European Archives of Oto-Rhino-Laryngology (2021) 278:695-702
https://doi.org/10.1007/500405-020-06266-3

RHINOLOGY q

Check for
updates

Chemosensory dysfunction in COVID-19 out-patients

Maria Jesus Rojas-Lechuga'>3 . Adriana Izquierdo-Dominguez*>® . Carlos Chiesa-Estomba’ -
Christian Calvo-Henriquez® - Ithzel Maria Villarreal® - Genoveva Cuesta-Chasco'® - Manuel Bernal-Sprekelsen’-23 .
Joaquim Mullol'?3". [sam Alobid %35

Received: 3 June 2020 / Accepted: 31 July 2020 / Published online: 25 August 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Background Since the outbreak in China due to coronavirus disease 2019 (COVID-19) various studies have been published
describing olfactory and gustatory dysfunction (OGD).

Objective The aim was to investigate the frequency and severity of OGD in SARS-CoV-2 (+) out-patients compared to
controls with common cold/flu like symptoms and two negative RT-PCR.

Methods A multicenter cross-sectional study on SARS-CoV-2-positive out-patients (n=197) and controls (n=107) from
five Spanish Hospitals. Severity of OGD was categorized by visual analogue scale (VAS). Frequency and severity of the
chemosensory impairment were analyzed.

Results The frequencies of smell (70.1%) and taste loss (65%) were significantly higher among COVID-19 subjects than
in the controls (20.6% and 19.6%, respectively). Simultaneous OGD was more frequent in the COVID-19 group (61.9% vs
10.3%) and they scored higher in VAS for severity of OGD than controls. In the COVID-19 group, OGD was predominant in
young subjects 46.5 +14.5 and females (63.5%). Subjects with severe loss of smell were younger (42.7 years old vs 45.5 years
old), and recovered later (median=7, IQR=5.5 vs median=4, IQR = 3) than those with mild loss of smell. Subjects with
severe loss of taste, recovered later in days (median =7, IQR =6 vs median =2, IQR =2), compared to those with mild loss.
Conclusion OGD is a prevalent symptom in COVID-19 subjects with significant differences compared to controls. It was
predominant in young and females subjects. Stratified analysis by the severity of OGD showed that more than 60% of COVID-
19 subjects presented a severe OGD who took a longer time to recover compared to those with mild symptoms.
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Introduction as of May 28th, 2020) have been diagnosed, and more than
350,000 deaths have been reported [1]. Although many
people develop respiratory symptoms [2], a considerable
number of cases are asymptomatic or pre-symptomatic with
a larger incubation period (potentially lasting longer than
14 days), resulting in a large number of carriers [3]. This
fact, associated with being highly transmissible by large
drops, aerosolize and, possibly, by direct contact, contribute
to its rapid spread [4, 5].

This pandemic situation has pushed the capacity of health
systems to the limit and makes it necessary to consider early

Coronavirus disease 2019 (COVID-19) outbreak was
declared a Public Health Emergency of International Con-
cern on 30 January 2020 by the World Health Organization
(OMS) [1]. To date, more than 5 million people (5,593,631
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diagnosis suspicion for those who have mild symptoms and
it is not possible to confirm the presence of the virus [6].
Since China’s initial anecdotal reports [7], there have been
a growing number of studies describing a wide frequency
range of olfactory and gustatory dysfunction (OGD) in
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COVID-19 patients, and guide recommendation for self-
isolation in patients with OGD [8, 9].

Recent studies seem to show a trend that OGD is more
frequent in a young [10] and non-hospitalized population
[11, 12]. The aim of the present study was to investigate
whether OGD is present in COVID-19 patients with mild
disease evaluated in an ambulatory setting as compared to
controls.

Materials and methods
Ethical issues

This observational study was approved by the Ethics Com-
mittee of Hospital Clinic Barcelona (HCB/2020/0402) and
Consorci Sanitari de Terrassa (02-20-188-023). Local Eth-
ics Committee approvals for other Spanish Autonomous
Regions were also obtained. Verbal informed consent was
obtained from all subjects.

Study design

A multicenter prospective cross-sectional study on SARS-
CoV-2 (+) from five Spanish University Hospitals from
March 21st to April 18th, 2020.

