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Abstract

Purpose The study aimed to determine the incidence and long-term evolution of COVID-related olfactory (OD) and gusta-
tory (GD) dysfunction, the recovery timeline, and the association with other symptoms. The secondary objective was to
identify the predictive clinical factors for the evolution of these symptoms.

Methods A prospective case—control study was conducted from March 15 to October 15, 2020, in health workers with
COVID-19 related symptoms in a tertiary care hospital. 320 patients were included after 6 months of follow-up: 195 in the
case group and 125 in the control group. Olfactory dysfunction (OD), dysosmia, and gustatory dysfunction (GD) onset and
recovery rate after 6 months follow-up are analyzed in both groups.

Results There were 125 (64.1%) in case group patients with OD and 118 (60.5%) with GD. Total or partial recovery OD
and GD was found in 89%, mainly in the first 2 months. In the control group, there were 14 (11.2%) patients with OD and
33 (26.4%) patients with GD, with 100% of total/partial recovery.

Conclusion In both groups, OD and GD showed high-resolution rates during the first two months after the onset of symptoms.
Nevertheless, 11% of the case group patients did not show any recovery, and the partial resolution was present in 30% of our
patients, at the 6 months follow-up. We found a high correlation between OD and GD, both in the appearance of symptoms
and in their recovery. Nasal obstruction and dyspnea have been identified as risk factors for the persistence of symptoms.
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Introduction

Hyposmia has proven to be one of the most prevalent symp-
toms of COVID, despite not being recognized as the main
symptom at the beginning of the pandemic, different reports
show a high prevalence of olfactory (OD) and taste (GD)
dysfunction, especially in western countries [1].

The upper respiratory tract plays a key role in the physi-
opathology of viral infections since it is the most common
route of entrance and the area where the initial viral replica-
tion and colonization takes place [2]. Along with sinonasal
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pathology, trauma, or neurodegenerative diseases, viral
infections are one of the most frequent causes of hyposmia
in patients requiring ENT consultation [3, 4].

The SARS-CoV-2 infects human cells through the angio-
tensin-converting enzyme (ACE-2) receptor that is broadly
expressed in the nasal/oral mucosa, as well as in the susten-
tacular cells of the olfactory epithelium (SUS) [5]. Moreo-
ver, according to other studies, SARS-CoV is demonstrating
a strong neurotropism for the olfactory bulb cells, especially
in the initial stages of the disease [6].

OD is described as an early symptom of SARS-CoV-2
infection by several studies. Furthermore, OD and GD seem
to show a higher prevalence in women, young people, and
healthy patients with mild disease [7, 8]. It is also remark-
able, that hyposmia is the initial symptom in several cases
(27%) and could be an isolated manifestation of the illness
[9].

The reported prevalence of gustatory dysfunction
in COVID-19 infection is 43.93-56.4% [1, 10]. Taste
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Dysfunction may also represent an early symptom sugges-
tive of infection, but it remains unclear as to whether GD
exists in COVID-19, or is a loss of retronasal smell [11].
This fact is due to the paucity of studies based on objec-
tive evidence for the measurement of GD since the reported
prevalence of GD is mainly based on self-reported data [12].

ACE2 receptors have been identified in humans with high
expression levels in the tongue [13]. In this sense, ACE2
receptors could have a key role in the development of taste
dysfunction in COVID-19 patients [14]. On the other hand,
central lesions could be another source of gustatory dysfunc-
tion in these patients due to many overlapping brain areas
between the taste and olfactory systems [15].

Studies related to OD and GD in COVID patients describe
high recovery rates within the first weeks, therefore no spe-
cific treatment or complementary test is recommended [16].
However, there are few studies of the long-term evolution
regarding OD and GD in COVID patients beyond the first
weeks [4, 17]. Likewise, no clear data is available on the
association between OD and GD [11].

The present study analyzes the long-term evolution of OD
and GD of health care workers with or without COVID, the
recovery time, the predictive factor for improvement, as well
as the association between both symptoms.

Materials and methods

We performed a prospective case—control study from March
15 to October 15, 2020, recruiting a group of health workers
(physicians, nurses, assistants, cleaning workers, adminis-
trative workers) from a tertiary care hospital center with a
high incidence of COVID between March 15 and April 7.
The institutional review board, CEIM University Hospital of
Getafe (CV20/24), approved this project. Patient informed
consent was obtained from every patient.

