABSTRACT

Objectives

This study aimed to define the clinical features of anosmia, a symptom observed in patients with coronavirus disease 2019 (COVID-19).

Methods

The presence of olfactory symptoms, such as loss of smell, in COVID-19  patients and their relationship with the disease process were evaluated.

Results

A total of 217 patients with COVID-19 were evaluated, of which 135 patients were interviewed via phone calls. The patients were divided into four subgroups: group 1 had only olfactory complaints (isolated, sudden-onset loss of smell); group 2 had isolated, sudden-onset loss of smell, followed by typical COVID-19 complaints; group 3 initially had typical COVID-19 complaints, but gradually developed olfactory complaints; and group 4 had no olfactory complaints. In total, 59.3% of the patients had olfactory complaints.

In groups 1–3, the odor scores after the disease were significantly lower than those before the disease; this decrease was more evident in groups 1 and 2 than in group 3 (p = 0.003, p = 0.000, and p = 0.014, respectively). Groups 1 and 2 had a greater loss of smell than group 3 (7.8 ± 2.1 in groups 1 and 2 vs. 6.2 ± 2.6 in group 3; p = 0.01). The odor scores completely returned to the pre-disease values in 51.2% of patients with olfactory dysfunction (41 patients); the mean duration of loss of smell was 7.1 ± 2.4 days.