Study population

The following inclusion criteria were considered: (a) for both
groups, adults (> 18 years old) of any gender in an ambula-
tory setting, (b) COVID-19: subjects with positive RT-PCR
for SARS-CoV-2; (c) controls: subjects with common cold/
flu-like symptoms and two negative RT-PCR SARS-CoV-2.
All participants were able to be interviewed and to answer
the questionnaire. The exclusion criteria were: pregnancy,
language barrier, psychiatric or neurocognitive impairment,
and previous history of OGD (allergic rhinitis, rhinosinusi-
tis, among others). All testing was performed with the high-
est regard for participant’s and examiner’s safety with appro-
priate personal protective equipment (PPE).

Diagnosis

SARS-CoV-2 infection was assessed by RT-PCR. Dif-
ferent molecular techniques were performed, including
Cobas™6800 (E and ORF1b genes), Seegene™ (N, E and
RdRp genes), and LightCycler™480 (E and RdRp genes).
In a real-time PCR assay, a cycle threshold (CT) is defined
as the number of cycles required for the fluorescent signal
to cross the threshold. In our study, a positive result was
considered when both analyzed genes were positive. If only
one gene was positive with CT <37, it was also considered
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positive. If CT was > 37, the exam was repeated in another
platform. In this new analysis, if both genes were positive, it
was considered a positive result, but if it was only one gene
with CT > 37, it was considered inconclusive.

Outcomes

Demographics on gender and age were registered. A com-
plete questionnaire exploring OGD was created and per-
formed in-person. The questionnaire included four items:
(a) a smell loss visual analogue scale (VAS, 0—10 cm, being
0 no smell loss and 10 maximum smell loss focusing on
smell and food/drink flavor; (b) a taste loss VAS with the
same score range and grouping where, to avoid confu-
sion between taste and smell/flavor, real taste perceptions
(salty, sweet, bitter, and sour/acidic) were emphasized; (c) a
question about OGD symptoms onset (days before or after
the other COVID-19 symptoms); and (d) a question about
recovering from OGD (durations in days). Participants
were asked about the timeline of the onset, duration, and
the eventual recovery of the chemosensory symptoms. The
VAS for sinonasal symptoms based on the EPOS guidelines
classifies related symptoms in mild (VAS > 0-3), moderate
(VAS > 3-7) and severe (VAS > 7-10) disease [13]. Due to
limitations related to the severity of the COVID-19 pan-
demic, instrumental smell assessment, or chemical gustom-
etry were not performed.

Statistical analysis

Mean and standard deviation for the age, median and the
interquartile range for continuous variables were calculated.
The qualitative variables are expressed in frequencies and
percentages. The normality of the continuous variables was
evaluated through the Shapiro—Wilk test with a significance
level of p=0.01. Chi-square test and Fisher’s exact test were
used to compare categorical variables between COVID-19
patient’s vs controls. 7 Student test or Mann—Whitney U test
helped to compare continuous variables. Chi-square test and
Fisher’s exact test were used to compare loss of smell and
taste severity in the categorical variables and Kruskal-Wal-
lis test in the continuous variables. Data management and
statistical analysis were performed by means of SPSS vs.
21 (SPSS Inc., Chicago, IL, USA) with the alpha level set
at 0.05.

Results

COVID-19 subjects and controls

A total of 197 COVID-19 subjects (mean
age=46.5+14.5, range 21-89 years, 63.5% female) and
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107 controls (mean age =50.6 + 16.6, range 2088 years,
53.3% female) completed the survey. Demographics and
clinical characteristics of both groups are summarized
in Table 1.

The frequencies of smell and taste loss were signifi-
cantly higher among COVID-19 subjects (70.1% and 65%,
p <0.001) than in the control group (20.6% and 19.6%),
respectively (Fig. 1a). Simultaneous OGD was more fre-
quent in COVID-19 group (61.9%) compared to controls
(10.3%) (p <0.001).

Both, the severity of loss of smell (median=9,
IQR =3.2 vs median=5, IQR=5.8) and loss of
taste (median=9, IQR =3.8 vs median=3, IQR =5)
(p <0.001) as measured by VAS were scored higher in
COVID-19 subjects vs controls (Fig. 1b).

