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Abstract  

This study prospectively assessed the six-month prevalence of self-reported and psychophysically 

measured olfactory dysfunction in subjects with mild-to-moderate COVID-19. Self-reported smell or 

taste impairment was prospectively evaluated by SNOT-22 at diagnosis, 4-week, 8-week, and 6-

month. At 6 months from the diagnosis, psychophysical evaluation of olfactory function was also 

performed using the 34-item culturally adapted University of Pennsylvania Smell Identification Test 

(CA-UPSIT). 145 completed both the 6-month subjective and psychophysical olfactory evaluation. 

According to CA-UPSIT, 87 subjects (60.0%) exhibited some smell dysfunction, with 10 patients being 

anosmic (6.9%) and 7 being severely microsmic (4.8%). At the time CA-UPSIT was administered, a 

weak correlation was observed between the self-reported alteration of sense of smell or taste and 

olfactory test scores (Spearman’s r=-0.26). Among 112 patients who self-reported normal sense of 

smell at last follow-up, CA-UPSIT revealed normal smell in 46 (41.1%), mild microsmia in 46 (41.1%), 

moderate microsmia in 11 (9.8%), severe microsmia in 3 (2.3%), and anosmia in 6 (5.4%) patients; 

however, of those patients self-reporting normal smell but who were found to have hypofunction on 

testing, 62 out of 66 had self-reported reduction in sense of smell or taste at an earlier time point. 

Despite most patients report a subjectively normal sense of smell, we observed a high percentage of 

persistent smell dysfunction at 6 months from the diagnosis of SARS-CoV-2 infection, with 11.7% of 

patients being anosmic or severely microsmic. These data highlight a significant long-term rate of 

smell alteration in patients with previous SARS-COV-2 infection.  
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Introduction 

 

In patients with mildly symptomatic coronavirus disease 2019 (COVID-19), sudden changes in the 

sense of smell or taste are reported by around two-thirds of subjects (Spinato et al., 2020) as being 

an early marker of COVID-19 and representing the most common long-lasting symptom of severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (Boscolo-Rizzo et al., 2020c). 

 

Considering the high spreading of SARS-CoV-2 infection worldwide, COVID-19 is expected to 

significantly contribute to the overall burden of anosmia in next future. Thus, it is imperative to 

systematically monitor the olfactory and gustative function in this population (Vaira et al., 2020a).  

 

To date, while several authors have investigated the recovery of the olfactory function in COVID-19 

patients with psychophysical tests (Lechien et al., 2020; Vaira et al., 2020b, Otte et al. 2020, Iannuzzi 

et al. 2020). However, few of these studies to date have exceeded the 2-month follow-up (Niklasen 

et al. 2020) and therefore further improvement may occur. To the best of our knowledge, only two 

studies, based on data obtained from the patient's interview, have so far investigated the recovery 

of olfactory dysfunction 6 months after onset (Hopkins et al., 2020; Klein et al., 2020). 

 

We have previously reported the prevalence of self-reported altered smell or taste in a cohort of 

mildly symptomatic home-isolated patients with confirmed SARS-CoV-2 infection (Spinato et al., 

2020) as well as the evolution of these symptoms at 4 (Boscolo-Rizzo et al., 2020a) and 8 weeks 

(Boscolo-Rizzo et al., 2020c). This study aims to assess the 6-month prevalence of self-reported and 

psychophysically measured olfactory dysfunction using a modified Italian version of the University of 
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Pennsylvania Smell Identification Test (UPSIT) in that cohort of patients. 

 

Materials and Methods 

 

Subjects 

We conducted a prospective study on adult patients consecutively assessed at Treviso Regional 

Hospital who tested positive for SARS-CoV-2 RNA by polymerase chain reaction (PCR) on 

nasopharyngeal and throat swabs performed according to World Health Organization 

recommendation (World Health Organization 2020). All patients were initially home-isolated with 

mild-to-moderate symptoms. Patients were considered mildly symptomatic if they had less severe 

clinical symptoms with no evidence of pneumonia, not requiring hospitalization, and therefore 

considered suitable for being treated at home. Patients with a history of previous craniofacial 

trauma, surgery or radiotherapy in the oral and sinonasal area, and those reporting a pre-existing 

olfactory dysfunction were excluded from the study. 

