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Summary:

COVID-19-related olfactory dysfunction is common (67%). Recovery can be slow (>3 weeks). Sinusitis
and olfactory cleft obstruction were absent in most patients. Immunohistochemical analysis of nasal
biopsy revealed the presence of infiltrative CD68+ macrophages expressing SARS-CoV-2 antigen in

the stroma.
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Abstract
Background

Olfactory dysfunction (OD) has been reported in coronavirus disease 2019 (COVID-19).
However, there are knowledge gaps about the severity, prevalence, etiology, and duration of

OD in COVID-19 patients.
Methods

Olfactory function was assessed in all participants using questionnaires and the butanol
threshold test (BTT). COVID-19 patients with abnormal olfaction were further evaluated
using the smell identification test (SIT), sinus imaging and nasoendoscopy. Selected patients
received nasal biopsies. Systematic review was performed according to PRISMA guidelines.
PubMed items from 1% January 2020 to 23" April 2020 were searched. Studies which

reported clinical data on olfactory disturbances in COVID-19 patients were analyzed.
Results

We included 18 COVID-19 patients and 18 controls. Among COVID-19 patients, 12/18
(67%) reported olfactory symptoms and OD was confirmed in 6 patients by BTT and SIT.
OD was the only symptom in two patients. Mean BTT score of patients was worse than
controls (p-value = 0.004, difference in means = 1.8; 95% CI: 0.6 — 2.9). Sinusitis and
olfactory cleft obstruction were absent in most patients. Immunohistochemical analysis of
nasal biopsy revealed the presence of infiltrative CD68+ macrophages harboring SARS-CoV-
2 antigen in the stroma. OD persisted in two patients despite clinical recovery. Systematic
review showed that the prevalence of olfactory disturbances in COVID-19 ranged from 5% to

98%. Most studies did not assess olfaction quantitatively.
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Conclusion

OD is common in COVID-19 and may be the only symptom. COVID-19-related OD can be
severe and prolonged. Mucosal infiltration by CD68+ macrophages expressing SARS-CoV-2

viral antigen may contribute to COVID-19-related OD.

Keywords: COVID-19; SARS-CoV-2; anosmia; smell impairment; olfactory dysfunction
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Introduction

Coronavirus disease 2019 (COVID-19) was declared a global pandemic by the World Health
Organization on 11™ March 2020. COVID-19 is caused by a novel betacoronavirus: severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). SARS-CoV-2 is highly adapted to
humans and is capable of efficient person-to-person transmission.* As of 11" May 2020,
COVID-19 has already infected 4 million people worldwide, with over 270,000 associated
deaths.? Due to inadequacies in testing programs and large proportions of mild infections, the
exact community burden of COVID-19 is unknown and will require population-wide

seroepidemiological studies for definitive elucidation.

The common symptoms of COVID-19 include fever, cough, dyspnea, malaise, myalgia, and
gastrointestinal disturbances.® In addition, olfactory dysfunction (OD) or anosmia has been
reported in COVID-19 patients.*® The majority of studies investigating OD in COVID-19
have utilized retrospective questionnaires or self-reported symptoms by patients.”® These
methods of assessment are prone to reporting bias and might fail to identify subtle OD.
Therefore, objective measurements of olfactory function in COVID-19 patients are required.
Furthermore, olfactory functionin COVID-19 patients has not been compared to healthy
controls, which is necessary to prove that olfaction in COVID-19 patients is compromised. A
systematic assessment of the severity, prevalence, etiology, and duration of OD in COVID-19

patients is also lacking.

In this study, we quantitated olfactory function in COVID-19 patients and compared them to
healthy controls. We also evaluated the severity, prevalence, etiology, and duration of OD in
COVID-19 patients. In addition, a systematic review of the existing literature on olfactory

disturbances in COVID-19 patients was performed.
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Methods
Study setting

The study was conducted in Queen Mary Hospital and Pamela Youde Nethersole Eastern
Hospital in Hong Kong. Both institutions are designated referral centers providing acute care
to COVID-19 patients. Ethics approval for this study was obtained from the Institutional
Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster

