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Abstract

Purpose COVID-19 displays a variety of clinical manifestations; in pauci-symptomatic patients olfactory (OD) and gustatory
dysfunctions (GD) may represent the first or only symptom. This topic is currently arousing great interest, and a growing
number of papers are being published. Aim of this study is to investigate the timing of recovery from OD and GD in a real-
life population hospitalized for COVID-19.

Methods We followed up by a phone interview the first 100 patients discharged a month earlier from three Italian non-
intensive care wards.

Results All 100 patients were Caucasian, mean age was 65 years, 60% were males. Forty-two patients (mean age 63 years)
experienced subjective chemosensory dysfunctions (29 OD and 41 GD): the male/female ratio was 2:1; 83% reported a com-
plete or near complete recovery at follow-up. The recovery rate was not significantly different between males and females.
The mean duration of OD and GD was 18 and 16 days, respectively. The mean recovery time from OD or GD resulted signifi-
cantly longer for females than for males (26 vs 14 days, P=0.009). Among the 42 symptomatic, the mean age of males was
significantly higher than that of females (66 vs 57 years, P =0.04), while the opposite was observed in the 58 asymptomatic
patients (60 vs 73 years, P=0.0018).

Conclusions Recovery from OD or GD was rapid, occurring within 4 weeks in most patients. Chemosensory dysfunctions
in women was less frequent, but longer lasting. The value of our study is its focus on a population of hospitalized patients
significantly older than those previously described, and the additional data on gender differences.
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Introduction (COVID-19), rapidly evolving into a pandemic. Most cases

are asymptomatic or self-limiting, but the clinical spectrum

Starting in December 2019 in Wuhan (Hubei province,
China), a novel coronavirus, designated SARS-CoV-2, has
caused an international outbreak of a respiratory illness
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extends to severe progressive pneumonia with acute respira-
tory distress syndrome, a life-threatening condition requiring
mechanical ventilation and intensive care support. A wide
variety of clinical manifestations have been described, also
involving the central nervous system [1]. In a not negligi-
ble number of patients, especially pauci-symptomatic ones,
olfactory (OD) and gustatory dysfunctions (GD) may repre-
sent the first or only symptom. Data on chemosensory dys-
functions have been published only very recently, and the
prevalence described is surprisingly variable, ranging from
5.1% and 5.6% in a Chinese cohort [1] to 86% and 88% in
a European study [2], for OD and GD, respectively. Both
studies relied on subjective reports of chemosensory dys-
function, rather than objective testing. The two populations
in question were also very different regarding severity of
illness and age: Mao and coworkers [1] studied a population
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of hospitalized patients with a mean age of 53 years, of
which 41% presenting severe infection according to their
respiratory status, Lechien’s cases [2] were mainly mild-to-
moderate, with a mean age of 37 years, so both relatively
young populations, possibly non representative of real-life
COVID-19 patients. Furthermore, the brief follow-up period
in both studies, limited to the acute phase, did not allow
to assess permanent anosmia or ageusia, and, to date, it is
not well known whether recovery of olfactory and gustatory
functions will be complete nor how long it will take.

The aim of our study is to investigate the timing of recov-
ery from olfactory and gustatory dysfunctions in a cohort
of COVID-19 patients hospitalized one month earlier in
non-intensive care wards, an older population than that pre-
viously investigated in the early phases of the COVID-19
pandemic.

Materials and methods

In April 2020, we followed up the first 100 COVID-19
patients discharged a month earlier from three non-intensive
care wards in Florence, Italy (Internal Medicine Units of
the “Santa Maria Annunziata” and “Nuovo San Giovanni
di Dio” hospitals, and Infectious Disease Unit of the “Santa
Maria Annunziata” hospital). From the computerized data-
base of these hospitals we identified all adults hospitalized
and diagnosed as COVID-19 by reverse transcriptase-pol-
ymerase chain reaction (RT-PCR) testing for SARS-CoV-2
on nasopharyngeal swab. Clinical histories and the occur-
rence of neurological disorders during hospitalization were
assessed from electronic medical charts. We telephoned
each patient and asked if he/she had had, at any time of the
disease, OD and/or GD, and if so, how many days it lasted.
In particular, to assess OD and GD, patients were asked
whether they had experienced any alterations or reductions
of odor, flavor and taste since the onset of the illness. The
five basic taste qualities (sweet, salty, bitter, sour, umami)
were not singularly investigated.

In case of persistence, interviewees were asked to score
the subjective function recovery on a 100-point scale, as
previously done by Lee et al. [3]. We considered recovery as
nearly complete when patients reported a recovery of 80-95
points and considered the loss not disabling and almost
resolved; recovery was considered complete for 100 points.

