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Letter to the Editor 

Persistent olfactory dysfunction 2 years after onset of COVID-19 
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o the editor 

Growing evidence support that olfactory dysfunction (OD) is 

ne of the major sequalae of long COVID-19. 1 Long-term unrecov- 

red OD may significantly reduce the quality of life of patients. 2 

owever, previous studies were mostly based on self-reported 

ymptoms and lacked control groups, making it difficult to evalu- 

te the real association between severe acute respiratory syndrome 

oronavirus 2 (SARS-CoV-2) infection and persistent OD. There- 

ore, we read with great interest the recently published study in 

he Journal of Infection by M S Otte et al. on the topic of persis-

ent OD in patients with COVID-19. Using psychophysical test, they 

ound that 50% of patients still suffered from OD at 7 weeks af- 

er the start of COVID-19. 3 Nevertheless, no study reported recov- 

ry rates of OD more than 2 years after infection. Long-term care- 

ul evaluation of OD recovery after SARS-CoV-2 infection is criti- 

al to understand the chronic symptoms of COVID-19 and to guide 

reatments. 

We followed up our previously reported cohort of 1,172 hos- 

italized COVID-19 patients, who were infected by alpha variant 

f SARS-CoV-2 during the first pandemic. 4 The severity of OD was 

cored by patients on a numerical rating scale (NRS) of 0–10, with 

 being “sense of smell is completely normal” and 10 being “com- 

lete loss of sense of smell”. In this cohort, 134 patients reported 

D during the onset of illness 4 , and 116 of them completed 2- 

ear follow-up ( Fig. 1 A). Patients whose NRS scores dropped to 0 

ere defined as fully recovered, while those with declined scores 

 > 0) were defined as partially recovered, and the patients not 

aving declined scores were defined as not recovered. Twenty- 

ne of the 116 patients with self-reported OD (SROD group) fin- 

shed the Sniffin’ Sticks test (Burghart Messtechnik, Holm, Ger- 

any). Among 1,038 patients without self-reported OD, 187 fin- 

shed 2-year follow-up and completed the Sniffin’ Sticks test. As 

 disease control group, 21 of the 187 patients (NSROD group) 

ere sex and age-matched to SROD group ( Fig. 1 A). In addition, 

1 of 1,862 healthy subjects, who underwent Sniffin’ Sticks test 

nd denied history of COVID-19, rhinitis, sinusitis and OD, were 

:1 sex and age-matched to SROD group as a normal control 

roup (NC) ( Fig. 1 A). More information is provided in the Online 

epository. 

The NRS scores of the patients in both NSROD and NC group 

ere zero. At 24- month after symptom onset, we found that 91.4% 

106 of 116) and 5.2% (6 of 116) patients in SROD group reported 

omplete and partial recovery, respectively, while 3.4% (4 of 116) 

eported not recovered ( Fig. 1 B). No significant association was 

ound between the self-reported OD 24 months after disease on- 

et and the initial severity of COVID-19 and comorbidities (Table 

1). 
ttps://doi.org/10.1016/j.jinf.2022.11.024 

163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights r
Both patients in SROD and NSROD group had significantly lower 

DI scores compared to the subjects in NC group. Consistently, we 

ound that only 28.6% (6/21) and 14.3% (3/21) patients were nor- 

osmia in SROD and NSROD groups, respectively, which were sig- 

ificantly lower than that in NC group (14/21; 66.7%) ( Table 1 ). In

ontrast, the ratios of heterosmia were significantly higher in SROD 

nd NSROD groups (71.4% and 85.7%, respectively) than that in NC 

roup (33.3%) ( Table 1 ). No difference was found between SROD 

nd NSROD groups ( Table 1 ). 

Among 21 patients finishing psychophysical test in SROD group, 

8 of them reported complete recovery of OD and 3 reported 

ot recovered. Surprisingly, the Sniffin’ Sticks test revealed that 

nly 33.3% (6/18) of the self-reported completely recovered pa- 

ients reached to normal sense of smell, while 61.1% (11/18) and 

.6% (1/18) of them were still hyposmia and anosmia, respectively 

 Fig. 1 C). In addition, 2 of the 3 subjects who complained per- 

istent OD were hyposmia (66.7%), and one (33.3%) was anosmia 

 Fig. 1 D). 