(UW 20-310).
Patients & controls

Patients between 18 and 60 years of age with mild COVID-19 infection (defined as not
requiring supplemental oxygen therapy) who were consecutively admitted to either
institutions between 6™ April to 9™ April 2020 were eligible for inclusion. All patients
received standard care during hospitalization. Their demographic characteristics, clinical
features and laboratory results were retrieved from the electronic patient records. COVID-19
patients were compared to a control group in a 1:1 ratio. The control group comprised of
healthy volunteers who were students or healthcare workers who reported no recent
symptoms of upper respiratory tract infection, and were age-matched to the patient group £ 5
years to control for the potential effect of age on olfaction. COVID-19 patients and controls
were excluded if they had an underlying history of allergic rhinitis or nasal polyps, which
might confound the results of olfactory assessment. All participants completed a detailed
questionnaire relating to olfaction (see Supplementary Material) as previously described with

modifications.'® This was followed by functional olfactory assessment.
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Quantitative assessment of olfactory function

The butanol threshold test (BTT) was used as the screening method for quantitation of
olfactory function in all participants. BTT was performed as previously described with
modifications.'* Briefly, 99.9% 1-butanol AnalaR NORMAPUR® (VWR International
limited, Briare, France) was diluted in deionized water to produce a range of 10 serial
dilutions (see Supplementary Table 1), from 0.00002% (step 10) to 4% (step 1). Identical
bottles containing deionized water were used as controls. All solutions were colorless. During
the assessment, the test subjects were blindfolded. Each nostril was tested independently,
starting from the lowest concentration (0.00002% 1-butanol, step 10). Each concentration
was tested along with a control in a forced-choice paradigm, in which the participant was
required to differentiate between the test solution and control. The concentration step at
which the participant was able to correctly differentiate between the test solutions and
controls over four consecutive trials was the BTT score. The averaged scores of both nostrils
was the participant’s final BTT score. If the participant failed to identify the highest
concentration (4% 1-butanol, step 1), aBTT score of zero was given. Mean BTT scores of

COVID-19 patient and control groups were compared.

For COVID-19 patients who reported impaired olfaction at the time of study entry and
received a BTT scare of less than four, the Smell Identification Test™ (SIT; Sensonics
International, New Jersey, USA) was performed as a confirmatory and discriminatory test of
olfactory function.'? The SIT consisted of 40 test odorants. The test score was the total of all
correct answers. The SIT results were compared against an age-matched and gender-matched

normative SIT score, which were further categorized according to severity.
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Patients were defined as having OD if they met the following criteria: (a) self-reported
ongoing olfactory impairment, (b) a BTT score of less than four, and (c) an abnormal SIT

result.
Virologic assessment and diagnosis

COVID-19 was diagnosed by real-time reverse transcriptase—polymerase chain reaction (RT-
PCR) of pooled nasopharyngeal and throat swab specimens targeting the E-gene (TIB
Molbiol, Berlin, Germany) of SARS-CoV-2. Serial cycle threshold (Ct) values of SARS-
CoV-2 RT-PCR were assessed from diagnosis to discharge. Other respiratory viral infections
including influenza A, influenza B, respiratory syncytial virus, adenovirus, and

rhinovirus/enterovirus were excluded by commercial multiplex and in-house PCR assays.
Computer tomography (CT) scans

COVID-19 patients fulfilling the definition of OD received plain CT scans of the sinuses and
thorax. All scans were reviewed by a radiologist. The degree of rhinosinusitis was evaluated
using the Lund-Mackay (LM) score, which is a three-point scoring system used to describe
the degree of sinus opacification (no opacification = 0, partial opacification = 1, or total
opacification = 2).** A combined LM score of 0 (no sinus opacification) to 24 (total

opacification of all sinuses) is possible.
Nasoendoscopy and nasal biopsy

Nasoendoscopy was performed for COVID-19 patients with OD. The examination was
performed at a seated and upright position at bedside. Local anaesthetic, Co-phenylcaine
Forte (Mayne Pharma, North Carolina, USA) was applied to both nostrils by spray. The nasal
anatomy was assessed using a 4 mm diameter 30° rigid nasal endoscope (Karl Storz SE &

Co., Tuttlingen, Germany) with tele-system (TELE PACK; Karl Storz SE & Co., Tuttlingen,
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Germany). Nasal biopsy was obtained at the discretion of the operating surgeon. A cotton
pledget soaked with Co-phenylcaine Forte was inserted under endoscopic guidance for
vasoconstriction and regional anaesthesia. Nasal biopsies were obtained at the high anterior
septum, just superior to the level of the axilla of the middle turbinate, using a 2.7 mm

diameter biopsy forceps (Type 8150.00; Richard Wolf GmbH, Knittlingen Germany).

