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Abstract

Objective The scientific community knows little about the long-term influence of coronavirus disease
2019 (COVID-19) on olfactory dysfunction (OD). With the COVID-19 pandemic ongoing worldwide, the
risk of imported cases remains high. In China, it is necessary to understand OD in imported cases.

Methods A prospective follow-up design was adopted. A total of 11 self-reported patients with COVID-
19 and OD from Xi’an No. 8 Hospital were followed between August 19, 2021, and December 12, 2021.
Demographics, clinical characteristics, laboratory and radiological findings, and treatment outcomes
were analyzed at admission. We surveyed the patients via telephone for recurrence and sequelae at the
1-, 6-, and 12-month follow-up.

Results Eleven patients with OD were enrolled; of these, 54.5% (6/11) had hyposmia and 45.5% (5/11)
had anosmia. 63.6% (7/11) reported OD before or on the day of admission as their initial symptom; of
these, 42.9% (3/7) described OD as the only symptom. All patients in the study received combined
treatment with traditional Chinese medicine and Western medicine, and 72.7% (8/11) had partially or
fully recovered at discharge. In terms of OD recovery at the 12-month follow-up, 45.5% (5/11) reported
at least one sequela, 81.8% (9/11) had recovered completely, 18.2% (2/11) had recovered partially, and
there were no recurrent cases.

Conclusions Our data revealed that OD frequently presented as the initial or even the only symptom
among imported cases. Most OD improvements occurred in the first 2 weeks after onset, and patients
with COVID-19 and OD had favorable treatment outcomes during long-term follow-up. A better
understanding of the pathogenesis and appropriate treatment of OD is needed to guide clinicians in the
care of these patients.
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INTRODUCTION

oronavirus disease 2019 (COVID-19)
C continues to spread around the world™™.
As of November 18, 2021, confirmed cases
had exceeded 250 million, and more than 5 million
people had died®™. Without large-scale vaccination
coverage and effective drugs[“], early detection and
management of infected individuals and their close
contacts remain an important strategy to prevent
the transmission of the virus'®. Diagnosis is typically
based on exposure history, clinical symptoms,
laboratory testing, and chest imaging examinations.
The clinical signs and symptoms of COVID-19 are
especially important for quickly identifying
suspected patients and their close contacts.

The most prominent symptoms of COVID-19 are
fever, dry cough, and fatigue, all of which have
been widely recognizedm. However, olfactory
dysfunction (OD) has been of concern following the
first case report in mid-March of 2020%. The
prevalence of OD varies greatly across studies and
countries. Gustatory dysfunction (GD) has also
been identified as a presenting symptom of COVID-
19 infection®™". Sudden anosmia has been shown
as an early isolated COVID-19 symptom, and
patient-reported olfaction has been used as a
screening tool for COVID-19 infection in many
institutions™™". One multicenter European study
showed that 85.6% of patients with COVID-19 had
OD“S]; however, a survey from Korea showed that
OD or GD was observed in only 15.3% of
patients[m]. A report from China demonstrated that
the proportion of OD among patients with COVID-
19 was even lower (5.6%)[17]. The pathogenesis of
COVID-19 with OD is unclear, as are its clinical
treatment and care!™®. Previous studies have
revealed that a majority of ambulatory patients
with COVID-19 spontaneously recover olfactory
function, whereas some patients develop
persistent anosmia™®?. To date, we know little
about the long-term follow-up of patients with
COVID-19 and OD. Some symptoms can take
several months to improve, which could lead to
serious consequences[m. Additionally, these
clinical presentations could significantly impact
patients’ quality of life and mental weII-beingm].

In mainland China, the COVID-19 epidemic is well
under control; however, the challenges caused by
imported cases have increased dramatically. As of
January 17, 2021, the number of imported cases had
reached 4,518""), Because of economic globalization,
every country will likely experience imported cases
and should regard these patients as a focus group. It
is urgent for the global community to understand
these cases, yet no studies on them have been
performed to date. Here we present a study on 11
imported patients with COVID-19 with OD or GD
treated at a designated hospital in a Chinese
province that had no local cases reported from
March to November 2020%%. We aimed to
understand these patients’ clinical presentations,
treatment outcomes during hospitalization, and 12-
month follow-up after discharge.