Characteristics of COVID-19 subjects by gender

From a total of 197 COVID-19 subjects 125 (63.5%) were
females (mean age =45.7 + 14.2 years) and 72 (36.5%)
were males (mean age =47.8 + 15 years) (Table 2).

The frequencies of simultaneous OGD were signifi-
cantly higher among females (68%) than in the males
group (51.4%, p=0.021), along with loss of taste (71.2%
vs 54.2%, p=0.016). However, no differences were found
in loss of smell (72% vs 66.7%, p=0.431). As for the
severity, females VAS scored higher in loss of taste than
males (median="7, IQR =10 vs median=3.8, IQR =8,
p=0.014), with no differences in loss of smell.

Stratification by loss of smell severity

A total of 138 COVID-19 subjects reported olfactory dys-
function of which 8 (5.8%) had mild, 32 (23.2%) moder-
ate, and 98 (71%) severe smell loss. The profile of subjects
with severe loss of smell was younger (42.7 years old vs
45.5 years old, p=0.045), and recovered later (median="7,
IQR=5.5 vs median=4, IQR =3, p=0.009) than those with
mild loss of smell. However, no differences by severity were
found in loss of smell manifested as a first symptom, recov-
ery-rate, and gender (Table 3).

Stratification by loss of taste severity

A total of 128 COVID-19 subjects reported taste dysfunction
of which 8 (6.3%) had mild, 36 (28.1%) moderate, and 84
(65.6%) severe loss of taste. Some differences were observed
compared to findings by stratifying for loss of smell sever-
ity. No differences by severity were found by age or gender,
in taste loss manifested as a first symptom, and recovery-
rate. However, patients with severe loss of taste recovered
later in days (median="7, IQR =6 vs median=2, I[QR =2,
p=0.021), compared to those with mild loss (Table 4).

Discussion

The main findings of our study were: (1) subjects with diag-
nosed COVID-19 were younger, with similar gender, and
their olfactory and taste dysfunction was sixfold more com-
mon than in control subjects when the impairment was of

Table 1 Characteristics of
COVID-19 subjects compared

to controls in ambulatory setting

Characteristics COVID-19 (n=197) Control (n=107) p value
Age, years, mean (SD) 46.5 (14.5) 50.6 (16.6) 0.026
Gender, female, N (%) 125 (63.5) 57 (53.3) 0.084
(a) Loss of smell
Frequency, N (%) 138 (70.1) 22 (20.6) <0.001
Severity, VAS (0-10 cm), median [IQR] 91[3.2] 51[5.8] <0.001
Mild (>0-3 cm), N (%) 8(5.8) 8 (36.4) <0.001
Moderate (>3-7 cm), N (%) 32(23.2) 9 (40.9)
Severe (>7-10 cm), N (%) 98 (71) 522.7)
(b) Loss of taste
Frequency, N (%) 128 (65) 21 (19.6) <0.001
Severity, VAS (0-10 cm), median [IQR] 9[3.8] 3[5] <0.001
Mild (>0-3 cm), N (%) 8(6.3) 11 (52.4) <0.001
Moderate (>3-7 cm), N (%) 36 (28.1) 8 (38.1)
Severe (>7-10 cm), N (%) 84 (65.6) 2(9.5)
(c) Loss of smell and taste
Frequency, N (%) 122 (61.9) 11 (10.3) <0.001

COVID-19 coronavirus disease 2019, SD standard deviation, VAS visual analogue scale, /QR interquartile

range
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both senses; (2) more than half of COVID-19 subjects pre-
sented loss of smell (70.1%) or taste (65%), in > 60% both.
One out of seven subjects presented loss of smell (15.2%)
or loss of taste (15.6%) as the first symptom of the disease;
(3) females had more frequent and more severe loss of taste
than males, and more frequently simultaneous OGD; and
(4) among COVID-19 subjects with OGD, one out of two
had a severe loss of smell and/or taste and late recovery than
patients with a milder dysfunction. Moreover, subjects with
severe loss of smell were younger than those with mild loss.