RT-PCR (reverse transcriptase-polymerase chain reac-
tion) methods detected the presence of COVID-19 in respira-
tory specimens, from nasal and pharyngeal swabs. Allplex™
2019—nCoV Assay (Seegene) is a multiplex real-time PCR
assay for simultaneous detection of 3 target genes of SARS-
CoV-2 in a single tube. The assay is designed to detect
RdRP, N genes specific for SARS-CoV-2, and E gene for all
Sarbecovirus including SARS-CoV-2.

The inclusion criteria of the study were:

e Signed written informed consent for participation in the
study

e Opver 18 years of age

e COVID-19 related symptoms

e PCR performed from nasal-pharyngeal swab for SARS-
CoV-2

e Hospital worker at the time of diagnosis
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e At least 6 months of follow-up
The exclusion criteria were as follows:

e History of nasal surgery, sinusitis, chronic rhinitis,
polyposis, olfaction, and/or gustatory disorders

e Neurodegenerative disease

e A medical or psychological condition that limits the
study

Patients with a positive RT-PCR at the time of inclu-
sion were considered cases, and those with a negative
RT-PCR were considered control. An Otolaryngologist at
the onset of symptoms carries out a personal consulta-
tion. Anamnesis, physical examination, and a collection
of nasopharyngeal swabs were performed. The anamnesis
focused especially on the presence of OD/GD (onset, last-
ing, regression), nasal symptoms, other chemo-sensitive
symptoms (dysosmia, dysgeusia, etc.), and the most preva-
lent COVID symptoms (fever, cough, dyspnea, myalgia,
etc.). We consider GD a reduced or absent taste (sweet,
salty, acid, bitter, umami), as well as the alteration in the
quality of taste (parageusia), both with solid and liquid
foods, during the study time. On the other hand, we con-
sider OD a reduced or absent perception of odors as well
as the alteration in the quality of smell (disosmia). In addi-
tion, clinical variables, such as diabetes mellitus, hyper-
tension, or dyslipidemia were collected.

Based on previous studies of self-assessment of smell
and creation of different categories depending on the level
of the dysfunction [19], Visual Analog Scales (VAS) were
used, ranging from O (no perception) to 10 (excellent per-
ception). According to the VAS scale, we categorized the
quantitative variables of hyposmia and hypogeusia in 3
intervals: 0-3 (severe), 4-7 (moderate), and 8—10 (mild).
We have considered the recovery of symptoms when the
VAS score moves from severe to moderate/mild or moder-
ate to mild. Complete recovery of symptoms is only con-
sidered when mild VAS is achieved, and partial recovery
is defined when mild VAS is not reached. When none of
these situations takes place, non-recovery is considered.

Those positive RT-PCR patients continued regular
reviews every 2 weeks until the PCR test was negative.
Subsequently, the study was completed by a serological
immunoglobulin G antibodies (IgG) test, 2 months after
the PCR test in both groups. The monitoring of patients
was done through monthly, quarterly, and semi-annual tel-
ephone consultations. In these reviews, we ask the patients
about OD/GD VAS and the development of chemo-sensi-
tive symptoms.

No empirical treatment for hyposmia or hypogeusia was
indicated in any patient during the study.
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Statistical analysis

Statistical Analysis Statistical Package for the Social Sci-
ences for Windows (SPSS version 25.0; IBM Corp, Armonk,
NY, USA) was used to perform the statistical analyses. The
potential associations between epidemiological, clinical
and olfactory, and gustatory outcomes have been assessed
through cross-tab generation between two variables (binary
or categorical variables) and the Chi-square test. Categorical
variables between both age and sex-matched groups were
summarized by counts and frequencies and compared using
odds ratio (OR) with 95% CIs. The relationship between
VAS variables was investigated using Spearman’s correla-
tion coefficient.

The normally distributed variables were presented with
means and SDs.

A Kaplan—-Meier time-to-event method was used to calcu-
late the percentage of subjects who had a total recovery from
their OD. Additionally, separate curves were constructed for
the two different groups, case, and controls, created based
on the results of the RT-PCR. The log-rank test was used to
compare the different survival distributions.