Histological assessment and immunofluorescence staining

Nasal biopsy specimens were fixed in 10% formalin and embedded in paraffin blocks. 4 pm
tissue sections were stained with standard haematoxylin and eosin (H&E). The presence of
macrophages was confirmed by immunohistofluorescence staining with mouse anti-human
CD68 (clone KP-1) (Lifespan Biosciences, WA, USA) and FITC conjugated donkey anti-
mouse 1gG (Jackson ImmunoResearch, PA, USA). SARS-CoV-2 nucleoprotein (NP) was
detected by immunofluorescence staining using rabbit anti-SARS-CoV NP antibody or

mouse anti-SARS-2 NP protein antibody as previously described.****

Statistical analysis

Means of BTT scores between case and control groups were compared using Student’s t test.
BTT follow-up results for COVID-19 patients with OD were compared using paired t test.
Categorical variables were compared using the Fisher’s exact test. Correlation between BTT
scores and Ct values were assessed using Spearman’s Rank test. Statistical analysis was
performed using XLSTAT (Addinsoft, New York, USA) and Prism (GraphPad, San Diego,

USA).

11

020Z 8unr GO uo Jesn Aleiqi yjesH 1o Jusweds Blossuul\ Aq 0/ L S8S/66 | ERIO/PLO/SE0 0 | /I0P/10BISE-8]|011B-80UBAPE/PIIO/WO0d dNO"dIWSPEIE//:Sd)Y WO} POPEOJUMO(]



Systematic review

Systematic review was carried out according to Preferred Reporting Items for Systematic
reviews and Meta-analysis (PRISMA) guidelines.*® PubMed items from 1% January 2020 to
23" April 2020 were searched using the keywords: COVID-19, SARS-CoV-2, 2019-nCoV,
or novel coronavirus. Duplicates were removed. Records were screened by the title and
abstract. Two authors, TWHC and HLL, carried out screening and determined the eligibility
of studies independently. Disagreements were resolved by another author (SS). The inclusion
criteria included (1) study population: adult patients diagnosed with COVID-19; (2) study
design: (randomized) controlled trials, case-control studies, prospective or retrospective
cohort studies, case series, and case reports; (3) publications writtenin English. The
exclusion criteria included (1) records that did not report anosmia or hyposmia or smell
disturbances as symptoms; and (2) correspondences, editorials, review articles which did not
contain new clinical data. For included articles, we collected basic information (authors,
country, sample size, and primary outcomes), patient demographics (age and sex), the
method(s) used to assess olfaction, the prevalence of abnormal olfaction reported in the
article, relevant imaging and endoscopic findings, and proposed etiology of impaired

olfaction.

12
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Results

Patient characteristics

A total of 20 cases and 21 controls were assessed for study inclusion. Two COVID-19
patients and three controls were excluded due to known history of nasal polyps and allergic
rhinitis, respectively. Overall, 18 cases and 18 controls were included in the study. COVID-
19 patients and controls did not differ significantly in terms of age, sex, smoking status,
drinking history and medical co-morbidities (table 1). One (1/18, 6%) COVID-19 patient was
diagnosed with adenovirus co-infection. Other common respiratory viruses were excluded.

The blood sodium levels were normal in COVID-19 patients on admission.

Self-reported olfactory symptoms

Olfactory symptoms were reported by 12/18 (67%) COVID-19 patients compared to 0/18
controls (p < 0.001). Of the 12 patients with olfactory symptoms, six reported recovered
olfaction at the time of study inclusion, including the patient who was diagnosed with
adenovirus co-infection. The remaining six patients had never experienced olfactory
symptoms. Age, gender distribution and initial presenting symptoms of COVID-19 patients
with (n = 12) and without (n = 6) olfactory symptoms were not significantly different. Of the
twelve patients reporting olfactory symptoms, the median time from symptom onset to
olfactory symptoms was 0.5 days (interquartile range; IQR: 0 to 4.75 days), while the time
from onset of olfactory symptoms to study recruitment was 14 days (IQR: 10.5 to 16.25
days). Only 2/12 (17%) patients with olfactory symptoms reported concomitant rhinorrhea or
nasal congestion, while 9/12 (75%) reported dysgeusia. Two patients were asymptomatic

apart from impaired sense of smell.
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Butanol threshold test (BTT)

