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A B S T R A C T   

COVID-19 has been the talk of the year 2020, taking many lives and leaving others in critical conditions. It has 
clearly and severally been reported that the SARSCoV-2 uses the Angiotensin Converting Enzyme-2 receptors to 
penetrate and infect cells. Reports have also stated that the nasal and olfactory mucosa are overloaded with these 
receptors. We emphasize that anosmia in COVID-19 is secondary to the binding of the SARSCoV-2 to Angiotensin 
Converting Enzyme-2 receptors on the olfactory mucosa. A hypotheses pertaining to the presentation, diagnosis, 
management and possible prevention of SARS-CoV-2 is proposed. Given the high false negative rates of the 
polymerase chain reaction (PCR) tests, we suggest that COVID-19 negative patients with anosmia without any 
other nasal symptom should raise a high index of suspicion and should be further evaluated. 

We propose the formulation and use of Angiotensin Converting Enzyme-2 receptors agonist or angiotensin 
receptor blockers (ARBs) as nasal lavage, to reduce the viral load of confirmed positive patients, and as a mode of 
prevention, especially in high risk patients, until a vaccine is developed. These medications are readily available 
and testing this theory involves determination of the correct dosage of angiotensin receptor blockers or ACE 
inhibitors (via dilution in water) that can be used as nasal lavage and performing efficacy trials. Potential side 
effects to be monitored for include low blood pressure or changes in heart rate. Administration of a medicated 
nasal lavage may be easier and rapidly disseminated on the nasal mucosa.     

Introduction 

The correlation between chemosensory changes and COVID-19 is 
not new, as Cooper et al. described in their recent comprehensive re-
view that highlights the unique neurological expression of this virus  
[1]. Based upon this concept, alterations in diagnostics and treatment 
may be necessary. Herein we build on the premise of the causes of these 
chemosensory alterations and propose a treatment and preventive 
method for COVID-19. We hypothesize that the use of nasal lavage 
containing agonists for receptors of Angiotensin Converting Enzyme-2 
(ACE-2) or Angiotensin Receptor Blockers (ARBs) which will competi-
tively inhibit SARS-CoV-2 binding to the nasal and/or olfactory mucosa 
will be of great value in reducing the viral load of already infected 
patients and also, in preventing infection in high risk groups. 

The hypothesis 

Association between Angiotensin-Converting Enzyme-2 and SARS-CoV-2 

The SARS-CoV-2 pandemic has claimed many lives globally, leaving 
hundreds of thousands of people in critical condition. This new beta- 
coronavirus demonstrates genomic similarities to SARS-CoV-1 and 
MERS-CoV [2]. Clinical similarities include the type of tissues affected, 
morbidity due to acute respiratory distress syndrome (ARDS), and An-
giotensin-Converting Enzyme-2 (ACE-2) as the primary receptor for 
target cell entry [3]. Unlike SARS-CoV-1, SARS-CoV-2 has approxi-
mately 4 times more affinity for Angiotensin Converting Enzyme-2 
(ACE-2) receptors [4]. 

Angiotensin Converting Enzyme-2 (ACE-2) is a membrane-bound 
aminopeptidase that degrades angiotensin II to angiotensin 1–7, 

attenuating the effects of angiotensin II on fibrosis, vasoconstriction and 
sodium retention [5,6]. The association between ACE-2 and penetration 
of the coronaviruses into vital epithelial cells of the lungs has been 
extensively described in the literature [7–12]. Invasion of cells by the 
SARS viruses has two effects: it inhibits the activity of ACE-2 and de-
creases the expression of ACE-2 in infected cells. Inhibition of the 
conversion of angiotensin II to angiotensin, causes accumulation of 
angiotensin II promoting fibrosis, apoptosis and activation of in-
flammatory cascade [3,10]. ACE-2 receptors are broadly expressed in 
the nasal/oral mucosa, and respiratory epithelium [7], as well as on 
neurons with a suspected role in neurodegeneration [13]. One may 
infer that this prominent presence provides fertile ground for invasion 
by viruses like SARS-CoV-2. 

SARS-CoV-2 primary transmission is via inhalation of particles like 
aerosols/droplets, or via direct inoculation through contact with in-
fected surfaces. Over ninety percent of the virus is transmitted through 
the nasal mucosa including the ocular route, via drainage of tears 
through the nasolacrimal duct into the nasal cavity. Generally begin-
ning in the epithelium of the upper respiratory pathway, it multiplies  
[2], before spreading inferiorly to the alveoli of the lungs [9], ex-
plaining the effect on adjacent olfactory mucosa. Fig. 1 is a schematic 
description of the interaction between SARS-CoV-2 and ACE-2 in the 
human body. 

