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Abstract
Objective It is reported that recovery from COVID-19 chemosensory deficit generally occurs in a few weeks, although 
olfactory dysfunction may persist longer. Here, we provide a detailed follow-up clinical investigation in a very young female 
patient (17-year-old) with a long-lasting anosmia after a mild infection, with partial recovery 15 months after the onset.
Methods Neuroimaging and neurophysiologic assessments as well as olfactory mucosa swabbing for microbiological and 
immunocytochemical analyses were performed. Olfactory and gustatory evaluations were conducted through validated tests.
Results Chemosensory evaluations were consistent with anosmia associated with parosmia phenomena and gustatory impair-
ment, the latter less persistent. Brain MRI (3.0 T) showed no microvascular injury in olfactory bulbs and brain albeit we 
cannot rule out slight structural abnormalities during the acute phase, and a high-density EEG was negative. Immunocyto-
chemistry of olfactory mucosa swabs showed high expression of ACE2 in sustentacular cells and lower dot-like cytoplasmic 
positivity in neuronal-shaped cells.
Discussion The occurrence of long-term persistent olfactory deficit in spite of the absence of structural brain and olfactory 
bulb involvement supports the view of a possible persistent dysfunction of both sustentacular cells and olfactory neurons. 
The gustatory dysfunction even if less persisting for the described features could be related to a primary gustatory system 
involvement. Future longitudinal studies are needed to investigate the persistence of chemosensory impairment, which could 
have a relevant impact on the daily life.
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Introduction

First emerging in China in December 2019, the corona-
virus disease 2019 (COVID-19), due to SARS-CoV-2 
virus, quickly spread around the world, causing more than 
200,000,000 of cases and more than 4,000,000 deaths. 
In affected patients, a sudden chemosensory deficit was 
reported as one of the main symptoms documented retro-
spectively or through different tests. In particular, different 
studies reported chemosensory dysfunction prevalence with 
wide ranges, between 3 and 98% for anosmia and between 
6 and 93% for taste dysfunctions [1]. Overall chemosensory 
impairment was reported persisting in a range around 7 to 
37% of patients [2, 3]. Here, we report on a deep investiga-
tion of a very young patient referred for persistent anosmia 
and taste disturbances, several months after the infection. 
The patient underwent olfactory and gustatory evalua-
tions through validated tests, detailed neuroimaging and 
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neurophysiologic assessments, and olfactory mucosa swab-
bing for microbiological and immunocytochemical analyses. 
The olfactory swabbing procedure allows a gentle collection 
of olfactory neuroepithelial cells, permitting a good pres-
ervation of their native cellular morphology and enabling 
olfactory neurons recognition. These neurons are typical 
bipolar cells, clearly different from other harvested cellular 
components [4].

Case presentation

A 17-year-old woman was referred to our chemosensory 
research clinic for persistent anosmia, occasional paros-
mia, and dysgeusia. These symptoms suddenly occurred 
4 months before, at the beginning of March 2020, after a 
fever (~ 37.5 °C) together with cough and conjunctivitis. 
Due to the Italian medical congested scenario for COVID-
19, she could perform nasal-oropharyngeal swab for the 
SARS-CoV-2 molecular testing, only 1 month after clinical 
onset. Swab analysis resulted negative. The serological test, 
performed at the end of May, was positive for SARS-CoV-2 
anti-nucleocapsid IgG antibodies, hence confirming the pre-
vious exposure to SARS-CoV-2. Chemosensory evaluation 
was then carried out through validated tests (see details on 
Supplementary material file).

Olfactory assessment was performed through the Sniffin’ 
Sticks Extended Test (SSET). Results showed a composite 
TDI (threshold, discrimination, identification) score indi-
cating functional anosmia (Table 1). The patient reported 
having had no olfactory sensation during the test, except for 
stinging sensations, due to the simultaneous stimulation of 
trigeminal fibers.