METHODS

Settings and Patients

We designed our research as a prospective
follow-up case series study with a 12-month follow-
up of all patients with COVID-19 and OD who arrived
from other countries and were admitted to the
COVID-19-designated hospital (Xi’an No. 8 Hospital)
in Shaanxi Province, China. They were followed up
between August 19, 2021, and December 12, 2021.
The participants comprised 11 patients from seven
countries. Diagnosis and treatment of COVID-19
were based on Chinese national guidelines for the
diagnosis and treatment of COVID-19 (eighth
edition)”. The inclusion criteria were patients
arriving in China with independent expression ability
and self-reported OD.

This study has been registered at the Chinese
Clinical Trial Registry (http://www.chictr.org.cn/
enindex.aspx) by the Xi’an No. 8 Hospital (chictr.org
Identifier: ChiCTR2000040628). Given that the study
used secondary data from the hospital’s electronic
medical records, we sought a waiver for informed
consent, which was approved by the relevant ethics
committees.

Definitions

Fever was defined as an axillary temperature of
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at least 37.3 °C. COVID-19 disease severity was
categorized as mild or moderate on the basis of
Chinese national guidelines for the diagnosis and
treatment of COVID-19 (eighth edition)[zs]. Mild
cases were defined as patients with mild clinical
symptoms and no signs of pneumonia on imaging.
Moderate cases were defined as patients showing
fever and respiratory symptoms with radiological
findings of pneumonia.

The duration of viral shedding was defined as the
interval from the first day of a positive reverse
transcription-polymerase chain reaction (RT-PCR)
test to the date of the first negative test among
three consecutive negative results before discharge
(e.g., a positive RT-PCR on September 1, 2020, a
negative RT-PCR on September 15, 2020, a negative
RT-PCR on September 17, 2020, and another
negative RT-PCR before discharge on September 20,
2020; with three negative RT-PCR results, the
duration of viral shedding was calculated as
14 days).

Body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared
(kg/m?). Weight was measured with a scale, and
height was obtained by self-report on admission.
BMI for adults was classified into four groups as
follows: underweight (BMI < 18.5), normal weight
(18.5 < BMI < 24.0), overweight (24.0 < BMI < 28.0),
and obese (BMI > 28.0)[26].

The Criteria for Discharge

The criteria for discharge were the absence of
fever for at least 3 days, obvious improvement in
respiratory symptoms, substantial improvement in
pulmonary imaging, and two nasopharyngeal swab
samples negative for SARS-CoV-2 obtained at least
24 h apart™. After discharge, the patients were
isolated for another 14 days, with the same health
monitoring adopted during quarantine.

Data Collection and Analysis

The study collected each patient’s demographic,
clinical, laboratory, and radiological data from the
electronic medical records of the hospital. If the core
data were missing or unclear, we contacted the
attending clinician who was responsible for patient
care and follow-up. A follow-up telephone survey,
including OD recovery, sequelae type, and recurrent
status, was performed at 1-, 6-, and 12-month after
discharge.

Continuous variables were presented as median,
interquartile ranges (IQRs), or simple ranges, as
appropriate. Categorical variables were described as

counts and percentages. All the data analyses were
performed with SAS software (version 9.4, SAS
Institute Inc., Cary, NC, USA). The clinical course and
follow-up were drawn using the Python Matplotlib
package (version 3.2.1).

RESULTS

Demographics and Clinical Characteristics

In this study, a total of 11 patients with COVID-19
and OD were enrolled. Only one patient also had GD.
All the patients were imported from other countries
and treated in Xian No. 8 Hospital. During this
period, a total of 246 imported COVID-19 cases were
reported; thus, the proportion of OD among the
overall imported case total was 4.5% (11/246).

The median patient age was 34 (IQR 23-46)
years; 81.8% (9/11) were men, and 27.3% (3/11) had
comorbidities (hypertension in two cases and
hepatitis B in one case). Of the total OD cases, 54.5%
(6/11) and 45.5% (5/11) had moderate and mild
COVID-19, respectively. Of the 11 patients, 72.7%
(8/11) had normal weight, 18.2% (2/11) were
overweight, and 9.1% (1/11) had obesity. All the
patients were diagnosed upon entering China; of
these, 63.6% (7/11) were from Asia (two from
Kazakhstan, three from Uzbekistan, and two from
the United Arab Emirates), 18.2% (2/11) were from
Africa (Angola and Liberia), and the other 18.2%
(2/11) were from Europe (Belgium and the UK).
Detailed characteristics are shown in Table 1 and
Figure 1.