Up to fifty seven percent of infected patients are asymptomatic [14], 
those who are, vary in severity, some requiring hospitalization and 
intensive care. Case reports from both China and Europe reported an 
absence of nasal symptoms like rhinorrhea and nasal congestion, while 
isolated cases of rhinorrhea support the possibility of underlying 
chronic nasal pathologies. 
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Angiotensin-Converting Enzyme-2 (ACE2) expression 

Vast distribution of ACE-2 receptors may explain the multi-organ 
targeting of SARS-CoV-2. Human studies demonstrated ACE-2 receptors 
expressed in over fifteen different organs including endothelial cells 
from small and large arteries and veins, nasal and oral mucosa, as well 
as endothelial cells of the brain [7]. Furthermore, there is increased 
staining of ACE-2 in olfactory mucosal epithelial biopsies [15]. 

It has been suggested that SARS-CoV-2 is capable of invasion of the 
Central Nervous System (CNS) through hematogenous spread or via 
retrograde neuronal route. Autopsy results of patients with COVID-19 
demonstrated edema and hyperemia of brain tissue, and degeneration 
of neurons [13]. Additionally, a case of bilateral cerebral infarcts in a 
patient with COVID-19 has been reported [16], which one can extra-
polate to ischemia at the olfactory cortex, explaining anosmia. 

The olfactory system and diagnosis of anosmia 

The olfactory system is composed of the olfactory epithelium, ol-
factory bulb in the forebrain, primary olfactory cortices, the uncus of 
the hippocampal gyrus, and sensory targets. Apart from the neural part 
of the olfactory system, the olfactory mucosa is known to contain sev-
eral cell types, some of which may have ACE-2 receptors. A unique 
property of the olfactory system is that each neuron is directly exposed 
to the external environment, making them susceptible to macro-
molecules and neurotropic pathogens like viruses [17]. 

Olfaction is of paramount importance to humans, it aids in identi-
fying and locating food, other humans or places. The sense of smell also 
aids in identifying hazardous odorants like gas leakages and smoke. 
Humans also generate pheromone-like compounds. The diagnosis of 
anosmia can be made via several tools exploring olfactory capacity 
including subjective olfactory assessment (involving the use of vali-
dated questionnaires and the Visual Analogue Scale), as well as objec-
tive tests like psychophysical, neurophysiological testing, and neuroi-
maging. While subjective assessment may be useful in resource limited 
settings, more objective testing such as the “sniffin’ sticks” test is re-
commended. Anosmia in the absence of rhinitis can be used as a pa-
tient-reported subjective diagnostic marker. 

Association between SARS-CoV-2 and anosmia 

In mouse studies, SARS-CoV-1 has already been proven to be neu-
rotropic, entering the brain via the olfactory bulb leading to trans- 
neuronal spread, and one may infer that SARS-CoV-2 behaves similarly. 
The association between SARS-CoV-2 and anosmia in the literature  
[15,18] includes reports of anosmia appearing before, during or after 
the onset of general symptoms [15]. As reported by Lechien and col-
leagues, almost one fifth of COVID-19 patients had hyposmia/ anosmia 
without nasal obstruction or rhinorrhea [18]. Unlike other viruses, the 
unique symptom of anosmia in the absence of rhinitis and rhinorrhea in 
SARS-CoV-2, may be the direct result of targeted viral binding to ACE-2 
receptors on olfactory neurons, without activating an inflammatory 
pathway. Anosmia as the predominant symptom of COVD-19 has been 
reported and since the virus is known to be neuro-invasive, these pa-
tients must be fully evaluated especially in the absence of other 
symptoms [19]. 

Olfactory dysfunction is described according to the anatomical lo-
cation of the inciting lesion as follows: conductive dysfunction 
(blockage of odorant transmission to the neuro-epithelium), sensor-
ineural dysfunction, (damage or loss of olfactory neuro-epithelium or 
nerve) or central dysfunction (damage or loss of olfactory processing 
pathways in the CNS). We hypothesize that in SARS-CoV-2, the cau-
sative route is multifactorial. Conductive dysfunction due to the binding 
of the virus to ACE-2 receptors present on olfactory receptors, while 
sensorineural and central dysfunction secondary to the neurodegen-
erative effects of the virus [1,13]. Furthermore, secondary multisystem 
viremia, occurring following viral replication in the respiratory tract 
may also affect the olfactory pathway via ACE-2 receptors or via re-
sultant cerebral infarcts [16]. 