Gustatory evaluation was performed by both the whole 
mouth test (WMT) and the taste strips test (TST). These tests 
do not include umami-savory taste, since this taste quality 
has been found to be poorly conceptualized by the European 

countries [5, 6] . Results showed hypogeusia (TST:7), with 
a preserved ability to identify the bitter and sour tastes, but 
not the sweet and salty ones. In particular, after a sweet 
stimulus, the evoked sensation was always bitter and none 
of the four administered strips was correctly identified, while 
after the salty stimulus, the evoked sensation was sour except 
for one strip in which the perceived sensation was bitter. In 
addition, she reported feeling of an unpleasant bitter taste 
during all day, often accompanied by nausea. Furthermore, 
she referred that most of foods elicited a bad strange taste.

Nine months after the onset, the patient underwent a 
second evaluation. She still complained of chemosensory 
disturbances; thus, further olfactory and gustatory evalua-
tions were carried out. In particular, she complained of per-
sistent parosmia and referred the occurrence of episodes of 
nausea causing difficulties in choosing food. SSET showed 
functional anosmia (Table 1). While at the first evaluation 
all the olfactory sensations were trigeminal-like (i.e., sting-
ing, tickling, cooling) and only 5 correct identifications were 
recorded, at the second assessment, she referred to perceive 
15 out of 16 sniffed odors but with a poor identification 
ability (4 correct identifications out of 16 total odors, often 
considered as unpleasant). At the second evaluation also a 
retronasal olfactory test was performed [7], although, after 
three sample administrations, the patient was not able to 
continue because of a sudden bout of nausea and vomit. 
Among the three administrations, only one was correctly 
identified, i.e., the coffee powder, while canella and vanilla 
were perceived as tingling/stinging sensations. Gustatory 
assessment showed normogeusia both at the WMT and TST 
(TST:14). Neuroimaging (3 T MRI) (Fig. S1) with special 
sequences for olfactory cortex, bulbs, and sulcus and neu-
rophysiologic assessment by high-density EEG showed no 
anomalies (see details on Supplementary material file).

Thereafter, the patient underwent olfactory swabbing to 
identify abnormalities in olfactory neuroepithelium. Nasal 
swabbing was performed after chemosensory assessment, 
after written informed consent was obtained. Two non-
COVID-19 and age-matched healthy subjects were used as 
controls (both 23-year-olds). Controls showed normosmia 
and normogeusia (TDI:36.5 and 34.25; TST:14 and 15). An 
expert otolaryngologist explored nasal cavities using a 30° 
rigid endoscope to detect anatomical abnormalities. Olfac-
tory swabbing was performed at the level of the nasal vault, 
using a flocked swab (FLOQSwabs®; Copangroup, Brescia, 
Italy). An aliquot of cytological samples was tested for 
SARS-CoV-2 molecular analysis and the result was negative. 
To ensure that neuronal cells were present in our samples, 
immunostaining with neuron-specific class III β-tubulin 
marker (TUJ-1), which has been shown to label mature 
and immature neurons of the human olfactory epithelium, 
was performed [4, 8, 9]. In addition, we evaluated also the 
angiotensin-converting enzyme 2 (ACE2) expression using 

Table 1  Sniffin’ Sticks Extended test (SSET) results for single olfac-
tory domains and for the global score (TDI score), both for patient 
(17 years old) and for non-COVID-19 healthy controls, matched for 
age and sex (both females, 23  years old). Normosmia, TDI ≥ 30.5; 
hyposmia, TDI < 30.5; functional anosmia, TDI ≤ 16.5

Sniffin’ Sticks Extended test (SSET)

Patient Threshold
(T)

Discrimi-
nation 
(D)

Identification
(I)

TDI score

1rst evaluation 2.25 5 5 12.25
2nd evaluation 2.5 9 4 15.5
3rd evaluation 7.5 15 11 33.5

Control 1 7.5 13 16 36.5
Control 2 7.25 13 14 34.25
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antibody directed to ACE2. ACE2 is commonly considered 
as the receptor for cellular entry adopted by the SARS-
CoV-2 [10]. The epithelial marker pan-cytokeratin (PCK) 
was used to look for the ACE2 expression in all the epithelial 
cells [4, 11]. As we previously described, PCK antibody 
reveals a positive signal in all the olfactory epithelial cells 
neuronal and non-neuronal [4].

