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Introduction: Hyposmia is among the most common symptoms of COVID-19 patients. Previous research
has mainly described this issue at the disease’s early stages. Because olfactory impairment can indicate
neurological degeneration, we investigated the possibility of permanent olfactory damage by assessing
hyposmia during the late recovery stage of COVID-19 patients.

Methods: Ninety-five patients were assessed with the Brief Smell Identification Test for Chinese (B-SITC)
and Hyposmia Rating Scale (HRS) after 16 weeks from disease onset. Five weeks later, 41 patients were
retested with B-SITC.

Results: At the first visit, hyposmia was identified in 26/82 (31.7%) and 22/95 (23.2%) of participants by
HRS (HRS score <22) and B-SITC (B-SITC score <8), respectively. The rates of hyposmia in patients who
performed B-SITC after 14-15 weeks, 16-17 weeks, and >18 weeks from disease onset were 7/25
(28%), 8/35 (23%) and 7/35 (20%), respectively, which demonstrated a trend of olfaction improvement
as recovery time prolonging. Hyposmia percentages decreased from the first visit (34.1%) to the second
visit (24.4%) for the 41 patients who completed 2 visits. B-SITC scores of the first-visit hyposmia partic-
ipants increased significantly at the second visit (5.29 + 2.02 to 8.29 + 2.40; n = 14, P = 0.001). Severe cases
tended to recover less than common cases.

Conclusions: Hyposmia was present in up to one-third of COVID-19 patients after about 3 months from
disease onset. Notable recovery of olfactory function was observed at a next 5-weeks follow-up. Clinical

severity had little influence on olfactory impairment and recovery.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

As of 2 July 2021, Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2), which causes the well-known coron-
avirus disease 2019 (COVID-19) [1] has infected 182,319,261 peo-
ple around the world and has caused 3,954,324, deaths, and these
numbers are still increasing [2]. The most common symptoms of
COVID-19 include fever, cough, fatigue, dyspnea, muscle soreness,
headache and diarrhea [3]. As the disease spreads worldwide,
olfactory alterations have been identified as a frequent symptom
[4]. Importantly, some patients with COVID-19 have reported
hyposmia or anosmia as their first or even only symptom [5-7].

A number of studies have reported that at the acute phase of the
disease, 5%-98% of COVID-19 patients have hyposmia [8]. Most
studies have assessed olfaction with questionnaires or consultation
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[4,9-10], and only a few have used quantitative olfaction tests. A
retrospective study reported a hyposmia incidence of 5.1% in a Chi-
nese population [9]. Recently, a study found that as many as 11% of
COVID-19 patients had dysosmia, as identified with Toyota-Takagi
(T&T) olfactometer test, 95 days after disease onset [11]. As hypos-
mia impacts quality of life [12], and olfactory disorders may mark
the onset of some neurodegenerative diseases, such as Alzheimer’s
disease [13] and Parkinson’s disease [14], it is critical to estimate
the prognosis of hyposmia in recovered COVID-19 patients. Our
study aimed to identify residual hyposmia with validated and
objective olfaction tests after 16 weeks or even longer from disease
onset.

2. Material and methods
2.1. Population

A total of 207 discharged patients clinically diagnosed with
COVID-19 who were admitted to the Puai Hospital of Tongji
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Medical college, Huazhong University of Science and Technology
(The Fourth Hospital of Wuhan) during 25 January 2020 to 11
March 2020 were recruited for the study. Of those, 95 patients
without olfactory impairment before infection according to self-
report history completed the Hyposmia Rating Scale (HRS) and
the Brief Smell Identification Test for Chinese (B-SITC) at their first
visit during 28 April 2020 to 23 June 2020. Of the 95 first-visit par-
ticipants, 41 completed B-SITC for the second time at a follow-up
visit during 26 June 2020 to 6 July 2020.

We obtained demographic information, disease history, clinical
diagnosis, disease severity and laboratory indexes from the elec-
tronic medical record system of the Fourth Hospital of Wuhan.

2.2. Olfactory tests

2.2.1. Hyposmia Rating Scale (HRS)

The HRS is a validated self-administered test originally devel-
oped for Parkinson’s disease patients. It consists of seven ques-
tions, beginning with: “Are you experiencing problems with your
sense of smell?” The next six questions are designed to assess to
what degree a person has difficulty with recognizing specific kinds
of odors (flowers, unburned gas, garbage, perfume, body odor,
home cooking). When the cut-off score is set at 22, the HRS yields
a sensitivity and specificity of 70% and 85%, respectively [15].