 

The study was conducted with the approval of the institutional ethical review boards of Treviso and 

Belluno provinces (ethic vote: 780/CE) and informed consent was obtained verbally and in written 

form. 

Questionnaires 

After collecting clinical data through a survey administered by telephone interview at the time of 

diagnosis, the same patients were re-contacted after 4 and 8 weeks. During the subsequent 

interviews the same questions were re-administered. In details, symptoms were assessed through 

ad hoc questions and structured questionnaires, including the ARTIQ (Acute Respiratory Tract 
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Infection Questionnaire) and the SNOT-22, item “Sense of smell or taste”, as previously reported 

(Spinato et al., 2020). Briefly, the SNOT-22 grades symptom severity as none (0), very mild (1), mild 

or slight (2), moderate (3), severe (4), or as bad as it can be (5).  

 

Olfactory Testing 

Finally, at 6-months from diagnosis, the Italian version of the UPSIT (Sensonics, Haddon Heights, NJ, 

USA) was used to assess the ability to identify odorants (Doty et al., 1984b) along with the 

administration of the above described questionnaires. The UPSIT is a well validated and reliable 

scratch-and-sniff test (test-retest r=0.94) based on the forced-choice among four alternative 

odorants. According to manufacturer instructions, each patient was asked to scratch each of the 40 

microencapsulated odorants present in the booklets with the tip of a pencil, provided in the kit, and 

to select the name of the odorant closest to the one perceived. Each patient was assisted by an 

examiner to verify that the test was correctly performed. The number of correct answers was 

calculated according to the test manual. As the names of 6 odorants reported in the UPSIT test have 

previously been shown not to match the common perception of those odorants by the Italian 

population leading to misidentification > 20% in a population of normal subjects, a reduced and 

culturally adapted version of the Italian UPSIT (CA-UPSIT) including 34 odorants that had been 

identified correctly by more than 80% of normal subjects, was used to evaluate the sense of smell in 

our subjects according to Cenedese et al. (Cenedese et al., 2015) and Parola et al. (Parola and 

Liberini, 1999). The following scores on a scale of 0-34 have been used: probable malingering, 00-04; 

total anosmia, 05-15; severe microsmia, 16-19; moderate microsmia, 20-23; mild microsmia, 24-27; 

normosmia, 28-34. 
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Patients who refused to perform UPSIT test were asked to complete the 6-months questionnaires by 

telephone interview. 

 

Statistical analysis 

Symptom prevalence was expressed as percentage of total patients, and 95% confidence interval (CI) 

were calculated using Clopper-Pearson method and differences in prevalence were evaluated 

through Fisher’s exact test. Correlation between CA-UPSIT score and SNOT-22 was evaluated 

through Spearman’s correlation coefficient (r) and concordance between SNOT-22 at different 

follow-ups was evaluated through weighed Cohen’s kappa coefficient. The trend in mean of CA-

UPSIT score across SNOT-22 categories were evaluated through ANOVA with constrains for trend. 

Statistical analyses were performed using R 3.6. 

Results 

 

Evolution of self-reported altered sense of smell or taste 

Of 202 mildly symptomatic SARS-CoV-2 RNA positive adults consecutively assessed at Treviso 

Regional Hospital and completing the survey at the baseline, 183 subjects (90.6%) answered to both 

the 4-week, 8-week, and 6-month follow-up interview. Demographics of the whole cohort have been 

previously reported (Spinato et al 2020); 6 month follow up participants had a median age of 57 

years (Q1-Q3: 46-67); the majority of them were female (54.6%; n=100), never smokers (68.9%; 

n=126), and ever drinkers (62.3%; n=114). 