We focused solely on olfactory and gustatory disorders,
thus clinical presentation and comorbidities (except the
assessment of pre-existing olfactory and gustatory dysfunc-
tions) were not considered at the time of the survey. Patients
with a history of cognitive impairment, unlikely to answer
reliably, were excluded from follow-up study. Data were col-
lected in a dedicated case record form.
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Continuous variables were presented as mean values and
the categorical variables were presented as counts and per-
centages. Analyses were mainly descriptive. We compared
continuous variables by using Student’s ¢ test proportions
for categorical variables by using the y? test or Fisher exact
test. We considered a P value below 0.05 to be statistically
significant. We used for all analyses MedCalc® statistical
software version 16.4.3 (Ostend, Belgium).

Results

All 100 patients responded to the survey. All patients
were Caucasian, mean age (=+ standard deviation) was
65 + 15 years (range 29-94 years), and 60% were males.
No patient was reported to suffer from chronic sinonasal
disorders already causing chemosensory dysfunctions
before the index hospitalization. No patient presented any
relevant neurological disorder (excluding headache) during
hospitalization.

In the group reporting no dysfunction (58% of patients)
the mean age was 66 years.

Forty-two patients, with a mean age of 63 years, reported
chemosensory dysfunctions: 41 patients reported GD, 29
OD, 28 both GD and OD. All patients complained of their
symptoms starting very early, at the most within one week
the first noted symptoms. Out of these 42 symptomatic
patients, 28 were males, thus the male/female ratio was 2:1.
Of the 42 symptomatic patients, 64% reported a complete
and 19% a near complete recovery, thus 83% reported an
almost resolved dysfunction at follow-up. The recovery rate
was not significantly different between males and females.
The mean duration of OD and GD in the entire population
of symptomatic was 18 and 16 days, respectively. The mean
recovery time from OD or GD resulted significantly longer
for females than for males (26 vs 14 days, P =0.009).

Among the 42 symptomatic patients, the mean age of
males was significantly higher than that of females (66 vs
57 years, P=0.04), while the opposite was observed in the
58 asymptomatic patients (60 vs 73 years, P=0.0018).

A partial recovery (30-50 points) from GD was reported
by 4/42 patients after a mean of 32 days, in 2 cases with
associated OD. Three patients reported no improvement of
both ageusia and anosmia after a mean of 27 days.

Table 1 shows the demographical characteristics and the
recovery rate and time observed in our population.

Discussion and conclusions

In our experience, among a population of hospitalized
COVID-19 patients aged 65 years, 42% complained of
olfactory (anosmia or hyposmia) or gustatory (ageusia or
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Table 1 Sex differences and recovery rate and time in 100 hospitalized COVID-19 patients

COVID-19 All population OD or GD (0))} GD No dysfunction
Groups (1=100) (n1=42) (n=29) (n=41) (n=58)

Sex Males Females Males Females Males Females Males Females Males Females
(n=number pts) (n=60) (n=40) (n=28) (n=14) (n=18) (n=11) (n=28) (n=13) (n=32) (n=26)
Age, mean, years 63 67 66 57 66 57 66 57 60 73
P value P=0.16 P=0.04 P=0.12 P=0.04 P=0.0018
Recovery rate (80-

100 points), 1 (%) - - 25 (89) 10 (71) 16 (89) 8(73) 25 (89) 9 (69) NA NA
P value - P=0.12 P=0.33 P=0.18 NA
Recovery time, - - 14 26 16 25 14 27 NA

mean, days

P value - P=0.009 P=0.07 P=0.0021 NA

OD olfactory dysfunction, GD gustatory dysfunction, NA not applicable

dysgeusia) dysfunctions: this percentage resulted half of that
reported by Lechien et al. [2] in a younger population, but
higher than that reported by Mao et al. [1] in their hospital-
ized patients.

OD and GD were reported, respectively, by 29% and 41%
of our patients, almost always occurring in the earlier stages
of the disease: the lower incidence of smell over taste dis-
turbances has been reported also by Klopfenstein et al. [4]
(47% vs 85%), and, as previously mentioned, by Mao et al.
[1] and Lechien et al. [2].

Females have been reported [2, 4] as significantly more
affected by these dysfunctions, but our study, in which
females accounted for 40% of total population (a percent-
age which reflects the documented male predisposition for
COVID-19 [5]), did not confirm this data. In fact, most
women (65%) did not report any chemosensory symptom.

In our cohort, recovery from OD/GD was rapid, occurring
within 4 weeks in most patients, and the mean recovery time
from OD or GD resulted significantly longer for females
than for males (26 vs 14 days, P=0.009).

Lechien et al. [2] already reported an early olfactory
recovery rate of 44%, occurring within the first 8 days fol-
lowing the resolution of the disease in 73% of patients with
OD. Klopfenstein et al. [4] reported a mean duration of anos-
mia of 9 days, with a complete recovery occurring in almost
all patients within 4 weeks.

In our study chemosensory dysfunctions in women was
less frequent, but longer lasting.