The persistence of OD in long COVID-19 over 2 years remains 

nclear. In this study, we found that although 96.6% of the patients 

eported that their sense of smell was recovered after 2 years, only 

ne-third of them actually recovered according to the psychophys- 

cal test. This result is in line with another study, which reported 

hat the prevalence of OD evaluated by psychophysical tests was 

igher than that estimated based on self-reported information at 

-month from diagnosis of SARS-CoV-2 infection. 5 Collectively, it 

uggests that the self-reported evaluation is inadequate to evalu- 

te OD in long COVID-19. Olfactory function varies with age and 

ender. 6 To adjust these confounding factors, 21 individuals 1:1 

atched to patients infected with SARS-CoV-2 were enrolled. The 

atios of normosmia and heterosmia in NC group in this study 

ere in line with those reported in general population. 6 We found 

hat the prevalence and severity of OD in SROD group were signifi- 

antly higher than those in NC group. It indicates that SARS-CoV-2 

nfection is the cause of persistent OD which may last up to 24 

onths. High prevalence of persistent OD in long COVID-19 argues 

or more attentions with development of target therapies. 7 

A very recent study based on self-reported data showed that 

8.2% of patients reporting COVID-19–related smell or taste dys- 

unction completely recovered within 2 years. 8 However, no study, 

o the best of our knowledge, has investigated the olfactory func- 

ion in COVID-19 patients after two years using psychophysical 

ests. Surprisingly, we found that 85.7% patients in NSROD groups 

lso had heterosmia when evaluated by psychophysical test, fur- 

her indicating that the prevalence of OD in long COVID-19 might 

e much higher than those self-reported, even for those without 

omplain of OD at the onset of illness and 2-year follow up. 

In conclusion, our current findings suggest that there is still a 

ignificant proportion of patients having persistent OD 2 years af- 

er SARS-CoV-2 infection. However, additional studies are required 
eserved. 

https://doi.org/10.1016/j.jinf.2022.11.024
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
https://doi.org/10.1016/j.jinf.2022.11.024
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Fig. 1. The flow chart and evaluation of OD. 

A, The flow chart. B, Self-reported recovery rates of OD in SROD group. C, OD evaluated by Sniffin‘ Sticks test in patients with self-reported totally recovered. D, OD evaluated 

by Sniffin‘ Sticks test in patients self-reporting not recovered. Abbreviations: OD, olfaction dysfunction; NRS, numerical rating scale; SROD, self-reported olfactory dysfunction; 

NSROD, no self-reported olfactory dysfunction; NC, normal control. 

Table 1 

The TDI score and age-adjusted olfactory function grading of subjects 24 months after onset symptoms evaluated by the Sniffin’ Sticks test. 

Characteristics 

COVID-19 patients Normal subjects 

With self-reported olfactory dysfunction Without self-reported olfactory dysfunction 

Subject, N 21 21 21 

Gender, male, N (%) 11 (52.4%) 14 (66.7%) 10 (47.6%) 

Age, years, median (IQR) 63 (42, 66) 51 (40, 59) 54 (41, 58) 

TDI score, median (IQR) 23.5 (20.1, 29.9) ∗ 24 (21.5, 26.3) ∗ 29 (24.6, 30.5) 

Threshold, median (IQR) 4 (1, 5.8) 1 (1, 4) ∗ 5.25 (2.5, 6.5) 

Discrimination, median (IQR) 9 (8, 13) 11 (9, 12) 11 (10, 13.5) 

Identification, median (IQR) 11 (9, 12) ∗ 11 (10, 12) 12 (11, 13) 

Normosmia, N (%) 6 (28.6%) ∗ 3 (14.3%) ∗∗ 14 (66.7%) 

Heterosmia, N (%) 15 (71.4%) ∗ 18 (85.7%) ∗∗ 7 (33.3%) 

Hyposmia, N (%) 13 (61.9%) 18 (85.7%) 7 (33.3%) 

Anosmia, N (%) 2 (9.5%) 0 0 

Abbreviations: TDI, threshold, discrimination, and identification; COVID-19, coronavirus disease 2019; IQR, interquartile range; Data are presented 

as medians and interquartile ranges for continuous variables and numbers with percentage for categorical variables. P values were calculated 

from Mann-Whitney U 2-tailed test, or χ2 test or Fisher’s exact test. ∗P < 0.05 vs. Normal control, ∗∗P < 0.01 vs. Normal control. 
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o clarify the long-term olfaction condition in COVID-19 patients 

nfected by the other variants, since distinct SARS-CoV-2 variants 

ay have different abilities to cause OD. 9 Our study is limited to 

he small sample size of subjects completing the psychophysical 

est. Nevertheless, our study confirms the great discrepancy be- 

ween psychophysical tests and self-reported function, which high- 

ights the importance of psychophysical tests in the evaluation of 

D in the long-term follow-up of COVID-19 patients. Last but not 

east, the high prevalence of OD in long COVID-19, even 2 years 
2

ost-infection, argues for more attentions with the development of 

arget therapies. 
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