Results

A total of 355 patients with suspected COVID met the inclu-
sion criteria and were recruited. 320 (90.1%) completed the
6-month follow-up and were included in the final case—con-
trol study. Of these, 195 (61%) patients with positive RT-
PCR and 125 (39%) with negative RT-PCR, as part of the
case and control group, respectively. Table 1 shows the
demographic characteristics of the sample in the case group
and control group, with no significant differences in baseline
between groups.

In the 6-month follow-up, 14 patients (4.4%) required
hospital admission, all of them belonged to the case group.
No patient required intensive care. There were no deaths
during the study.

Table 2 shows the incidence of symptoms studied in our
sample. OD and GD were described in 125 (64.1%) and 118
(60.5%) in case group patients, respectively, and 14 (11.2%)
with OD and 33 (26.4%) with GD in control group patients.

The presence of certain symptoms such as hyposmia (OR
13.89), hypogeusia (OR 17.6), and dysosmia (OR 14.94) was
strongly associated with a positive RT-PCR.

Patients who initially had hyposmia had 3.86 times higher
odds of developing dysosmia if the RT-PCR was positive.

In case-group patients, OD was the first symptom in 11%
of our population. The timing of the onset of hyposmia was
coincident with other symptoms in 14% of the subjects.
The mean time of OD onset concerning another symp-
tom was 4.2 days (+5.24). At the time of diagnosis, there

Table 1 Demographic data

Patient characteristics n (%) Control-group Case-group

Mean age, years (range) 46.5 (20-64) 41.62 (18-65)
Sex n (%)
Male 19 (15.2) 39 (20)
Female 106 (84.8) 156 (80)
Comorbidities n (%)
Hypertension 9(7.2) 12 (6.2)
Dyslipidemia 10 (8) 13 (6.7)
Immune disorders 54) 10 (5.1
Asthma 6 (4.8) 10 (5.1)
Diabetes mellitus 3(124) 6(3.1)
Hypothyroidism 7(5.6) 15(7.7)
Pneumopathy 0(0) 1(0.5)
Obesity 3(24) 8 (4.1)
Smoker 7(5.6) 20 (10.2)
Number of comorbidities n (%)
0 86 (68.8) 141 (72.3)
1 29 (23.2) 42 (21.6)
2 9(7.2) 15(7.7)
3 1(0.8) 1(0.5)
Table 2 Incidence of symptoms in case—control groups
Symptom n (%) Control-group Case-group
Headache 95 (76) 140 (71.8)
Cough 86 (68.8) 150 (76.9)
Dysthermia 43 (34.4) 103 (52.8)
Dyspnea 43 (34.4) 68 (34.9)
Myalgia 85 (68) 144 (73.8)
Asthenia 102 (81.6) 156 (80)
Hypogeusia 33 (26.4) 118 (60.5)
Hyposmia 14 (11.2) 125 (64.1)
Nasal obstruction 18 (14.4) 29 (14.9)
Dysosmia 1(0.8) 30 (15.4)

was a significant positive association between OD and GD
(»<0.001), and their VAS was highly correlated (* 0.714).
There is also a significant correlation between the OD and
GD recovery on the VAS scale (% 0.684).

The average time for negative PCR was 23.4 days (+9.8).
OD recovered before negative PCR in 66 (53%) subjects. In
the statistical analysis, there is no association between nega-
tive PCR and OD recovery.

IgG antibodies are detected in the serological study of
156 case group patients (80%). There is no statistically sig-
nificant correlation between the development of antibodies
and the severity or recovery of OD or GD in our series.

At the end of the study, 111 (88.8%) patients in our case
group presented OD recovery, which was complete in 73
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(58.4%) subjects, and partial in 38 (30.4%) cases. Fourteen
patients (11.2%) do not show recovery (Table 3).

According to the Kaplan—-Meier method, most of the
OD recovery (partial or complete) takes place in the
first 2 months with the stability of symptoms afterward
in both groups. Considering the control group, 100% of
the patients present a total or partial improvement within
the first 2 months (Fig. 1), with no statistical differences
when comparing the OD recovery with the cases group
(p=0.95).

Regarding GD in the case group, 88% of the patients
presented GD recovery, being complete in 73.6% and par-
tial in 14.4%, while 12% of the patients do not show recov-
ery after 6 months follow-up.

Concerning the symptoms presented in COVID
patients, in the statistical analysis performed only dyspnea
and nasal obstruction are predictors of poor olfactory and
gustatory recovery (p <0.05). Neither of the other vari-
ables showed any positive or negative relation regarding
the evolution of OD and GD.