 

Symptomatic evolution from baseline to 6-month follow-up is reported in Table 1. Fatigue (19.7%), 

breathing problems (16.4%), and altered sense of smell or taste (18.0%) were by far the 

predominant long-lasting symptoms.  
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The evolution of self-reported altered sense of smell or taste according to SNOT-22 score is shown in 

Figure 1 and in Appendix 1. Compared to the baseline, the prevalence of subjects complaining an 

altered sense of smell or taste dropped from 60.1% to 18.0% (Figure 1). Particularly at 6-months, 

among the 110 patients complaining a sudden onset of altered sense of smell or taste at baseline 

(Appendix 1), 85 (77.3%) self-reported a complete resolution of these symptoms, 22 (20.0%) a partial 

improvement, and in 3 subjects (2.7%) the symptoms were unchanged or worse. Among the 73 

patients who did not self-report an altered sense of smell or taste at baseline, 8 (11.0%) reported 

this symptom at 6-month follow-up. Minor symptomatic changes have been observed from the 8-

week to the 6-month follow-up (Cohen’ kappa=0.511 – Appendix 1), with 18 (9.8%) patients 

reporting symptomatic improvement and 19 patients (10.4%) reporting a worsening in the intensity 

of chemosensory alteration. 

 

Psychophysical olfactory evaluation using CA-UPSIT 

Among 183 patients that completed all follow-up interviews, 145 (79.2%) underwent the 

psychophysical olfactory evaluation at 6-month through CA-UPSIT; of these, 80 (55.2%) were female 

and the median age was 55 years (range: 21-84 years) with 84.8% of patients aged ≤ 69 years. There 

were no significant socio-demographic differences including median age (p=0.1170), gender 

(p=0.7422), smoking habit (p=0.1335), drinking habit (p=0.1414), and SNOT-22 score at baseline 

(p=0.5934) between patients completing the 6-month psychophysical evaluation and those who did 

not.  

 

The mean CA-UPSIT score was 25.5 (SD=±5.4). According to the score, 87 subjects (60.0%) exhibited 

some smell dysfunction, with 54 (37.2) being mildly microsmic, 16 (11.0%) moderately microsmic, 7 

(4.8%) severely microsmic, and 10 patients (6.9%) being anosmic (Table 2). Olfactory dysfunction 

was associated with older age but not with gender (Table 2). In patients who reported alteration of 
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smell or taste either at 0, 4 or 8 weeks, the mean CA-UPSIT score was 25.3 (±5.8) and 26.1 (±4.3) in 

patients who have never reported smell loss (P=0.350).  

 

At the time CA-UPSIT was administered, a weak correlation was observed between the self-reported 

alteration of sense of smell or taste and olfactory test scores (Spearman’s r=-0.26). The mean CA-

UPSIT score in patients with the score for self-reported loss of smell or taste ‘None’ was 26.3 ±4.8 vs 

14.9 ±7.1 in patients self-reporting loss of smell as “Severe”/”As bad as it can be” (Figure 2; 

p<0.0001).  

 

Among 145 patients undergoing CA-UPSIT evaluation, 112 self-reported normal sense of smell at 6-

months follow-up; in these patients, CA-UPSIT revealed normal smell only in 46 (41.1%), while a mild 

microsmia was detected in 46 (41.1%), moderate microsmia in 11 (9.8%), severe microsmia in 3 

(2.3%), and anosmia in 6 (5.4%) patients. CA-UPSIT revealed microsmia/anosmia in 66 patients who 

self-reported normal sense of smell or taste according to SNOT-22. However, of those patients self-

reporting normal smell but who were found to have hypofunction on testing, 62 out of 66 (93.9%) 

had self-reported reduction in sense of smell or taste at an earlier time point. 

 

Percentages of subjects who correctly identified each item of the CA-UPSIT according to impairment 

of sense of smell are reported in Figure 3. With the exception of “Pizza”, “Smoke”, and “Pine”, all 

other items showed significant differences in the discrimination rate when comparing the group of 

anosmic and normosmic patients with “Peach”, “Watermelon”, “Cinnamon”, “Menthol”, and 

“Coconut” being the odors with the lower rate of discrimination in the group of subjects classified as 

anosmic according to the overall CA-UPSIT score.  
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Discussion 

 

60.1% of our patient cohort reported loss of sense of smell or taste at the initial assessment shortly 

after COVID-19 diagnosis. Based on the subjective evaluation, 77.3% of these reported a complete 

resolution of these symptoms 6 months after the onset. We found that 6 months after SARS-CoV-2 

infection, 60.0% of our patient cohort were found to have olfactory dysfunction with psychophysical 

evaluation, while only 18.0% of patients of this group self-reported an altered sense of smell or taste 

at the same time. This latter percentage is in line with another study that observed a 6-month 

follow-up prevalence of self-reported chemosensory changes of 14% in subjects with RT-PCR 

confirmed SARS-CoV-2 infection (Klein et al., 2020).  