Quantitative olfactory function was screened for all 36 COVID-19 patients and controls by
BTT. Mean BTT of COVID-19 patients was 4.1 (SD = 2.2) while that of controls was 5.9
(SD = 1.1). The mean BTT scores were significantly higher for healthy controls compared to
COVID-19 patients, indicating impaired olfactory function in the latter group (figure 1A, p-
value = 0.004, difference in means = 1.8 with 95% CI: 0.6 — 2.9). All six patients who
reported ongoing olfactory disturbances at study entry had a BTT score < 4. One COVID-19
patient had a BTT score of 0. Young COVID-19 patients (age <22) performed worse in the
BTT; their mean score was lower when compared to COVID-19 patients from other age
groups (p = 0.002) as well as controls (p < 0.001). This may have been due to shorter mean
duration between symptom onset and BTT in the younger age group less than 22 years of age
(p = <0.001, difference in means =12.7 days with 95% CI: 7.5 -17.9). Above age 22, the
mean BTT score in COVID-19 patient group also tended to be lower than in control group
but did not reach statistical significance (figure 1B). Admission SARS-CoV-2 RT-PCR Ct

values and BTT scores were not correlated (p = 0.882).

Smell identification test (SIT)

From the BTT score and history taking, six COVID-19 patients met the criteria for SIT
confirmatory assessment, which showed that two patients (33%) were anosmic, two patients
(33%) suffered from severe microsmia, and one patient each had moderate and mild
microsmia. Their demographic, clinical and olfactory function profiles are described in table

2.
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Radiographic assessment by CT scans

CT sinus and thorax was performed for the six patients confirmed with OD. No radiological
evidence of sinusitis was found, as represented by a LM score of < 2. Specifically, bilateral
olfactory cleft obstructions were documented in two (33%) patients only, while partial
obstruction was found in one patient. The remaining three patients (50%) had patent olfactory
passages (figure 2). CT thorax revealed peripheral ground glass opacification (two patients),
linear parenchymal bands (one patient), consolidative nodules (one patient), or no

abnormalities (two patients).

Nasoendoscopy and biopsy

Patients with OD were assessed by nasoendoscopy. No endoscopic evidence of olfactory cleft
obstruction, nasal polyps, or active sinusitis were found. Nasal biopsies were performed in
three patients, of which one specimen was positive for SARS-CoV-2 by RT-PCR. H&E
staining of nasal biopsy samples showed minimal inflammatory changes, as represented by
minor infiltrations of lymphocytes, plasma cells and occasional neutrophils in the stroma. In
one of the samples, intraepithelial neutrophils were also observed (Figure 3A & B).
Immunofluorescence staining for CD68 established the presence of macrophages within the
epithelium (Figure 3C) and the stroma (Figure 3D). Scattered cells positive for the SARS-
CoV-2 NP protein were found in the stroma (Figure 3E). These cells were confirmed to be

macrophages (Figure 3H to I).
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Follow-up evaluation by BTT assessment

For the six patients with OD, follow-up BTT assessments were arranged between 7 to 9 days
after the initial examination when all other symptoms of COVID-19 had already subsided
(figure 4). Four patients had measurable and significant improvements in their BTT scores in
the second assessment (p = 0.005). One patient had static olfactory function. Another
patient’s BTT score deteriorated further at follow-up. Her nasopharyngeal swab SARS-CoV-
2 RT-PCR was already negative at this stage. This shows that OD can persist even after

virologic clearance in a subset of patients.
Systematic review

The PRISMA flow diagram is shown in figure 5. A total of 5,514 records from PubMed were
screened. We identified 17 cohort studies and six case reports from: China (1 study), France
(4 studies), Germany (1 study), Greece (1 study), Iran (3 studies), Italy (5 studies), Republic
of Korea (1 study), Spain (3 studies), UK (1 study), USA (2 studies) and multinational (1
study). “*1"33 The sample sizes of the cohort studies ranged from four to 4,707 patients. Self-
reporting through questionnaires or clinical consultations were the most commonly adopted
method for the assessment of olfaction. Only one study performed SIT on patients.* The
reported prevalence of olfactory symptoms ranged from 5% to 98%. There was no difference
in prevalence of anosmia based on sex. Clinical recovery of olfaction was documented in five
reports (4 case cohorts and 1 case report), which showed that majority of patients recovered
within 14 days from onset of olfactory disturbances. Details of individual reports are listed in