2.2.2. Brief smell Identification test for Chinese (B-SITC)

We performed the recently developed B-SITC olfactory test [16],
which was modified from B-SIT. The odors selected for B-SITC are
more familiar for the Chinese population than those used with B-
SIT. B-SITC has been used in many studies of Parkinson’s disease,
and the sensitivity and specificity have been shown to be better
than those of B-SIT. Participants with a B-SITC score <8 were con-
sidered to have hyposmia.

2.3. Statistical analysis

We analyzed all data using IBM SPSS 25 software. Continuous
variables were compared by independent t-test or paired sample
t-test. Continuous data were presented as mean * Standard devia-
tion (SD). Categorical variables were compared by Chi-square test.
Age, sex, and smoking status were adjusted for with logistic regres-
sion analysis when comparing variables between the hyposmia
and normal olfaction groups.

2.4. Ethics statementt

All participants were informed of the study benefits and risks,
and signed the informed consent. This study was approved by
the ethics committee of the Fourth Hospital of Wuhan, and was
registered on Medical Research Registration Information System
of China.

3. Results
3.1. The first visit

At the first visit, Patients performed B-SITC and HRS. 22/95
(23.2%) patients were identified with hyposmia according to their
inadequate performance with B-SITC (B-SITC score <8; Table 1).

We compared the epidemiological and clinical information
between normal olfaction group (B-SITC >8, refered to as “normal
group” in the rest part of this article) and hyposmia group (B-SITC
<8). The interval between disease onset and our first visit was sim-
ilar between groups. The normal group was significantly younger
than hyposmia group (46.62 + 13.76 y vs 57.86 = 14.90 vy,
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P = 0.001). The proportion of hyposmia patients increased as the
patients’ age increased (<30 y: 0 (0%); 31-50y: 7 (38.1%); >50 y:
15 (68.2%), P = 0.018). The percentage of patients with hyperten-
sion was significantly higher in the hyposmia group than in normal
group (8.2% vs 31.8%, P = 0.010). However, the difference in hyper-
tension between groups disappeared after adjusting for sex, age,
and smoking history with logistic regression analysis (hyperten-
sion, P = 0.081; smoking, P = 0.416; sex, P = 0.145; age,
P = 0.006). There were no significant differences between groups
for clinical severity, comorbidity, RT-PCR result, maximum body
temperature, hospitalization time or laboratory index (Table 1).
There was a declining trend for rates of hyposmia as the dura-
tion between disease onset and B-SITC test increased (Fig. 1),
although this trend was not statistically significant (Fig. 1).

3.2. Changes of olfactory function between two visits

Forty-one participants with baseline B-SITC results at the first
visit participated in a follow-up olfactory evaluation with B-SITC
a few weeks later, the durations between visits for the 27 first-
visit olfactory normal patients and the 14 first-visit hyposmia
patients were 5.63 + 1.15 weeks and 6.14 £ 1.10 weeks respectively
(P=0.177). The hyposmia percentages of two visits were presented
in Fig. 2. The B-SITC scores changes between our first and second
visit were presented in Fig. 3. 27 first-visit olfaction normal partic-
ipants showed a slightly smell change at the second visit
(9.52 £ 1.12 t0 9.00 + 1.19; P = 0.017). In contrast, olfactory func-
tion of the 14 first-visit hyposmia participants improved drastically
at the second visit (5.29 + 2.02 to 8.29 + 2.40, P = 0.001). All 41 par-
ticipants together demonstrated an improvement between visits
(first: 8.07 + 2.50, second: 8.76 + 2.07, P = 0.001).

We found no significant differences were observed in B-SITC
changes between common and severe cases. However, there was
a trend that B-SITC scores in common cases increased slightly more
than that in severe cases, for all 41 patients finished 2 visit (com-
mon cases: 0.70 £ 2.47, n = 30 vs severe cases: 0.64 = 2.06,
n =11, P = 0.064).

4. Discussion

In the present study, we evaluated the olfactory function of
COVID-19 patients 16 weeks or even longer after disease onset.
At the first evaluation, hyposmia was identified in about 23% (B-
SITC) or 32% (HRS) of participants. This proportion is much higher
than those reported in similar studies also investigating the Chi-
nese COVID-19 population either after 95 days from disease onset
(11%) [11], or even at the early stage of the disease (5%) [9]. The
hyposmia rate reported in other ethnicities at the acute stage has
differed greatly, ranging from 25% to more than 90% [10,17-19].
Previous studies have reported that 60% to 90% of patients with
hyposmia recover within the first 2 weeks following disease reso-
lution [10,17]. The relatively high hyposmia proportion may attri-
bute to the objective and validated olfactory tests [15,16]. We used
in the present study for assessing hyposmia symptoms, whereas
previous studies have relied primarily on questionnaires or inter-
views [10,19] and the unawareness of olfactory dysfunction often
occur in self assessments [20].