 

The quantitative evaluation of olfactory function was performed using CA-UPSIT, a modified version 

of the Italian scratch-and-sniff UPSIT containing 34 (instead of 40) odorants that are well recognized 

by Italian subjects (Parola and Liberini, 1999; Cenedese et al., 2015). The present study identified 

that at 6-month after SARS-CoV-2 infection, the average number of correct responses was 25.5 with 

40.0% of patients being normosmic. 60.0% of patients had some quantitative reduction in olfactory 

function with 11.7% subjects being severely microsmic or anosmic.  

 

Published control data on healthy Italian subjects of age comprised between 21 and 57 years 

reported a mean CA-UPSIT score of 32 with 98% normosmic and 2% mild microsmic subjects 

(Cenedese et al., 2015). Taking into account that smell identification ability declined markedly only 

after the seventh decade (Doty et al., 1984a) and that only 15.2% of patients in the present series 

aged older than 69 years, our data confirm the presence of a significant olfactory impairment at 6-

month. 
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Although we have encouraged the self-reported evaluation of anosmia as it is widely available and 

has as a baseline parameter of comparison (that is, the subjective perception of smell preceding the 

onset of COVID-19 (Boscolo-Rizzo et al., 2020b), these observations suggest that subjective 

evaluation of the olfactory function is inadequate to fully evaluate olfactory recovery. Consistently, 

several authors have underlined that subjectivity of self-reporting may lead to underestimation of 

the prevalence of olfactory dysfunction (Mazzatenta et al., 2020; Moein et al., 2020; Vaira et al., 

2020b; Yan et al., 2020).  

 

In contrast there is a risk that use psychophysical tests in the absence of a baseline assessment prior 

to exposure  o SARS-CoV-2 infection could overestimate the prevalence of COVID-19-related smell 

disorders as it might  detect pre-existing smell alterations . The prevalence of olfactory dysfunction 

in the general population is estimated to be between 15-21%, with a 5% prevalence of functional 

anosmia (Hummel et al, 2017, Landis et al 2006), However, the rate of psychophysical long-term 

olfactory dysfunction observed in the present series is significantly higher than expected from such 

poulation studies.  

 

Interestingly, 93.9% of patients showing some degree of olfactory dysfunction at psychophysical 

evaluation but self-reporting a normal sense of smell or taste at 6-month, had previously  

complained of a subjective chemosensory alteration during the course of their SARS-CoV-2 infection. 

As observed in another study (Otte et al., 2020), this suggests that patients, who previously had a 

significant chemosensory alteration and had only a partial recovery, tend to overestimate the extent 

of their recovery thus reporting a normal although psychophysically still impaired olfactory function. 

This mismatch between self-reported loss of the smell and the results of psychophysical testing has 
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been previously reported (Haxel et al., 2012), along with the potential for co-existing nasal 

obstruction to confound self-report (Landis et al., 2003), and highlights the importance of including 

both measures in future studies. Self-reported measures more likely reflect perceived functional 

disability and impact on quality of life and still have value in the assessment of olfactory loss (Zou et 

al., 2021) 

 

Remarkably, according to CA-UPSIT scores, 11.7% of subjects showed a psychophysical significant 

alteration in the sense of smell consisting in anosmia or severe hyposmia. Thus, considering the high 

prevalence of COVID-19 in the worldwide population, a parallel high incidence of long-term 

morbidity with significant impact on the quality of life of patients is expected in the near future as 

well as a significant burden of disease on the health system. This should increase efforts to search 

for therapeutic strategies that should be guided basis on the pathogenesis of the disease. 

 

Several possible mechanisms for loss of smell in the course of COVID-19 have been explored but it is 

still unclear how SARS-CoV-2 mediates smell loss. Briefly, the pathogenesis of the olfactory 

dysfunctions can be explained by two theories of direct viral cytopathy and systemic inflammatory 

cascade of events. According to recent studies, SARS-CoV-2 may affect directly the olfactory 

epithelium through perturbation of supporting cells which maintain the integrity of the olfactory 

sensory neurons and express ACE2 protein and cell surface protease TMPRSS2 which are both 

necessary for the virus entry into the target cells (Brann et al., 2020; Fodoulian et al., 2020). 