tables 3 and 4.
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Discussion

In this study, we have demonstrated that OD is a characteristic symptom of COVID-19,
which is reported by a significant proportion (67%) of patients. We have objectively proved
that olfaction is compromised in COVID-19 patients when compared to healthy controls.
Remarkably, we found that a subset of COVID-19 patients suffered from profound OD in the
absence of typical respiratory and systemic symptoms. Although measurable improvements
were documented on follow-up evaluation, OD persisted in a subset of patients even after

virologic clearance and hospital discharge.

The etiology of OD in COVID-19 is enigmatic. One case report had proposed that
inflammatory obstruction of the olfactory clefts may be a possible cause of anosmia in
COVID-19, however half of the patients with OD in our study had patent olfactory passages.
This argues against simple conductive impairment.” Alternatively, previous studies have
suggested that the inflammatory cytokine milieu in nasal cavity affects olfactory neuronal
function in patients with chronic rhinosinusitis.** However, only 17% of patients with OD in
our study had rhinorrhea or nasal congestion, and minimal inflammatory infiltrates were
found in nasal biopsy specimens, suggesting that local inflammation may not be the only
contributing factor for OD in COVID-19 infection. Our previous study on SARS-CoV-2
replication in'ex vivo human lung tissue also demonstrated that inflammation induced by

SARS-CoV-2 is mild and less severe compared to 2003 SARS coronavirus.*

An alternate hypothesis is direct invasion of the olfactory neurons by SARS-CoV-2. OD has
been replicated in mice infected with Sendai virus with detectable virus in both olfactory
epithelium and bulbs.** Similarly, olfactory system infection has also been linked to mouse
hepatitis virus and neuroinvasive H5N1 infection in animal models.*** In vitro, we have

recently demonstrated that SARS-CoV-2 is capable of growth in the neural cell line U251.%"
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However, olfactory sensory neurons do not appear to express ACE2 and TMPRSS2 genes.*
On the other hand, ACE2 and TMPRSS2 genes are found in the supporting cells of the human
neuroepithelium, including sustentacular cells, olfactory horizontal cells, microvillar cells and
Bowman’s glands, which represent viable targets for SARS-CoV-2 infection.*® While our
histological analysis of nasal biopsy specimens showed that local inflammation may be
minimal or absent, it was notable that SARS-CoV-2 retains the ability to cause infiltrative
infection, as demonstrated by CD68+ macrophages carrying viral antigen in the stroma.
These macrophages may be able to traffic SARS-CoV-2 to the olfactory neuroepithelium.
Such cell-to-cell transfer is well described in HIV infection where macrophages can
secondarily infect lymphocytes. Therefore, transmission of SARS-CoV-2 by CD68+
macrophages to the supporting cells of the olfactory neuroepithelium may disrupt the
biochemical and electrophysiological homeostasis of the olfactory receptor neurons, leading

to chemosensory dysfunction and impaired neuronal turnover.

In our systematic review, we found that OD was seldom reported in COVID-19 patient
cohorts from mainland China. Prevalence of OD in Chinese COVID-19 patients also
appeared lower than in Western cohorts of comparable size.® Although this might be due to
under-reporting, we note that intranasal interferon-o is widely prescribed in China for
COVID-19 infection in accordance with national treatment guidelines.*® Intranasal interferon
treatment is not widely adopted by the rest of the world including Hong Kong. We speculate
that early intranasal interferon-a. may abrogate local SARS-CoV-2 replication in the olfactory
epithelium sufficiently to reduce OD. Prospective interventional trials for the treatment of

OD in COVID-19 patients are needed to confirm this important observation.

Olfactory dysfunction and dysgeusia in COVID-19 should not be overlooked because of the
associated psychosocial impact on affected patients. Our patients reported distress due to

their inability to smell, which affected their appetite and desires for eating. Patients might
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become socially withdrawn as they cannot share culinary experiences with their loved ones.