In our study, a self-reported ordinal quantitative assess-
ment of the chemosensory dysfunction was performed by
a validated VAS scale for smell and taste loss separately.

@ Springer

Tong et al. [8] described in a recent meta-analysis of OGD
a 52.7% prevalence of smell loss and 43.9% of taste loss
in COVID-19 subjects. In subgroup analyses of olfactory
dysfunction, they demonstrated that studies using vali-
dated instruments (such as the University of Pennsylvania
Smell Identification Test (UPSIT) [14], smell component
of the National Health and Nutrition Examination Survey
(NHANES), short version of the Questionnaire of Olfac-
tory Disorders—Negative Statements [15], and the COVID-
19 Anosmia Reporting Tool [16]) showed an 86.60% smell
loss prevalence compared to 36.64% in studies which used
non-validated instruments [8]. However, only the study
of Lechien et al. [15] used a validated measure to assess
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Table2 Clinical c.haracte.r istics Characteristics Females (n=125) Males (n=172) p value
of COVID-19 subjects with or
without olfactory and gustatory Age, years, mean (SD) 45.7 (14.2) 47.8 (15) 0.333
dysfunction (OGD) (a) Loss of smell
Frequency, N (%) 90 (72) 48 (66.7) 0.431
Severity, VAS (0-10 cm), median [IQR] 8 [10] 619.9] 0.257
Mild (>0-3 cm), N (%) 4(4.4) 4 (8.3) 0.572
Moderate (>3-7 cm), N (%) 20 (22.2) 12 (25)
Severe (>7-10 cm), N (%) 66 (73.3) 32 (66.7)
(b) Loss of taste
Frequency, N (%) 89 (71.2) 39 (54.2) 0.016
Severity, VAS (0-10 cm), median [IQR] 7[10] 3.8 [8] 0.014
Mild (>0-3 cm), N (%) 5(5.6) 3.7 0.791
Moderate (>3-7 cm), N (%) 24 (27) 12 (30.8)
Severe (>7-10 cm), N (%) 60 (67.4) 24 (61.5)
(c) Loss of smell and taste
Frequency, N (%) 85 (68) 37 (51.4) 0.021

Table 3 Characteristics of COVID-19 subjects stratified by severity of loss of smell

COVID-19 coronavirus disease 2019, SD standard deviation, VAS visual analogue scale, /QR interquartile

range

Characteristics Non-smell loss Mild Moderate Severe p value*

(VAS O cm) (n=59) (VAS>0-3 cm) (VAS>3-7 cm) (VAS>7-10 cm)

(n=38) (n=32) (n=98)

Age, years, mean (SD) 50.6 (15.6) 45.5 (13.8) 50.7 (16.7) 42.7 (12) 0.045
Gender, female, N (%) 35 (59.3) 4 (50) 20 (62.5) 66 (67.3) 0.574
As first symptom, N (%) 1(12.5) 5(15.6) 15 (15.3) 0.138
Prior to other symptoms, days, median [IQR] 51[0] 1[1] 2 [2.5] 0.499
Recovery, N (%) 5(62.5) 11 (34.4) 36 (36.7) 0.530
Recovery time, days, median [IQR] 4 [3] 6 [5.8] 71[5.5] 0.009
COVID-19 coronavirus disease 2019, SD standard deviation, VAS visual analogue scale, /QR interquartile range
*p value was obtained by severity of smell loss excluding the non-smell loss group
Table 4 Characteristics of COVID-19 subjects stratified by severity of taste loss
Characteristics No taste loss (VAS Mild Moderate Severe p value*

0 cm) (n=69) (VAS >0-3 cm) (VAS >3-7 cm) (VAS >7-10 cm)

(n=38) (n=36) (n=84)

Age, years, mean (SD) 49.1 (16.5) 46.1 (12.3) 48.2 (14.5) 43.6 (12.4) 0.209
Gender, female, N (%) 36 (52.2) 5(62.5) 24 (66.7) 60 (71.4) 0.792
As first symptom, N (%) 1(12.5) 7(19.4) 12 (14.3) 0.336
Prior to other symptoms, days, median [IQR] 5[0] 1.5 [1.8] 2.5[4.8] 0.166
Recovery, N (%) 2 (25) 12 (33.3) 28 (33.3) 0.701
Recovery time, days, median [IQR] 2 (2] 7 6] 7 16] 0.021

COVID-19 coronavirus disease 2019, SD standard deviation, VAS visual analogue scale, /QR interquartile range
*p value was obtained by severity of taste loss excluding the no taste loss group
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gustatory dysfunction with the taste component of the
NHANES.