Of these patients, 54.5% (6/11) had hyposmia
and 45.5% (5/11) had anosmia. Some 63.6% (7/11)
(including the one patient reporting anosmia prior to
entry) reported the onset of OD (four hyposmia and
three anosmia) before or on the day of hospital
admission; OD was reported as the initial symptom
in those cases. Of those who reported OD as the
initial symptom, 42.9% (3/7) presented OD as the
only symptom. The other main symptoms included
cough (5/11) and sore throat (4/11). However, none
of the patients had rhinorrhea, generalized
weakness, or myalgia. The patients’ symptoms and
duration are shown in Table 1 and Figure 2.

Table 2 shows the laboratory and radiological
findings on admission. All patients had normal
peripheral white blood cell counts and procalcitonin.
The lymphocyte count was low in one patient, and
more than one-third (36.4%, 4/11) had elevated
erythrocyte sedimentation rates. Elevated levels of
C-reactive protein, liver enzymes, and creatine
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Figure 1. The clinical course of olfactory dysfunction in 11 imported COVID-19 cases. RT-PCR, reverse
transcription polymerase chain reaction. Of note: Case 1 was hospitalized four times. Case 3 presented
with anosmia before arrival in Xi’an (August 10, 2020), tested positive with RT-PCR, and was hospitalized.
Cases 3 and 6 were hospitalized twice; both retested positive with RT-PCR after discharge and were

considered mild

cases at each admission. Case 7 had gustatory dysfunction in addition to olfactory

dysfunction.
b Country  Clinical ART-PCR (+) ART-PCR (-) AAntibody " Adimission = Discharge
Y Classification
Hyposmia
1 Kazakhstan Mild A Akl Tk
g+ A A6 1gG+ A& 16+ A
|gM+ Anosmia  Recovery of olfactory disturbance  igm- gV~ gV~
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2 Kazakhstan Moderate————A A
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M-
Pharyngalgia
Cough
8 L Mild G : I
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Cough
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Cough
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T T T T T T T T T T T T T T T T T T T
Aug.04 Aug.11 Aug.18 Aug.25 Sep.01 Sep.08 Sep.15 Sep.22 Sep.29 Oct.06 Oct.13 Oct.20 Oct.27 Nov.03 Nov.10 Nov.17 Nov.24 Dec.01 Dec.08

Figure 2. Chronology of symptom onset and duration, RT-PCR, and serology testing of 11 imported
COVID-19 cases with olfactory dysfunction. IgM, immunoglobulin M; RT-PCR, reverse transcription
polymerase chain reaction; UAE, United Arab Emirates.
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kinase were present in two patients, elevated lactate
dehydrogenase was found in one patient, and D-
dimer was found in one patient.

Treatments and Outcomes

All the patients received a combined treatment
of traditional Chinese medicine (primarily lung
cleansing and detoxifying decoction) and Western

medicine. In terms of Western medicine, 100% of
the patients received an antiviral treatment
(primarily Abidol and interferon-a), 72.7% (8/11)
received intravenous immunoglobin treatment
(thymalfasin), 63.6% (7/11) received
hepatoprotective therapy (compound glycyrrhizin or
glutathione), and 27.3% (3/11) received antibiotic
(ceftriaxone or ceftazidime) and corticosteroid

Table 2. Laboratory and radiological findings of 11 imported COVID-19 cases with olfactory dysfunction, China