Studies have shown that OD is linked to lower quality of life and depression.*

There were a few limitations in our study. First, the study sample size was limited by the
number of confirmed COVID-19 patients in Hong Kong. However, quantitative olfactory
assessments were performed for all participants, which allowed for objective comparison
between patient cohorts and controls. Second, imaging and nasoendoscopy were not
performed in all patients to limit exposure of patients without OD to invasive assessments.
Third, nasal biopsy specimens were obtained from the middle turbinate, which may not
contain olfactory neuroepithelium. However, biopsy of the olfactory neuroepithelium at the
cribriform plate of the ethmoid bone is not possible in routine bedside endoscopic
assessment. Fourth, the control group was not tested for SARS-CoV-2, due to limited number
of test Kits available, outside of clinical needs. However due to the low prevalence of
COVID-19 in Hong Kong, it is unlikely that these healthy volunteers were infected by

SARS-CoV-2.

In conclusion, this study proves that OD is common in COVID-19 patients using objective
functional measurements. We also demonstrated that olfactory cleft obstruction, nasal
congestion, and sinusitis were absent in most COVID-19 patients with OD. Notably, while
overt inflammation may be absent, we have identified CD68+ macrophages carrying SARS-
CoV-2 antigen in the stroma of nasal biopsy samples. This raises the possibility that COVID-
19-related OD may be caused by infiltrative infection of the sustentacular cells and

supporting cells of the olfactory neuroepithelium.
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Table 1: Demographic and clinical characteristics of COVID-19 patients and controls

COVID-19 patients (n = 18) Controls (n = 18) p value
Age (years)® 28 £19 (18 - 59) 31+17.5(18 - 59) 0.98
18-21 5 (28%) 5 (28%)
22-31 5 (28%) 7 (39%)
32-41 4 (22%) 2 (11%)
42 - 60 4 (22%) 4 (22%)
Gender
Female 11 (61%) 13 (72%) 0.725
Male 7 (39%) 5 (28%)
Smoking status
Smoker 1 (6%) 0 (0%) 1
Non-smoker 17 (94%) 18 (100%)
Drinking status
Non-drinker 11 (61%) 14 (78%) 0.471
Regular drinker 1 (6%)° 0 (0%) 1
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Social drinker 6 (33%) 4 (22%) 0.711

Past surgical history

Head injuries 2 (11%) 0 (0%) 0.486
Neurosurgery 0 (0%) 0 (0%)

Maxillofacial surgery 1 (6%)° 0 (0%) 1
Good past health 16 (89%) 14 (78%) 0.658

Medical co-morbidities

Hypertension 2 (11%) 2 (11%)

Diabetes mellitus 0 (0%) 0 (0%)

Hyperlipidemia 0 (0%) 0 (0%)

Malignancy 0 (0%) 1 (6%)" 1
Others 0 (0%) 1 (6%)° 1
History of zoster 0 (0%) 1 (6%) 1

reactivation

Age are median (IQR), n (%). °Patient works as a wine merchant. *History of tonsillectomy. “History of breast

cancer. “Case of chronic hepatitis B carrier.
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Table 2: Clinical, olfactory function, nasoendoscopy, and imaging findings of COVID-19 patients with

olfactory dysfunction

Patient 1 Patient 2 Patient 4 Patient 5 Patient 14  Patient 15
Patient characteristics
Sex F F M F F F
Age 18 18 20 21 41 42
Clinical symptoms
Date of symptom onset 1 Apr 20 28 Mar 20 3 Apr 20 26 Mar 20 16 Mar 20 15 Mar 20
Fever Y N Y N N N
Chills N N Y N N N
Cough Y N Y N N Y
Sputum Y N N N N Y
Shortness of breath N N N N N Y
Nasal complaints Y Y

N (Rhinorrhe N (Rhinorrhea N N

a)

)
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Others Y Y
N N N N
(Headache) (Headache)