Immunocytochemistry showed the presence of olfactory 
neurons, either in patient or in controls (Fig. 1). ACE2 high 
expression was revealed in columnar-shaped cells (i.e., sus-
tentacular cells) mainly at the apical cell membrane and at 
the upper cytoplasmic compartment, as previously reported 
[12]. Intriguingly, a less intense but sharp ACE2 dot-like 
cytoplasmic positivity was also detected in neuronal-shaped 
cells (Fig. 2). The same expression was found in patient- and 
age-matched controls.

Fifteen months after the onset, the patient underwent a 
third evaluation. Olfaction was referred to be improved but 
parosmia phenomena persisted; hence, some foods elicited 
nausea yet. SSET showed normosmia (Table 1). In particu-
lar, all the three olfactory domains improved (i.e., thresh-
old, discrimination, identification) and identification ability 
increased to 11 correct identifications (Table 1). Gustatory 

assessment results showed normogeusia (TST: 14) with per-
sistent dysgeusia leading to the exclusion of some foods.

Discussion

Olfactory impairment is a common symptom of upper res-
piratory tract post-viral infections. Interestingly, recent stud-
ies showed that olfactory validated tests could discriminate 
between COVID-19 and patients with acute cold, with high 
sensitivity and specificity, highlighting the importance of a 
reliable olfactory evaluation to reveal a deficit. In particular, 
the identification test was reported to be able to discrimi-
nate the two clinical conditions, since the overall score was 
significantly lower in the COVID-19 group compared to 
patients with acute cold [13, 14].

Here, olfaction was severely impaired (i.e., anosmia). 
The deficit involved all the three olfactory components 
(i.e., threshold, discrimination, identification), persisting 
at 9 months after the onset, while parosmia and dysgeusia 
phenomena were revealed also during the last assessment 
at 15 months.

Fig. 1  Patient (A) and control (B) neuronal-shaped cells expressing the βIII tubulin (TUJ1) neuronal marker as well as the pan-cytokeratin 
(PCK) epithelial marker
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Recent reports showed that smell recovery generally 
occurs within few weeks after infection, although not all 
patients have a full chemosensory recovery [15–17]. A 
persistent olfactory dysfunction was reported after a mean 
of 37–62 days or slightly longer after the onset [2, 18–21], 
and, to our knowledge, this is the first report highlighting an 
important smell deficit in a very young patient after COVID-
19, documented trough validated tests and persisting for 
more than 200 days.

Notably, together with the high ACE2 expression in sus-
tentacular cells, we observed a sharp dot-like expression in 
neuronal-shaped cells. This new finding might suggest that 
olfactory impairment could also occur through a SARS-
CoV-2 direct or indirect involvement of olfactory neurons. 
Besides, a little expression of the ACE2 transcript was 
recently shown in olfactory neurons [22]. Indeed, a recent 
post-mortem study clearly showed SARS-CoV-2 into the 
human olfactory neurons [9]. This result is in line with pre-
vious experimental works showing that the SARS-CoV-1 

might reach the brain via olfactory nerves [23] and cranial 
neuritis possibly linked to a direct viral injury of the nerv-
ous structures through olfactory fibers was recently reported 
[24]. Notably, ACE2 was also observed into the human 
olfactory bulb [25, 26].

A recent case report, investigating a 63-year-old woman 
with persistent anosmia for more than 3 months after SARS-
CoV-2 infection, showed in olfactory mucosa biopsy a sig-
nificant epithelium disruption and desquamation, in the 
absence of central involvement [11]. These previously 
reported histopathological findings are in agreement with 
our cytological results and support the hypothesis of a pos-
sible peripheral viral damage occurring in this case.