Variables Casel Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11
Laboratory tests; (normal range)
WBC count, x10°/L; (3.97-9.15) 7.02 6.38 7.99 7.55 4.07 7.75 5.69 5.85 5.59 4.25 4.18
Neutrophil count, x10°/L; (2.0-7.0) 3.65 3.73 435 4.58 2.66 438 3.82 2.57 3.28 2.84 2.94
Lymphocyte count, x10°/L; (0.8-4.0) 2.85 2.04 2.85 222 0.68 2.85 1.44 2.69 1.71 0.94 0.73(4)
Platelet count, x10°/ L; (85-303) 245 254 204 188 173 309(1M) 168 229.4 298 215 174
Hemoglobin, g/L; (131.0-172.0) 150 149 148 159.4 148 122 151 117 138 168 152.4
Prothrombin time, s; (11.0-15.0) 11.86 12.39 13.13 11.88 12.91 14.41 11.34 9.64(4) 11.21 12.15 13.57
Activated partial thromboplastin
time, s; (24.0-38.0) 34.66 39.37(1) 35.03 36.14 35.38 33.35 33.11 31.86 33.78 29.35 32.38
D-dimer, pg/mL; (0.0-0.4) 0.21 0.16 0.08 0.39 0.21 0.26 0.35 0.4 0.11 0.44(1) 0.35
Fibrinogen, g/dL; (2.0-4.0) 2.81 2.72 2.08 4.26(1) 2.77 2.46 3.34 1.61(V) 2.54 3.46 2.83
Albumin, g/L; (38.0-54.0) 46.5 45.38 44.99 40.39 46.02 47.44 41.98 37.62(1) 42.72 46.8 453
Bilirubin, pmol/L; (5.1-19.0) 11.59 7.79 14.33 8.74 8.26 9.13 8.75 15.35 17.44 12.94 7.84
Alkaline phosphatase, U/L; (42-128) 95.73 81.34 83.87 50.31 70.71 69.35 78.39 37.42 80.94 103.5 65.4
ALT, U/L; (0.0-41.0) 19.87 15.5 17.35 26.3 9.73 14.42 132.15(1) 6.17 102.83(1M) 25.1 10.9
AST, U/L; (0.0-37.0) 18.22 20.18 19.82 23.07 14.09 13.79 69.11(1) 11.51 48.13(1) 36.8 14.4
Urea, mmol/L; (1.7-8.3) 4.64 6.09 4.95 3.66 4.37 2.53 4.76 2.62 4.95 5.61 3.81
Creatinine, umol/L; (70-115) 79.44 108.36 83.57 111.13 79.58 47.4 82.66 54.5 73.98 101.2 100.3
Sodium, mmol/L; (137-147) 142.85 141.74 141.05 135.35() 141.74 141.01 139.36 143.16 141.22 143.6 139.5
Potassium, mmol/L; (3.5-5.3) 4.54 3.82 3.77 3.81 3.91 3.8 4.02 4.23 3.85 3.69 4.23
Creatine kinase, U/L; (24-190) 110.3 155 262.53(1) 144.77 138.13 58.98 51.6 74.35 339.18(1M) 67.6 127
LDH, U/L; (115-220) 145.66 195.84 153.28 202.75 143.77 155.58  240.54(1)  145.99 190.02 178.2 190.7
CRP, mg/L; (0.0-6.0) 1.28 211 0.77 11.77(1) 1.01 0.33 3.09 0.2 1.5 0.1 9.4(1)
ESR, mm/h; (0.0-15.0) 5.0 8.0 4.0 21.0(1) 8.0 7.0 40.0(1) 20.0(1) 7.0 41.0(1) 6.0
Procalcitonin, ng/L; (0.0-0.5) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Blood glucose, mmol/L; (3.36-6.11) 4.56 5.15 5.31 4.63 5.33 4.17 4.61 3.7 521 6.45(1) 7.15(1)
Chest CT findings

No abnormal lesions Yes No Yes No Yes Yes No Yes No No No
Bilateral pulmonary lesions No No No Yes No No No No No No No
Unilateral pulmonary lesions No Yes No No No No Yes No Yes Yes Yes

Note. ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; CT,
computerized tomography; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; WBC, white
blood cell; 1 above normal range; {, below normal range. Available relevant laboratory data, CT findings, and

treatment at admission are presented.
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(methylprednisolone) treatment (Table 1).

All the patients recovered and were discharged;
none developed aggravation during hospitalization.
72.7% (8/11) had full or partial recovery at
discharge, and the median duration was 9 (IQR 4.75
to 17.75) days; most improvements occurred in the
first 2 weeks [in 7/9 patients (77.8%)] after onset.
See the clinical course of the 11 patients in Figure 1.

Follow-up

Of the 11 cases, 72.7% (8/11) had recovered
completely or recovered partially at the 1-month
follow-up; 45.5% (5/11) of patients reported at least
one sequela; 3 cases had more than two sequelae,
such as anxiety, fatigue, difficulty sleeping, and
throat discomfort; and 3 cases had been recurrent.

At the 6-month follow-up, 54.5% (6/11) had
recovered completely and 27.3% (3/11) had
recovered partially; however, one recovered patient
with OD developed OD again, with long-term fatigue.
Of the aforementioned sequelae at the 1-month
follow-up, one patient had hair loss. There were no
recurrent cases.

In terms of OD recovery at the 12-month follow-
up, all the patients had a favorable outcome,
including 81.8% (9/11) who recovered completely
and 18.2% (2/11) who recovered partially. 45.5%
(5/11) of the patients reported at least one sequela,
and there were no recurrent cases (Figure 1 and
Table 1).

DISCUSSION

Our data demonstrated that 54.5% (6/11) of the
patients had hyposmia and 45.5% (5/11) had
anosmia. All the patients with OD had a favorable
outcome for OD recovery, including 81.8% with full
recovery and 18.2% with partial recovery. 45.5%
(5/11) of the patients reported at least one sequela,
and there were no recurrent cases at the 12-month
follow-up.