Olfactory dysfunction
Onset date of olfactory

4 Apr 20 29 Mar 20 3 Apr 20 26 Mar 20 23 Mar 20 23 Mar 20
dysfunction
Interval between olfactory
dysfunction and symptom 3 1 0 0 7 8
onset (day)
Butanol threshold test
(BTT) score
First BTT score 15 0 1 35 2 2
Date of first BTT 9 Apr 20 7 Apr 20 7 Apr 20 7 Apr 20 6 Apr 20 6 Apr 20
Second BTT score 3 1.5 3 35 0 3
Date of second BTT 16 Apr 20 15 Apr 20 15 Apr 20 15 Apr 20 15 Apr 20 15 Apr 20
Smell identification test
(SIT)
SIT (score, out of 40) 26 16 25 21 16 33
SIT (category) Moderate Severe Severe Mild

Anosmia Anosmia

microsmia microsmia microsmia microsmia
Date of SIT 10 Apr 20 7 Apr 20 7 Apr 20 7 Apr 20 6 Apr 20 6 Apr 20
Nasoendoscopy Normal Normal Normal Normal Normal Normal
Computer tomography
scan
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Paranasal sinuses (Lund-

2 1 2 0 0 0
Mackay score)
Olfactory cleft (opacification
score)?
Right 2 2 0 1 0 0
Left 2 2 0 1 0 0
Thorax (COVID-19 related
N N Y N Y N

lung changes)®

®0lfactory cleft opacification score: complete opacification = 2; partial opacification = 1; Un-opacified = 0.

bParenchymal ground-glass opacification.
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Table 3. Cohort studies on olfactory disturbances in COVID-19 patients.

Author Country Sam  Primary outcome(s) Methods of Prevalence of Fe  Proposed etiology of olfactory
ple olfactory olfactory ma impairments
size assessment impairment (%) le
(%
)
Beltran- Spain 79 Smell and taste disorder Questionnaire 25/79 (31%) 31/  Damage of the olfactory sensory
Corbellini A, 79  epithelium
etal® (39
%)
Bénézit F, et France 68 Hyposmia and hypogeusia Questionnaire 31/68 (45%) Not Pathology at the olfactory mucosa
al.?® rep
orte
d
Burrer, etal.® USA 4707 COVID-19 in healthcare workers Consultation 750/4707 (16%) Not  Nil
rep
orte
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Giacomelli

A etal.”’

Heidari F, et

al.®

Klopfenstein

T,etal?®

Lechien JR,

etal.’

Italy

Iran

France

Europe (Belgium,
France, Italy,

Spain)

59

23

114

417

Olfactory and taste disorders

Anosmia

Anosmia

Olfactory and gustatory

dysfunctions

Questionnaire

Consultation

Consultation

Questionnaire

14/59 (24%)

23/23 (100%)

54/114 (47%)

357/417 (86%)

19/
59
(32

%)

15/
23
(65

%)

36/
54
(67

%)

263

/41

(63

Transneural penetration through the

olfactory bulb

Nil

Nil

Viral invasion through ACE2 receptor
to olfactory bulb or related regions of

CNS
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Lytras T, et

al.®

Mao L, et al.®

Marzano

AV, etal.?

Moein ST, et

al.?t

Greece

China

Italy

Iran

40

214

22

60

Prevalence of COVID-19 in Consultation

repatriation flights to Greece

Neurologic manifestation Consultation

COVID-19 associated skin Consultation

manifestation

Olfactory dysfunction UPSIT?

2/5 (40%)

11/214 (5%)

4122 (18%)

59/60 (98%)

%)

Not
rep

orte

127

121

(59

%)

6/2

(27

%)

20/
60

(33

Nil

Retrograde neuronal invasion

Nil

Damage of the olfactory epithelium
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Monti S, et

al.®

Spinato G, et

al.®

Toscano G,

etal.?®

Wolfel R, et

al.®

Italy

Italy

Italy

Germany

202

Clinical characteristics of
immunosuppressed patients with

chronic arthritis

Alterations in smell or taste

Guillain—Barré Syndrome

associated with SARS-CoV-2

Virologic manifestations

Consultation 3/4 (75%)

Questionnaire 130/202 (64%)

Consultation 2/5 (40%)

Self-reported 3/9 (33%)
through

consultation

%)

4/4
(10

0%

105

120

(52

%)

1/5
(20

%)

Not
rep

orte

Nil

Nil

Nil

Not suggested
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Yan CH, et USA 59 Chemosensory dysfunction
al.’!