Table 3 Olfactory recovery time pattern at different time points dur-
ing follow-up in the case group

Follow-up (days Complete Partial recov- Partial-complete
from OD onset) recovery rate, ery rate, n recovery rate, n (%)
n (%) (%)

7 19 (15.2) 2 (1.6) 21 (16.8)

14 30 (24) 8(6.4) 38 (30.4)

30 61 (48.8) 26 (2.8) 87 (69.6)

60 70 (56) 34 (27.2) 104 (83.2)

90 72 (57.6) 35(28) 107 (85.6)

180 73 (58.4) 38 (30.4) 111 (88.8)

Fig. 1 Kaplan—Meier analysis
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who had a total recovery from

their OD. Separate curves were
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ent groups, case, and controls,
based on the results of the
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used to compare the different
survival distributions
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Discussion

To our knowledge, we report the longest follow-up case—con-
trol study (6 months) in COVID-patients with OD and/or
GD to date. COVID-related OD and GD have a variable
incidence in the literature reviewed [20]. In Chinese studies,
prevalence is around 5 and 8% for OD and GD. In compari-
son, in Europe, it reaches 85 and 89% [21]. Different theories
have been put forward to explain these differences. First,
the divergence could be due to surface protein mutations in
the virus (spike protein, SP; and nucleocapsid protein, NP)
while expanding worldwide. In this case, it can affect the
clinical manifestations significantly due to the crucial role
in virus entrance and the transcription inside cells [13]. On
the other hand, differences in ACE-2 receptors between the
Asian and European population is identified as another point
of discussion regarding this topic, although more studies are
needed in this field. Third, in the initial COVID-19 outbreak
in China physicians might have focused on severe primary
symptoms and therefore OD and GD symptoms could have
been missed [12].

In our study, OD and GD correspond to 64.1 and 60.5% of
the positive COVID patients, respectively. Furthermore, the
presence of hyposmia (OR 13.89), hypogeusia (OR 17.6),
and dysosmia (OR 14.94) were strongly associated with a
positive RT-PCR. These results show a higher number of
patients affected by OD and GD in comparison with the
metanalysis published by Tong et al. [1], which may be influ-
enced by the cohort of patients (health workers) and a high
proportion of women (81%), young (71% less than 50 years
old) and healthy subjects (90% with none or one comorbid-
ity). Previous studies are showing the relationship between
this type of patient and the high incidence of OD and GD

N RT-PCR

—I"1Positive
—1Negative

i Positive-censured
—— Negative-censured

,00 50,00

100,00 150,00 200,00

Olfatory Disfunction Recovery
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[7]. Furthermore, the high number of study participants who
completed a long-term follow-up (6 months) is possible due
to better access to patients as they work in the hospital.

The average time of the OD and GD onset, as the first
symptoms, is 4.65 (+4.42) days. As stated in other studies
[6, 13], hyposmia is the first symptom (11.2%) or begins
simultaneously with other symptoms (14.4%) in 25.6%
of our patients. In the same way, the value of hyposmia
in screening is interesting, according to the results of the
Anosmia Reporting Tool, anosmia contributed to testing for
COVID-19 in 40% of the patients [6].

An important point to analyze is fever concerning hypos-
mia in COVID screening. Current COVID-19 screening
protocols are usually oriented towards the determination of
fever, but our results show, that only 34% of them suffer
from it. Due to the high prevalence of OD in the early stages
of the disease, hyposmia could be an optimal indicator for
COVID screening [22]. In the same way, the knowledge of
this symptom by the general population could be useful for
the development of strategies to minimize the risk of con-
tagion, for example by using self-tests of OD, self-isola-
tion, etc. [23]. The design of objective tests for hyposmia
screening could also help, as other studies highlight there is
a significant percentage of patients who subjectively deny
hyposmia, but this dysfunction is demonstrated in an objec-
tive evaluation [24].

Either OD or GD in COVID shows a low correlation with
other nasal symptoms like nasal obstruction, suggesting a
primary chemosensory dysfunction, and not a mere obstruc-
tion of airflow to the olfactory reception area. This may be
due to a high expression of ACE in the nasal mucosa, as
previously state, the high neurotropism of the coronavirus
[12]. In our study, nasal obstruction is only associated with
23.4% of patients with OD. The absence of nasal obstruction
in patients with OD may be useful for the differential diag-
nosis of hyposmia with other upper respiratory infections.