The proportion of OD among patients with
COVID-19 varies widely across studies. Examination
methods and the attention paid to these symptoms
by both patients and clinicians vary as well. Some
studies have suggested that the differences between
Asian and White patients can be explained by
polymorphisms in angiotensin converting enzyme-2
expressionm’zs]. Our results suggest that OD is more
prevalent in patients with mild to moderate COVID-
19, which is similar to the findings of other
studies™>*.

We found that 63.6% (7/11) of the patients

reported OD as the initial symptom and 42.9% (3/7)
of these presented OD as the only symptom. Other
studies showed that OD can precede the onset of
respiratory symptoms, especially in mild to
moderate cases[14'3°'3”, and the sudden onset of OD,
whether hyposmia or anosmia, should be recognized
as an important symptom of SARS-CoV-2
infection™*". Given that all people entering China
must quarantine for 14 days, those presenting with
OD should be immediately considered suspects for
SARS-CoV-2 infection to avoid delayed diagnosis or
misdiagnosis and to prevent transmission.

A review of the literature reveals the short-term
nature of OD related to COVID-19: most cases
recovered or improved within a monthlaz'”], which
was similar to our findings. Long-term follow-up
studies are still limited. One study reported that
32.6% (29/89) of cases still presented OD at the 2-
month follow-up®®. Another study found that 24.0%
(30/125) of patients reported persistent OD at the 6-
month follow-up; of these, 70.0% (21/30) reported
partial recovery and 23.3% (7/30) had no recovery at
all®®. Oscolo-Rizzo et al. reported that 69.5% had
complete recovery after 12 months, 21.9% had
partial recovery, and 8.6% had no improvement[%],
In the present study, we observed that all the
patients had a favorable outcome, including 81.8%
(9/11) who recovered completely and 18.2% who
recovered partially. We also observed that most
improvements occurred in the first 2 weeks after
onset. These results were in line with previous
studies from Egypt and the uKE738,

Although the mechanism of COVID-19 with OD is
unclear, symptom recovery could be related to viral
clearance. Therefore, we recommend regular nucleic
acid testing for inpatients, especially when patients
report regaining their sense of smell. Additionally,
75% (3/4) of the incompletely recovered patients
had anosmia, which suggests that severe OD might
result in a long-term recovery process or persistent
loss®?. In our study, a recovered patient with OD at
discharge developed OD again at the 6-month
follow-up; possible reasons should be explored in
future studies.

Previous studies have explored the associations
between patient characteristics, including age, sex,
and poor OD recovery. A recent study found that the
presence of persistent OD was significant only
between age (2 50 years) and the persistence of the
oD™ and another by Abdelalim et al. revealed that
there was a statistically significant positive
correlation between age and only the duration of
anosmia/hyposmia, not the degree of olfactory
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loss™Y. Brandao Neto et al. reported that being

female was associated with slower olfactory
recovery[“], and Amer MA et al. observed that > 70%
of those who completely recovered were women™?.,
Other studies had reported no association between
recovery and sex™™. In our study, given that only
11 patients with OD enrolled and the median age
was 34 (19-52) years, we did not further analyze the
association between age and OD recovery. Notably,
only two patients were women; they had not fully
recovered at the 1-month follow-up but had fully
recovered at the 12-month follow-up.

Of note, in our study, three patients did not
recover and retested positive (using RT-PCR) after
discharge: one was hospitalized four times, whereas
the other two were hospitalized twice; these three
had been mild patients. Given that discharged
patients are put under strict isolation and local cases
are rare, their positive results are presumed to be
persistent viral shedding rather than reinfection.
Notably, there were no recurrent cases at the 6- and
12-month follow-ups.

Of further note, one of the persistent OD cases in
our study appeared for treatment late, suggesting
that timely treatment might influence recovery. A
separate case-control study  found that
corticosteroids can reduce the prevalence of long-
lasting OD[46]; however, studies on the efficacy of
available treatments for patients with COVID-19-
related OD are limited"”.

Limitations

One limitation of our study is the accuracy of
self-reported symptoms, given it was not feasible for
all patients in emergency circumstances to use
validated olfactory evaluation methods. Another
limitation is that a subgroup analysis was not
performed because of the small sample size.

CONCLUSIONS

We found that the olfactory recovery was within
2 weeks after onset among imported COVID-19
cases, and these patients had a favorable outcome
at the 12-month follow-up after discharge. A better
understanding of the pathogenesis and appropriate
treatment of OD is urgently needed to guide
clinicians in the care of these patients.
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