In our cohort of patients admitted for a life-threatening
illness, none was found to report chronic sinonasal disorders
already causing chemosensory dysfunctions before the hos-
pitalization, but it is likely that among the clinical informa-
tion initially collected there were some missing data, since
chronic rhinosinusitis is in fact a relevant health problem
affecting 5-12% of the general population [6]. The same
consideration applies to any previous sinonasal surgery.

Our observations derive from a small sample of patients:
they confirm in part what has recently been reported about
these dysfunctions by other authors, in particular the rapid
recovery time. The value of our study is its focus on a hos-
pitalized population significantly older than those previously
described, more representative of real-life COVID-19 epide-
miology, and to further investigate gender differences.

One limitation of our study was that patients did not
undergo specific examinations for chemosensory functions,
such as psychophysical and/or electrophysiological tests, but
all non-essential procedures were purposefully avoided to
reduce the risk of cross infection.

Moreover, our patients were only asked if they had had
an altered or reduced perception of odors, flavor and taste
compared to their pre-disease status. Terms such as “taste”,
“flavor”, “smell”, “odor”, express different aspects of very
complex sensory experiences, characterized by a significant
subjective component; some languages do not have specific
terms for each [7]. For these reasons, we decided to collect
“coarser” data, but for which our patients had no difficulty
in identifying incidence or persistence.

COVID-19 patients need yet to be tested for gustatory
impairment, assuming it could also be just the sense of smell
being impaired in terms of reduced “flavor” perception: fur-
ther studies are needed to specify impairments by testing for
ortho-retronasal olfactory, and gustatory dysfunctions [8].

Most of our patients, even without having been admitted
to an intensive care unit for invasive ventilation, experienced
severe acute respiratory failure: it is possible that chemosen-
sory impairment could at least partly be considered as a
consequence of the impaired respiratory function [9, 10].

Smell and taste loss have been reported as being signifi-
cantly higher in COVID-19 patients versus non-COVID-19
patients with influenza-like symptoms (68% and 71% vs 16
and 17%, respectively) [11]. Moreover, the rapid recovery
observed in COVID-19 differs from other post-viral OD, for
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which over 80% of the patients reported recovery after one
year and longer [3], suggesting a slow regeneration of the
olfactory epithelium and olfactory bulb. The damage SARS-
CoV-2 inflicts on taste and smell must be different from that
of other viruses, but the pathophysiological mechanisms are
largely unknown. Gilani et al. [12] hypothesized that the
mechanism of injury is similar to that of other coronaviruses
infections that cause central and peripheral neurologic defi-
cits, but we agree with Vaira et al. [13] when they suggest
that, given the high rate of rapid recovery, it is reasonable to
hypothesize that the OD is not related to definitive damage
from the virus to the neuronal cells, and a damage to other
cell types appears more likely. In case of SARS-CoV-2-in-
duced anosmia, magnetic resonance imaging of the olfactory
bulb did not show abnormal findings regarding its volume
or signal intensity [14]. Moreover, the rapid recovery leads
us to hypothesize the role of a biochemical mediator. The
question is: what could it be? We can only speculate.

One clue could be that angiotensin-converting-enzyme
(ACE)-inhibitors can cause OD [15]. SARS-CoV-2 enters
host cells by binding (then down-regulating it) the ACE2
receptor [16]: ACE2 receptor and TMPRSS2 proteases,
crucial for S protein priming, are both expressed by non-
neuronal cells of the olfactory epithelium [17], and ACE2
is diffusely expressed on the mucous membrane of the oral
cavity, particularly on the tongue [18]. The reduced activity
of ACE and ACE2 leads to increased levels of bradykinin
(BK) and [des-Arg9]-BK, respectively: these kinins, through
their receptors B2R and B1R, could mediate many features
observed in COVID-19, such as dry cough, inflammation,
pain, vasodilation, and vascular permeability. BK seems
also involved in GD, through a neurogenic inflammatory
mechanism or an excess of activity directly in the central
nervous system [19], and it is interesting to note that BK
can also mediate a painful warm sensation [19] trough the
ion channel TRPAT1 on trigeminal neurons that project to the
tongue [20]: it is known that some COVID-19 patients also
reported a burning mouth symptom. Finally, B2R has been
described in the olfactory bulb [21], where it obviously has
arole to play. In COVID-19 patients, olfactory dysfunction
is not associated with rhinorrhea or nasal obstruction [2], but
for the above-mentioned reasons, we do believe that the role
of BK cannot be excluded in determining olfactory and/or
gustatory dysfunctions.

We still have a long way to go in understanding the patho-
genesis of these COVID-19-associated symptoms, and we
hope for more research in this field, not least because it could
help to better clarify the mechanisms leading to life-threat-
ening organ damage. Finally, we agree with those [22] who
recommend that, pending definitive evidence, in the context
of the current pandemic, any patient with a new isolated
olfactory or gustatory dysfunction should be considered as
being infected with SARS-CoV-2 until proven otherwise.
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