Our second olfaction test conducted around 5 weeks later
demonstrated a considerable improvement. This indicates a favor-
able prognosis for olfactory dysfunction in COVID-19 patients. A
study in mice has shown that the obligatory SARS-CoV-2 entry
receptor proteins ACE2 and TMPRSS2 are mainly expressed in sus-
tentacular cells of the olfactory epithelium, and not in olfactory
neurons [21]. The olfactory epithelium has been shown to be able
to regenerate when horizontal basal cells remain intact [22], which
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Table 1
Demographic Information.

Normal (73) Hyposmia (22) All participants P value

B-SITC score >8 B-SITC score <8
Male n(%) 36(49.3) 13(59.1) 49(51.6) 0472
Age mean + SD(n) 46.62 + 13.76(73) 57.86 + 14.90(22) 49.22 + 14.74(95) 0.001#
Age group 0.018*
<30, n(%) 6(8.2) 0(0.0) 6(6.3)
31-50, n(%) 42(57.5) 7(31.8) 49(51.6)
51-64, n(%) 14(19.2) 7(31.8) 21(22.1)
>65, n(%) 11(15.1) 8(36.4) 19(20.0)
Smoke n(%) 8(11.0) 2(9.1) 10(10.5) 1.000
Alcoholism n(%) 4(5.5) 3(13.6) 7(7.4) 0.347
Coronary disease n(%) 3(4.1) 2(9.1) 5(5.3) 0.327
Hypertension n(%) 6(8.2) 7(31.8) 13(13.7) 0.010%
Diabetes n(%) 4(5.5) 1(4.5) 5(5.3) 1.000
Positive RT-PCR n(%) 45(61.6) 15(68.2) 60(63.2) 0.577
Severe cases n(%) 15(20.5) 6(27.3) 21(22.1) 0.561
Maximum temperature (‘C) mean * SD (n) 38.10 + 1.08(70) 38.30 + 0.84(20) 38.14(1.03) 0.450
Hospitalization time (day) mean * SD (n) 13.56 + 8.57(71) 16.50 + 10.82(20) 24.21 £9.13(91) 0.206
Laboratory indexes
CRP (mg/dl) mean * SD (n) 21.57 + 28.60(67) 26.95 + 33.64(18) 22.71 + 29.60(85) 0.497
Lymphocyte (*1079/L) mean + SD (n) 1.38 £ 0.67(71) 1.67 + 2.16(18) 1.44 + 1.13(89) 0.332
WBC (*1079) mean + SD (n) 5.01 £ 1.81(71) 5.54 +2.27(19) 5.12 £ 1.91(90) 0.281
Eosnophils (*1079) mean + SD (n) 0.08 + 0.15(71) 0.10 + 0.28(18) 0.08 + 0.18(89) 0.703
Interval between 1st visit and disease onset (week), mean * SD (n) 17.04 + 1.85(73) 16.64 + 1.87(22) 16.95 + 1.85(95) 0.372
B-SITC n, % 73,77% 22,23% 95, 100%
HRS score mean * SD (n) 22.43 +3.52(63) 20.58 + 4.99(19) 22.00 + 3.95(82) 0.074

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

B-SITC: Brief Smell Identification Test for Chinese; HRS: Hyposmia Rating Scale.”: P<0.05

7/35(20%)

14th-15th weeks

16th-17th weeks >18th weeks

Fig. 1. Hyposmia percentages at the first visit Participants were divided into three groups based on the durations from disease onset to the first visit. The rate of hyposmia
demonstrated a declined trend, but without significance (chi-squared test value = 0.527, P = 0.768).

suggests a potential mechanism to be explored for the improve-
ment of olfaction in COVID-19 patients.

At the first visit, we observed a nonsignificant trend that the
hyposmia group comprised more severe cases than mild cases
(27.3% vs 20.5%, P = 0.563) (Table 1). Additionally, comparison of
inter-visits B-SITC score changes between severe and non-severe
patients showed that higher disease severity tended to be associ-
ated with a slower olfaction improvement (common cases:
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0.70 + 2.47, n = 30 vs severe cases: 0.64 * 2.06, n = 11,
P = 0.064). The lack of statistical significance of the findings above
may be attribute to the relatively small simple size used in our
study and the prolonged follow-up period after disease onset. Nev-
ertheless, to the best of our knowledge, a relationship between
olfactory function and disease severity has not been reported pre-
viously, even at the time near disease onset [9,23], and should be
investigated further.
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27/41(66%)

31/41(76%)

60% 70% 80% 90% 100%

B-SITC>8

Fig. 2. Hyposmia percentages of two visits.