In our results, the frequencies of loss of smell (70.1%),
loss of taste (65%) or both (61.9%) in the COVID-19 group
are similar to those found by Menni et al. [6], where they
reported a 64.76% frequency of OGD, compared with
22.68% on those who tested negative for SARS-CoV-2.

Our findings on OGD, being predominant in younger
subjects and females, were similar to those reported by Lee
et al. [10]. The explanation of this demographic trend is still
not well understood. In the normal population, the olfactory
dysfunction (OD) and gustatory dysfunction (GD) are com-
monly described more frequently with older age [17, 18],
while females outperformed males for taste [18] and smell
[19]. In post-viral OD, a higher prevalence in middle-aged
women (age 40—69 years) has been described [20]. Con-
cerning gustatory dysfunction (GD), taste seems to decrease
proportionally to the degree of OD regardless of the under-
lying cause (post-traumatic, idiopathic, post-infectious or
chronic rhinosinusitis) [21] and persisted after age-correc-
tion [22]. There have been hypotheses that chemical senses
intimately interact, associating impaired olfactory function
with decreased gustatory function. In contrast to other sen-
sory modalities, they do not tend to show compensatory
mechanisms, but rather mutual weakening [22]. A potential
explanation is that they did not function individually sharing
a common processing [23]. A greater analysis regarding the
aetiopathogenesis of the OGD in COVID-19 infection will
need further research.

In our study, COVID-19 subjects reported most com-
monly their loss of smell and loss of taste as severe (71%
and 65.6%) rather than mild (5.8% and 6.3%). Moreover, a
shorter recovery time was observed in those patients with
mild OGD (VAS > 0-3 cm). These results are in agreement
with those reported by London et al. [24] in post-infectious
OD, where microsmic patients were more than twice as
likely to improve into the normal range of smell than anos-
mic patients. This was also found by Cavazzana et al. [25],
showing that higher/better initial smell scores using Snif-
fin’ Sticks were associated with higher probability of later
normosmia.

Our study had the following strengths: (1) RT-PCR con-
firmed positive COVID-19 and control group matched by
age with common cold/flu-like symptoms and two negative
RT-PCR; (2) in-place personal interview using PPE allowing
a better comprehension of the questionnaire, emphasizing
the difference between flavor and taste to avoid confusion,;
(3) VAS scores for both smell and taste loss was obtained,
allowing a self-reported ordinal quantitative assessment
of the sensory dysfunction. On the other hand, our study
also had limitations: (1) suboptimal sensitivity of SARS-
CoV-2 RT-PCR on nasopharyngeal swab might have led to
misclassification and diagnostic bias (false positives and/
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or false negatives); (2) lack of respiratory viruses RT-PCR
test detection for the control group (rhinovirus, influenza,
parainfluenza, among others); (3) due to unnecessary safety
risk for physicians and discomfort for patients due to their
medical condition, no validated questionnaire, instrumental
olfaction or gustatory assessment were considered; and (4)
COVID-19 survey was measured at only one point related to
its onset date, although further follow-up will be performed.

Conclusions

OGD is a prevalent symptom in COVID-19 ambulatory
subjects, with higher frequencies and severity of the chem-
osensory impairment compared to controls (other respira-
tory viruses), this difference being more outstanding in the
loss of both senses together. In the COVID-19 group, OGD
was predominant in younger subjects and females. Stratified
analysis by the severity of OGD showed that more than 60%
of COVID-19 subjects presented a severe OGD that took
a longer time to recover as compared to those with mild
symptoms. Concerning loss of smell severity, the subjects
with higher VAS scores were younger. Further studies will
be needed to provide explanations for these chemosensory
impairments.
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