Conclusion

Timely detection of anosmia is important in patients with COVID-19 in order to help control the spread of this highly contagious disease.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is a worldwide pandemic, and the World Health Organization (WHO) has declared it an internationally alarming public health emergency [1].ADDIN EN.CITE <EndNote><Cite><Author>Organization</Author><Year>2020</Year><RecNum>45</RecNum><DisplayText>[1]</DisplayText><record><rec-number>45</rec-number><foreign-keys><key app="EN" db-id="tswwzf2pozzzfye9fzmvz2550ezr5eerffdr" timestamp="1587122060">45</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>World Health Organization</author></authors></contributors><titles><title>Coronavirus disease 2019 (COVID-19): situation report, 70</title></titles><dates><year>2020</year></dates><urls></urls></record></Cite></EndNote> In addition to the typical symptoms of the disease, such as fever, cough, and shortness of breath, atypical symptoms, such as olfactory and gustatory dysfunctions, have been reported [2-3]. Recognizing disease carriers with atypical symptoms is crucial for combating this pandemic. Isolation of individuals with these symptoms will help reduce the disease spread. Early detection of the disease as well as early follow-up and treatment of high-risk patients will positively affect the disease spread and prognosis [4].
The pathogenesis of anosmia caused by SARS-CoV-2 is not clearly understood [5].ADDIN EN.CITE <EndNote><Cite><Author>Gane</Author><Year>2020</Year><RecNum>49</RecNum><DisplayText>[5]</DisplayText><record><rec-number>49</rec-number><foreign-keys><key app="EN" db-id="tswwzf2pozzzfye9fzmvz2550ezr5eerffdr" timestamp="1587131729">49</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Gane, S. B.</author><author>Kelly, C.</author><author>Hopkins, C.</author></authors></contributors><auth-address>Royal National Ear, Nose and Throat and Eastman Dental Hospitals, London, United Kingdom.&#xD;AbScent, 14 London Road, Andover, Hampshire, United Kingdom.&#xD;Guy&apos;s and St Thomas&apos; Hospitals, London, United Kingdom.</auth-address><titles><title>Isolated sudden onset anosmia in COVID-19 infection. A novel syndrome?</title><secondary-title>Rhinology</secondary-title></titles><periodical><full-title>Rhinology</full-title></periodical><edition>2020/04/03</edition><dates><year>2020</year><pub-dates><date>Apr 2</date></pub-dates></dates><isbn>0300-0729 (Print)&#xD;0300-0729</isbn><accession-num>32240279</accession-num><urls></urls><electronic-resource-num>10.4193/Rhin20.114</electronic-resource-num><remote-database-provider>NLM</remote-database-provider><language>eng</language></record></Cite></EndNote> However, complaints of loss of smell and taste have been reported by patients with COVID-19 in recent studies [5-7]. Anosmia may be isolated and sudden, and it usually progresses to total anosmia over time. The majority of patients do not have nasal obstruction or rhinorrhea, and olfactory dysfunction can occur regardless of these symptoms [5,6].ADDIN EN.CITEADDIN EN.CITE.DATA While the incidence of loss of smell has been reported in >80% of patients with COVID-19, 11.8%–35.5% of the patients have been found to exhibit olfactory dysfunction without any other symptoms [6,7].ADDIN EN.CITEADDIN EN.CITE.DATA
Anosmia is more frequently reported than other atypical symptoms in patients with COVID-19, and it could therefore be considered a pathognomonic sign of COVID-19 in the future. The details of olfactory dysfunction in patients with a disease like COVID-19, which is still being studied to evaluate the detailed clinical findings, can help understand the clinical course of the disease. This study aimed to determine the clinical features of olfactory and gustatory dysfunctions observed in patients with COVID-19 and to describe their relationship with the disease process.
MATERIALS AND METHODS
Participants
Between March 23rd, 2020 and March 25th, 2020, 217 patients admitted to the hospital with a suspicion of COVID-19 were included in this cross-sectional study. Detailed medical histories of the patients were obtained from the hospital records. The patients were then contacted via phone calls and asked questions using structured questionnaires in order to evaluate their general findings and sense of smell. Information about the presence of olfactory dysfunction, the time of its appearance, the healing process, and accompanying findings was obtained through these questions. The inclusion criteria were as follows: detection of COVID-19 by polymerase chain reaction (PCR) and a swab test, findings of pneumonia consistent with COVID-19 pneumonia on thoracic computed tomography (CT), and follow-up as per the medical procedures. Patients who were diagnosed at least a month before the study date were included in the study. The patients’ complaints related to COVID-19 were listed chronologically. The exclusion criteria were as follows: previous head trauma, neurological disease, pregnancy, and age < 18 years.
Based on the sense of smell, general symptoms, ENT symptoms, and the clinical course of these symptoms, the patients were divided into four groups: Group 1 included patients with isolated, sudden-onset loss of smell and no other complaints during follow-up; group 2 included patients with isolated, sudden-onset loss of smell, followed by typical complaints, such as fever, cough, shortness of breath, sore throat, and diarrhea; group 3 included patients with typical COVID-19 complaints and eventual loss of smell; and group 4 included patients with typical COVID-19 complaints without any loss of smell before or during the disease (Figure 1).
The study was approved by the Ethical Committee  and was performed in accordance with the Declaration of Helsinki.
Evaluation of olfactory functions
Olfactory functions were evaluated using the questionnaire for the assessment of self-reported olfactory functioning and olfaction-related quality of life, which tests the subjective olfactory capability (SOC), because the infectious period is >14 days in patients with COVID-19, the total duration of viremia was not known clearly, and there was a risk of transmission to health professionals [8]. SOC of the patients before the disease, during the disease, and during the recovery period was assessed. Self-scoring was used to assess the olfactory function. All the patients were asked to rate their ability to smell on a scale of 1–10 (0, unable to smell; 10, best possible sense of smell) [8]. This form was specifically integrated with questions regarding the olfactory function during the disease in order to assess the subclinical course of olfactory dysfunction in patients with COVID-19. 