B-SITC score P=O'F1 !

12.00
11.00

P=O.i)01 |

P=0.001

10.00 9.52 +1.12 f
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L
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f‘//////.

8.00
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7.00 7
6.00

5.00

4.00
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- first-visit hyposmia group

1
8.76 +2.07
294240, 000r0es
“En=41

n=14--%

9.00 £1.19

A

A

2nd visit

#all cases undertaken 2 visits

Fig. 3. Changes of B-SITC scores between 2 visits First-visit normal cases: patients’ olfactory function were identified normal with B-SITC (B-SITC score >8) at our first visit;
First-visit hyposmia group: patients’ olfactory function were identified hyposmia with B-SITC (B-SITC score <8) at our first visit.

Residual olfactory symptoms lasting 16 weeks or longer should
be monitored carefully, as smell loss is closely associated with neu-
rodegenerative diseases such as Parkinson’s disease [14] and Alz-
heimer’s disease [24]. Additionally, a case report found a
magnetic resonance imaging signal alteration located in the poste-
rior gyrus rectus and olfactory bulbs in a single COVID-19 case
with severe anosmia [25], which heightens our concern about
the potential long term neurological influence of olfactory dysfunc-
tion in COVID-19 patients. To investigate this relationship further,
studies in large cohorts using brain imaging and extended follow-
up time are needed.

Results from the first visit in the present study suggest that
aging may exacerbate olfactory impairment (Table 1), as none of
the six participants younger than 30 years showed any olfactory
dysfunction. A relationship between age and hyposmia has been
demonstrated in a previous study of recovered COVID-19 patients
[11]. But aging cannot be the only explanation for olfactory decline
in the present study, because of the 22 patients with B-SITC <8 at
the first visit, those with age ranging from 31-50 years and 51-
64 years each accounted for 7/22 (32%), and those older than
65 years accounted for 8/22 (36%). Whereas, a previous study has
shown that the best smell performance usually exists in the general
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population aging 20-50 years, and that olfactory function decreases
unremarkably until 64 years of age [26]. We did not find any influ-
ence of age on the extent of olfactory change between the two visits
(<30y[n=1],1.00 +0.00; 31-50y [n = 14], —0.43 £ 1.40; 51-64 y
[n=14],1.21 £2.29; >65y [n=12],1.33 £ 2.99; P = 0.057).

Patients with various comorbidities were distributed evenly in
B-SITC normal group and hyposmia group except for patients with
hypertension (normal olfaction group: 8.25% vs hyposmia group:
31.8%, P = 0.010) (Table 1). However, the higher proportion of
hypertension in the hyposmia group compared with that in the
normal olfaction group may be due to the higher proportion of
patients older than 50 years in the hyposmia group compared with
the normal group (normal olfaction group: 34.3% vs hyposmia
group:68.2%) (Table 1), as people older than 50 years are more
likely to be diagnosed with hypertension before infection [27]. As
expected, the difference in hypertension frequency between
groups was no longer significant after adjusting for sex, age, and
smoking status.

Several studies have reported that in COVID-19 patients,
women are more susceptible than men to suffer from olfactory
dysfunction [10,17], and the association has been attributed to
gender-related inflammatory processes. However, the opposite
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relationship between gender and olfactory function has been
reported in Parkinson’s disease [28] and Alzheimer’s disease [24].
Other studies, as well as the present study, have not found a corre-
lation between sex and olfactory function either in COVID-19
[8,23] neither in other virus-induced infections [29]. Smoking,
which is a protective factor for olfaction in Parkinson’s disease
[30], was not linked with smell performance in the present study
or a previous study in COVID-19 [23]. RT-PCR result, maximum
body temperature and laboratory outcomes were also not linked
with long term olfactory changes in the present study. A previous
study of olfactory alteration in COVID-19 reported a lower recovery
rate in RT-PCR-positive cases than in RT-PCR-negative cases at an
one-month follow-up [18], which suggests that RT-PCR results
may offer short term predictive value for olfactory recovery.

5. Conclusions

In the present study, hyposmia was present in nearly one-third
of COVID-19 patients after 16 weeks or even longer from disease
onset and this proportion decreased after a 5-weeks follow-up. It
is reasonable to expect a favorable prognosis of olfactory impair-
ment in COVID-19 patients because of the regenerative ability of
the olfactory epithelium, but the symptom of hyposmia remaining
at this rather late stage after disease onset suggests that the poten-
tial of permanent olfactory damage in COVID-19 patients warrants
further study. Ideally, monitoring these patients’ neurological sta-
tus for several decades in the future should be conducted to deter-
mine whether olfactory dysfunction can induce long term
neurological complications in COVID-19 patients.
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