Zayet S, et France 62 Anosmia and dysgeusia
al®

Questionnaire

Consultation

40/59 (68%)

32/62 (52%)

29/
59
(49

%)

38/
62
(61

%)

Pathology at the olfactory epithelium

Nil

8UPSIT: University of Pennsylvania Smell Identification Test
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Table 4. Case reports on olfactory disturbances in COVID-19 patients.

Author Country Sex, age Methods of olfactory Radiological Proposed etiology of anosmia

(years) assessment findings
Eliezer M, et al.”” France F, 40 Odorant identification CT and MRI Olfactory cleft obstruction
Galougahi MK, etal.®> Iran Not Consultation MRI of the Nil

specified olfactory bulb
Gane SB, et al.® United M, 48 Consultation Nil Conductive loss at the olfactory cleft

Kingdom Direct infection of the olfactory mucosa and destruction of the
olfactory sensory neurons
Gutiérrez-Ortiz C, et = Spain M, 50 consultation Nil Infection of the olfactory nerve; anti-ganglioside antibodies GD1b
al.’® IgG
Jang Y, et al.” Korea M, 42 Consultation, visual Nil Nil
analog scale

Ollarves-Carrero MF,  Spain F, 40 Consultation Nil Infection of the olfactory nerve

et al.?
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Figure legends

Figure 1: Comparison of BTT scores between COVID-19 patients and healthy controls. Bars
represent mean and standard error of mean (A). Comparison of mean BTT scores of COVID-
19 patients and healthy controls stratified by age group (B). ** indicates statistically

significant difference between means of groups.

Figure 2: Computed tomography scans of the nasal cavity and sinuses of COVID-19 patients
with olfactory dysfunction showing opacified olfactory clefts indicating complete obstruction
(A), partially opacified olfactory clefts (B) and patent olfactory clefts (C). Sinusitis was

absent.

Figure 3: Representative histopathological and immunofluorescence staining results of nasal
biopsy tissue sections. (A) H&E-stained section showed few intraepithelial neutrophils (white
arrows), (B) Small numbers of lymphocytes, plasma cells and occasional neutrophils amongst
mucous glands in the stroma (black arrows). Immunofluorescence staining of CD68 showing
presence of scattered macrophages in the (C) epithelium and (D) stroma (green), the area in
the boxes was magnified to demonstrate cytoplasmic staining of CD68 (white arrows). (E)
Immunofluorescence staining of SARS-CoV-2 NP in the nasal mucosa and in magnified
image (arrows). Localization of SARS-CoV-2 NP in CD68+ cells by double
immunofluorescence staining of CD68 (F, green) and SARS-CoV-2 NP (G, Red, using
mouse anti-SARS-CoV-2 NP and Texas-Red conjugated Donkey anti-mouse secondary

antibody), cell nuclei counterstained by DAPI in blue (H) and merged image (1).

Figure 4: Serial progression of BTT scores in patients with olfactory dysfunction.

Figure 5: Study selection

38

020z 8unp GO uo Jasn Aieiqi yyesH Jo uswuedsq elossuul\ Aq 0b/ L S8G/66 L BRIO/PUO/SE0L 0 | /I0P/A0BISE-8|01LB-80UBAPE/PLIO/WO02 dNO dlWwapede//:sd)y Wol) papeojumo(]



Key points

COVID-19-related olfactory dysfunction is common (67%). Recovery can be slow (>3
weeks). Sinusitis and olfactory cleft obstruction were absent in most patients.
Immunohistochemical analysis of nasal biopsy revealed the presence of infiltrative CD68+

macrophages expressing SARS-CoV-2 antigen in the stroma.
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Figure 1A
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Figure 1B
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Figure 2A
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Figure 2B
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Figure 2C
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Figure 3A
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Figure 3B
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Figure 3C
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Figure 3D
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Figure 3E
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Figure 3F
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Figure 3G

Downloaded from https://academic.oup.com/ofid/advance-article-abstract/doi/10.1093/ofid/ofaa199/5851740 by Minnesota Department of Health Library user on 05 June 2020

51



Figure 3H

Downloaded from https://academic.oup.com/ofid/advance-article-abstract/doi/10.1093/ofid/ofaa199/5851740 by Minnesota Department of Health Library user on 05 June 2020

52



Figure 31
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Figure 5. Study selection.
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