The difference in the self-rating scores before and during the disease among groups 1, 2, and 3 was used as an indicator of the severity/depth of olfactory dysfunction. The ability to smell decreased with an increase in the score difference. When calculating the olfactory dysfunction recovery rate, the difference between the odor score at the end of the first month and the odor score before the disease was expressed in percentile.
Statistical analysis
Statistical analyses were performed using SPSS for Windows, version 21 (SPSS, Chicago, IL, USA). The Shapiro–Wilk test was used to check the normality of the variables. Continuous variables are presented as mean ± standard deviation (SD), and categorical variables are presented as frequency (n) and percentage (%). The Kruskal–Wallis test, Mann–Whitney U test, and Wilcoxon signed-rank test were used to compare the scores before the disease, during the disease, and during the recovery period. A two-sided p-value ≤ 0.05 was considered statistically significant.
RESULTS
A total of 217 patients with COVID-19 were enrolled in this study. Of these, 38 patients could not be reached, two patients died, three patients reported having olfactory issues before developing the disease, 10 patients did not accept the interview, and 29 patients did not provide clear information about the processes. Thus, 135 patients (61 females and 74 males) aged 39.8 ± 11.34 years were interviewed.
Group 1 had 14 patients (10.4%), group 2 had 42 patients (31.1%), group 3 had 24 patients (17.8%), and group 4 had 55 patients (40.7%). In total, 59.3% of the patients had olfactory complaints. Demographic data and clinical characteristics of the groups are provided in Table 1.
The age and gender of the patients with olfactory complaints (groups 1–3; 37.1 ± 10.6 years; 58.8% females) were significantly different from those of the patients without olfactory complaints (group 4; 43.7 ± 11.3 years; 25.5% females) (p = 0.001 and p = 0.000, respectively).
Moreover, the age and gender of the 56 patients with isolated, sudden-onset loss of smell (groups 1 and 2; 35.4 ± 9.5 years; 67.9% females) were significantly different from those of the 55 patients without olfactory complaints (group 4; 43.7 ± 11.3 years; 25.5% females) (p = 0.002 and p = 0.000, respectively).
The self-rating scores before the disease were higher in group 1 (9.7 ± 0.5) than in groups 2 (8.8 ± 1.1) and 3 (8.8 ± 1.3) (p = 0.005 and p = 0.03, respectively). In these three groups, the odor scores after the disease were significantly lower than those before the disease; this decrease was more evident in groups 1 and 2 than in group 3 (p = 0.003, p = 0.000, and p = 0.014, respectively; Figure 2). The loss of smell in groups 1 and 2 (7.8 ± 2.1) was greater than that in group 3 (6.2 ± 2.6) (p = 0.01; Table 2).
The olfactory scores completely returned to the pre-disease values in 51.2% of patients (41 patients) with olfactory dysfunction; the mean duration of loss of smell was 7.1 ± 2.4 days. In 75% of the patients, the sense of smell recovered by 75%–100% in 8.4 ± 3.4 days. The recovery rate in group 3 was higher than that in groups 1 and 2 (complete recovery: 28.6% in group 1, 50% in group 2, and 66.7% in group 3; p = 0.023 and p = 0.189, respectively; 75%–100% recovery: 57.1% in group 1, 66.7% in group 2, and 100% in group 3, p = 0.01 and p = 0.00, respectively). The duration of loss of smell was lesser in groups 1 and 2 than in group 3 (p = 0.036 and p = 0.032, respectively; Table 2). 
A total of 64.3%, 59.5%, and 29.2% of patients in groups 1, 2, and 3, respectively, reported total loss of smell (self-rating score: 0). In addition, 60.7% of patients with isolated, sudden-onset loss of smell had total anosmia (self-rating score = 0), while 39.3% had different rates of olfactory dysfunction.
Other findings appeared 3.2 ± 2.1 days after the development of olfactory dysfunction. Fever (59.1%), cough (53%), and diarrhea (45.5%) were the most common findings in patients with olfactory dysfunction. Olfactory dysfunction and co-existing typical COVID-19 symptoms are presented in Table 3. 
DISCUSSION
Symptoms of anosmia have been observed in patients with COVID-19 in previous studies; the presence of sudden-onset anosmia has been suggested to be a screening criterion [8,9]. In particular, the initial findings regarding the differences in the clinical presentations in such patients have been published in a large-case series, but no classification has been made [6,7,10].ADDIN EN.CITE The most important finding of this study is that it revealed three different clinical presentations of COVID-related loss of smell and identified the clinical course of isolated loss of smell. With regard to the clinical course, isolated, sudden-onset loss of smell was present in the first two groups, while olfactory dysfunction gradually developed after the appearance of typical symptoms in the third group. In this study, most COVID-19 patients with olfactory dysfunction were found to be females. Moreover, these patients were younger than those belonging to the fourth group (without olfactory complaints). Various hormonal and genetic factors cause gender differences in the clinical course of viral infections [11].ADDIN EN.CITE COVID-19 is more common, more severe, and associated with higher mortality rates in males,ADDIN EN.CITE while COVID-19-associated loss of smell is more common in females [6,12-14].ADDIN EN.CITEADDIN EN.CITE.DATA It is known that women have a better sense of smell than men15 and are more aware of any change in olfactory function because they use their sense of smell more frequently in daily life. In this study, the patients with isolated, sudden-onset loss of smell (the majority of whom were female) had the highest pre-disease self-rating odor scores.
The olfactory epithelium has been found to express ACE2 and TMPRSS2, which enable SARS-CoV-2 to enter the cell. Young mice have been found to have lower ACE2 and TMPRSS2 expression in the olfactory epithelial cells. Thus, it is thought that virus-mediated olfactory damage may be less in young patients with COVID-19 [16]. Interestingly, however, in our study, the younger patients had more severe olfactory complaints. Therefore, relationship of the mechanism of loss of smell in patients with COVID-19 with ACE2 and TMPRSS2 receptor expression needs to be evaluated in future studies.