In addition, olfactory swabbing procedure, described in 
details in our previous work [4], might represent a com-
plementary and useful non-invasive approach to investigate 
single cell features in a so complex pseudostratified epithe-
lium, at variance with the bioptic procedure that allows the 
total mucosa analysis. In addition, this technique allows to 

Fig. 2  Columnar-shaped cells expressing ACE2 protein mainly at the cellular apical membrane and the upper cytoplasmic compartment (arrows) 
and neuronal-shaped cells showing ACE2 dot-like cytoplasmic positivity. Patient (A), controls (B, C)

102 Neurological Sciences (2022) 43:99–104



1 3

preserve the native cellular morphology, distinguishing the 
large and columnar cells from the thin and fused-shaped 
olfactory neurons.

Regarding taste, a gustatory deficit was documented, 
although a full resolution was revealed at 9 months after the 
onset, but with persistent dysgeusia phenomena influencing 
food choice.

The recent report of Huart and co-workers shows that the 
taste disturbances linked to SARS-CoV-2 infection might 
be due to a real taste impairment and not solely to a retro-
nasal olfactory dysfunction [13]. Moreover, a recent case 
series study reported a mild facial nerve defect in the right 
lower branch with asymmetry of the latency and amplitude 
conduction and in one case this deficit was accompanied by 
sweet and salty taste ageusia on the right side of the tongue 
[27].

Interestingly, according to the findings of these works, 
we found that in particular sucrose was never detected to 
any concentration and the perception was referred as bitter. 
Sweet is a robust archaic taste linked to energy intake as 
well as bitter is for toxic detection. Rarely this perception is 
so clearly impaired also at supra-threshold level. Sweet and 
bitter receptors are G protein-coupled receptors (GPCRs), 
belonging to the same class of those expressed in the lung, 
supposed to be a possible virus entry [28]. The same mecha-
nism could occur even in the oral cavity [13]. In addition, 
given that a recent transcriptomic analysis shows ACE2 and 
transmembrane serine proteases (TMPRSS2) expressed in 
salivary glands, also saliva could play a role in the gustatory 
deficit [29]. Regarding the salty taste referred as sour, this 
wrong perception might be partly due to the similarity of the 
two taste qualities, producing both a slight tingling/stinging 
sensation on the tongue, as previously reported [30].

No imaging and neurophysiologic anomalies were associ-
ated with the chemosensory deficit, suggesting a peripheral 
involvement. Nevertheless, as MRI was performed 4 months 
after onset, we cannot exclude that it would have revealed 
abnormalities if performed in the acute phase. In addition, 
a recent functional MRI study showed orbitofrontal cor-
tex involvement in a patient with persistent cacosmia and 
cacogeusia after COVID-19 infection, in spite of normal 
brain MRI [31].

Conclusion

Summarizing, it emerges that in a very young COVID-19 
case with a mild clinical picture and no comorbidities, a 
deep chemosensory deficit, not fully recovered at 15 months 
after the onset, with persisting parosmia and dysgeusia phe-
nomena, caused a relevant impact on the daily life. Olfac-
tion resulted to be mainly impaired, and ACE2 detection in 
both sustentacular and neuronal-shaped cells could explain 

possible several virus damage peripheral mechanisms. The 
quantitative gustatory dysfunction even if less persisting, for 
the aforementioned features, could be related to a primary 
gustatory system involvement.

Multicentric studies, assessing chemosensory function for 
an extended period of time on a consistent number of sub-
jects, are necessary to expand the knowledge in this field and 
unravel all the different clinical pictures, especially in young 
subjects. Validated smell and taste tests are always highly 
recommended to document and characterize the deficit also 
in a longitudinal fashion.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10072- 021- 05635-y.
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