
The coronavirus disease-19 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), 

is an infectious condition that rapidly spread international-
ly. It was defined as a pandemic in March 2020 by the World 
Health Organisation. Health systems worldwide were alarmed. 
It has been described as a large spectrum of symptoms from 
asymptomatic to severe 
systemic disease. Its classic 
symptoms include fever, 
fatigue, dry cough, my-
algia, and dyspnea [1,2]. 
The confirmation of the 
disease has been performed 
by real-time reverse-transcription polymerase chain (rt-PCR) 
identification of the viral RNA and serological assays to SARS-
CoV-2, the last mainly being used in asymptomatic population 
to map and prevent the spread [3]. 

Although anosmia and olfactory alterations are still not offi-
cially recognized as one of the COVID-19 symptoms, it has been 
widely reported as a common initial finding in patients tested posi-
tive for the virus infection [4-8]. Moreover, it has also been report-
ed in patients who presented with no other respiratory symptoms 
[9]. An Italian study showed that from 202 COVID-19 patients, 
almost 25% presented with olfactory alterations as the only symp-
tom or prior to others [10]. In addition, during the COVID-19 pan-
demic, a study in London described the new onset of anosmia in 
2428 patients: 17% had no other symptoms and 51% had at least 
one symptom that pointed to self-isolation, such as fever or cough 
[11]. In another study in the United States, 73% of 237 COVID-19 
confirmed patients presented with anosmia prior to the diagnosis 
and almost 27% presented with it as the initial symptom [6]. At the 
University of Pennsylvania, USA, a quantitative smell testing was 
applied to 60 confirmed COVID-19 patients and to 60 controls 
matched for gender and age. Results showed that COVID-19 in-
fected patients had a higher incidence, with 98% having a level of 
olfactory dysfunction and more than half being either completely 
anosmic or with severe hyposmia [12]. 

The exact mechanism through which SARS-Cov-2 interferes 
in the sense of smell raised curiosity in the scientific commu-
nity, but it is still unclear [13]. The cellular receptor for the vi-
rus, angiotensin-converting enzyme 2 (ACE2), is largely found 
in the nasal mucosa and known to have a role in respiratory 
inflammation regulation, such as its influence in bradykinin 
levels [14,15]. Nonetheless, the olfactory alterations found in 
COVID-19 patients most commonly are not associated with 
rhinitis symptoms [4,5]. Thus, one theory is that SARS-CoV-2 

leads to those symptoms 
by causing damage in the 
olfactory pathways instead 
of local inflammation and 
congestion. Anosmia was 
also a symptom in other 
coronavirus infections [16]. 

When analyzing the effects of SARS-CoV-1 in the central ner-
vous system, a study performed in transgenic mice for the hu-
man ACE2 receptor did not detect signs of local inflammation 
and suggested that there was a neuronal death secondary to a 



cytokines storm, specially IL-6, that followed the viral stimula-
tion in the mice [17].

The COVID-19 olfactory disruption has been reported 
to regain function a few weeks after its onset and, moreover, 
the neurologic symptoms are significantly less common than 
the olfactory ones, not corroborating with the neuronal defin-
itive damage hypothesis 
[4-6,18,19]. Other non-neu-
ral ACE2 expressing cells 
found in the olfactory path-
ways were suggested to be 
responsible for the changes in those neurons function, includ-
ing olfactory epithelium sustentacular cells, microvillar cells, 
Bowman’s gland cells, horizontal basal cells, and olfactory bulb 
pericytes [20]. Those cells express two genes required for the 
SARS-CoV-2 entry, in contrast to olfactory sensory neurons 
[20]. Olfactory changes secondary to trauma or respiratory tract 
infection can commonly be demonstrated on olfactory bulb MRI 
as a reduction of volume of the olfactory bulb and its tract [21]. 
However, one recent report did not demonstrate those findings 
in a COVID-19 patient with anosmia [22]. 

Furthermore, olfactory changes were already associated with 
other immune responses involving cytokines, such as in auto-
immune diseases [2,23-25]. Recently, COVID-19 has been de-
scribed in correlation with 
autoimmune conditions, 
for example, with Guil-
lain-Barre syndrome, an-
ti-phospholipid syndrome, 
and Kawasaki disease [26-
28]. Thus, there is a pos-
sibility that one of the mechanisms through which COVID-19 
causes anosmia is related to autoimmunity. 

Interestingly, smell could be related to COVID-19 infection 
screening in a reverse way, by potentially using an electronic nose 
to diagnose the infection in early stages. Many diseases generate 
volatile organic compounds (VOCs) in human excretions. For ex-
ample, dogs were shown to be able to recognize specific VOCs 
from human urine, feces, and blood and to distinguish the sam-
ples from sick patients in diseases like prostate and lung cancer 
[29-32]. Electronic noses, devices that are able to identify VOCs, 
largely explored in the army and food industry, have been recent-
ly tried as a diagnostic innovation to systemic and infectious dis-
eases, including various types of cancer [33,34]. The technology 
has already successfully identified in vitro infectious respiratory 
disease pathogens, such as , 

, , 
, and  [35,36]. Likewise, it has also 

shown to work in vivo with respiratory diseases, including asper-

gillosis, ventilator-associated pneumonia, pneumonia in COPD 
patients during exacerbation, and idiopathic pulmonary fibrosis 
[33,37-39]. Recently the Penn Vet-University of Pennsylvania 
website (https://www.vet.upenn.edu/about/press-room/press-re-
leases/article/penn-vet-launches-covid-19-canine-scent-detec-
tion-study) published information about an on-going study in 

which odor imprinting tech-
niques, commonly used to 
train dogs, were used to train 
Labrador retrievers to rec-
ognize VOCs in COVID-19 

patients. This training would enable canine surveillance for 
screening the disease. There are still no published studies on elec-
tronic nose and COVID-19. However, if the dogs will be able to 
recognize it, VOCs released by COVID-19 patients could be a 
potential target for new screening and diagnostic tools, such as 
the electronic nose.

COVID-19 infection has been described as three main syn-
dromes: asymptomatic, mild upper respiratory tract infection, 
and severe systemic disease. Most recently, it has been sug-
gested that isolated onset of anosmia should be considered as 

a forth common syndrome 
of COVID-19 infection 
[8]. It is still not known 
exactly why SARS-CoV-2 
leads to olfactory changes 
but there is evidence that 
this correlation exists. In 

addition, many other respiratory infectious diseases were shown 
to be successfully recognized by electronic devices that identify 
specific VOCs [37,40]. Therefore, we suggest that changes in 
olfaction during the pandemic should be considered as a critical 
sign for early identification of possibly infected individuals who 
should be tested and considered for early treatment and/or quar-
antine. In addition, using electronic noses to detect VOCs could 
be a potential target for new screening tests for COVID-19, and 
would be especially useful in agglomerations spots like airports, 
malls, and scientific conference venues. 