However, systematic studies on the histopathology of the olfactory epithelium in patients with 

COVID-19 are lacking (Deshmukh et al., 2020). A preliminary report suggests a possible role of the 

inflammation in the pathogenesis of the olfactory loss thus providing rationale for use of 

corticosteroids (Vaira et al., 2020c). Furthermore, olfactory training is the only disease-specific 
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intervention with demonstrated efficacy for the treatment of post-infectious olfactory dysfunction 

and it is assumed that it acts through by increasing both the regenerative ability and the neuroplastic 

potential of olfactory neurons. Therefore, given the above observations, the absence of randomized 

controlled trials investigating specific treatment in COVID-19-related anosmia, and the relatively high 

safety profile associated with their use, topical corticosteroid and olfactory training may be 

considered in selected patient with post-COVID-19 smell disturbance (Levy, 2020). Based on the 

evolution of the self-reported alteration of sense of smell or taste in the present series, symptoms 

tend to stabilize after two months from the onset. This could suggest that any therapy should be 

started early after the nasopharyngeal swab results negative as the possible adverse effects of a 

corticosteroid treatment in patients with ongoing upper airway SARS-CoV-2 infection remain to be 

investigated. 

 

There are a number of limitations to this study. First, a baseline or early psychophysical evaluation of 

the sense of smell was not done in the present series. However, as previously discussed although 

there is a possibility that psychophysical tests at six months may be detecting a pre-existing olfactory 

dysfunction not perceived by the patient, the rate of psychophysical long-term smell alteration 

observed in the present series is significantly higher than would be expected based on estimates of 

the prevalence of olfactory dysfunction in the general population. Endoscopy was not performed in 

this study cohort to exclude patients with conditions known to have a higher prevalence of olfactory 

dysfunction, such as chronic rhinosinusitis (CRS), which has an estimated prevalence of 10.9% of 

adults based on patient reported symptoms (Hastan et al., 2011) or 3 – 6.4% based on radiological 

imaging (Dietz de Loos, 2019). Olfactory dysfunction is reported by 90% of patients with CRS with 

nasal polyps and 76% of patients with CRS without nasal polyps (Abdalla et al., 2012), but such cases 

will be captured by the population studies estimating the prevalence of olfactory loss in adults 

discussed above, and again cannot fully account for the high prevalence of persisting olfactory 
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hypofunction detected in our patient cohort. Furthermore, only 3.3% of patients reported blocked 

nose at the time of psychophysical assessment. Thirdly, a culturally adapted version of the Italian 

UPSIT was used to psychophysically evaluate the sense of smell. The validation study for this Italian 

version was performed only in a small group of patients (Cenedese et al., 2015, Parola and Liberini, 

1999) and further work is required to determine the true validity of the adapted version. Despite this 

is the most reliable and accurate olfactory test available (Doty et al., 1984), it is only an identification 

test not testing discrimination ability and olfactory threshold. Thus, the UPSIT identification test may 

not capture the full extent of olfactory disturbances. Although it is reported that threshold, 

discrimination and identification tests measure a common source of variance in healthy subjects – 

that is that outcomes of the different types of test should be correlated with one another (Doty, 

1994), this deserves further evaluation in different disease processes. It has been observed that 

patients with post-infectious hyposmia performed relatively well in both threshold and 

discrimination but poorly in identification tests (Liu et al., 2020). Identification testing alone may 

therefore over-estimate the severity of loss and may in part explain the weak correlation between 

self-reported smell loss and the UPSIT scores reported herein. Future studies will likely benefit from 

using psychophysical tests that encompass both threshold, discrimination and identification testing, 

such as the “Sniffin’ Sticks” test. A psychophysical evaluation of the sense of taste was not 

performed in the present study. Although the commonly reported loss of taste might largely depend 

on impairment of retronasal olfaction, recent subjective studies have shown that COVID-19 

associated chemosensory impairment is not limited to smell but also affects taste and chemesthesis 

(Gerkin et al., 2020; Parma et al., 2020). The psychophysical evaluation of the sense of taste as well 

as histopathological evaluation of taste buds and oral mucosa are highly desirable to clarify this 

aspect. Finally, these results apply to a subgroup of COVID-19 patients with mild-to-moderate 

disease. A long term psychophysical evaluation of the olfaction should be performed also in patients 

previously hospitalized for severe COVID-19 which seem to self-report a lower prevalence of smell or 

taste alteration at the onset of the disease (Borsetto et al., 2020). Finally, the abbreviated 34 item 
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CA-SIT test has not been subjected to the same level of validation as the original UPSIT tests and this 

may reduce the reliability of scores. 