Olfactory sensory neurons, which play a role in the formation of antiviral immune responses, may affect the local immunomodulation in patients with COVID-19 [17]. Eosinophilic polyps cause more damage to the olfactory epithelium than non-eosinophilic polyps and therefore cause greater olfactory dysfunction [18]. We found that that patients with isolated, sudden-onset loss of smell had more severe olfactory dysfunction, which seemed to correlate with the longer recovery times in these patients. Whether the sense of smell helps prevent both central neuroinvasion and viremia should be studied in the future.
The different clinical presentations of olfactory dysfunction observed in our study may result from the different expression levels of the ACE2 receptor, which is the target of the virus, in different individuals and tissues; this may have also contributed to the individualization of responses [19]. On the other hand, the role of interleukin (IL)-6 in COVID-19-related local injuries and the use of IL-6 modulation in the treatment of COVID-19 have been discussed [20,21].ADDIN EN.CITE <EndNote><Cite><Author>Liu</Author><Year>2020</Year><RecNum>72</RecNum><DisplayText>[20; 21]</DisplayText><record><rec-number>72</rec-number><foreign-keys><key app="EN" db-id="tswwzf2pozzzfye9fzmvz2550ezr5eerffdr" timestamp="1588692891">72</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Liu, Fang</author><author>Li, Lin</author><author>Xu, MengDa</author><author>Wu, Juan</author><author>Luo, Ding</author><author>Zhu, YuSi</author><author>Li, BiXi</author><author>Song, XiaoYang</author><author>Zhou, Xiang</author></authors></contributors><titles><title>Prognostic value of interleukin-6, C-reactive protein, and procalcitonin in patients with COVID-19</title><secondary-title>Journal of Clinical Virology</secondary-title></titles><periodical><full-title>Journal of Clinical Virology</full-title></periodical><pages>104370</pages><dates><year>2020</year></dates><isbn>1386-6532</isbn><urls></urls></record></Cite><Cite><Author>Radbel</Author><Year>2020</Year><RecNum>73</RecNum><record><rec-number>73</rec-number><foreign-keys><key app="EN" db-id="tswwzf2pozzzfye9fzmvz2550ezr5eerffdr" timestamp="1588692951">73</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Radbel, Jared</author><author>Narayanan, Navaneeth</author><author>Bhatt, Pinki J</author></authors></contributors><titles><title>Use of tocilizumab for COVID-19 infection-induced cytokine release syndrome: A cautionary case report</title><secondary-title>Chest</secondary-title></titles><periodical><full-title>Chest</full-title></periodical><dates><year>2020</year></dates><isbn>0012-3692</isbn><urls></urls></record></Cite></EndNote> The olfactory damage caused by increased IL-6 levels and macrophage activation may result in loss of smell.
In our study, patients with and without loss of smell also had other typical symptoms reported in other studies [2,22]. Fever (59.1%), cough (53%), and diarrhea (45.5%) were the most common symptoms in patients with loss of smell. Although the prevalence of diarrhea in patients with COVID-19 is not as high as that of other symptoms, diarrhea has been reported in more than 50% of patients with anosmia [6,14,22]. Nasal obstruction-related loss of smell is very common in viral infections; however, anosmia associated with COVID-19 is not commonly accompanied by nasal obstruction/congestion [6,14]. Similarly, in our study, the association of loss of smell with nasal congestion was found to be low as 18.2%. Other important parameters, such as the condition of the nasal mucosa, nasal patency, and patency of the olfactory cleft, affect the sense of smell [23].ADDIN EN.CITEADDIN EN.CITE.DATA In some patients with a low rate of nasal inflammation, anosmia could be associated with focal inflammation in the olfactory cleft, and this needs to be evaluated in future studies. The role of olfactory bulbus in the pathology of the anosmia should not be forgotten, and this can be described in our long-term follow-up findings.
Although the olfactory dysfunction observed in patients with COVID-19 is mainly isolated, sudden-onset anosmia, it does not adequately express the characteristics of this condition [5]. We observed that anosmia may be developed suddenly, as an isolated symptom, and is not accompanied by nasal obstruction and/or rhinorrhea in most cases. In our study, 60.7% of patients had total anosmia. Another important finding was the complete recovery time was 8.4 ± 3.4 days on average and olfactory complaints recovered 50% within the 1-month follow-up period. The recovery was thus gradual. Given the diagnosis of hyposmia apart from anosmia in patients with COVID-19-related loss of smell [24], the differing recovery rates of anosmia and hyposmia, and the addition of anosmia–hyposmia to the criteria defining olfactory dysfunction, we have named the observed condition as isolated, sudden, recoverable olfactory dysfunction (ISROD). 
The finding of anosmia in patients with COVID-19 from various parts of the world has led clinicians to suspect the presence of COVID-19 in patients with anosmia. However, in most cases, the test could not be performed because patients did not meet the test criteria [5-7]. We were fortunate to have followed the developments across the world with regard to clinicians’ views and the symptoms of loss of smell and taste noted in patients with COVID-19 at the time of admission to the hospital. However, the timely identification of patients with isolated, sudden-onset anosmia seems closely related to the awareness of the clinical course and approach.
CONCLUSION
The fact that more than 50% patients with COVID-19 develop isolated, sudden-onset anosmia makes it a diagnostic sign for the disease. Detailed evaluation of the characteristics of olfactory dysfunction and the early identification and isolation of symptomatic and asymptomatic carriers will be extremely helpful in the identification of patients presenting with isolated loss of smell in the subsequent stages.
Our study described the relationship between the disease onset and healing process of COVID-19-related anosmia and provided information on the prognosis of isolated carriers. In addition, studies on COVID-19-related olfactory dysfunction will contribute to the development of post-viral olfactory loss  therapy in the future.
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