In SARS-CoV-1, a strong association was found between viral loads 
and the disease severity [20], we can infer a direct relationship between 
viral loads and the severity of olfactory dysfunction in SARS-CoV-2. 
Duration of the hyposmia/ anosmia is varied with reports of 25–56% 
improvement within one to two weeks following resolution of general 
symptoms [18]. This return of olfaction is directly correlated to eradi-
cation of the virus from the olfactory epithelium. However, in the case 
of damage of olfactory receptor neurons, an average of ninety days 
maybe required for their regeneration. 

Fig. 1. Schematic description of the interaction between SARS-CoV-2 and ACE-2 receptor showing multiplication in the nasal mucosa and spread to the rest of the 
body. 
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Evaluation of the hypothesis 

We suggest a pharmacological approach to reduce infectivity using 
nasal lavage containing agonists for receptors of ACE-2 or Angiotensin 
Receptor Blockers (ARBs) which will competitively inhibit SARS-CoV-2 
binding. Other competitive inhibition of receptor binding with ACE-2 
has already been suggested for the management of patients with pul-
monary symptoms [12]. The potential application of soluble ACE-2 as a 
decoy to bind the virus thereby sparing cellular ACE-2 has already been 
advocated [16]. A recombinant human ACE-2, GSK2586881 has been 
tested through phase one and phase two studies with favourable results 
in patients with Acute Respiratory Distress Syndrome [11]. Recent re-
ports found that hypertensive COVID-19 positive patients treated with 
Angiotensin Converting Enzyme inhibitors (ACEIs) or angiotensin re-
ceptor 1 antagonists were less likely to develop severe disease [16]. 
Studies demonstrated effective use of ACEIs and angiotensin receptor 
antagonists to mitigate the deleterious effect of elevated angiotensin II 
on pulmonary fibrosis. 

This may be extrapolated to a nasal lavage inhibiting the binding of 
SARS-CoV-2 viral domain to ACE-2 receptors in the nasal mucosa. ACE- 
2 is strongly pH dependent under acidic conditions, being almost in-
active at pH 5.0, with optimal activity at or above a pH of 6.5 [5], an 
important consideration in the formulation of any nasal wash. Fig. 2 is a 
schematic representation of how the introduction of nasal lavage re-
duces the viral load in the nasal mucosa, thus, reducing the spread to 
other organs. 

Testing this theory will involve the determination of the correct 
dosage of angiotensin receptor blockers or ACE inhibitors (via dilution 
in water) that can be used as nasal lavage and performing efficacy trials. 
Potential side effects to be monitored for include low blood pressure or 
changes in heart rate. Administration of a medicated nasal lavage may 
be easier and rapidly disseminated on the nasal mucosa. As far as the 
device to be used to deliver the lavage, it has been established that, to 
allow the best irrigation of the whole nasal cavity, compressible 
douching systems should be used. In adults, they should allow a 
minimum output pressure of 120 mbar, a good connection to the nos-
tril, a possible insertion into the nasal vestibule, and an irrigation 
stream directed upwards at about 45° [21]. 

Consequences of the hypothesis and discussion 

To date, there exist no definitive cure and no means of immuniza-
tion, the consequence of which is continuous fear of contagion, eco-
nomic instability and depreciation in international relations worldwide. 

With a high false negative rate of rapid polymerase chain reaction 
(PCR) testing [22], a high index of suspicion should be raised for those 
patients presenting with negative PCR and anosmia, and olfactory 
testing may help to positively identify them. Furthermore, those with 
severe anosmia potentially may have a more severe disease course. 

The use of nasal lavage will certainly reduce the viral load in the 
nasal mucosa of infected patients and secondly, prevent the acquisition 
of COVID-19 until a full vaccine is developed. This may be particularly 
beneficial for those patients at high risk including elderly, immuno- 
deficient patients, oncological patients and those with significant co-
morbidities. We hypothesize that the development of this nasal lavage 
can help to contain this virus and will markedly relieve the world of this 
load inflicted by the COVID-19. 
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