 

Conclusion 

In conclusion, the results of the present study show a very high prevalence of psychophysical 

olfactory dysfunction six months after SARS-CoV-2 infection. As recovery from post-viral loss may 

continue beyond this period (Reden et al 2006), further evaluation is required to determine whether 

such dysfunction is long-lasting. The large discrepancy between psychophysical and self-reported 

altered sense of smell highlights the importance to use psychophysical tests in the long-term follow-

up of these patients to capture the burden of permanent olfactory dysfunction. Finally, there is a 

clear need for more research on treatment strategies for this group of patients. 

 

Conflicts of interest/Competing interests: none 

Funding: none 
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Figure legends 

 

Figure 1. Evolution of alteration of sense of smell or taste (SNOT-22) in 183 patients with complete 

follow-up. 

Figure 2. Six-month follow-up: mean CA-UPSIT and corresponding 95% confidence interval according 

to SNOT-22. 

Figure 3. Identification of 34 odorants by level of impairment of sense of smell according to CA-

UPSIT. 
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Table 1. Symptom’s evolution from diagnosis to 6-month follow-up in 183 patients with complete 

follow-up. 

 Symptom’s prevalence at follow-ups 

 Diagnosis 4 weeks 8 weeks 6 months  

 

 n (%) n (%) n (%) n (%) 

         
Fever 101 (55.2) 8 (4.4) 0 (0.0) 0 (0.0) 
Dry cougha 115 (62.8) 53 (29.0) 5 (2.7) 7 (3.8) 
Blocked nose 69 (37.7) 28 (15.3) 2 (1.1) 6 (3.3) 
Problems breathing 76 (41.5) 44 (24.0) 19 (10.4) 30 (16.4) 
Headache 77 (42.1) 23 (12.6) 5 (2.7) 6 (3.3) 
Sore throat 57 (31.1) 13 (7.1) 5 (2.7) 4 (2.2) 
Muscle or joint pain 83 (45.4) 30 (16.4) 14 (7.7) 11 (6.0) 
Chest pain 28 (15.3) 11 (6.0) 2 (1.1) 4 (2.2) 
Sinonasal pain 31 (16.9) 5 (2.7) 2 (1.1) 1 (0.6) 
Loss of appetite 100 (54.6) 20 (10.9) 5 (2.7) 1 (0.6) 
Felt tired 126 (68.9) 29 (15.8) 24 (13.1) 36 (19.7) 
Diarrhoea 83 (45.4) 11 (6.0) 2 (1.1) 0 (0.0) 
Nausea 36 (19.7) 2 (1.1) 0 (0.0)  0 (0.0) 
Vomit 12 (6.6) 1 (0.5) 0 (0.0) 0 (0.0) 
Abdominal pain 23 (12.6) 7 (3.8) 0 (0.0) 0 (0.0) 
Dizziness 25 (13.7) 5 (2.7) 5 (2.7) 2 (1.1) 
Altered sense of 
smell or taste 

110 (60.1) 67 (36.6) 34 (18.6) 33 (18.0) 

         
aIncluding coughing up mucus. 
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Table 2. Six-month follow-up: alteration of sense of smell according to CA-UPSIT accortding to socio-

demographic characteristics. 

 CA-UPSIT categories  

 
Normosmia 

(28-34) 
Microsmia 

(16-27) 
Anosmia 

(5-15) 
 

 n (%) n (%) n (%)  

        
Total 58  77  10   
        
Sex        

Male 22 (37.9) 35  (48.1) 6  (60.0) p=0.3268 
Female 36  (62.1) 40 (51.9) 4 (40.0)  

        
Age (years)        

Median 48.5 60.0 63.5 p=0.0004 
(Q1-Q3) (40-59) (49-68) (50-69)  
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Figure 1 
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Figure 2 
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Figure 3 
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