In our investigation, we did not find a relationship
between the clinical history and the development of OD and
GD symptoms in either group. The mean OD recovery time
in the case-group is 30.37 days (+28.11 days), while in the
control group it is 23.27 days (+18.2 days). In both groups,
within the first 8 weeks, many patients have a complete or
partial recovery, 83.2% in the case group, 100% in the con-
trol group. However, the recovery curves of the case group
patients who did not recover in that time show a plateau
pattern, with a flattening starting 2 months after the onset
of symptoms. At the end of the study, at 6 months of follow-
up; the recovery rate in the case group is 88.8%, while 14
patients (11.2%) still do not show recovery. It should be con-
sidered that within improvement cases, 30% of the subjects
do not completely recover their previous sense of smell.

A significant result of our study, not published before as
far as we know, is that dyspnea (p =0.034) is identified as

a poor predictor regarding OD recovery in the case group.
On the other hand, as published by Paderno et al., nasal
obstruction (p =0.02) is a predictor for non-recovery OD/
GD symptoms [10]. Other studies on this topic would be
interesting to support our results.

In the same way, there is no correlation between OD/GD
recovery and a negative PCR [10]. In our case, only 53%
of the patients have improved then. It seems clear that in
certain patients, OD/GD may persist even after the infection
is resolved. Besides, recent publications state that there is
no relationship between viral load and the development of
GD/OD symptoms [25]. Similarly, in our study, the devel-
opment of antibodies after the infection does not represent
any predictive factor for the development of OD/GD, or its
evolution.

Although most publications agree on the close correla-
tion between GD and OD in COVID patients, some authors
emphasize that they may represent an independent clinical
entity [18]. In our work, there is a significant positive asso-
ciation between OD and GD in the diagnosis (* 0.714), as
well as a strong correlation of the VAS in the recovery of
both symptoms (7% 0.684). This suggests that the symptoms
are related. Another aspect to highlight is that 24% of the
COVID patients with OD report dysosmia, with parosmia
being the most frequent form presented (73%). In the same
way, this is the first study to report the odds of having dysos-
mia after an initial positive RT-PCR compared to the control
group (OR 3.86). This result should lead us to emphasize
the analysis of qualitative variables of the olfactory function
since it can be an overlooked symptom.

Implications for practice

Currently, there is no consensus on the management of
COVID patients with OD and GD. Due to the high rate
of recovery in the first weeks, some studies recommend a
conservative treatment [16], while other authors proposed
olfactory rehabilitation and early treatment, such as intrana-
sal vitamin A and systemic omega-3 [26]. Residual OD/GD
could be considered as a minor sequela of COVID, but this
pathology seems to present a high prevalence with an impact
on the quality of life of patients [27]. Health professionals
must anticipate a probable increase in olfactory dysfunction
in the coming months due to COVID, plan adequate man-
agement of this pathology, evaluate medical treatments, and
develop olfactory rehabilitation programs [26].

Limitations
One limitation of our study is related to the targeted popula-
tion size. Since they were attended in case of suspicion of

a COVID-19 infection, our percentage of totally asympto-
matic subjects is probably abnormally low. In the same way,
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the high percentage of female and relatively young patients
is biased because of the patient’s status as a health worker.
We should emphasize that our high percentage of the female
population should prevent generalizing our results to other
male populations.

The use of VAS and the lack of objective olfactory/gusta-
tory testing is a limitation in our study due to the poor corre-
lation between subjective reporting and objective chemosen-
sory testing. VAS is used in this study as the only parameter
because of the critical situation in the COVID-19 period. This
situation could also explain the high variability published
about OD recovery in common cold patients [28, 29].

Despite the limitations, the data presented here may consti-
tute a valuable help for future prospective studies with longer
follow-up periods investigating these associations.

Conclusions

OD and GD show high-resolution rates during the first two
months after the onset of symptoms in COVID patients.
Despite this, 11% of the patients do not present recovery, and
in up to 30% the recovery is partial, at 6 months of follow-up.
There is a high correlation between OD and GD, both in the
appearance of symptoms and in their recovery. Nasal obstruc-
tion and dyspnea have been identified as risk factors for the
persistence of symptoms.
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